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Introduction 

This document comprises 1,487 U.S. patents on terrestria l 
power photovo l taic appl ications, systems, components, 
materials, manufactur ing, and support functions. These 
patents were i ssued from 1951 through 1983; no patents 
were found i n  1950. Entries were iso l ated by searchi ng
USPA, the data base of  the U.S. Patent Offi ce. The final 
search strategy retrieved al l  patents u nder the c l ass "Bat
teries, Thermoelectric and Photoe lec tr ic" and the 
s�bclasses "Photoelectric," "Testi ng," and "Applications" 
as wel l as paten ts whi c h  con tain ed the wo rd s 
"photovo l ta ic(s)" or "solar cel l (s)" and the i r  derivatives. 
A manual search of patents in the Solar Energy Research 
Insti tute (SERI) Patent Fi le augmen ted the data base 
search. After the i n i tial  l i st was compi led, patents for the 
fol lowi n g  categories were excl uded: space photovoltaic 
technology, use of the photvoltaic effect for detectors, and 
subjects o n l y  periphera l l y  concerned with photovoltaics. 

How to Use This Publication 

Patents are arranged by patent number in ascendi ng order, 
earl iest to most recent, with d ivisions by year. Entries for 
each patent i nc l ude i nventor(s), assignee, title, and date. 
Abstracts are avai lable for 1,323 patents; earl y patents d i d
n o t  i nc l ude abstracts. These abstracts are c i ted genera l ly  
as found o n  the patent except for mod i fyi ng statements 
refe rr ing to specific d i agrams si nce i l l ustrations do not 
appear in thi s  document. The early patents without 
abstracts are c i ted and i n dexed . 

Three i n dexes complete this publ ication :  I nventor, As
signee, and Subject. The patents in each index are l isted 
i n  asce n d i n g  order by year and patent number. 

The Subject I ndex has seventeen categories which are 
grouped under three major div isions: Cel l s  and Materials, 
Col l ectors, and Systems. The subject categories are 

Cel l  and Materials 

• Single Crystal S i l icon Cel l s

• Polycrysta l l i ne a n d  Ribbon S i l i con Cel l s

• Amorphous S i l i co n  Cel ls 

• Cel l s  from 111-V Materials

• Cel l s  from I I -VI Materials

• Other PV Devices and Concepts

• Cel l  Components (metal i zation, substrates, cond uctive
coati ngs, anti reflective coati ngs)

• Cel l  Enhancement Techn i ques (surface and grai n
boundary passivation, anneal i ng) 

• Materials Production and Processes (purification, depo- . 
sit ion, dopi n g) 

• Characterization and Analysis

Co l lectors 

• Flat Pl ate Col lectors (desi gn, compo nents, production)
"

• Co n c e n trator Co l l e c to rs (d e s i g n ,  c o m po n e n ts, 
production)

• Optics and Trackers (lenses, reflectors, tracki ng devices,
and related components)

Systems 

• Uti l i ty Interactive Systems and In terface Techno l ogies
(power cond i ti o n i n g) 

• Uti l i ty Independent Systems and Storage Techno logies

• PV-Hybrid Systems (PV-thermal, photoelectrochemical)

• Systems Support (testi ng, maintenance, operation,  and
control )

Patents are i ndexed u nder as many categories as 
appropriate; most are indexed under two categori es. 

To Order a Copy of any U.S. Patent 

Copies of patents can be obtai ned from the Patent and 
Trademarks Office. A check or  money order of $1.00 per
patent, payable to the Commissioner of Patents and 
Trademarks must accompany each request. The request 
must i nc lude the patent n umber(s) desi red written l egibly. 
Requests sho u l d  be add ressed to: 

U.S. Department of Commerce 
Patent and Trademarks Office 
Washi ngton,  DC 20231 

I ntroduct ion i i i  



Photovoltaic Patents 

1951-1953 



1951 
2,537,255 
Brattain ,  Walter H. , i nventor; Bel l Telephone Laborator'ies, I ncor
porated, assignee. Light-Sensitive Electric Device. January 9, 1951 .  

2,537,256 
Brattain,  Walter H . ,  inventor; Bel l  Telephone Laboratories, I ncor
porated, assignee. Light-Sensitive Electric Device. January 9, 1 951 .  

2,537,257 
Brattain ,  Walter H. ,  i nventor; Bell Telephone Laboratories, Incor
porated, assignee. Light-Sensitive Electric Device. January 9, 1951 . 

2,554,225 
Taylor, Clement F., inventor; General Electric Company, assignee. 
Calibra tion of Photovoltaic Cells. May 22, 1 951 . 

1952 
2,588,254 
Lark-Horovitz, Karl; Benzer, Seymour; Davis, Robert E., i nventors; 
Pu rdue Research Foundation, assignee. Photoelectric and Ther
moelectric Device Utilizing Semiconducting Ma terial. March 4, 
1 952. 

2,622,117 
Benzer, Seymour, i nventor; Purdue Research Foundation, 
assignee. Photovoltaic Device. Decem ber 1 6, 1 952. 

1953 
2,631,356 
Sparks, Morgan; Teal, Gordon K., i nventors; Bel l Telephone 
Laboratories, Incorporated, assignee. Method of Making P-N Junc
tions in Semiconductor Ma terials. March 1 7, 1 953. 

2,643,277 
Falkenthal, Erwin E., inventor. Photovoltaic Cell. June 23, 1 953. 

1955 
2,711,379 
Rothstein ,  Jerome, inventor; The Un ited States of America as 
represented by the Secretary of the Army, assignee. Method of 
Controlling the Concentration of Impurities in Semiconducting 
Materials. June 21 , 1 955. 

1957 
2,780,765 
Chapin ,  Daryl M . ; Fu l ler, Calvin  S. ;  Pearson, Gerald L., inventors; 
Bell Telephone Laboratories, Incorporated, assignee. Solar Energy 
Converting Apparatus. February 5, 1957. 

2,794,846 
Fu l ler, Calvin S., inventor; Bell Telephone Laboratories, Incor
porated, assignee. Fabrication of Semiconductor Devices. J une 
4, 1 957. 

1958 
2,820,841 
Carlson,  Al lan E.; Shiezawa, Lebo R.; Finegan, Joel D. ,  inventors; 
Clevite Corporation, assignee. Photovoltaic Cells and Methods 
of Fabricating Same. January 21 , 1 958. 

2,844,640 
Reynolds, Donald C., i nventor; The Un ited States of America as 
represented by the Secretary of the Air Force, assignee. Cadmium 
Sulfide Barrier Layer Cell. J u ly 22, 1 958. 
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2,847,585 
Christian, Schuyler M. ,  i nventor; Radio Corporat ion of America, 
assignee. Radiation Responsive Voltage Sources. August 12, 1958. 

2,861,018 
Ful ler, Calvin S.; Tanenbaum, Morris, i nventors; Bell Telephone 
Laboratories, Incorporated, assignee. Fabrication of Semiconduc
tive Devices. November 18,  1 958. 

2,861,909 
El l is, Sidney G., inventor; Radio Corporation of America, assignee. 
Semiconductor Devices. November 25, 1958. 

2,862,160 
Ross, Bernd, inventor; Hoffman Electronics Corporation, assignee. 
Light Sensitive Device and Method of Making the Same. November 
25, 1 958. 

1959 
2,873,303 
Rittner, Edmund S., i nventor; North American Phi l ips Company, 
I nc., assignee. Photovoltaic Device. February 1 0, 1959. 

2,874,341 
Biondi, Frank J . ;  Cleveland, Hugh M. ;  Sul livan, M i les V., inventors; 
Bell Telephone Laboratories, Incorporated, assignee. Ohmic Con
tacts to Silicon Bodies. February 1 7, 1 959. 

2,877,284 
Schu ltz, Melvin L., inventor; Radio Corporation of America, 
assignee. Photovoltaic Appara tus. March 1 0, 1 959. 

2,889,490 
Paradise, Maurice E., i nventor; Hoffman Electronics Corporation, 
assignee. Solar Powered Light Source or the Like. June 2, 1 959. 

2,894,173 
Paradise, Maurice E. , inventor; Hoffman Electronics Corporation, 
assignee. Solar Powered Light Source or the Like. J u ly 7, 1 959 .. 

2,903,631 
Perotte, Laurence F., i nventor; General Electric Company, 
assignee. Selenium Cells. September 8, 1 959. 

2,904,613 
Paradise, Maurice El l iott, inventor; Hoffman Electronics Corpora
tion, assignee. Large Area Solar Energy Converter and Method 
for Making the Same. September 15,  1 959. 

2,915,578 
Pensak, Louis, inventor; Radio Corporation of America, assignee. 
Photovoltaic Device. December 1, 1 959. 

2,919,298 
Regnier, Norman J . ;  Shaffer, Marl i n  R., i nventors; Hoffman Elec
tronics Corporation, assignee. Light Sensitive Voltage Producing 
Device or the Like. December 29, 1 959. 

2,919,299 
Paradise, Maurice El l iott, inventor; Hoffman Electronics Corpora
tion, assignee. High Voltage Photoelectric Converter or the Like. 
December 29, 1 959. 

2,919,353 
Paradise, Maurice El l iott, i nventor; Hoffman Electronics Corpora
tion, assignee. Solar Powered Portable Radio Receiver or the Like. 
December 29, 1 959. 



1960 
2,929,859 
Loferski ,  J oseph J .; i nventor; Rad io  Corporation of America, 
assignee. Semiconductor Devices. March 22, 1 960. 

2,932,592 
Cameron, Angus E., i nventor. Method tor Producing Thin Films 
and Articles Containing Same. April 1 2, 1 960. 

· 

2,938,938 
Dickson, Donald C., J r. ,  i nventor; Hoffman Electronics Corpora
tion, assignee. Photo-Voltaic Semiconductor Apparatus or the like. 
May 31 , 1960. 

2,944,165 
Stuetzer, Otmar M. ,  i nventor; The United States of America as 
represented by the Secretary of the Air Force, assignee. Semicon
ductive Device Powered by Light. Ju ly 5, 1 960. 

2,945,417 
Caryl, Coleman R.; Helm ick, Walter E., i nventors. Apparatus and 
Mechanism for Concentrating Solar Rays on Objects to be Tested. 
Ju ly 19, 1 960. 

2,946,945 
Regnier, Norman J . ;  Schmidt, Lawrence W.; Kefes, Donn E., in
ventors; Hoffman Electronics Corporation, assignee. Solar Energy 
Converting Apparatus or the Like. J uly 26, 1960. 

2,949,498 
Jackson, Edmond D., i nventor; Texas Instruments I ncorporated, 
assignee. Solar Energy Converter. August 1 6, 1 960. 

2,951,163 
Shaffer, Marlin R. ;  Weisbrich, Robert L., i nventors; Hoffman Elec
t ron ics Corporation, assignee. Versa tile Solar Powered Radio 
Receiver or the Like. August 30, 1960. 

2,953,621 
Schu ltz, Melvin L., inventor; Radio Corporation of America, 
assignee. Photovoltaic Appara tus. September 20, 1 960. 

2,960,094 
Smal l ,  Samuel N . ,  i nventor; Alfred G. Cohen and Paul Weiss, 
assignees. Solar Actuated Umbrella Raising Mechanism. Novem
ber 15, 1 960. 

2,962,539 
Daniel ,  Arthur F., i nventor; The Un ited States of America as 
represented by the Secretary of the Army, assignee. Solar Cell 
Array. November 29, 1 960. 

1961 
2,972,521 
Vees, Walter, i nventor; Lonza Electric and Chemical Works 
Lim ited, assignee. Production of Pure Silicon. February 2 1 ,  1961 . 

2,981,777 
Reynolds, Donald C.,  inventor; The United States of America as 
represented by the Secretary of the Air Force, assignee. Cadmium 
Sulfide Barrier Layer Cell. April 25, 1 961 . 

2,986,591 
Swanson, John A.; Horton ,  Paul V., i nventors; I nternational 
Business Machines Corporation, assignee. Photovoltaic Cell. May 
30, 1 961 . 

2,989,575 
Wallace, Clarence L., Jr. ,  inventor; International Rectifier Corpora
tion, assignee. Solar Battery and Mounting Arrangement. June 
20, 1 961 . 

2,993,945 
H uth, John H. ,  inventor; The Rand Corporation, assignee. Solar 
Cell and Method of Making. Ju ly 25, 1 961 . 

2,995,473 
Levi, Clifford A., inventor; Pacific Semiconductors, I nc., assignee. 
Method of Making Electrical Connection to Semiconductor 
Bodies. August 8, 1961 . 

2,997,415 
Halsted, Richard E., inventor; General Electric Company, assignee. 
Method for Making Flexible Luminescent, Photoconducting or 
Photovoltaic Films of Large Area. August 22, 1 961 . 

2,999,240 
N icol l ,  Frederick H. ,  i nventor; The Un ited States of America as 
represented by the Secretary of the Army, assignee. Photovoltaic 
Cells of Sintered Material. September 5, 1 961 . 

3,009,006 
Kostelec, Joze, i nventor; General An i l i ne & Fi lm Corporat ion, 
assignee. Photoelectric Cell. November 1 4, 1 961 . 

3,009,841 
Faust, John W., Jr. ,  inventor; Westinghouse Electric Corporation, 
assignee. Preparation of Semiconductor Devices Having Uniform 
Junctions. November 2 1 ,  1 961 . 

1962 
3,015,590 
Ful ler, Calvi n S. ,  i nventor; Bel l  Teleghone Laboratories, Incor
porated, assignee. Method of Forming Semiconductive Bodies. 
January 2, 1962. 

3,015,762 
Shockley, Wi l l iam, inventor. Semiconductor Devices. January 2, 
1 962. 

. 3,018,313 
Gattone, Dan iel H . ,  i nventor. Light Gathering Power Converter. 
January 23, 1962. 

3,023,079 
Kul ifay, Stanley M. ,  i nventor; Monsanto Chemical Company, 
assignee. Method for the Preparation of Selenides and Tellurides. 
February 27, 1 962. 

3,023,080 
Kul ifay, Stan ley M. ,  i nventor; Monsanto Chemical Company, 
assignee. Method for the Preparation of Selenides and Tellurides. 
February 27, 1 962. 

3,025,335 
Ralph, Eugene L., i nventor; Hoffman Electronics Corporation, 
assignee. Flexible Solar Energy Converter Panel. March 1 3, 1 962. 

3,026,175 
Kul ifay, Stanley M. ,  i nventor; Monsanto Chemical Company, 
assignee. Method for the Preparation of Tellurides and Selenides. 
March 20, 1 962. 

3,031,520 
Clampitt, Bert H . ;  German, Dale E., inventors; Boeing Airplane 
Company, ass ignee. Solar to Electrical Energy Conversion 
System. April 24, 1 962. 
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3,039,896 
Van Cakenberghe, Jean Leon; G i l les, Jean-Marie F. ,  i nventors; 
Un ion Carbide Corporation, assignee. Transparent Electrically 
Conductive Film and Method of Making the Same. June 1 9, 1 962. 

3,040,416 
Matlow, Sheldon L.; Ralph,Eugene L., i nventors; Hoffman Elec
tronics Corporation, assignee. Method of Making a Large Area 
Solar Cell Panel. J une 26, 1 962. 

3,046,323 
Wildi ,  Bernard S., inventor; Monsanto Chemical Company, 
assignee. Photoelectric Device. J uly 24, 1 962. 

3,046,324 
Matlow, Sheldon L., i nventor; Hoffman Electronics Corporat ion, 
assignee. Alloyed Photovoltaic Cell and Method of Making the 
Same. J uly 24, 1 962. 

3,046,459 
Anderson, Richard L.; O'Rourke, Mary J . ,  i nventors; I nternational 
Business Machines Corporation, assignee. Multiple Junction 
Semiconductor Device Fabrication. Ju ly 24, 1 962. 

3,051,636 
Kaspaul ,  Alfred F., inventor; M innesota Min ing  and Manufactur
ing Company, assignee. Electrolytic Preparation of Cadmium 
Salts. August 28, 1 962. 

3,053,923 
Stearns, Mary Beth ,  i nventor; General Dynamics Corporation, 
assignee. Solar Power Source. September 1 1 ,  1 962. 

3,053,926 
Ben-Sira, Moshe Y. ;  Pratt, Baruch, inventors; I nternational Rec
tifier Corporation, assignee. Silicon Photoelectric Cell. September 
1 1 1 962. ' 

3,057,945 
Rinnovatore, James V.; Laws, Kenneth L., i nventors; The Electric 
Storage Battery Company, assignee. Solid Electrolyte Battery. 
October 9, 1 962. 

3,057,947 
Calvin,  Melvin; Kearns, David Richard, inventors. Photoelectric 
Cell using Organic Ma terials. October 9, 1 962. 

1963 
3,072,507 
Anderson, Richard L.; Marinace, John C.; Si lvey, Gene A., i nven
tors; I nternat ional Business Machines Corporation, assignee. 
Semiconductor Body Formation. January 8, 1 963. 

3,076,861 
Samulon, Henry A.; Robison, Paul C., inventors; Space Technology 
Laboratories, I nc., assignee. Electromagnetic Radiation Converter. 
February 5, 1 963. 

3,077,539 
Blau, Henry H . ,  J r. ;  Davis, Richard S., inventors; Arthur D. Little, 
I nc., assignee. Radiation Reference Standard. February 1 2, 1 963. 

3,078,328 
Jones, Lloyd E., inventor; Texas Instruments Incorporated, 
assignee. Solar Cell. February 19, 1 963. 

3,081,370 
Mi l ler, Solomon L., inventor; Raytheon Company, assignee. Solar 
Cells. March 1 2, 1 963. 
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3,082,283 
Anderson, Richard L., inventor; International Business Machines 
Corporation, assignee. Radiant Energy Responsive Semiconduc
tor Device. March 19, 1 963. 

3,085,565 
Macau ley, B i l l  T., inventor; Sundstrand Corporation, assignee. 
Solar Energy Device. April 16, 1 963. 

3,089,070 
Ralph, Eugene L., i nventor; Hoffman Electronics Corporat ion, 
assignee. Photoelectric Converter or the Like. May 7, 1 963. 

3,091,555 
Smythe, Robert L., i nventor; Texas I nstruments Incorporated, 
assignee. Method for Forming Low Reflectance Coatings of 
Critical Thickness on Silicon Solar Energy Converters. May 28, 
1 963. 

3,092,725 
Grimmeiss, Hermann Georg; Koelmaris, Hein ,  inventors; North 
American Ph i l ips Company, assignee. Blocking-Layer Photo
Electric Cell. June 4, 1 963. 

3,094,436 
SchrOder, Hubert, inventor; Jenaer G laswork Schott & Gen., 
assignee. Transparent, Conductive, Reflection-Reducing Coatings 
on Non-Conductive Objects and Method. June 1 8, 1 963. 

3,094,439 
Mann, Alfred E.; Dubey, Michael B.; Wolf, Mart in ;  Ralph, Eugene 
L.; Ol iver, Robert L.; Shuster, Sau l ,  i nventors; Spectrolab, a Divi
sion of Textron Electronics, I nc., assignee. Solar Cell System. 
J une 18, 1 963. 

3,095,324 
Cusano, Domin ic A.; Sernberger, Richard L., i nventors; General 
Electric Company, assignee. Method for Making Electrically Con
ducting Films and Article. J une 25, 1 963. 

3,102,828 
Courvoisier, Jean, inventor; North American Ph i l i ps Company, 
assignee. Method of Manufacturing Semiconductor Bodies. 
September 3, 1 963. 

3,104,188 
Moncrieff-Yeates, Alexander J . ,  inventor; Giannin i  Controls Cor
poration, assignee. Solid State Solar Generator. September 1 7, 
1 963. 

3,106,489 
Lepselter, Martin P., i nventor; Bell Telephone Laboratories, I ncor
porated, assignee. Semiconductor Device Fabrica tion. October 
8, 1 963. 

3,108,021 
Stanley, Howard E., i nventor; I nternational Rectifier Corporation, 
assignee. Cadmium Sulfide Photo-Cell. October 22, 1 963. 

3,111,611 
H unter, Lloyd P., i nventor; I nternational Business Machines Cor
poration, assignee. Graded Energy Gap Semiconductor Devices. 
November 19,  1 963. 

3,112,230 
Ruden berg, Hermann Gunther, inventor; Transitron Electronic Cor
porat ion, ass ignee. Photoelectric Semiconductor Device. 
November 26, 1 963. 



3,113,047 
Lasser, Marvin E.; Zaromb, Solomon, inventors; Ph i lco Corpora
tion, assignee. Radiant Energy Chargeable Electric Cell. Decem
ber 3, 1 963. 

3,114,658 
Zaromb, Solomon, inventor; Phi lco Corporation, assignee. Elec
tric Cell. December 1 7, 1 963. 

3,115,424 
Eannarino, George, inventor; I nternational Rectifier Corporation, 
assignee. Process for the Passivation of Semiconductors. 
December 24, 1 963. 

1964 
3,127,552 
Stead, Raymond Ceci l  Towler, inventor. Photo-Cell Generator 
System for Charging Storage Devices. March 31 , 1 964. 

3",128,213 
Gau lt, John M.; Morass, John R., inventors; International Rectifier 
Corporation, assignee. Method of Making a Semiconductor 
Device. April 7, 1 964. 

3,129,061 
Dermatis, Steve N . ;  Faust, John W., J r. ,  i nventors; Westinghouse 
Electric Corporation, assignee. Process for Producing an 
Elongated Unitary Body of Semiconductor Material Crystallizing 
in the Diamond Cubic Lattice Structure and the Product So Pro
duced. April 14, 1 964. 

3,132,057 
Greenberg, Leon S., i nventor; Raytheon Company, assignee. 
Graded Energy Gap Semiconductive Device. May 5, 1 964. 

3,134,906 
Henker, Heinz, i nventor; Siemens & Haiske Aktiengesel lschaft, 
assignee. Photoelectric Semiconductor Device. May 26, 1 964. 

3,146,138 
Shirland, Fred A., i nventor; The Un ited States of America as 
represented by the Secretary of the Air Force, assignee. Vacuum 
Evapora ted Barrier for a CdS Crystal. August 25, 1964. 

3,147,414 
Pelfrey, Lowel l  S.; Kadel burg, Kurt; Macha, Mi lo V., inventors; Inter
national Rectifier Corporation, assignee. Silicon Solar Cells with 
A ttached Contacts. September 1 ,  1 964. 

3,148,084 
Hi l l ,  James E.; Chamberl in ,  Rhodes R., i nventors; The N ational 
Cash Register Company, assignee. Process for Making Conduct
ive Film. September 8, 1 964. 

Re. 25,647 
Mann, Alfred E.; Dubey, M ichael B. ;  Wolf, Mart in ;  Ralph, Eugene 
L.; O l iver, Robert L. ; Shuster, Sau l ,  inventors; Spectrolab, a Divi
s ion of Textron Electronics, I nc., assignee. Solar Cell System. 
September 22, 1 964. 

3,150,999 
Rudenberg, Hermann G . ;  Dale, Brian, inventors. Radiant Energy 
Transducer. September 29, 1 964. 

3,151,378 
Finn, George B., J r., i nventor; I nternational Rectifier Corporation, 
assignee. Process for the Manufacture of Pure Tin A lloyed Con
tact for Diffused Silicon Devices. October 6, 1 964. 

.

3,151,379 
Escoffery, Charles A., i nventor; I nternational Rectifier Corpora
tion, assignee. Solar Battery and Method of Making lt. October 
6, 1 964. 

3,152,926 
Power, Roy B., i nventor; Tung-Sol Electric I nc., assignee. 
Photoelectric Transducer. October 13, 1 964. 

1965 
3,172,791 
Allegretti, John E.; Gutsche, Heinrich; McAleer, Wi l l iam J. ,  i nven
tors; Merck & Co., I nc., assignee. Crystallographic Orientation of 
a Cylindrical Rod·of Semiconductor Ma terial in a Vapor Deposi
tion Process to Obtain a Polygonal Shaped Rod. March 9, 1 965. 

3,175,929 
Kleinman, David A., inventor; Bell Telephone Laboratories, Incor
porated, assignee. Solar . Energy Converting Apparatus. March 30, 
1 965. 

3,186,873 
Dun lap, Wi l l iam Crawford, J r., i nventor; The Bendix Corporation, 
assignee. Energy Converter. June 1, 1 965. 

3,186,874 
Gorski, Daniel A., i nventor; The Harshaw Chemical Company, 
assignee. Photovoltaic Cell. June 1 ,  1 965. 

3,194,700 
Grimmeiss, Hermann Georg; Memming, Rudiger; Koelmans, Hein, 
inventors; North American Ph i l i ps Company, I nc., assignee. Gas 
Heating and Cooling in the Manufacture of Semiconductor 
Devices. Ju ly 1 3, 1 965. 

3,201,665 
Venables, John D., i nventor; Union Carbide Corporation, assignee. 
Solid State Devices Constructed from Semiconductive Whiskers. 
August 1 7, 1 965. 

3,212,921 
Pliskin, Wil l iam A.; Conrad, Ernest E. ,  inventors; International 
Business Machines Corporation, assignee. Method of Forming 
a Glass Film on an Object and.the Product Produced Thereby. 
October 19, 1 965. 

3,215,571 
Frieser, Rudolf G. ,  i nventor; Bel l Telephone Laboratories, Incor
porated, assignee. Fabrication of Semiconductor Bodies. 
November 2, 1 965. 

3,224,913 
Ruehrwein,  Robert A., i nventor; Monsanto Company, assignee. 
Altering Proportions in Vapor Deposition Process to Form a Mixed 
Crystal Graded Energy Gap. December 21 ,  1 965. 

3,226;271 
Hug le, Frances B.; Hug le, Wi l l iam B., i nventors; D. H. Baldwin 
Company, assignee. Semi-Conductive Films and Method of Pro
ducing Them. December 28, 1 965. 

1966 
3,229,579 
Lessley, Robert L. ,  i nventor; Aerojet-General Corporation, 
assignee. Solar Energy Collector. January 1 8, 1 966. 
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3,229,682 
Perlmutter, Morris; Howel l ,  John R., inventors; The United States 
of America as represented by the Admin istrator of the National 
Aeronautics and Space Administratiqn, assignee. Device for Direc
tionally Controlling Electromagnetic Radiation. January 18, 1966. 

3,232,795 
Gi l lette, Roger.B.; Snyder, Howard E.; Tal lent, Ralph J . ,  inventors; 
The Boeing Company, assignee. Solar Energy Converter. Febru
ary 1, 1966. 

3,247,392 
Thelen, Alfred J., i nventor; Optical Coating Laboratory, Inc., 
assignee. Optical Coating and Assembly Used as a Band Pass 
Interference Filter Reflecting in the Ultraviolet and Infrared. 
Apri l 19, 1966. 

3,247,428 
Perri, John A.; Riseman, Jacob, inventors; I nternational Business 
Machines Corporation, assignee. Coated Objects and Methods 
of Providing the Protective Coverings Therefor. April 19, 1966. 

3,252,023 
Schmidt, Lawrence W., i nventor; Hoffman Electronics Corporation, 
assignee. Zero Torque-Producing Motor. May 17, 1966. 

3,253,951 
Marinaccio, Louis P.; Lepselter, Martin P., inventors; Bell Telephone 
Laboratories, I ncorporated, assignee. Method of Making Low 
Resistance Contact to Silicon Semiconductor Device. May 31 ,  
1966. 

3,255,047 
Escoffery, Charles A., inventor; International Rectifier Corporation, 
assignee. Flexible Fabric Support Structure for Photovoltaic Cells. 
J une 7, 1966. 

3,261,074 
Beauzee, Claude, inventor; North American Phi l ips Company, Inc., 
assignee. Method of Manufacturing Photoelectric Semiconduc
tor Devices. J u ly 19, 1966. 

3,261,726 
Ruehrwein, Robert A., inventor; Monsanto Company, assignee. Pro
duction of Epitaxial Films. Ju ly 19, 1966. 

3,262,694 
O'Farre l l ,  Herbert W., inventor; TRW, I nc., assignee. Solar Cell 
Module Assembly Jig. J u ly 26, 1966. 

3,264,707 
El ie, George T. , inventor; Radio Corporation of America, assignee. 
Method of Fabricating Semiconductor Devices. August9, 1966. 

3,268,366 
G uyot, Pau l ,  i nventor; North American Ph i l i ps Company, Inc., 
assignee. Photo-Electric Cell. August 23, 1966. 

3,278,337 
Gau lt, John M. ,  inventor; International Rectifier Corporation, 
assignee. Device for Converting Radiant Energy into Electrical 
Energy. October 1 1 ,  1966. 

3,278,811 
Mori, H i roshi ,  inventor; Hayakawa Denki Kogyo Kabushi ki Kaisha, 
assignee. Radiation Energy Transducing Device. October 1 1 ,  1966. 

3,284,241 
Lasser, Marvin E.; Lucovsky, Gerald, inventors; Phi lco Corporation, 

assignee. Photo-Emissive Device Including Emitter and Insulator 
of Less than Mean Free Path Dimensions. November 8, 1966. 

3,284,252 
Grimmeiss, Hermann Georg; Kischio, Werner; Memming, Rudiger, 
inventors; North American Phi l ips Company, Inc., assignee. 
Method of Manufacturing Semiconductor Systems Comprising 
Cadmium Chalcogenide Semiconductors. November 8, 1966. 

3,290,175 
Cusano, Domin ic A.; Sormberger, Richard L., i nventors; General 
Electric Company, assignee. Semiconductor Photovoltaic Devices. 
December 6, 1966. 

1967 
3,309,226 
Weisbeck, Roland; Brockes, Andreas, i nventors; Farbenfabriken 
Bayer Akt iengese l l schaft, ass ignee. Pho toresistors and 
Photoelements Having Increased Sensitivity in the Short-Wave 
Region of the Spectrum. March 14, 1967. 

3,310,439 
Seney, John S., inventor; E. I. du Pont de Nemours and Company, 
assignee. Photovoltaic Cell with Wave Guide. March 21 ,  1967. 

3,311,510 
Mandelkorn, Joseph, i nventor; The Un ited States of America as 
represented by the Admin istrator of the National Aeronautics and 
Space Adm in istration, assignee. Method of Making a Silicon 
Semiconductor Device. March 28, 1967. 

3,317,809 
Bowers, Grover W.; Kennedy, Francis H.,  inventors. Self-Contained 
Electrical Lighting Unit. May 2, 1967. 

3,322,575 
Ruehrwein, Robert A., inventor; Monsanto Company, assignee. 
Graded Energy Gap Photoelectromagnetic Cell. May 30, 1967. 

3,325,723 
Grayson, Jerome H. ,  inventor; The Un ited States of America as 
represented by the Admin istrator of the National Aeronautics and 
Space Admin istration, assignee. Voltage-Current Characteristic 
Simulator. J une 13, 1967. 

3,330,700 
Golub, Seymour; Sequeira, Edward A.,  inventors; Electro-Optical 
Systems, Inc., assignee. Solar-Cell Panels. Ju ly 1 1 ,  1967. 

3,331,707 
Werth, John J. ,  i nventor; General Motors Corporation, assignee. 
Thermo-Photovoltaic Converter with Radiant Energy Reflective 
Means. Ju ly 18, 1967. 

3,334,217 
Bickler, Donald B.; Rauschenbach, H ans S., inventors; Hoffman 
Electronics Corporation, assignee. Simu lation of Solar Radiation. 
August 1 ,  1967. 

3,340,096 
Mann, Alfred E.; Shuster, Sau l ,  inventors; Spectrolab, a Division 
of Tektron Electronics Inc., assignee. Solar Cell Array. September 
5, 1967. 

3,340,599 
El l is, Sidney G. ,  i nventor; The Un ited States of America as 
represented by the Admin istrator of the National Aeronautics and 
Space Admin istration, assignee. Simple Method of Making 
Photovoltaic Junctions. September 12, 1967. 
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This invention relates to an improved method for preparing gal l ium 
arsen ide solar cel ls by the deposition of an i nversion layer at its 
su rface. The method· can be performed at relatively low 
temperature and is s imple to control. Brief ly, the invention com
prises the steps of deposit ing a relatively th in ,  transparent, 
conductive layer of cuprous iodide on a relatively th in n-type 
polycrysta l l i ne layer previously deposited on a conducti ng 
substrate, and heating the cuprous iodide layer with iod ine vapor 
to lower its resistance. 

3,344,334 
Rubin ,  I rwin ,  i nventor; I nternational Rectif ier Corporat ion, 
assignee. Photovoltaic Cell Battery Charger. September 26, 1967. 

A portable battery charger having a pivotally mounted platform 
which contains open ings for support ing batteries to be charged. 
The p latform is pivoted i nto and out of a cas ing which carries 
contacts on its inner surfaces. When the platform is  moved 
i nwardly, electrical contact is made to the opposite terminals of 
the battery. An exterior solar cel l  connected to the fixed contacts 
causes a flow of charg ing current i nto the battery when the cells 
are exposed to radiation. 

3,346,419 
Forehand, Le Roy; Rodner, Wil liam H., inventors; The United States 
of America as represented by the Admin istrator of the National 
Aeronautics and Space Admin istration, assignee. Solar Cell 
Mounting. October 10, 1967. 

3,350,234 
Ule, Louis A:, inventor; Hoffman Electronics Corporation, assignee. 
Flexible Solar-Cell Concentrator Array. October 31, 1967. 

3,350,635 
Mesch, Hans G. ,  inventor; I nternational Rectifier Corporation, 
assignee. Solar Cell and Test Circuit. October 31, 1967. 

3,350,775 
l ies, Peter Albert, inventor; Hoffman Electronics Corporation, 
assignee. Process of Making Solar Cells or the Like. November 7, 
1967. 

3,351,516 
Weisbeck, Roland; Brockes, Andreas; Nassenstein ,  Heinrich, 
i nventors; Farbenfabriken Bayer Aktiengesellschaft, assignee. 
Photoconductive Structural Element and Process of Manufactur
ing Same. November 7, 1967. 

3,353,191 
Dahly, Harold W., i nventor. Cooling Unit tor a Hat. November 21, 
1967. 

A hat and a cool ing unit therefor i ncluding a motor operated fan 
mounted on the crown and a solar cell for drivi ng the motor for 
c i rc,ufat ing ai r within the hat. 

3,357,857 
Provisor, Henri; Lapluye, Gerard, inventors; North American Phi l ips 
Company, I nc., assignee. Method of Passivating Supports tor 
Semiconductor Sulphides, Selenides and Tellurides. December 12, 
1967. 

Passivating the substrate for receiving a semiconductor sulphide, 
selenide or tel luride to avoid contamination thereof, by f irst ap
plying to the substrate surface an inorgan ic metal compound d if
ferent from the semiconductor material ,  and thereafter heating 
the substrate at a temperature of at least 400°C. The metal con
stituent of the compound is selected from the group of beryl l ium, 
magnesium, calcium, strontium, barium, a luminum, zinc, and 
cadmium. 

3,359,137 
Kaye, Stephen; Garasi, Louis, inventors; Electro-Optical Systems, 
I nc., assignee. Solar Cell Configura tion. December 19, 1967. 

A solar cell wherein the rear surface of a semiconductor crystal 
body is h igh ly doped to form a fi rst surface region of the same 
conductivity type. A second th in ,  h ighly doped, l ight gathering 
surface reg ion of the opposite conductivity type extends across 
all but a small peri metric portion of the front surface, the semicon
ductor bulk material defi n ing an i ntermediate region having a 
p i l lar-l i ke edge portion termi nating i n  the front surface to provide 
a back contact at the front surface of the device. 

1968 
3,361,594 
l ies, Peter Albert; Ross, Bernd, i nventors; G lobe-Union, I nc., 
assignee. Solar Cell and Process tor Making the Same. January 2, 
1968. 

3,368,125 
Pasierb, Edward F., i nventor; Rad io Corporat ion of America, 
assignee. Semiconductor Gallium Arsenide with Germanium Con
necting Layer. February 6, 1968. 

3,369,939 
Myer, Jon H. ,  inventor; H ughes Aircraft Company, assignee. 
Photovoltaic.Genera tor. February 20, 1968. 

3,370,986 
Amsterdam, M ichael F.; Shaikh, Mohammed S.; Tarneja, Krishan, 
S. inventors; Westinghouse Electric Corporat ion, assignee. 
Photovoltaic Series Array Comprising PIN and NIP Cells. Febru
ary 27, 1968. 

3,373,059 
Augustine, Frank, i nventor; Clevite Corporat ion, assignee. Method 
of Making Photosensitive Elements. March 12, 1968. 

3,373,321 
Tarneja, Kr ishan S. ;  Sha i kh ,  Moham med S., i nventors ;  
West inghouse Electric Corporat ion, assignee. Double Diffusion 
Solar Cell Fabrication. March 12, 1968. 

3,374,108 
Keramidas, Bas i l io G. ,  inventor; Kewanee Oi l  Company, assignee. 
Formation of Barrier Layers in Cadmium Sulfide Solar Cells. 
March 19, 1968. 
This invention comprises a process for applying a "barrier layer" 
on a cadmium sulfide body designed for use as a photovoltaic 
cel l  comprising the steps of immersing the cadmium sulfide body 
in an aqueous solution of cuprous ions for a sufficient period of 
time, and, after removal of the cadmium su lfide body from the solu
tion, removing any residual l iqu id adhering to the surface. The 
resu ltant barrier layer, which is bel ieved to be cuprous su lfide, 
imparts a un iformly h igh efficiency to the photovoltaic cel l .  

3,375,141 
Ju l ius, Richard F., i nventor; Aiken I ndustries, Inc., assignee. Solar 
Cell Array. March 26, 1968. 

3,376,163 
Abrahamsohn, l ise, inventor; ltek Corporat ion, assignee. Photosen
sitive Cell. Apri l 2, 1968. 

3,376,164 
Bachwansky, Peter, i nventor; G lobe-Union I nc., ass ignee. 
Photovoltaic Power Assembly. Apri l 2, 1968. 

This invention relates to a photovoltaic power assembly and more 
particu larly relates to such an assembly for mounting a p lural ity 
of semiconductor elements i n  electrical series relat ionsh ips. 
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3,376,165 
Abbot, Charles G., i nventor. Apparatus for Converting Solar Energy 
to Electricity. Apri I 2, 1968. 

3,378,407 
Keys, Richard V., inventor; G lobe-Union I nc., assignee. Solar Cell 
Module. Apri l  16, 1968. 

A solar cell module having a metal l ic  g rid to which the bottom 
contacts of a p lu ral ity of solar cel ls are connected and a metal l ic  
bar connect ing the contact strips of the cel ls, the grid having a 
tab that extends past the cel ls for connection to the bar of the 
next modu le. 

3,382,099 
Montmory, Robert, inventor; Centre National de Ia Recherche 
Scient if ique, assignee. Process for the Epitaxial Growth of 
Semiconductor Layers on Metal Supports. May 7, 1968. 

A process for epitaxial g rowth of semiconductor layers on a m ica 
spl i t  support c leaved along the (001) plane by fi rst epitaxial ly 
deposit ing cubic face-centered si lver or copper (1 1 1), thereover 
epitaxial ly deposit ing cubic face-centered gold or plat inum (1 1 1), 
thereover epitaxial ly deposit ing body-centered metals such as 
chromium, molybdenum, tungsten, tantalum or columbium, selec
tively dissolving away the first layer (1 1 1) while separating the mica 
spl it  and thereafter epitaxial ly deposit ing diamond-type cubic 
semiconductor such as german ium or s i l icon on the remaining 
cubic body-centered layer. 

3,383,246 
Ferreira, Paul F., i nventor. Rotatable Solar Energy Converter. 
M ay 14, 1968. 

A p lural ity of c i rcumferentially spaced photo-voltaic solar cel ls 
mounted on the peripheral, heat conductive rim of a rapid ly 
rotating wheel, the speed of which is selected so that each solar 
cell is  i ntermittently exposed to concentrated rays of the sun for 
short intervals exceeding however the min imum time requ i red for 
the energy conversion process to be completed. Optical solar light 
traps concentrate the sun's rays at focal points lying on the 
peripheral r im of the wheel beyond the solar cel ls. 

3,384,806 
Hartman, David J., inventor; Honeywel l ,  Inc., assignee. ower Con
ditioning Sys tem. May 21 ,  1968. 

P

An adaptive system for max imum electric power t ransfer from a 
source of electric power to an electric load. A switching element 
is provided between the source and the load and is period ical ly 
switched between its conductive and non-conductive states. The 
rat io of the conductive t ime to the non-conductive time is con
trol led as a function of the derivative of the output power with 
reference to output current to achieve maximum power transfer 
from the source to the load. 

3,390,576 
Yel lott, John 1., i nventor. Solar Radiation Measuring Device. Ju ly 2, 
1968. 

3,396,057 
El l is, Sidney G., i nventor; The United States of America as 
represented-by the Admin istrator of the National Aeronautics and 
Space Admin istration, assignee. Method of Electrolytically Bind
ing a Layer of Semiconductors Together. August 6, 1968. 

This i nvention teaches a method of b inding a layer of semicon
ductor particles together. Electro-deposition is used to form an 
insulating fi lm that holds the particles together. The particles can 
be used in  making solar cel ls, photoelectric cells and other 
semiconductor products. Essential ly, the particles are deposited 
on the surface of mercury. The particles float on the mercury. They 
are compacted and then covered with an electrolyte: One elec
trode is inserted in the electrplyte whi le the mercury serves as 
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the other electrode. After the layer is formed, the level of the mer
cury is lowered so that the now formed layer wi l l  adhere to a base 
member previously submerged in the mercury. 

3,411,952 
Ross, Bernd; Herbst, Aust in H ., inventors; G lobe-Union I nc., 
assignee. Photovoltaic Cell and Solar Cell Panel. November 19, 
1968. 

3,416,044 
Dreyfus, Bertrand Alain; Tavernier, Jean, inventors; Societe d'Eiec
tronique et d 'Automatisme, assignee. Opto-Electronic Device 
Having a Transparent Electrode Thereon and Method of Making 
Same. December 10, 1968. 

A h igh transparency ohmic contact low resistance fi lm electrode 
is coated on a face of a body of semi-conductor material at a loca
tion which is near to an impurity obtained junction within the body 
near said face. The f i lm electrode is made of a semi-conductor 
material which is disti nct from that of the body and such elec
trode is  doped with impurities identical to the ones i n  the reg ion 
of the junction i n  the body. The method of deposition of the elec
trode on the body is  such that the doping impu rit ies diffuse from 
the f i lm to the junction zone or conversely from the junction zone 
to the fi lm. 

3,416,956 
Keramidas, Basi l io G. ;  Schaefer, James C., inventors; Kewanee 
Oil Company, assignee. Process for Forming a Barrier in a Cad
mium Sulfide Solar Cell. December 17, 1968. 

This invention comprises a process for form ing the barrier layer 
in a CdS solar cell by depositing a copper su lfide barrier layer 
on the voltaic cell by immersing the CdS into a solution of a 
cuprous compound, preferably cuprous chloride, at a temperatu re 
of 25-97°C, the solution concentration of cuprous compound being 
5-20 percent by weight and the total period of i mmersion being 
not more than the maximum value indicated by a chart having time 
in  minutes plotted against temperatu res in  °C. 

3,418,170 
Amsterdam, M ichael F.; Shaikh, Mohammed S.; Tarneja, Krishan 
S., inventors; The Un ited States of America as represented by the 
Secretary of the Air Force, assignee. Solar Cell Panels from 
Nonuniform Dendrites. December 24, 1968. 

A solar cell panel, made with a nonuniform width N-type dendrite 
semiconduct ive material webbing, has a doped l ayer of P-type 
material extending over the top, one edge and a portion of the 
bottom of the panel. A contact for the P-type material extends from 
the top at one end of the panel over the edge and a portion of 
the bottom at the other end of the panel. The width of the con
tact, at the narrow end of the dendrite semi conductive webbing, 
is equal to the d ifference in  width of the two ends of the dendrite 
webbing. A contact for the N-type material is provided on the 
bottom of the panel adjacent the other edge. 

3,419,433 
Sl ifer, Luther W., J r. ,  i nventor; The United States of America as 
represented by the Adm inistrator of the National Aeronautics and 
Space Admin istration, assignee. Solar Cell and Circuit Array and 
Process for Nullifying Magnetic Fields. December 31, 1968. 

3,419,434 
Colehower, Edgar Warren, i nventor; Martin Marietta Corporation, 
assignee. Solar Cell Assemblies. December 31, 1968. 

A metal sheet is formed in stair-li ke, or zig-zag corrugations defin
ing two sets of paral lel webs. The su rfaces of one set of webs 
are covered with solar cel ls in heat transferring relationsh ip. The 
surfaces of the other set of webs are reflective for reflect ing i nci
dent radiation onto the solar cel ls. Heat from the solar cel ls  is 
transmitted th rough the metal sheet and radiated from the reflec
tive surfaces of the other set of webs. The reflective surfaces may 



be given a coating that is transparent to radiant energy within the 
useful range of the solar cells but that is highly emissive to radiant 
energy outside that range. 

3,419,484 
Ammerman, Frank E.; Schindehette, Donald J., inventors; Chrysler 
Corporation, assignee. Electrolytic Preparation of Semiconduc
tor Compounds. December 31, 1968. 

An electrodeposition process for d i rectly preparing antimonide, 
arsenide, tel lu ride semiconductor compounds. The process com
prises placing i nto s imultaneous solution as cations the two or 
more elements which comprise the compound to be synthesized. 
One of these elements is one of the semi-metals of tel lur ium, 
arsen ic or antimony and the other element any substance which 
has a deposition potent ial less noble than that of the semi-metal 
when both elements are in solution. The solution is then suppl ied 
with electrons with the result that the desired compound is formed 
and deposited on the electron source. 

1969 
3,421,943 
Shaikh, Mohammed S.; Tarneja, Krishan S.; Riel, Robert K., i nven
tors; Westinghouse Electric Corporation, assignee. Solar Cell 
Panel Having Cell Edge and Base Metal Electrical Connections. 
J anuary 14, 1969. 

3,421,946 
Shaikh, Mohammed S.; Tarneja, Krishan S.; Amsterdam, M ichael 
F., i nventors; Westinghouse Electric Corporation, assignee. 
Uncompensated Solar Cell. J anuary 14, 1969. 

3,42
Gault, John M. ,  i nventor; I nternational Rectifier Corporation, 
assignee. Method of Manufacture of High Voltage Solar Cell. 
J anuary 21, 1969. 

A high voltage output solar cell is formed by stacking at least 1 00 
wafers, each of which contains a junction and each of which has 
a thickness of about 0.004 i nch, and soldering the wafers together 
with the P-N junctions therein having the same d i rection. The 
assembled stack is then longitudinal ly s l iced to form a p lural ity 
of slabs having leads connected to the ends thereof, with each 
slab having a t ransverse th ickness of about 0.12 inch.  

3,426,212 
Klaus, Ruth El izabeth Barry, i nventor. Radiation Converter Com. 
prising Transparent Parallel Layers Containing Fluorescent 
Substances. February 4, 1969. 

A radiation converter is disclosed comprising at least two substan
t ial ly parel lel layers each comprising (a) sol id polymeric material 
that is substant ial ly transparent at least in the near u ltraviolet 
and visible regions of the spectrum, and (b) fluorescent substance, 
said layers contain ing d ifferent f luorescent substances and 
disposed in optical relat ionship and adjacent to each other. I n  
its simplest embodiment, the radiation converter is useful for con
vert ing electromagnetic radiation of wavelength between about 
2900 A and about 15,000 A into radiation of d ifferent wavelength; 
in more sophisticated embodiments, the radiation converter is 
useful for converting electromagnetic radiation i nto electrical 
energy, for effecti ng usefu l  chemical reactions, and for other 
purposes. 

3,427,200 
Lapin, El l is E.; Ernest, Alan W.; Sallow, Phi l ip  A., inventors; Aerojet
General Corporat ion,  assignee. Light Concentra tor Type 
Photovoltaic Panel Having Clamping Means for Retaining 
Photovoltaic Cell. February 1 1 ,  1969. 

This disclosure concerns a photovoltaic device which comprises 
a p lural ity of photovoltaic modules, each including a solar cell 
having its own individual reflect ing su rfaces. The cell of each 

'

module is d isposed in a pocket formed by the lower ends of the 
wal ls  providing the reflecting surfaces therefor. The wal ls i nclude 
an inwardly crimped portion at the lower ends thereof which 
overlaps the upper edge of the cel l  so as to clamp and retain  the 
cell in proper position i n  the pocket without requiring an adhesive 
cement. 

3,427,459 
Truffert, Alain Phi l i ppe, i nventor; Societe Anonyme de Telecom
m u nications, ass ignee. Transducer Having a Conversion 
Characteristic of a Predetermined Formation. February 1 1 ,  1969. 

This i nvention relates to a thermo-electric or photo-electric 
transducer of which the conversion characteristic output voltage 
incident energy is a predetermined function: this transducer con
sists essential ly of a cascade of transducing units, with rectifiers 
being connected with reverse polarity across the said transduc
ing units: these transducing un its are arranged to have, for a dif
ferent i ncident energy, respective short-circuit currents of d ifferent, 
conveniently stepped values. 

3,427,797 
Kimura, Kenj i ro; Negoro, Akio; Koj ima, Yasuo; Saiji, Tsutomu, in
ventors. Timepiece Using a Solar Battery as the Power Source. 
February 18, 1969. 

This invention concerns an improved timepiece uti l izing solar cells 
as the energy source which enables the construction of a com
pact, attractive and dependable device wherein an opening 
extends through each said solar cell and said open ing having on 
its wal l a d iffusion layer to connect layers on each side of said 
solar cel l .  

3,431,150 2,527 
Dolan, Russell P., J r. ;  Buchanan, Bobby L.; Roosi ld,  Sven A., in
ventors; The United States of America as represented by the United 
States Air  Force, assignee. Process for Implanting Grids in 
Semiconductor Devices. March 4, 1969. 

A method of making field effect semiconductor devices with 
buried g rids including the steps of bombard ing a semiconductor 
substrate with monoenergetic ions after a gold mask has been 
etched through a photo resist located thereon. 

3,433,676 
Stein,  Frank S., i nventor; General Motors Corporation, assignee. 
Thermophotovoltaic Energy Convertor with Photocell Mount. 
March 18, 1969. 

Mounting structure for flat cel ls in radiant energy convertors in
cluding a hol low polygonal mounting member having paral lel rows 
of flat steps for receiving the cel ls i n  facial contact therewith 
through an insu lative adhesive. Flat steps may be formed on 
member or on i nserts held by member. 

3,433,677 
Robinson, Thomas L., i nventor; Cornel l  Aeronautical Laboratory, 
I nc., assignee. Flexible Sheet Thin-Film Photovoltaic Generator. 
March 1 8, 1969. 

3,434,885 
M andelkorn, Joseph; Broder, Jacob, i nventors; The United States 
of America as represented by the Admin istrator of the National 
Aeronautics and Space Admin istration, assignee. Method of 
Making Electrical Contact on Silicon Solar Cell and Resultant 
Product. M arch 25, 1969. 

An electrode connection for an n on p s i l icon solar cel l  is made 
by deposit ing a layer of cerium on the surface of the cell and then 
deposit ing a layer of si lver on the cerium. The solar cell with the 
two layers deposited thereon is then s intered at a temperature 
between 500°C and 800°C. 
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3,435,328 
Allen, Walter E., i nventor; The Un ifed States of America as 
represented by the Secretary of the Navy, assignee. Electronic 
Solar Cell Array Simulator. March 25, 1969. 

Method and apparatus for accurately s imu lat ing,  electronical ly, 
the electrical characteristics of any size solar cel l array at any 
desired array temperature and solar i ncidence angle. A darkened, 
temperature controlled solar cel l  is employed as a control element 
and is effectively i l luminated by a shunt connected programmable 
constant current supply,such that the basic cu rrent-voltage 
characteristics of an i l l uminated solar cell are produced. Circuitry 
is provided for taking i nto account the number of solar cel ls  that 
are connected in series and parallel in the array being s imu lated. 

3,436,275 
Tsao, Thomas K.; Yu, Michael, inventors. Method of Treating Solar 
Cells. Apri l 1 ,  1969. 

A method of treating solar cel ls to improve the current response 
characteristics thereof comprisi ng (1) placing a solar cell in an 
electric field of the same polarity as the cel l  (2) s imu ltaneously 
subjecting the solar cell to constant heat and (3) maintain ing the 
solar cell in the electric field at elevated temperatu re to obtain 
the des i red current response characteristics. 

3,436,625 
Newman, Peter Col in, inventor; North American Phi l ips Company, 
I nc., assignee. Semiconductor Device Comprising III·V Epitaxial 
Deposit on Substitutional III·V Substra te. Apri l 1 ,  1969. 

A semiconductor device comprising a I I I·V compound or 
substituted compound epitaxial ly deposited on a substituted I l l· 
V compound substrate formed by diffusion of a I l l  or V element, 
especial ly useful as a photosensitive device or epto·electronic 
trans istor. 

3,437,328 
Kennedy, Kurt David; Smith, Hugh R., J r. ,  i nventors; Air Reduction 
Company, I ncorporated, assignee. Powder Crucibles. Apri l 8, 1969. 

Apparatus is described for evaporation of material from a molten 
pool, by surface heating. The apparatus ut i l izes an i nert material 
in part iculate form between the molten pool and a cooled outer 
receptacle to prevent the material in the pool from form ing a ther· 
mal "short c i rcu it" to the outer receptacle. 

3,437,527 
l ies, Peter Albert, i nventor; The Un ited States of America as 
represented by the Administrator of the National Aeronautics and 
Space Administration, assignee. Method for Producing a Solar Cell 
Having an In tegral Protective Covering. April 8, 1969. 

3,438,120 
Amsterdam, M ichael F.; Shaikh, Mohammed S.; Tarneja, Krishan 
S., i nventors; The Un ited States of America as represented by the 
Secretary of the Air Force, assignee. Method of Making Solar Cell. 
April 15, 1969. 

A photovoltaic solar cell panel is made from nonun iform width 
dendrite N-type semiconductive webbing by cutt ing the dendrite 
webbing into panels of predetermined lengths; cleaning the panel; 
doping a su rface layer of the panel with boron to provide a P·N 
junction; masking the panel; sand blasting the bottom of the panel 
with an a luminum oxide abrasive to remove the boron doped 
material ; removing the masking material; lapping the other edge 
of the panel with s i l icon carbide grit to remove the doped material; 
masking the panel; evaporat ing a luminum onto the unmasked 
areas of the panel; removing the masking material ; electroplating 
n ickel onto the aluminum layers, solder d ipping the panel to coat 
the nickel layers with solder and adjusting the thickness of the 
solder. 
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3,442,007 
Griff in ,  Thomas A.; H umrick, Richard J. ;  H i l l ,  Edwi n  R. ,  i nventors; 
Kewanee Oi l  Company, assignee. Process of Attaching a Co/lee· 
tor Grid to a Photovoltaic Cell. May 6, 1969. 

Process for affixing a col lector grid on the barrier of a cadmium 
su lfide solar cell by means of heat and pressure appl ied to the 
collector g rid as it is  superimposed on the barrier. Preferably the 
heat and pressure is  appl ied incrementally to the col lector grid  
and barrier, advantageously by passing through heated rol ls. 

3,444,946 
Waterbury, Nelson J. , i nventor; one-half to N icholas R. duPont, 
assignee. Self·Eiectric·Powered Vehicle. May 20, 1969. 

An electric motor driven vehicle having at least one electric motor 
to supply power to said vehicle, the improvement which comprises 
a system associated with each electric motor to supply electric 
power thereto compris ing batteries arranged in series, and either 
a solar cell supplying energy to said battries, a power-generating 
means with paddle wheel and venturi tube or both adapted to 
supply power to said batteries. The above combination may be 
used either alone or in  conj unction with a conventional i nternal 
combustion engine. 

3,446,676 
Ritchie; Donald W.; Goldsmith, John V. , inventors; The Un ited 
States of America as represented by the Administrator of the Na· 
tiona! Aeronautics and Space Administration, assignee. Solar Bat· -tery with Interconnecting Means for Plural Cells. May 27, W69. 

A large solar sensitive area for a solar battery is provided by group· 
ing a plurality of individual solar cel ls in side by side juxtaposed 
relationsh ip  on a flat insu lative substrate. Electrical conductive 
members inc lude a p lural ity of tynes which project through the 
insulative substrate and are mechanically biased against the sur· 
face of the solar cel ls  so as to hold them in place on the substrate. 
The tynes of each electrical conductive member are electrical ly 
connected to the solar cel ls they contact i n  order to form an elec· 
trical paral lel c i rcuit. Certain electrically conductive members are 
further electrical ly connected to add itional solar cel ls so as to 
form series electrical circu its for the appropriate solar cel ls. The 
series electrical c i rcuits provide requ i red voltages from the solar 
battery; whereas, the paral le l  electrical circuits provide requ i red 
electrical cu rrent from the solar battery. 

3,447,234 
Reynolds, Frederick W.; Meixner, Arthur E., inventors; Singer· 
General Precision Inc., assignee. Photoconductive Thin Film Cell 
Responding to a Broad Spectral Range of Light Input. June 3, 1969. 

The process of making a photoconductor photocell comprising 
the steps of deposit ing an ind ium thin fi lm bonding agent on a 
g lass substrate; depositing a gold thin f i lm on the glass substrate 
over the ind ium th in f i lm, the indium th in f i lm serving to bond the 
gold thin film thereto; form ing electrodes from the gold film by 
etching away narrow sections thereof to define the boundaries 
of a cadmium selenide photoconductive cell; deposit ing an ex· 
tremely th in f i lm of cadmium selenide material over the defined 
boundaries as wel l  as at least partial ly over the electrodes; and 
depositing a suitable acceptor impurity over the cadmium selenide 
layer. 

3,448,575 
Grohoski, Theodore, inventor; The Un ited States Time Corpora· 
tion, assignee. Solar Cell Recharging Means for a Battery 
Opera ted Watch. June 10, 1969. 

An electric t im ing device, such as a watch, is powered by a 
rechargeable battery cel l .  The battery is charged by a solar cel l 
which may be the dial plate of the t im ing device. The solar cel l 



controls the operation of a switch, which switch disconnects the 
solar cel l from the battery in  the absence of sufficient l ight to 
charge the battery. 

3,450,568 
Mann, Alfred E., i nventor; Textron Electron ics, Inc., assignee. Solar 
Cell with Wrap-Around Electrodes. June 17, 1969. 

A substantially co-planar solar cell array i ncludes solar cel ls each 
having f irst electrode means in ohmic contact with its top solar 
sensitive surface and second electrode means in  ohmic contact 
with its bottom surface, the second electrode means extending 
around the cel l  to overl ie a top portion of the cel l without ohmic 
contact so as to be i n  electrical ly separated relationsh i p  to the 
fi rst electrode means. By so provid ing rear or bottom electrodes 
which wrap around the cel l  to the top, both positive and negative 
connecting points of power take-off means can be effected on 
the top surface and thus wil l  be clearly visible and accessible. 
The d isclosure also contemplates unique i nterconnect ing means 
for four  adjacent corners of cel ls  in an array to provide a proper 
series-parallel matrix with sufficient flexib i l ity in  the interconnec
tions to accommodate thermal strains and other mechanical 
shocks which m ight otherwise damage the array. 

3,454,774 
Wizenick, Richard J., inventor; G lobe-Union I nc., assignee. Elec
trical Connector for Semiconductor Devices. July 8, 1969. 

An electrical connector for semiconductor devices, such as solar 
cel ls, composed of a th in and flexible electrically conductive 
sheet, preferably a metal having a coeffic ient of thermal expan
sion close to that of the semiconductor device. The sheet has one 
or more sections which have several apertu res arranged so that 
there are no straight-l ine stress paths between the points where 
the semiconductor device is attached to the connector. Several 
semiconductor devices mounted to one or more connectors can 
be adhesively mounted on a panel in series or paral lel .  

3,457,427 
Tarneja, Krishan S.; Rossi ,  Vito A.; Maddalena, Joseph R. ,  inven
tors; Westinghouse Electric Corporat ion, assignee. Lightweight 
Solar Cell Panel Structure. Ju ly 22, 1969. 

A substrate for supporting a plural ity of webbed dendritic solar 
cells is formed from one piece of metal having a thickness of from 
5 to 15 mi ls. The substrate has the necessary strength and rigid
ity but is l ight i n  weight. 

3,457,467 
Amsterdam,  M ichael  F. ; Wh igham,  Da le M . ,  i nventors; 
Westinghouse Electric Corporation, assignee. Heterojunction 
Solar Cell with Shorted Substra te. Ju ly 22, 1969. 

This i nvention provides a solar cel l  wherein a substrate acts only 
as a support member. Material for the solar cell is deposited on 
the substrate. A wrap around electrical contact shunts, or short 
c i rcuits, any P-N j unction formed by the deposited material and 
the substrate but not the P-N junction of the solar cel l .  The elec
trical contact is al loyed to the substrate and to the deposited 
material at the same time that the diffusion of a reg ion of desired 
semiconductivity is taking place in the deposited material to form 
the d iode of the solar cel l .  

3,459,597 
Boron, Wilfred R., inventor; TRW Inc., assignee. Solar Cells with 
Flexible Overlapping Bifurcated Connector. August 5, 1969. 

A bifurcated c l ip  having the desi red thickness and strength is 
located at the junction of solar cel ls for mechanically maintain
ing series cells in an overlapping relationship with respect to each 
other and adjacent cells. The c l ip  not only mechanical ly supports 
overlapping series cells with adjacent cel ls but also electrical ly 
interconnects mechanically supported cells with each other. Each 

cl ip has an expansion joint in a series direction and in a transverse 
direction thereby providing flexibil ity in fitting the solar cel l module 
to a complex arcuate form. 

3,460,240 
Tarneja, Krishan S.; Ernick, Fred G. ;  Rossi, Vito A., inventors; 
Westinghouse Electric Corporat ion, assignee. Manufacture of 
Semiconductor Solar Cells. August 12, 1969. 

This disclosure relates to a method of manufacturing a solar cel l 
which comprises growing layers of a semiconductor material on 
a foreign substrate. 

3,462,311 
Ross, Bernd, inventor; G lobe-Union, I nc., assignee. Semiconduc
tor Device Having Improved Resistance to Radiation Damage. 
August 19, 1969. 

A semiconductor device having a drift field therein for increasing 
minority carrier diffusion length. The drift field is establ ished 
either in an epitaxial ly grown region or in the bu lk by d iffusion 
of l ith ium. Th is presence of the drift f ield and or the l ithium makes 
a photovoltaic solar cell especial ly resistant to radiation damage. 

3,466,198 
Yasui ,  Robert K., i nventor; The United States of America as 
represented by the Admin istrator of the N�tional Aeronautics and 
Space Admin istration, assignee. Solar Cell Matrix. September 9, 
1969. 

'A novel configuration of a conductor for connecting cel ls  i n  
paral lel to form submodu les, which are in  turn connected in series 
to form a cel l  matrix. The conductor has segments interconnected 
in series with the ent i re combinat ions flexible to provide the 
desi red matrix flex ib i l ity. Each conductor segment has a p lural
ity of perforated pads used to form an electrical contact with one 
electrode or term inal of a cel l  in one submodu le. The segment 
also includes at least one contact strip used to form contact with 
an electrode of a cel l in  an adjacent submodule and thereby pro
duce the series interconnection between submodules. 

3;471,924 
l ies, Peter Albert, inventor; G lobe;Un ion I nc., assignee. Process 
for Manufacturing Inexpensive Semiconductor Devices. October 
14, 1969. 

Treating s i l icon bodies of differi ng resistivities and conductivity 
types with l i th ium to convert them i nto bodies of N-type conduc
tivity and uniform resist ivity. 

3,472,690 
H i l l ,  Edwin R., inventor; Kewanee Oi l  Company, assignee. Process 
of Preparing a Flexible Rear Wall Photovoltaic Cell. October 14, 
1969. 

This invention comprises the process of preparing a flexible rear 
wall cadmium sulfide solar cel l  by the steps of exposing a copper
coated flexible substrate, such as molybdenum or other su itable 
meta-l, or su itable non-metal such as plastic, to an atmosphere 
of hydrogen sulfide at 500-700°C for a sufficient period to con
vert the copper to cuprous su lfide, and thereafter exposing the 
resu ltant cuprous sulfide to cadmium su lfide vapors in  such a 
manner that the cadmium su lfide condenses on the cuprous 
sulfide to form a cadmium su lfide component of a cadmium 
sulf ide photovoltaic cel l .  By attachment of electrodes d i rectly or  
indirectly to the cadmium sulf ide layer and to the cuprous sulfide 
barrier, or the metal l ic  substrate, and exposing the cell to l ight, 
a voltage of at least about 0.40 volts is readi ly obtained. 

3,472,698 
Mandelkorn, Joseph, i nventor; The United States of America as 
represented by the Administrator of the National Aeronautics and 

· Space Admin istration, assignee. Silicon Solar Cell with Cover 
Glass Bonded to Cell by Metal Pattern. October 14, 1969. 

Patents 1 1  



Cover g lasses are attached to solar cells without using adhesives. 
Each cover g lass is metallized in a pattern identical to the top 
contract pattern of a solar cel l .  The g lass is bonded to the cel l  
only with in  the metal l ized reg ions of g lass and cel l .  

3,475,609 
Schneider, M artin V., i nventor; Bell Telephone Laboratories, lncor· 
porated, assignee. Optical Energy Conversion Devices. October 
28, 1969. 

A more efficient device for coupl ing optical energy into a bulk 
material is effected by providing the metal electrodes on the sur· 
face of the material with apertures which are resonant or nearly 
resonant at the frequency of the i nc ident energy. 

3,479,573 
Garwacki,  Walter, i nventor; General Electric Company, assignee. 
Wide Band Gap Semiconductor Devices Having Improved 
Temperature Independent Non-Rectifying Contacts. November 18, 
1969. 

Improved semiconductor bodies useful as l ight emitting d iodes 
and solar cel ls include a body of P-type compound semiconduc· 
tor of the I I·VI c lass such as zinc tel l uride and an ohmic or non· 
rect ifyi ng contact made to one surface of the body. The contact 
includes a f irst reg ion contain ing an a lkal i  metal such as l i th ium 
surface d i ffused therein,  a second reg ion overlapping the f i rst 
region and comprising chemically reacted gold at the surface of 
the wafer, and a wetted contact to first and second reg ions and 
to the overlapped region made by an al loy of a conductive metal 
having non-rectifying or P-conductivity type characte�istics as for 
example, an al loy of ind ium and si lver. The semiconductor body 
may be entire ly P-type or may contain a P·N junction. 

3,480,473 
Tanos, Andrew B., i nventor; Kewanee O i l  Company, assignee. 
Method of Producing Polycrystalline Photovoltaic Cells. November 
25, 1969. 

This i nvention comprises a method of producing an improved 
polycrystal l ine photovoltaic cell , preferably of polycrystal l ine cad· 
mium su lfide, by etching the surface of the polycrystal l ine semi· 
conductive material such as cadmium su lfide with hydroch loric 
acid, or preferably su lfu ric acid, before the barrier is formed 
thereon. Photovoltaic cells made by the process of this i nvention 
have an output efficiency 30-50 percent higher than efficiencies 
of the same cells in which the etch ing step is  omitted. 

3,480,781 
Mandalakas, John N. ,  i nventor; Westinghouse Electric Corpora· 
tion, assignee. Temperature Compensated Solar Cell Light Sensor. 
November 25, 1969. 

A temperatu re compensated solar cel l l ight sensor wherein two 
solar cells of substantially identical characteristics are mounted 
on a thermal equalizing plate with a temperature sensitive resistor. 
The cel l s  and the resistor are exposed to the same l ight and 
temperature conditions. In order to obtain precise measurements 
of the l ight i ntensity, temperature compensation of the l ight sen· 
sor is obta ined by subtracting a temperature dependent part of 
the output of one cell from the entire output of the other. The 
temperatu re sensitive resistor, in close thermal contact with the 
thermal equalizing plate, permits compensation in a suitable 
circuit. One such suitable circuit i ncludes an emitter fol lower con· 
f igurat ion control led by an operational ampl ifier to maintain 
substantial ly short-c i rcuit cond it ions across each solar cell. 

3,480,818 
Te Velde, Ties Siebolt, i nventor; U.S. Phi l ips Corporat ion, assignee. 
Electrical Monograin Layers Having a Radiation Permeable Elec· 
trode. November 25, 1969. 

An electrical device comprising a layer of electrically active grains 
substant ial ly one grain thick provided with electrodes, of which 
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one of the electrodes which is intended to permit radiation to pass 
through it to the grains or radiation from the grains through it to 
the outside includes fi rst regions located over the spaces between 
the grains and second reg ions located over the grains. The f i rst 
reg ions have h igh electrical conduction but low permeabi l ity to 
the radiation, whereas the second regions have lower electrical 
conduction but higher radiation permeabi l ity. In one embodiment, 
the second reg ions located over the g rains are th inner than the 
f i rst reg ions located over the g rain spaces. 

3,483,037 
Wagle, Joseph A., inventor; General Motors Corporation, assignee. 
Isotope Powered Photovoltaic Device. December 9, 1969. 

A radiant energy conversion device includes a pair of intercon· 
nected evacuated spheres. One carries an array of photovoltaic 
cel ls concentric with a radiant body. Heat is  suppl ied to the radiant 
body from a mass of radiocative isotopes in the other sphere 
through a mass of graph ite. Thermal insu lation and biological 
shielding are provided around the isotope mass. 

3,483,038 
Hui ,  Wi l l iam L. C.; Auth, George R., i nventors; RCA Corporat ion, 
assignee. Integrated Array of Thin·Film Photovoltaic Cells and 
Method of Making Same. December 9, 1969. 

An i ntegrated array of seria l ly connected, th in-fi lm, photovoltaic 
cells comprises a plurality of simi lar multi- layered cel ls integrally 
formed on, and un ited to, a flexible substrate of insulating plastic 
material. Each of the multi- layered cells in the integrated array 
is fabricated by a novel method wherein s imi lar layers of each 
of the cells are deposited simu ltaneously from a common source 
of material, preferably from the vapor phase. The mult i - layered 
cells are also i nterconnected s imultaneously by electrodes, 
deposited preferably from the vapor phase. 

3,483,039 
Gault, John M . ,  inventor; I nternational Rectifier Corporation, 
assignee. Silicon Cell Construction and Method of Manufacture 
Therefor. December 9, 1969. 

A solar cell formed of a th in wafer of s i l icon in which spaced 
parallel strips of P-type material are disposed immediately below 
the surface of an N·type wafer. The strips reach the wafer sur· 
face at the rear of the wafer to receive an upper electrode and 
a lower electrode is connected to the bottom of the wafer. The 
P·type stri ps define totally enclosed and embedded junctions 
within the wafer to improve radiation resistance and to permit a 
decrease in i nternal cel l resistance and an i ncrease i n  both open 
c i rcuit voltage and short c ircuit current for the cel l .  

3,483,040 
Parkins, Wi l l iam E., inventor; North American Rockwel l  Corpora· 
t ion, assignee. Nuclear Battery Including Photocell Means. 
December 9, 1969. 

A nuclear battery or electrical power supply using a radioactive 
source whose radiation is converted to electromagnetic radiation 
by a fluorescent gas, which is then converted to electrical energy 
i n  photocel ls  such as photoelectric or photovoltaic cel ls. 

3,484,606 
Masi ,  James V., inventor; M id-Continent Manufactur ing Co., 
assignee. Radiation Responsive Electrical Device Having an Ex
tended Spectral Response Characteristic. December 16, 1969. 

Spectral response of a radiation responsive electrical element is  
extended through conversion of  i ncident radiation wavelengths 
to radiation wavelengths usable by the electrical element. 
Wavelength conversion is effected by luminescent material which 
f luoresces in response to excitation by incident radiation to emit 
rad iation of relatively longer wavelengths that effect a change in 
the electrical characteristic of the element. The combined effect 



of wavelength conversion with transmission of radiation of 
wavelengths to which the electrical element responds extends the 
spectral response characteristic of the composite electrical 
device. 

1970 
3,489,615 
Mann, Alfred E.; Ralph, Eugene L., inventors; Spectrolab, assignee. 
Solar Cells with Insulated Wraparound Electrodes. January 13, 
1970. 

A solar cell for use in a solar cell array is provided with a top elec
trode on its photosensit ive surface extending about a side of the 
solar cel l  to overlap a second electrode on the bottom surface 
of the cel l . The overlapped portions are held electrically separate 
by suitable insu lating means. By using insu lation means, a large 
bottom electrode may be used to cover a larger area of the bottom 
surface of the cell thereby decreasing its resistance. Further, 
freedom in the arrangement of the electrodes on the bottom sur
face is realized so that flexible i nterconnecting tabs for an array 
of cells can al l  l ie  i n  substantial ly the bottom plane of the cel ls. 

3,490,950 
Myer, Jon H . ,  inventor; H ughes Ai rcraft Company, assignee. Selec
tive Conversion of Solar Energy with Radiation Resistant Solar 
Energy Converter Array. January 20, 1970. 

Select ive conversion of solar energy to electrical energy in the 
presence of damaging nuclear radiation by use of a radiation resis
tant solar cell array having support wall structure arranged to 
shield cells from direct nuclear radiation and to reflect solar radia
tion onto the cel l .  

3,490,965 
Wysocki,  Joseph J., i nventor; Admin istrator of the N ational 
Aeronautics and Space Administration, assignee. Radiation Resis
tant Silicon Semiconductor Devices. January 20, 1970. 

The herein disclosed process includes form ing a PIN junction in 
a high-resistivity, floating-zone purified N-type si licon body having 
a low oxygen content and a low donor impurity concentrat ion. 
Lithium is then added by diffusion doping at temperatures as low 
as 300-500°C, for example, and the product is further heated if 
necessary to diffuse the l i th ium through the N region of the prod
uct. Final ly, contacts are added to the structure. Alternatively, the 
oxygen content of the si l icon does not have to be low; neither does 
the resistivity have to be low. However, after a thusly formed prod
uct has been exposed to radiation it loses some of its rad iation 
resistance and must be annealed to regain it. 

3,491,237 
Ti l lert, Stephen S., i nventor. Optical Structures. January 20, 1970. 

An optical structure is disclosed which has a layer of d iscrete, 
transparent particles located upon a surface of a transparent body. 
Each of the partic les is in d i rect contact with the surface and is 
bonded in  place. The particles can be of a type capable of 
transmitt ing any specific i l l um inat ion, or of f luorescing in 
response to a predetermined i l l umination. The particles may con
tact one another, or be spaced from one another. 

3,492,187 
Nakayama, Nobuo; Yamaguchi, Kazufumi; H i rota, Euchi, inventors; 
M atsushita Electrical Industrial Co., assignee. Photovoltaic Cell 
and Method of Making the Same. January 27, 1970. 

A photovoltaic cel l  and a method of making it. The cell has an 
N-type cadmium su lfide sintered plate with an electrochemical
ly deposited P-type thin layer on one surface thereof. The layer 
is a CdS-I ike structure with an accompanying copper sulfide struc
ture. Electrodes are appl ied to the opposite faces of the cel l .  The 
cell is made by applying a D.C. current across the sintered plate 
as a cathode with an anodic copper electrode in an aqueous solu
tion of cupric su lfate. 

3,493,437 
Yasui ,  Robert K., i nventor; Admin istrator of the N ational 
Aeronautics and Space Adm in istration, assignee. Solar Cell Sub
module. February 3, 1970. 

A mu lt icel l  submodule is provided, in which a f irst busbar has 
portions thereof electrically connected to a first terminal of each 
of the cel ls in the submodu le, with raised portions of the f irst 
busbar being present between the portions thereof which are in 
contact with the cel l 's f i rst term inals. A second busbar, which is 
electrical ly connected to the second terminals of the various cel ls 
i n  the submodu le, inc ludes a plurality of tabs which extend from 
the second busbar. These tabs are adapted to be connected to 
the raised portions of a first busbar of another submodule in order 
to form a mult isubmodule cel l matrix. 

3,493,822 
l ies, Peter Albert, inventor; G lobe-Union, Inc., assignee. Solid State 
Solar Cell with Large Surface for Receiving Radiation. February 
3, 1970. 

A photovo ltaic device, such as a solar cel l ,  in which the entire 
upper surface, with the exception of grid l i nes, is avai lable for 
receiving radiation and the enti re bottom surface is avai lable for 
making an ohmic contact to the bulk reg ion. Insulat ing material 
covers a smal l  portion of the top surface, cont inues around one 
edge, and extends a small d istance onto the bottom surface. Con
tact material, overlaying the insu lating material, makes electrical 
contact with the grid l i nes on the top surface of the device, con
t inues around the edge, and extends over a port ion of the in
su lati ng material on the bottom surface of the device. 

3,496,024 
Ruehrwei n, Robert A., i nventor; Monsanto Company, assignee. 
Photovoltaic Cell with a Graded Energy Gap. February 17 ,  1970. 

Disclos;ed herein are articles of manufacture for use in semicon
ductor devices wherein the active component comprises a 
substrate material compris ing 1 1 1-V, I I-V I ,  or I -V I I  compounds, Si or 
Ge and having superposed thereon at least one epitaxial f i lm 
having a graded energy gap and having the general formula 
MxR1_xT Z1_ , where M and R are Group I I  elements, T and Z are y
Group VI elements and x and y represent i ntegers from zero to 
one inclusive. 

3,500,135 
Li,  Chou H. ,  i nventor. Surface-Contoured, Energy-Transforming 
Solid-State Device. March 10,  1970. 

The i nvention relates to improving the performance of energy
transform ing sol id-state device by d ifferential ly expand ing the 
peripheral surface of the junction region and nearby cooperative, 
optoelectrically active region i nto special geometrical shape so 
as to turn a signif icant portion of parallel l ight rays thereon i nto 
non-paral lel  reflected rays convergent onto selected location on 
the l ight-col lecting junction region surface thereby achieving both 
device surface stabi l ization and efficiency enhancement. 

3,502,507 
Mann, Alfred E., inventor; Textron, I nc., assignee. Solar Cells with 
Extended Wrap-Around Electrodes. March 24, 1970. 

A solar cell is provided with a top solar sensitive surface wrapp
ing around at least one edge portion of the cell to l ie in close elec
trical ly separated relationsh ip  with a second electrode means on 
the bottom surface of the cel l .  The geometry of the electrodes 
is such that i nterconnect ing tab or strip-l i ke conductors can ex
tend across the bottom electrode to effect pairs of positive and 
negative connection points, the connections i n  each pai r being 
in  close relationship to each other and the pairs themselves being 
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at spaced portions of the cell remote from each other. With this 
arrangement, the risk of circuit di�continu ity should t�e cell crack 
is m in im ized. Further, the i nterconnecting means l 1es substan
tial ly in the p lane of the bottom of the cel l thereby enabl ing the 
cel ls  to be packed relatively closely to each other. 

3,507,706 
Hermann Al len M. ;  Rembaum, Alan, inventors; James E. Webb, 
Administ
t ion, 

;ator of the National Aeronautics and Space Administra
assignee. Method of Using Photovoltaic Cell Using Po/y-N

Viny/-Carbazole Complex. Apri l 21,  1970. 

A method of producing an output voltage from a photovoltaic cel l 
uti l iz ing poly-N-vinylcarbazole complexed with iodine as the 
photovoltaic material. 

3,508,063 
Granger, Jean-Claude; Raynaud, Jacques, inventors; Societe ln
dustrie l le Bu l l-General Electric, assignee. Plural Cell Photoelec
tric Structure. April 21, 1970. 

For the purpose of form ing devices for reading marks or perfora
tions on or in recording med ia or the l ike, each photoelectric ele
ment comprises a cel l ,  for examle a photovoltaic c�l l, of 
parallelepipedic form, a fi rst metal lug soldered to a port1on of 
the l ight-sensitive face and a second lug partly soldered to the 
opposite face of the cell. Th is  structure lends itself to the 
simu ltaneous production of a number of elements, in which each 
set of lugs is cut out of a common metal strip, which remains at 
the time of the soldering of the lugs to the cel ls, which is effected 
in a single operation. The elements are thereafter separated either 
partial ly or completely. 

3,508,126 
Newman, Peter Col in ;  Beer, Andrew Francis, inventors; U.S. Phi l ips 
Corporation, assignee. Semiconductor Photodi_ode with P-N Junc
tion Spaced from Heterojunction. Apri l 21, 1970. 

A semiconductor photodiode having a heterojunction between por
t ions of different bandgaps and a p-n j unction between reg ions 
of opposite conductivity type. The p-n j unction is located wholly 
with in  the smal ler bandgap portion spaced from the heterojunc
tion such that the depletion region l ies i n  the smaller bandgap 
portion of smal ler absorption length. The radiation received is im
pinged on the larger bandgap portion and passes through same 
to become absorbed in  the smal ler bandgap portion within or near 
the depletion reg ion. 

3,509,355 
Wallace, Wesley Perry; Foss, Colby A., inventors. Solar Radiation 
Integrator Mounting. April 28, 1970. 

A solar rad iat ion integrator in which solar cel ls or meters are 
mounted on a pai r of plates form ing a d ihedral plate assembly 
supported from a shock mounted base plate and in  which t e cells 
are mounted behind isolating or scal loped open ings wh1ch 

�
pro

vide for vent i lation and do min im ize heat conduction from the 
metal plate to the cell or meter, and thereby, improving thermal 
and temperature isolation and characteristics for the radiation 
integrator, and for providing a smal l pitch of approximately 10° 
between the d ihedral p late and the base metal plate for preven
ting the collection and pudd l ing of water such as would occur 
on a level cel l  mounted plate and for decreasing cosine error 
especial ly at low sun ang les. 

3,509,431 
l ies, Peter Albert; Victoria, Rafael Oriando, inventors; Globe-U�ion 
Inc., assignee. Array of Photosensitive Semiconductor Devtces. 
April 28, 1970. 
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A semiconductor device having an array of separate photosen
sitive reg ions which are isolated from each other and arranged _on the surface and/or edges of a si licon body so as to permit flush
mounting of col l imators, covers or the l i ke. 

3,509,712 . . Grohoski, Theodore S., i nventor; Timex Corporation, ass1gnee. 
Photoelectric Conversion System in a Horological Device. May 5, 
1970. 

3,513,040 
Kaye, Stephen; Garasi ,  Louis;  Rol ik, Geza P., inventors; Xerox Cor
poration, assignee. Radiation Resistant Solar Cell. M ay 19, 1970. 

Method for fabricating rad iation resistant solar cell by al loying 
a graded base region to a low resistivity substrate of semicon
ductor material of the same conductivity type, the graded base 
region being substant ia l ly thinner than the substrate �nd in

_creasing in  resistivity away from the substrate, and prov1d 1ng a 
th in reg ion of the opposite conductivity type atop the graded base 
region. 

3,513,317 
Binks, A lbert Edward; Sharples, Allan, i nventors; I I ford Limited, 
assignee. High-Impedance Photosensitive Devices Comprising 
Electrodes of Po/yolefin Oxide. May 19, 1970. 

This appl ication describes a photosensitive device which com_prises a photosensit ive element, which is either a photosens1t1v_ e 
substance or a photosensitive j unction, having attached thereto 
electrodes the improvement which comprises provid ing that the 
electrodes are composed of a polyolefin oxide which is  compos
ed of units of the general formula: [(CH2)n-0] where n is 2, 3 or 4. 

3,513,536 
Lambert, Vernon L., inventor; Avco Corporation, assignee. Method 
of Delineating P-N Junctions in Indium Antimonide Diffused Junc
tion Devices. May 26, 1970. 

The invention comprises a method of del ineating p-n j unctions 
in photovoltaic diodes by placing a sample wafer, in  which doping 
elements have a l ready been diffused, in  an evacuated container 
with a charge of a Group VI-A element, such as sulfur, selen ium 
or  tel lur ium, and heating the container to  diffuse one of  said ad
ditional elements therein ,  removing the diffused wafer and then 
bias-cutt ing or ang le-lapping it, thereby to enable the j unction to 
be clearly perceived visual ly. Measurements from this sample can 
be appl ied to other diodes derived from the batch from which the 
sample is taken and the p-n j unctions thereby accurately located. 

3,515,594 
Samuels, Ronald L., inventor; TRW Inc., assignee. Radiant Energy 
Driven Orientation System. June 2, 1970. 

The specification discloses appara,tus for automatically orienting 
a solar cell array toward the sun. A sensing panel having an ab
sorbing surface to be exposed generally toward the sun and a 
radiating surface sh ielded from the sun but thermally connected 
to the absorbing surface is variably covered by a sensor shutter 
which is control led by passive, bimetal l ic, radiation direction sen
sitive means connected to the solar cell array. A power drive unit 
including a thermally expansive fluid-filled cylinder and piston con
nected therewith is mounted on the panel and drives an array 
orienting mechanism in  response to the temperature of the 
sensing panel as determ ined by its angle of exposure toward the 
sun the degree of its shielding therefrom as by the sensing shut
ter �nd the rate of thermal rad iation from the sensing panel. The 
po;,.,er drive element may also drive the second shutter for variable 
shielding of the panel for additional feedback control of the 
system.  



3,520,732 
Nakayama, Nobuo; H irota, E i ichi ;  Shiraishi ,  Tadashi ;  Yamanaka, 
Tadash i ,  i nventors; Matsushita Electric I ndustrial Co., assignee. 
Photovoltaic Cell and Process of Preparation of Same. J u ly 14, 
1970. 

Photovoltaic cel ls are provided comprising a combination of a p
type semiconductor plate in single crystal or poly-crystal form and 
an n-type semiconductor plate in sing le crystal or polycrystal form. 
Said cel ls  are produced by hot-pressing the said p-type semicon
ductor plate and the n-type semiconductor plate i nto a s ing le 
laminated body at a temperature ranging from 300°C to 600°C and 2at a pressure of 10 to 1000 kglcm . 

3,521,350 
Knippenberg, Wi lhelmus Franciscus; Verspui ,  Gerrit, i nventors; 
U.S. Phi l ips Corporation, assignee. Method of Manufacturing 
Semiconductor Devices. J u ly 21,  1970. 

This invention relates to the manufacture of semiconductor 
devices consist ing of a coherent foi l  of an insulat ing material i n  
which granu les o f  a semiconducting material are embedded i n  
such manner that their su rfaces which are free from insu lating 
material protrude on either side of the foi l  wh ich is covered with 
electrode layers electrically connecting together protruding por
tions of the granu les. 

3,527,619 
Mi ley, David C., inventor; ltek Corporation, assignee. Solar Cell 
Array. September 8, 1970. 

A solar cell array formed of a pl ural i ty of solar cel ls in coplanar 
row and column relationsh ip  and interconnected at thei r corners 
with adjacent cel ls. Each solar cel l has an u pper solar sensit ive 
surface which covers al l  but two adjacent corners of the solar cell 
and a conductive lower surface. Further, each corner of the up
per surface of the solar cel l  has a terminal area, the terminal areas 
in the uncovered corners being spaced from the solar sensit ive 
su rface edge. The two term inal areas on the covered corners are 
connected to current pick-u p  means extend ing across the solar 
sensitive surface, and the two term inal areas on the u ncovered 
corners are connected to the conductive lower surface. 

3,530,007 
Golubovic, Aleksandar, inventor; The Un ited States of America as 
represented by the Secretary of the Air Force, assignee. Solar Cell 
Including Acean thraquinoxaline Photosensitive Ma terial. 
September 22, 1970. 

A photoelectric device comprising a photoconductive organic layer 
disposed between and interconnected to two metal electrodes. 
Upon exposure to i l l um ination, the photoconductive organic 
material generates a voltage between the electrodes, thus pro
viding a system for use as a solar cell or a photosensitive c ircui t  
element. The cell is  responsive to  disti nct wavelengths of  inci
dent radiat ion i n  the ultra violet, visible and infrared reg ions. 

3,530,053 
Scott, Richard F.; Strain ,  Robert J. , inventors; Bell Telephone 
Laboratories, I ncorporated, assignee. Method of Preparing a Cad
mium Sulfide Thin Film from an Aqueous Solution. September 22, 
1970. 

An improved photoconductive cadmium su lfide f i lm is grown on 
a su itable substrate by contacting the substrate with an aqueous 
solution of ammonia, thiourea, a cadmium salt, and a copper salf, 
and by i l l uminating the solution during the growth process with 
a high i ntensity l ight. 

3,531,335 
Heyerdah l ,  Norman E.; Harvey, Donald J., inventors; Kewanee Oi l  
Company, assignee. Method of Preparing Films of Controlled 
Resistivity. September 29, 1970. 

This invention comprises a method of preparing a compound semi
conductor f i lm having control led resistivity, i nvolving the steps 
of supporting a substrate, such as g lass, molybdenum,  etc., i n  
a n  atmosphere-contro l led c hamber, s imu ltaneously vaporizing i n  
said chamber a Periodic Group VI material such a s  sulfur, 
selenium or tel l uri um,  and a Periodic G roup I I  material such as 
zinc, cadmium or mercury, wh i le said substrate is heated to a 
temperature between 150°C and 500°C, a l lowing said vaporized 
materials to form a compound f i lm on an exposed surface of said 
substrate, and after formation of said compound f i lm d i scontin
u ing vaporization of the Group VI material and al lowing the f i lm 
to cool wh i le st i l l  being bombarded by vapor of said G roup I I  
material. The resu l tant f i lms have low resistivity and serve as an 
efficient photovoltaic cell having a low rat io weight to external 
generated electrical energy. 

3,532,551 
Scott, Ralph R., inventor; James E. Webb,. Administrator of the Na
tional Aeronautics and Space Administration, assignee. Solar Cell 
Including Second Surface Mirrors. October 6, 1970. 

A fused s i l ica cover plate is bonded over a solar cell with portions 
of the plate overhang ing the edges of the cell and a reflective 
coating is formed on the second or lower surface of the overhang
ing portions to reduce the amount of heat absorbed by the cell 
and hence reduce the overal l  temperature. 

3,533,850 
Tarneja, Krishan S. ;  Hard i ng ,  W i l l iam R . ,  J r. ,  i nventors; 
Westinghouse Electric Corporat ion, assignee. Antiref/ective 
Coatings for Solar Cells. October 13, 1970. 

An antireflective coat ing consist ing of a material selected from 
the group consist ing of titani um d ioxide, tantalum oxide, cer ium 
oxide, z inc su lph ide, and t in  oxide is deposited on the s urface of 
the shal low region of semiconductivity of a solar cel l .  A q uartz 
cover is cemented to the anti reflective coating and the electrical 
contact of the shal low reg ion. The combination of a q uartz cover 
and the antireflective coat ing provides for a more efficient solar 
cel l .  

3,539,883 
Bedford, Stanley Harrison, i nventor; ion Physics Corporation, 
assignee. Antireflection Coa tings for Semiconductor Devices. 
November 10, 1970. 

This i nvention teaches that solar cells can be made to absorb and 
uti lize more of the solar spectrum, in which such cel ls have peak 
efficiency, by applying a coating of ceri um oxide between the cell 
and its cover s l ip. 

3,541,679 
Mandelkorn, Joseph, i nventor; The United States of America as 
represented by the Administrator of the National Aeronautics and 
Space Admin istration, ass ignee. Method of Attaching a Cover 
Glass to a Silicon Solar Cell. November 24, 1970. 

Cover g lasses are attached to solar cells without using adhesive. 
Each cover g lass is metal l ized in  a pattern identical to the top 
contact pattern of a solar cel l .  The g lass is bonded to the cel l 
on ly within the metal l ized reg ions of g lass and cel l .  

3,546,460 
Lally, Kenneth P., i nventor; Hartman Systems Co., Inc., assignee. 
Nonreciprocal Radiation Filter Device Having Fluorescent Material 
for Wavelength Conversion. December 8, 1970. 

Nonreciprocal fi lteri ng of radiation is effected by an assembly of 
filter elements with the several elements transmitting and absorb
ing radiation in d iss imi lar wavelength bands and with one fi lter 
element also effecting conversion of an absorbed wavelength 
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band to a transm itted wavelength band. Wavelength conversion 
is effected by f luorescent material excited by incident, absorbed 
radiation within one wavelength band to emit radiation with in  the 
other wavelength band. One fi lter element only transmits radia
tion within one wavelength band whi le another fi lter element only 
transmits rad iation within the other wavelength band. With these 
two fi lter elements disposed at opposite s ides of tlie f luorescent 
material, rad iation w i l l  be transmitted through the fi lter in one 
d i rection only since incident rad iation in the other wavelength 
band wi l l  be ineffective in  excit ing the f lu6rescent material to an 
emission state, and will be further totally absorbed by the two end 
fi lters. 

3,546,542 
Riel ,  Robert K.; Tarneja, Krishan S.; Ern ick, Frederick G. ;  Kisinko, 
Pau l  M. ,  inventors; Westinghouse Electric Corporation, assignee. 
Integrated High Voltage Solar Cell Panel. December 8, 1970. 

This invention relates to high voltage solar cell panels. A body 
of semiconductor material is employed as a continuous substrate 
upon which an epitaxial layer is grown. The epitaxial layer is divid
ed i nto a p lural ity of isolated areas effect ively result ing in  in
dividual solar cel ls. The solar cel l s  are then electrical ly joined 
together by evaporated metal electrical contacts to form a h igh 
voltage solar cel l  panel. 

3,547,596 
Kolb, Ernest D., inventor; Bell Telephone Laboratories, I ncor
porated, assignee. Method tor Producing Substantially Trigonal 
Piezoelectric Selenium. December 15, 1970. 

Single crystals of trigonal selenium are known to exhibit electroop
tic properties and electroacoustic properties. The present inven
tion relates to a method for producing such crystals of a size and 
qual ity which enables their use in a variety of optical devices in
c luding electrooptic modulators, second harmonic generators and 
parametric amplifiers,mixers, etc.; in certain acoustic devices such 
as ultrason ic delay l i nes; and in rect ifiers and photovoltaic cel ls. 
The method comprises growth from an aqueous solution contain
ing a complex selenide-sulfide ion. The method may also be used 
for the growth of polycrystal l ine matter and smal l  crystal l ites. 

3,549,411 
Bean, Kenneth E.; G leim, Pau l S., i nventors; Texas I nstruments In
corporated, assignee. Method of Preparing Silicon Nitride Films. 
December 22, 1970. 

Disclosed is a method for adjusting various physical and chemical 
properties of chemically vapor deposited s i l icon n itride f i lms by 
regu lating the composition of the reactant gas stream. Among 
these propert ies are etcli resistance, refractive i ndex, relative 
d ielectric constant, hardness, coefficient of thermal expansion, 
and thermal conductivity. 

3,549,960 
Wed lock, Bruce D. , i nventor; Massachusetts I nst itute of 
Technology, assignee. Thermo-Photovoltaic Converter Having 
Back-Surface Junctions. December 22, 1970. 

A thermophotovoltaic energy converter comprising a german ium 
wafer with i nterdig ital or fi nger j unctions on the surface of  the 
wafer op'posite that on which radiant energy impinges is 
described. The german ium wafer may be i ntrinsic, i n  which case 
the f ingers are p and n type. If the german ium wafer is n type, 
the f ingers are p and ohmic junctions. 

1971 
3,553,030 
Lebrun, Jean, i nventor; U.S. Ph i l i ps Corporation, assignee. 
Radiation-Sensitive Semiconductor Device. January 5, 1971. 

A flexible panel provided with solar batteries characterized in that 
it comprises a flexible insu lating support having on at least one 
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of its faces meta l l ic  zones at least some of which are cut across 
the th ickness of the support to form tags for the electric inter
connection of said radiation-sensit ive elements and at least par
t ial ly for f ixing said elements to said support. 

3,562,020 
Blevins, Ronald E., i nventor; TRW Inc., assignee. Solar Cell 
Assembly. February 9, 1971. 

A solar cell assemby which comprises a substrate, and a grid of 
electrically i nsu lat ing material adhesively joined to a surface of 
the substrate. The grid is formed with an array of openings therein 
which are shaped to accommodate one or more solar cel ls along 
the lateral extent of each open ing. Thus, according to one aspect 
of the i nvent ion, the grid serves as a j ig for locat ing and assem
bl ing a mult ip l ic ity of solar cel ls  in a desi red array. 

The solar cells are arranged within the openings so as to substan
t ial ly f i l l  the lateral extent of the open ings, and are adhesively 
joined to the substrate surface. Means are provided for electrically 
connecting at least a plurality of the solar cells in circuit with each 
other. 

3,565,719 
Du Pont, Prestor S., inventor; The Un ited States of America as 
represented by the Admin istrator of the National Aeronautics and 
Space Administration, assignee. Solar Panel Fabrication. February 
23, 1971.  

This d isclosure teaches how to precisely fabricate solar cel ls on 
a substrate. It teaches mounting solar cel ls face down in  a flexi
ble mat. The mat is then bent to the configuration the cells wi l l  
have in  f ina l  assembled form, and then a substrate is bonded to 
the backs of a l l  the solar cel ls at one time. 

3,568,306 
Yamashita, Kazuo, inventor; Matsushita Electric Industrial Co., Ltd., 
assignee. Method of Making Photovoltaic Device by Electroplating. 
March 9, 1971.  

A method of making a photovoltaic cel l  employing powdered 
polycrystal l ine photoelectric material, the method compris ing,  
form ing at least one electrode on a photoelectric layer and elec
troplating a p-type determ i ning  metal, such as copper, on said 
electrode at least partially through the photoelectric layer whereby 
the port ion of said photoelectric layer subjected to said elec
troplat ing process is converted to p-type by the metal ions 
proceeding to the electrode, form ing thereby a p-n j unction 
therearound, and a photovoltaic cel l  thus formed. 

3,571,915 
Shi rland, Fred A., inventor; Clevite Corporation, assignee. Method 
of Making an Integrated Solar Cell Array. March 23, 1971. 

An integral battery of serial ly connected photovoltaic cel ls on a 
single insu lat ing substrate. Metal l ized areas are formed on the 
substrate with semiconductive f i lm such as cadmium su lfide 
vacuum evaporated upon each of the metal l ized areas. Barrier 
layers are formed on the cadmium su lfide f i lms to produce PN 
junctions. Electrode leads extend from each metall ized area under 
the semiconductor f i lm to a top surface of the barrier layer of an 
adjacent semiconductor f i lm.  

3,573,177 
McNei l l ,  Wi l l iam, i nventor; The United States of America as 
represented by the Secretary of the Army, assignee. Elec
trochemical Methods for Production of Films and Coatings of 
Semiconductors. March 30 , 1971. 

Articles bearing an anodical ly electrolytically formed coating on 
their surfaces, the coat ing comprising, in the main, a compound 
made from either zinc or cadmium or cadmium-zinc al loys and 



sulfur and/or seleni um ,  the compounds being eletrochemically 
formed as compounds, and methods therefor. 

3,574,925 
Schneider, Jens R. W.; Gehrke, Jorg S.; Lubbe, Werner, i nventors; 
Licentia Patent-Verwaltungs-GmbH, assignee. Soldering Process. 
April 13, 1971. 

3,575,721 
Mann, Alfred E., inventor; Textron Inc., assignee. Solar Cell Arrays 
and Connectors. April 20, 1971. 

An electrical connector arrangement for i nterconnecting an array 
of solar cel ls includes an elongated, f lexible st rip formed with 
lateral ly projecting tabs attached to adjacent rows of solar cel ls. 
The tabs are d imensioned and attached so as to preserve elec
trical continuity between various cel ls in the event that cell crack
ing occurs that otherwise would disrupt electrical cont inuity. The 
flexible strip incorporates short tabs projecting from one side for 
connection with a top electrode of one cell and at least one 
extended tab laterally project ing from the other strip side for con
nection with the bottom electrode of an adjacent cell. The 
extended tab bridges across the major portion of the bottom of 
the adjacent cell and is connected thereto only at points beyond 
the midpoint of the adjacent cel l .  Cracks spl itt ing the cell in half 
are then prevented from completely i ncapacitat ing the solar cel l .  

3,582,923 
Peletier, Daniel P.; Hogrefe, Arthur F., inventors. The United States 
of America as represented by the Secretary of the Navy, assignee. 
Electronic Charge Monitor. June 1, 1971. 

The charg ing current suppl ied by � sate l l ite solar cell array is 
mon itored to p roduce a voltage signal proportional to the charg
ing cu rrent. This voltage signal is then appl ied to a f in ite t ime 
integrator c i rcuit whose output i s, in turn, appl ied to a level detec
tor. The level detector functions to clear the i ntegrator c i rcuit and 
generate an output pulse each time the integrated signal indicates 
that a predetermined amount of e lectrical charge has been 
suppl ied to the satel l ite battery by the solar array. The output 
pu lses from the level detector circuit are fi rst scaled down so that 
the sate l l ite's telemetry system handles no more data than is 
necessary to ind icate accurately the status of the satel l ite's power 
system and these scaled-down pu lses are then interfaced into the 
sate l l ite's telemetry system for transmission to a remote receiv
i ng station. 

3,585,714 
Li ,  Chou H. ,  i nventor. Method for Making Solid-State Devices. 
June 22, 1971. 

This d isclosure d iscloses a novel method for making new and/or 
improved solid-state devices which comprises surface-contouring 
the device junction or act ive region whereby the resultant 
peripheral surface of this region is differential ly, and often greatly 
expanded into a des i red geometrical shape or surface contour 
shape, such as a cyl indrical ly or e l l iptically concave_ surface, 
another surface of revolut ion or, in general, a surface of oriented 
arcuate cross-section. This invention also describes methods that 
are particularly useful in connection with the surface-contouring 
operation, for precision sol id-state material shaping, selective 
defective material removal ,  novel doping results, improved device 
mounti ngs, and simple but rel iable electrical i nterconnections. 

3,586,541 
Chamberl in, Rhodes R., inventor; The National Cash Register Com
pany, assignee. Photosensitive Devices Comprising Aluminum 
Foil. June 22, 1971. 

3,589,946 
Tarneja, Krishan S.; Rossi, Vito A., i nventors; West inghouse Elec
tric Corporation, assignee. Solar Cell with Electrical Contact Grid 
Arrangement. J une 29, 1971. 

This d isclosure relates to a solar cel l  with an electrical g rid struc
ture which when affixed to a surface of the solar cel l  leaves 
exposed at least 95% of the surface for exposure to a rad iant 
energy source. 

3,591,420 
Streed, Elmer R. ,  inventor; The United States of America as 
represented by the Administrator of the National Aeronautics and 
Space Admin istrat ion, assignee. Solar Cell. J uly 6, 1971 . 

A solar cell uti l izes phosphors in the cover glass which are excited 
to fluorescence by solar ultraviolet radiation and particulate radia
tion. This fluorescent energy passes through the interference filter 
for uti l ization in the solar cel l ,  whereas the u ltraviolet and other 
radiat ion would not normally be converted to electrical energy 
because the wavelength is not within the spectral response l im its 
of the solar cel l .  

3,591,431 
Pruett, George R.,  i nventor; Texas I nstruments I ncorporated, 
assignee. Diffused P-N Junction Diodes and Methods of Diffusion 
Therefor. Ju ly 6, 1971. 

A method of making a photovoltaic diode by diffusing copper into 
one surface of an n-type conductivity body of ind ium and d iffus
ing cadmium i nto the same surface to form a p+ pn type device. 

3,599,059 
Hou, Shou-Ling, i nventor; Corning Glass Works, assignee. /on 
Implanted Cadmium Sulfide PN Junction Device. August 10, 1971. 

PN junction devices are made by bombarding the surface of a body 
of cadmium su lfide with the ions of an appropriate dopant ele
ment, and thereafter subjecting the cadmium sulf ide body to an 
appropriate anneal ing schedule. The particular type of P N  junc
tion device and the characteristics thereof are determi ned by the 
particular schedule of  anneal ing to which the implanted body i s  
subjected. 

3,600,599 
Wright, Warren H. ;  Biess, John J., i nventors; TRW, I nc., assignee. 
Shunt Regulation Electric Power System. August 17, 1971. 

A regulated electric power system having load and return bus l ines. 
A p lural ity of solar cel ls i nterconnected in power supplying rela
tionsh ip and having a power shunt tap point electrically spaced 
from the bus l i nes is provided. A power d issipater is connected 
to the shunt tap point and p rovides for a contro l lable d issipation 
of excess energy suppl ied by the solar cel ls .  A d issipation driver 
is coupled to the power dissipater and controls its conductance 
and dissipation and is also connected to the solar cells in a power 
taping relationsh ip to derive operating power therefrom. An error 
signal generator is coupled to the load bus and to a reference 
signal generator to p rovide  an error output signal which i s  
representative o f  the d i fference between the electric parameters 
existing at the load bus and the reference signal generator. An 
error ampl ifier is coupled to the error signal generator and the 
dissipation driver to provide the driver with contro l l ing signals. 

3,615,853 
Paine, Thomas 0., inventor. Solar Cell Panels with Light
Transmitting Plate. October 26, 1971. 

A solar cell panel w ith a cover plate which defines a p l u ral ity of 
apertures with l ight-ref lective surfaces. The shapes of the aper
tures and the spacings between them are chosen to vary the 
i l l um ination level of the cel l s  as a function of the degree of i n
c l i nat ion of the plate w ith respect to the normal l ight d i rection. 
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3,615,854 
Atem, Albert Christiaan, i nventor; U.S. Ph i l i ps Corporation, 
assignee. Electrode System Emplo"ying Optically Active Grains. 
October 26, 1971. 

A radiation-responsive device, for example a rad iation detector, 
photocell or photoresistor comprising a monolayer of electrical
ly active g rains embedded in a binder and a radiation permeable 
electrode covering one side of the grains. The grains are divided 
i nto two groups each of which has a different photosensit ivity or 
characteristic. Grains of one g roup are doped with one dopant 
to produce a g rain which has a given photocharacteristic or 
resistance as a function of i ncident rad iation whi le grains of the 
other group are doped with a different dopant so as to have a dif
ferent photocharacteristic of resistance as a function of the inci
dent radiation. 

3,615,855 
Smith, Al len H. ,  inventor; General Motors Corporation, assignee. 
Radiant Energy Photovoltaic Device. October 26, 1971. 

A rad iant energy conversion device which comprises a s i l icon 
sl ice, a s i l icon-to-germanium transitional reg ion of a fi rstconduc
tivity type, a german ium layer of a second conductivity type and 
a pair of ohmic contacts. One form of the device includes an 
epitaxial deposition of a P-type transitional reg ion onto a low 
resistivity P-type s i l icon s l ice. An N-type german ium layer is then 
epitaxial ly deposited on the transitional reg ion. The transitional 
region contains an electrostat ic drift field which improves the col
lection of charged particles. A current col lecting grid is bonded 
to the si l icon s l ice and a conductive support is bonded to the ger
manium layer. 

3,615,877 
Yamash ita, Kazuo, inventor. Photovoltaic Cell and Its Method of 
Manufacturing. October 26, 1971. A method of making a 
photovoltaic cel l  employing powdered polycrystal l i ne photoelec
tric material, the method comprising forming at least one 
electrode on a photoelectric layer and electroplating a P-type deter
m in ing metal, such as copper, on said electrode at least partial ly 
through the photoelectric layer whereby the portion of said 
photoelectric layer subjected to said electroplating process is con
verted to P-type by the metal ions proceeding to the electrode, 
forming thereby a PN junction therearound, and a photovoltaic 
cell thus formed. 

3,616,528 
H asbach, Walter A.; Goldsmith, John V., i nventors. Solid State 
Matrices. November 2, 1971. 

An electrical ly-connected matrix of discrete solar cell blanks is 
d isclosed. Electrode contact receiving areas are provided on the 
l ight-sensitive su rface of each blank and discrete continuous con
ducting layers are d i rectly attached to said contact areas and 
extend between at least two of said blanks to form integral elec
trode contacts on and interconnections between said blanks. The 
cell blanks are disposed in separated, adjacent, side-by-side 
arrangements with their l ight-sensitive faces lying in substant ial ly 
the same p lane. Bridges for support ing the i nterconnection are 
placed i n  the separations. Portions of the blanks are masked and 
metal is deposited through said mask onto said bridges and sur
faces to form integral electrode contacts on and interconnections 
between said separated blanks. 

3,617,137 
Meyers, Siegfried S., i nventor; M adison Col lege Foundation, I nc., 
assignee. Lumen-Hour Integration Meters. November 2, 1971. 

A lumen-hour i ntegration meter circuit for reg istering i ntensity of 
i l l umination i n  lumens, which i ncludes a min iature d i rect current 
motor, a zero-adjusting rheostat, and either self-generating 
photovoltaic solar cel l  means or a switch and photoconductive 
cel l ,  al l  connected in a series loop, together with a dig ital readout 
counter coupled to the motor to be driven by the motor, whereby 
the counter w i l l  register in un its of lumen hours. 
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3,620,829 
Beck, Roger W., inventor; General Motors Corporation, assignee. 
Coatings for Germanium Semiconductor Devices. November 16, 
1971. 

A means for stabi l izing the recombination velocity at a germanium 
surface at a min imal value. The active surface of a german ium 
device is  coated with a material that is  nonvolat i le under device
operating conditions and at least as ionic in character as water. 
Antimony trioxide provides a particular benefit as a surface recom
bination velocity stab i l ization coating in photovoltaic devices. 

3,620,847 
Wise, Joseph F., i nventor; The United States of America as 
represented by the Secretary of the Air Force, ass ignee. Silicon 
Solar Cell Array Hardened to Space Nuclear Blast Radiation. 
November 16, 1971.  

A s i l icon solar cell array, having the substrate, the cell-supporting 
grid structure, the electrical connecting leads, the cell contacts, 
and the term inal connections al l  fabricated from low atomic 
material such a aluminum, beryl l ium, or magnesium, having g lass, 
s i l icon oxide and anodized a luminum insu lation; s i l icone 
adhesives; and having ultrasonic welded electrical connections 
provides a hardened s i l icon solar cel l array that is  relatively im
pervious to damage from space nuclear blast radiation. 

3,626,198 
Boehringer, Andreas, i nventor; Dornier System GmbH, assignee. 
Process and Apparatus for Optimizing the Product of Two Physical 
Magnitudes. December 7, 1971. 

The product of the two i nterdependent physical magnitudes is 
regu lated by comparing measured i nstantaneous values of each 
magnitude in alternat ing manner with a stored part value of a 
p reviously measured peak value of the same magnitude and of 
switching over the magnitude from a decreasing to an i ncreasing 
value whi le reversing the other magnitude from an increasing to 
a decreasing value upon the i nstantaneous value algebraical ly 
equal ing the stored value. 

3,630,015 
Lehovec, Kurt, i nventor. Light Transforma tion Device. December 
28, 1971. 

I ncident light is  transformed into electricity, which generates, or 
else modulates, outgoing l ight providing an optical contrast, and 
result ing in  a self-powered display unit. The contrast is enhanced 
by modu lation of the outgoing l ight i ntensity. 

3,630,627 
Low, George M. ,  i nventor. Solar Cell Assembly Test Method. 
December 28, 1971. 

Defects in a solar cel l assembly are located by measuring power 
generation from the assembly as selected cel ls are subjected to 
differential i l l um ination either by shadowing the cel l  or by apply
ing local h igher intensity i l l um ination to the cel l .  

1972 
3,634,424 
Golubovic, Aleksandar, inventor; The Un ited States of America as 
represented by the Secretary of the United States Air Force, 
assignee. Photoconductive Ma terial and Method for Its Prepara
tion. January 1 1 ,  1972. 

A photoelectric device comprising a photoconductive organic layer 
disposed between and i nterconnected to two metal electrodes. 
Upon exposu re to i l l um ination, the photoconduct ive organic 
material generates a voltage between the electrodes, thus pro
viding a system for use as a solar cell or a photosensitive c i rcuit 
element. The cel l  is responsive to d isti nct wavelengths of i nci
dent radiation in  the ultra violet, visible and i nfrared reg ions. 



3,636,539 
Gaddy, Edward M. ,  inventor; The United States of America as 
represented by the Administrator of the National Aeronautics and 
Space Adm i n i st rat ion ,  assig nee. Optimum Performance 
Spacecraft Solar Cell System. January 18, 1972. 

A spacecraft solar cell system including a switching circuit wh ich 
comprises relay operated switches for changing a plurality of solar 
cel ls from a first series-paral lel interconnection to a second series
paral lel interconnection is disclosed. The relays are actuated by 
a command device which may be a telemetry receiver. A protec· 
t ion c i rcuit comprising a photodiode is connected between the 
command device and the relays to ensure appropriate solar cell 
orientation when switching occurs. This prevents arcing across 
the relay switches. 

3,643,260 
Clarke, Stephen, inventor; I nternational Rectifier Corporation, 
assignee. Remotely Controlled Firing Circuit for Simultaneous 
Firing of Series Devices. February 15, 1972. 

The control e lectrodes of a p lu ral ity of series thyristors are con
nected to a rad io receiver and s imultaneously receive a fir ing 
impulse when a remote transmitter generates a firing signal .  One 
or  more of the devices may be arranged at high potential above 
ground and are provided with local power supplies for their respec
tive control e lectrode circu its. 

3,645,633 
Kisatsky, Paul J . ;  Szabo, Lou is  R., inventors; The United States of 
America as represented by the Secretary of the Army, assignee. 
Chromacorder. February 29, 1972. 

An instrument for the instantaneous measurement of the 
chromaticity of t ime variant spectral sources including a p lural
ity of narrow band sensors or transducers that in combination en· 
compass the visible spectrum. Each consists of an interference 
fi lter and a l i near photovoltaic cel l whose three output voltages 
have been "optimum mu lt ip l ied" for the th ree trist imu lus func
tions through a voltage divider network. The corresponding in· 
dividual outputs of the sensors are added by a summing feedback 
ampl ifier to provide a voltage output proportional to the tristimulus 
values. These proportional outputs are then summed by a un ity 
gain summing ampl i fier whose output in turn is appl ied to one 
input of a pair of rat io recorders. The other rat io recorder inputs 
receive one of the proportional outputs. Each ratio recorder in
puts receive one of the proportional outputs. Each ratio recorder 
output, therefore, is one of the normalized chromaticity coord
inates. The output coordinate values (x and y) are s imu ltaneously 
fed into a chart recorder to derive a plot of the chromaticity coord· 
inates vs. time. 

The invention described herein may be manufactured, used and 
l icensed by or for the Government for governmental purposes 
without the payment to us of any royalty thereon. 

3,649,383 
Akasaki, lsamu ,  inventor; Matsushita Electric I ndustrial Co., Ltd., 
assignee. Process of Fabricating Electroluminescent Element. 
M arch 14, 1972. 

A process for fabricat ing an electro luminescent element of a 
semiconductor material consisting of two layers of mutual ly d if
ferent conductivity types, part icularly including the steps of 
coating grains of a p-type (for example) electroluminescent 
semiconductor crystal with insu lat ing material, hot-pressing the 
coated grains into a sing le-grain layer, etching opposite surfaces 
of said layer to remove the insu lating coating at the surfaces, and 
growing another layer of the semiconductor material of n-type, 
whereby the crystal grains in the first layer are i nsulated from one 
another in  the transverse d i rection. 

3,653,970 
l ies, Peter Albert, inventor; National Aeronautics & Space Ad· 
min istration, assignee. Method of Coa ting Solar Cell with 
Borosilicate Glass and Resultant Product. April 4, 1972. 

A l ightweight p rotective glass coating over the radiation receiving 
surfaces of a solar cel l is  formed integrally with the cell by 
deposit ing a layer of g lass particles to such su rfaces and heating 
the cell and g lass part icles to an elevated temperatu re sufficient 
to fuse the glass particles and to form the coating. I n  another em· 
bod iment; a conventional p rotective g lass sl ide is  appl ied to the 
g lass partic les, prior to heating, and the cel l ,  particles, and sl ide 
are heated to fuse the g lass and form a fused glass bond between 
the cel l and the sl ide. 

3,653,971 
Lidorenko, N i kolai Stepanovich; Landsman, Arkady Pavovich; 
Strebkov, Dmitry Semenovich; Zaitseva, Aita Konstanti novna; 
Zadde, Vitaly Viktorovich; Kosarev, Viktor Sergeevich, inventors. 
Semiconductor Photoelectric Generator. Apri l 4, 1972. 

A semiconductor photoelectric generator is formed of semicon· 
ductor photoelectric converters un ited into a sol id-state matrix, 
each converter hav ing  the shape of a m ic rom i n iat u re 
paral le lepiped and contain i ng: an al loy reg ion; a base region; at 
least one P·N junction making an angle with an operat ing surface 
of the generator exposed to radiat ion; a metal l ic conductor on at 
least one of said regions making the same angle with the operative 
su rface as the P·N junction and deposited al l over the 
paral lelepiped-surface uniting the paral le lepipeds of the con· 
verters into a matrix; and wherein the width of a m icrominiature 
paral lelepiped is approximately equal to the diffusion length of 
minority carriers in said base reg ion. 

3,654,036 
Paine, Thomas 0., inventor. Apparatus for Applying Cover Slides. 
April 4, 1972. 

Apparatus for applying th in g lass sl ides to solar cel ls in an 
assembly l ine manner including a conveyor belt, a cartridge feeder 
for consecutively feeding cells onto the conveyor belt, and rollers 
for feeding a l ong str ip or coil of thin flexible g lass along a path 
paral lel to the conveyor belt. The cells and sheet are fi rst sprayed 
with an adhesive, moved through a drying chamber, and moved 
together by rollers that press down the glass sheet. After the strip 
and cells have been pressed together, they pass through a dry
ing chamber and are ready for separating.  The strip is separated 
by applyi ng hot wi res to the str ip around each cell to which it is 
held and thereafter breaking the strip at these parting l ines. 

3,658,596 
Osborne, Bodwell D., inventor; Lockheed M issiles & Space Com· 
pany, assignee. Flexible Solar Cell Modular Assembly. Apri l 25, 
1972. 

A modu le for a solar cel l panel with si l icon photovoltaic cel ls fused 
between two sheets of FEP Teflon. The plastic is mounted on an 
aluminum frame with two side members adapted to i nterlock with 
simi lar modules. The side frame members also act as current 
carrying bass members. 

3,664,874 
Epstein,  Joseph, inventor; The Un ited States of America as 
represented by the Admin istrator of the National Aeronautics and 
Space Admin istration, assignee. Tungsten Contacts on Silicon 
Substrates. May 23, 1972. 

Disclosed are a process whereby tungsten contact electrodes are 
formed on doped s i l icon substrates, such as i ntegrated c i rcuit 
chi ps and solar cells, and the resultant products. The method com· 
prises deposit ing elemental tungsten on contact areas of doped 
s i l icon semiconductor devices, and thereafter processing the 
s i l icon devices to induce a chemical reaction between the 
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tungsten and the s i l icon. The result ing tungsten contact elec
trodes thereby i nclude a transit ion reg ion at the i nterface of the 
tungsten electrode and si l icon device comprising tungsten-si l icon 
compounds which are physically and chemically bonded to, and 
form an i ntegral part of, both the tungsten electrode material and 
the s i l icon semiconductor material .  A lead is bonded d i rectly to 
the tungsten electrode. 

3,670,202 
Paine, Thomas 0., i nventor. Ultrastable Calibra ted Light Source. 
J une 13, 1972. 

Light from an electrically powered l ight source is optical ly 
mon itored by a transducer which converts the optical signal to 
an electrical error signal .  The error signal is compared with a 
reference signal and a signal representing the difference between 
the reference and the error s ignals is generated. The difference 
signal is employed to control an electronic switching network 
which in turn regu lates the electrical power input to the l ight 
source to maintain a constant l ight level at the optical monitor. 

3,671,291 
M i l ler, Richard G. ;  Cavitt, Roy L., i nventors; PPG Industries, Inc., 
assignee. Electroless Process for Forming Thin Metal Films. June 
20, 1972. 

The i nvention described herein relates to an electroless process 
for form ing th in  metal fi lms, part icularly transparent f i lms, on a 
reactive substrate. It part icularly relates to a method of spraying 
two solutions, one, an acidic solution contain ing a metal salt and 
the other, an a lkal ine solution contain ing a boron reducing agent, 
onto a reactive substrate to form a metal f i lm by reduction of the 
metal salt. More particularly, the invention relates to an electroless 
process for form ing metal f i lms of metals contained in Group lb  
and Group V I I I  of the Periodic Table, especial ly i ron, cobalt, and 
n ickel ,  by formi ng a solution of soluble salts of said metals in ' 
an acid ic, aqueous media, preferably inc luding boric acid, and 
spraying said solution on a reactive substrate at substant ial ly the 
same time that an alkaline solution of a boron-containing reducing 
agent, especial ly alkali metal · borohydrides, is sprayed on the 
substrate. The i nvention has been found to be part icularly useful 
for forming transparent f i lms of cobalt, n ickel ,  i ron, and the l i ke 
on sensit ized transparent substrates such as g lass and plastic. 

3,675,026 
Woodall ,  Jerry M. ,  i nventor; I nternational Business Machines Cor
poration, assignee. Converter of Electromagnetic Radiation to 
Electrical Power. Ju ly 4, 1972. 

The converter obtains an efficient conversion of solar elec
tromagnetic radiation into electrical power. A p-n junction is 
fabricated close to an optical surface of a region of n-type GaAs 
which is receptive of the solar radiation. There is a window on 
the opti�al surface consist ing of a window layer of Ga1_xAixAs, _ where x IS less than one and greater than zero w1th a composi
tion to cause the window layer to contribute selectively to absorb
ing and transmitt ing certai n  components of the incoming solar 
radiation. The layer of Ga1_xAi As is made nearly transparent to x
electromagentic radiation and IS nearly absorbent of the energetic 
particle radiation content of the received solar radiation. The win
dow layer is an i ntegral part of the procedure for form ing the p-n 
junction. It contributes the p-type doping species to the junction 
by diffusion i nto the n-type GaAs substrate. For certain appl ica
tions, the Ga _xAixAs window can be removed by etching with 1
aqueous solut1on of HCI. If the window is removed, the ohmic con
tact is then made to the optical surface of the p-type GaAs. I l 
lustratively, another structure provided by this d isclosure includes 
a window of GaP of p-type conductivity on the surface of a region 
of n-type l nP  with a p-type transition region of l nP  therebetween. 
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3,679,949 
Uekusa, Genzo; Tan imura, Shigeru; H igash i ,  Kazuh i ro; Sumeto, 
Takao, inventors; Omron Tateisi Electronics Co., assignee. 
Semiconductor Having Tin Oxide Layer and Substra te. Ju ly 25, 
1972. 

A semiconductor composite having a rectifying characteristic is 
provided by deposit ing a tin oxide fi lm on a semiconductor 
substrate. In view of the fact that the t in  oxide f i lm has h igh 
transparency and conductivity the composite can be used as an 
excel lent photoelectric device. Preferably the t in  oxide f i lm is  
deposited on the substrate by react ing a halogenated organic t in  
compound with oxygen at  an elevated temperatu re. Conductivity 
of the tin oxide film can be enhanced by i ncorporation of a small 
amount of antimony trichloride i nto the dimethyl t in  dichloride. 
It was found that there are preferred reaction temperatures, time 
periods, and amount of mixed antimony trich loride for providing 
a composite having the desired characteristics. By depositing a 
p lural ity of separate t in oxide fi lms on a single substrate by a 
photo-etching process of t in  oxide f i lm an integrated photoelec
tric apparatus is  provided. 

3,681,036 
Schwarz, Rudolf; Meyer-Simon, Eugen, i nventors; Deutsche Gold
und S i l ber-Scheideanstalt vormals Roessler, assignee. Method of 
Making Silicon Halides. August 1, 1972. 

S i l icon hal ides are formed in a conti nuous process by reacting 
s i l icon or a s i l icon-contain ing compound with hydrogen hal ide 
at a temperature between 350 and 1200°C. The s i l icon halide is 
then recovered and the hydrogen formed in  the reaction is recycled 
in an amount to provide a ratio of partial pressures in the reac
tion m ixtu re between hydrogen hal ide and hydrogen in the range 
between 1 : 1  and 1 :50 at a predeterm ined react ion temperature 
with in the stated range. 

3,682,708 . 
Bennett, Al lan 1 . ,  i nventor; Westinghouse Electric Corporation, 
assignee. Solar Cell. August 8, 1972. 

A solar cell with improved efficiency is provided with a convoluted 
PN junction whereby a higher proportion of carriers produced by 
exposure of the solar cell to a source of radiation wi l l  be col lected 
by the PN junction rather than being lost by recombination and 
the solar cell has an increased resistance to rad iation damage. 

3,690,953 
Wise, Joseph F., inventor; The Un ited States of America as 
represented by the Secretary of the Air Force, assignee. Vertical 
Junction Hardened Solar Cell. September 12, 1972. 

A solar cell constructed from a slab of epitaxial ly grown s i l icon 
contain ing a p lurality of very th in alternate N and P zones, cut, 
lapped, and pol ished to a th ickness of approximately .010 inch, 
having a common deposited aluminum contact connecting on the 
back side of the cell to each of the N zones and another com
mon deposited aluminum contact on the back side of the cell con
nect ing to the P zones, and the cell oriented such that the d i rec
tion of impingement of the solar energy on the front surface of 
the cell is in a d i rection generally paral le l  to the alternate zones 
of N and P material, provides a high efficiency, hardened solar cell . 

3,694,739 
Joubert, Alain Francois, i nventor; Societe Anonyme de Telecom
munications, assignee. Testing Circuit for a Solar Battery Including 
a Voltage Source Controlled by the Battery's Terminal Voltage. 
September 26, 1972. 

The i nvention concerns a c i rcu it for spot measuring the disti nc
tive voltage-cu rrent characteristic of a solar battery subjected to 
a g iven degree of i l l um ination, in which the charge circuit of the 
solar battery being tested comprises, in series, a fixed resistance 
whose terminal voltage is a measure of the strength del ivered by 
the solar battery, and a voltage source whose instantaneous value 



delivered by the solar battery, and a voltage source whose instan
taneous value depends on that of the battery's term inal voltage 
and whose variat ions in value around a central value are opposite 
to and much greater than the terminal voltage variations of the 
solar battery around a predetermined value in conformity with the 
testing conditions. 

3,695,910 
Louderback, Anthony W.; Zook, Morris A., J r. ,  i nventors. Method 
of Applying a Multilayer ' Antireflection Coating to a Substrate. 
October 3, 1972. 

A method for vacuum deposit ing ant i reflection layers on a 
substrate using an electron beam is disclosed. A l l  coating 
materials are p laced i n  the vacuum chamber. A meta l l ic oxide is 
evaporated onto the substrate as a first layer. A mixture of at least 
two oxides is evaporated onto the first layer and oxygen is d i rected 
from an oxygen source to the electron beam during the evapora
tion of the second layer. The meta l l ic flouride is then evaporated 
onto the second layer. 

3,696,286 
Ule, Louis A., i nventor; North American Rockwel l  Corporat ion, 
assignee. System for Detecting and Utilizing the Maximum 
Available Power from Solar Cells. October 3, 1972. 

In a power solar cell array consisting of many solar cel ls con
nected to del iver usefu l  electrical power, there is imbedded a 
smaller reference solar array consist ing of solar cel ls connected 
in series with a Zener diode and load resistor so devised that the 
voltage that appears across the load resistor is equal to or a con
stant fraction of the voltage at which the power array, operating 
at the same temperature and solar exposure as the reference array, 
del ivers maximum electrical power. The voltage difference 
between the large solar array or the given fraction thereof and the 
reference solar array is used d i rectly as means to constrain the 
large array to operate at the voltage of maximum power, typically 
any excess power being used to charge·a storage battery. 

3,705,059 
Kun, Zoltan K., i nventor; Zen ith Radio Corporat ion, assignee. 
Methods of Producing P-Typeness and P-N Junctions in Wide Band 
Gap Semiconductor Ma terials. December 5, 1972. 

To produce a p-conductivity type wide band gap semiconductor 
material, a 1 1 1 -V compound semiconductor layer is fi rst vacuum 
evaporated onto and then diffused into a crystal l ine I I-VI compound 
semiconductor substrate, specifically a zinc chalcogenide. The 
result ing hybrid crysta l l i ne material is  doped by s imu ltaneous or 
sequential infusion of zinc atoms in substitution for atoms of the 
G roup I l l  element. The process may be used for the d i rect pro
duction of p-n junctions in zinc chalcogenides by employing an 
n-type rather than an i ntri nsic substrate. 

1973 
3,708,669 
Work, George A., i nventor; TRW, I nc., assignee. Method and Ap
paratus for Calibrating a Solar Array. January 2, 1973. 

A method and apparatus for cal ibrat ing a solar array to predict 
its characteristic volt-ampere or 1-V curve in outer space by 
periodically i l l uminat ing the array in rapid succession with a 
flashlamp whose radi ation closely s imu lates natural solar rad ia
tion in outer space, and measuring the array current at short c ir
cuit, open circu it, and selected array voltage levels. The output 
of a standard cell which is  i l luminated concurrently with the solar 
array by each flash is recorded to permit correction for any varia
tion from flash-to-flash. 

3,713,893 
Shi rland, Fred A., i nventor; Gould Inc., assignee. Integrated Solar 
Cell Array. January 30, 1973. 

An integral battery of serial ly connected photovoltaic cel ls  on a 
single insu lat ing substrate. Metal ized areas are formed on the 

substrate with a semi-conductive f i lm such as cadmium su lfide 
vacuum evaporated upon each of the metalized areas. Barrier 
layers are formed on the cadmium sulfide f i lms to produce PN 
junctions. Electrode leads extend paral lel from each metal ized 
area under the semi-conductor film to a top surface of the bar
rier layer of an adjacent semi-conductor f i lm.  

3,716,424 
Schoolar, Richard B., i nventor; The Un ited States of America as 
represented by the Secretary of the N avy, assignee. Method of 
Preparation of Lead Sulfide P-N Junction Diodes. February 13, 
1973. 

Flat, uniform planar diodes of PbS are prepared by either (1) epitax
ial ly growing an n-type layer onto a p-type layer by deposit i n one 
layer epitaxially onto the other in a vacuum of at least 5 x 10· 

� 
Torr 

wherein the substrate is at a temperature between 200-350°C and 
the material to be deposited is at a temperatu re not lower than 
its subl imation point or (2) epitaxially growing a p-type layer on 
an n-type l ayer using the procedure described i n  (1) with the ad
dit ion of vapors of a doping agent such as S, Se, or Te, in the 
system. This method may also be appl ied to the closely related 
compounds PbxSn1. Se and Pb Sn1.xTe where x varies from 0 to 
1 inclusive, hereinafter referred' to as the lead-tin salt al loys. 

3,732,471 
Hou, Shou-Ling;  M arley, James A., J r. ;  Beck, Kenneth 0., i nven
tors; Corn ing G lass Works, assignee. Method of Obtaining Type 
Conversion in Zinc Telluride and Resultant P-N Junction Devices. 
May 8, 1973. 

A method of making p-n j unction devices by bombarding a 
pol ished crystal of ZnTe with ions of an element selected from 
the Group V I I  A elements and p-n junction devices result ing from 
this method. When the crystal is held at an elevated temperature 
during the ion bombardment step, subsequent annealing is usually 
not necessary. When the crystal temperature is at room 
temperature or below during the ion bombardment step, type con
version can be obtained only by post implantation anneal ing. The 
part icular type of p-n j unction device and the characteristics 
thereof are determ ined by the particular schedule of anneal ing 
to which the i mplanted body is  subjected. 

3,734,632 
Matsuda, Motonobu, i nventor; M inolta Camera Kabushi ki Kaisha, 
ass ignee. Current Compensated Detection Circuits for 
Photovoltaic Cells. May 22, 1973. 

A c ircuit for detecting current generated by a l ight transducer such 
as a photovoltaic cell includ_es at least one P-N junction for bias
ing a transistor to compensate for the voltage drop of the base 
emitter junction thereof and includes feedback between the col
lector of the transistor and the biasing junction to compensate 
for temperature changes and changes in the ampl if ication fac
tor of the transistor whereby the l inearity of the l i ght transducer 
output is  mai ntained. 

3,736,180 
Fischer, Horst; Gereth, Reinhard; Kreuzer, Karl-Heinz, i nventors; 
Licentia Patent-Verwaltungs-GmbH, assignee. Method of Produc
ing Solar Cells. May 29, 1973. 

A method of producing solar cells i ncludes subject ing the back 
contacts of the cells to a separate i ntensified intermediate s inter
ing prior to the application of the front contact. 

3,740,636 
Hogrefe, Arthur F.; Sul l ivan, Ralph M., inventors; The United States 
of America as represented by the Secretary of the N avy, assignee. 
Charge Regulator and Monitor for Spacecraft Solar Cell/Battery 
System Control. June 19, 1 973. 

An electronic system for provid ing fu l ly automatic control of a 
spacecraft solar cel l/battery electrical power system, including 
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the provision of continuous telemetry monitoring of the battery 
charge state. Circu itry accurately measures, on an ampere-minute 
basis, the charg ing and discharg ing of the battery and functions 
to maintain the battery in  a fu l ly charged condition, with a provi
sion for automatic reduction ·of the charge current to a 
temperature-dependent trickle value when the proper amount of 
charge has been returned to the battery after a previous discharge. 
A bipolar charge q uantizer c i rcuit is uti l ized to mon itor battery 
charge and d i scharge operations and includes a f in ite t ime in
tegrator circuit capable of supplying an output signal pu lse each 
time the battery is charged or discharged by a predeterm ined 
amount. The q uantizer is desigend with a predeterm ined offset 
factor to account for battery inefficiency. Temperature dependent 
maximum battery voltage l im it ing and maximum charge current 
l imit ing are also provided, along with means which operate to 
automatical ly shunt excess electrical power from the solar cel l  
array into the spacecraft instrument package i n  order to provide 
temperature control therein .  

3,743,847 
Boland, Bernard W., inventor; Motorola, Inc., assignee. Amorphous 
Silicon Film as a UV Filter. J u ly 3, 1973. 

There is d isclosed the use of a th in amorphous s i l icon f i lm as 
a narrow-band rejection fi lter which is used either as a mask to 
UV l ight in semiconductor device processing or is used as a pro· 
tective shield for solar cel ls which overheat in the presence of 
ultraviolet l ight. 

3,747,327 
Uch iyama, H ideaki, inventor; Kabushiki  Kaisha Suwa Seikosha, 
assignee . . Wa tchdial Structure Incorpora ting Electrical Devices. 
Ju ly 24, 1973. 

The space requ i red for electrical connections in smal l  wrist 
watches incorporating electrical devices such as photo-electric 
elements or display elements is substantial ly reduced by the use 
of stressed metal members making f irm contact with each other 
rather than conventional wi ring and solder. T-his construction 
s impl i fies assembly of such watches and makes it easy to break 
and restore the electrical connections in the event that repair of 
such t imepieces becomes necessary. 

3,751,303 
Kittl, Emil ,  i nventor; The United States of America as represented 
by the Secretary of the Army, assignee. Energy Conversion System. 
August 7, 1973. 

An energy conversion system is provided for converting thermal 
radiation energy i nto electricity. The system incl udes a source of 
thermal energy and a si l icon cell spaced from the,thermal energy 
source. A rad iating solid material is positioned between and 
spaced from the thermal energy source and the s i l icon cel l .  The 
radiating sol id material is capable of rad iating a major portion 
of the heat received from the thermal energy source i n  the spec
tral band where the s i l icon cell shows its maximum spectral 
response. An interference filter is positioned between the radiating 
solid material and the s i l icon cell. The interference f i l ter has its 
maximum reflectivity in the strongest emission band reg ions of 
the radiati ng solid material which are outside the maximum spec
tral response band of the si l icon cel l .  The interference fi lter also 
has its highest transmission in the wavelength region where the 
s i l icon cell has good spectral response. This invention relates to 
an energy conversion system for convert ing thermal radiation 
energy to useful electrical energy. 

3,757,511 
Burgess, Ronald R. ;  Coleman, M ichael G. ;  Grenon, Lawrence A., 
inventors; Motorola, I nc., assignee. Light Emitting Diode Display 
for Electronic Timepiece. September 1 1 ,  1973. 

There is disclosed a l ight emitting diode t imepiece display i n  
which the  output of  the  l ight emitting diode display is controlled 
with respect to ambient l ight ing conditions so as to provide the 
maximum amount of contrast with a min imum amount of power 
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consumption. The contrast between the l ight emitted by the l ight 
emitt ing d iodes and the ambient l ight i n  the immed iate vici n ity 
of the timepiece is enhanced by the use of absorpt ion type fi lters, 
truncated pyramid type apertures in the display cover plate and 
a control c i rcuit which adjusts the intensity of the output of the 
light em itting diodes to the ambient l ight conditions. There is fur
ther provided a series of solar cel ls on the face of the display, 
which recharge the timepiece batteries during u ltra-h igh ambient 
l i ght cond itions and which supply addit ional power to the i ight 
emitt ing d iodes during high ambient l ighting conditions so as to 
increase the output of the l ight em itt ing diodes. This enhances 
the contrast of the diodes during high ambient l ighting conditions 
whi le at the same time providing an add it ional source of power 
in parallel with that of the timepiece battery so as to i ncrease the 
effective l i feti me of the battery. Power d istribution between the 
solar cells and the battery is controlled by the aforementioned 
control circu it. In addition, the control c i rcuit varies the power 
avai lable to the l ight emitting diodes such that in low ambient 
l ight ing cond it ions a lesser amount of power is del ivered to the 
l ight emitting diodes whi le in  high ambient l ighting conditions, 
a larger amount of power is  del ivered to the diodes. In this man
ner the aforementioned contrast is kept constant and at that level 
which corresponds to the min imum level necessary for ready 
vis ib i l ity. In addition·, several structural embodiments are shown 
all of which contribute to the enhancement of the l ight outpu
of the l ight emitting diodes, the enhancement of display contrast, 

t 
low power consumption, ease of fabricat ion, and mechanical 
stabi l ity of the final product. 

3,758,348 
Whigham,  Da le  M . ;  Amsterdam, M ichael  F. , i nventors; 
Westinghouse Electric Corporation, assignee. Method for Prepar
ing Solar Cells. September 1 1 ,  1973. 

Th is invention provides a process for making a solar cell. Material 
for the solar cel l is deposited on the substrate. A wrap around 
electrical contact shunts or short circuits any P-N junction formed 
between the deposited material and the substrate but not the P
N junction with in the qeposited material. The wrap around elec
trical contact is al loyed to the substrate and to the deposited 
material at the same t ime that a diffusion is being carried out in  
the deposited material to form a P-N junction therein. 

3,760,240 
Bergt, Hans-Eberhard, inventor; Siemens Aktiengesel lschaft, 
assignee. Light-Sensitive Semiconductor Device. September 18 , 
1973. 

Light sensit ive semiconductor device with several l ight sensitive 
elements, mutual ly separated from each other, arranged in the 
form of a matrix i n  rows and columns on a doped semiconductor 
substrate. Each of the l ight sensitive elements has a rectifying 
hete�o junction, which is formed by � thin,  l ight transparent 
semiconductor layer made as an ant1reflex layer, and a fi rst 
semiconductor region diffused into the semiconductor substrate 
or a second partial region d iffused into the first semiconductor 
reg ion. The th in  l ight transparent semiconductor layer extends 
in  rows on the semiconductor substrate isolated from the latter 
by an isolat ing layer. The d iffused first semiconductor region ex· 
tends in columns, into the surface of the semiconductor substrate. 
The l ight sensit ive semiconductor layers, extending in the rows, 
and the diffused fi rst semiconductor reg ions, extending in col
u mns, are provided with barrier free contacts at the edges. 

3,764,325 
Te Velde, Ties Siebolt, inventor; U.S. Phil ips Corporation, assignee. 
Method for Making Electrical Monograin Layer. October 9, 1973. 

A method of making an electrical monograin layer device in which 
the layer of grains, usually of semiconductive material are 
embedded in a photoresist layer, which is then exposed thr ugh 
the grains and developed. The photoresist portions sk9dowed 

�
by 

the grains remain unexposed and are removed by the developer, 
whereas the resist portions extending between the grains and ex
posed become hardened and bind the grains together. The ex
posed grain surface portions are then contacted with an electrode. 



3,769,091 
Leinkram, Charles Z.; Oaks, Wi l l iam D., inventors; The United States 
of America as represented by the Secretary of the Navy, assignee. 
Shingled Array of Solar Cells. October 30, 1973. 

A method of mounting solar cells in an array, and a solar cel l  array, 
i n  which the cel ls are arranged on thermally conductive but elec
trically insulative wafer and prominences so that they overlap each 
other in a shing led structure but their bottom surfaces are sup
ported and remain paral le l  to the top surface of the mounting 
wafer, the array structure permitting series wiring of the cel ls and 
providing a rugged structure having a thermal ly conductive path 
from the solar cel ls through the mounting elements. 

3,769,558 
Lindmayer, Joseph, i nventor; Comm unications Satel l ite Corpora
tion, assignee. Surface Inversion Solar Cell and Method of Form
ing Same. October 30, 1973. 

An improved semiconductor device, particularly suitable as a solar 
cel l ,  has a surface inversion layer with increased charge density. 
A p-type semiconductor material is covered with a layer compris
ing oxides of si licon and chromium. The addition of the chromium 
oxides increases the charge density of  the inversion layer by orders 
of magnitude over that created by the si l icon oxide alone. In the 
fabrication process, a s i l icon oxide is formed first, fol lowed by 
a layer of elemental chromium. Both layers are oxidized by placing 
the device i n  an oxygen atmosphere at temperatures in excess 
of 800°C. 

3,772,768 
Fischer, Horst; Ps.chunder, Wi l l i ,  i nventors; Licentia Patent
Verwaltungs-GmbH, assignee. Method of Producing a Solar Cell. 
November 20, 1973. 

An improved method of producing a solar cell wherein a l iqu id 
metal-conductor phase is  produced on a semiconductor body 
which has been previously provided with a p-n junction, the l iqu id 
metal-semiconductor phase is al lowed to remain for a certain time 
before cool ing it and then electrodes are attached to the semicon
ductor body. 

3,772,770 
Arndt, Heinz-Herbert; Belke, Franz, i nventors; l icentia, Patent
Verwaltungs-GmbH, assignee. Method of Manufacturing a 
Semiconductor Device. November 20, 1973. 

A method of manufacturing a semiconductor device, in part icular 
a solar cel l ,  in which after deposition of an electrode which ap
proaches an edge of the semiconductor body on which it is 
deposited, the side surface next to that edge of the body is ground 
away to remove any electrode material which has been deposited 
thereon. 

3,774,023 
Cobarg, Claus Christian; Napierski, Reinhard, inventors; Braun Ak
tiengesel lschaft, assignee. Flashlight. November 20, 1973. 

A pocket size flashl ight comprising a reflector having at least a 
pair of effective reflect ing reg ions each having a different focal 
length but a common focal point, a l ight source placed in the focal 
point, the reflecting reg ions each form ing a parabol ic mi rror, the 
reflector also including non-reflect ing regions, addit ional reflec
tors having a focal point and being disposed to el iminate the non
reflecting effect. 

3,774,865 
Pinto, Olympio F., inventor. Flying Saucer. November 27, 1973. 

A flying saucer type of aircraft or water vehicle is provided, which 
may take the form of a toy, or of an actual ful l-sized passenger 
and cargo carrying vehicle. The vehic le of the i nvention incl udes 
a circular-shaped body comprising an outer rim portion and an 
i nner hub portion, and upper and lower groups of rotor hel icopter-

l i ke blades, each formed into a d isc-shaped configurat ion, and 
rotatable about the central vertical axis of the hub in the· annular 
space between the hub and r im. The hel icopter blades are 
mounted on f lu id bearings i n  the body, and are rotatably driven 
by turbine action. The two g roups of hel icopter blades define a 
pressurized chamber therebetween. Exhaust ports are provided 
on the rim which may be selectively opened to control the attitude 
of the vehicle, as well as to maneuver and control the d i rection 
of movement of the veh ic le, once it is ai rborne. The pitch of the 
rotor helicopter blades is control lable, so that the pressurized fluid 
i n  the aforesaid chamber may be d i rected through the top or bot
tom of the assembly to control the l i ft or descent of the vehicle. 

3,778,684 
Fischer, Horst; J u st i ,  Eduard, i nventors; Licentia Patent
Verwaltungs-GmbH, assignee. Semiconductor Element and 
Method of Making ft. December 1 1 ,  1973. 

A semiconductor element comprises a semiconductor body with 
at least one metal electrode mounted thereon, a conducting layer 
consist ing at least partly of pal lad ium,  rhenium or rhod ium being 
provided between the metal electrode and the semiconductor 
body. A method of manufacturing such a semiconductor element 
i s  also disclosed. 

3,780,424 
Forestieri, Americo F.; Broder, J acob D. ; Bernatowicz, Daniel T, 
i nventors; The United States of America as represented by the Ad
min istrator of the N ational Aeronautics and Space Admin istra
tion, assignee. Method of Making Silicon Solar Cell Array. 
December 25, 1973. A heat sealable transparent plastic f i lm, such 
as a fluorinated ethylene propylene copolymer, is used both as 
a cover material and as an adhesive for mounting a solar cel l  ar
ray to a flexible substrate. 

3,780,519 
Tokunaga, l kuo, inventor; Kabushiki Kaisha Suwa Seikasha, 
assignee. Timepiece Dial with Electrically Conducting Foot. 
December 25, 1973. 

In a t imepiece driven by a cel l  which is charged by a solar bat
tery, connection is made between the solar battery which is 
mounted i n  the d ial and the cel l  which is i nterior to the t imepiece 
by means of at least one electrically conducting foot which is part 
of the dial. The electrically conducting foot may be so constructed 
that it serves to connect ohe term inal of the solar battery to the 
cell or both term inals of the solar battery to the cel l .  A s imi lar 
foot may be used for connect ing the cel l  to other electrical com
ponents of said timepiece. 

1974 
3,786,624 
JJch iyama, H ideaki, inventor; Kabushiki Kaisha Suwa Seikosha, 
assignee. Solar Cell Watch Dial Having Calendar Display Window. 
January 22, 1974. 

A timepiece has a p lural ity of solar cell elements arranged on the 
surface of the dial thereof, the dial being formed with a window 
through which a t ime or calendar ind ication may be viewed. The 
portion of one or more of the solar cell elements in the reg ion 
of the window is removed. The elements having portions remov
ed are connected in parallel with each other if the total l ight receiv
i ng area thereof is not less than the l ight receiving area of other 
of said elements, otherwise, the elements having portions removed 
are electrical ly disconnected from the other of said elements. 

3,793,069 
Shimizu, Kazuo; Yoshida, Okio; Terakawa, Kazuo; Alhara, Satosh i ,  
i nventors; Tokyo Shibaura Electric Co., assignee. Process for 
Preparing a Layer of Compounds of Groups II and VI. February 
19, 1974. 

A process for preparing a layer of compounds of Groups II and 
VI  characterized in that a layer of the compounds is formed on 
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the surface of a substrate, and the formed layer is heat-treated 
in an atmosphere comprising an inert gas, 0.1-10 percent by volume 
of oxygen on the basis of said i nert gas and vapor of at least one 
element selected from a group consist ing of su lfur, selenium and 
tel lur ium so that uniform grain growth with a narrow range grain 
size d istribution is effected. 

3,793,082 
Roger, J acques, inventor; Societe Anonyme de Telecommun ica
tions, assignee. Process for Making Electrical Contacts of Solar 
Batteries and Solar Batteries Made According to this Process. 
February 19, 1974. 

The i nvention relates to a process for making solar batteries by 
means of which a photo-sensitive semiconductor part is produced 
and this part provided with two contact areas onto which, accord
ing to the i nvention, contact pieces are fixed by i ntermetal l ic dif
fusion between the two parts to be joined. 

3,798,140 
Su l l ivan, Thomas A.; Sing leton, Eben L.; Johnson, Morris L., in
ventors; The United States of America as represented by the 
Secretary of the I nterior assignee. Process for Producing 
Aluminum and Silicon from 

; 
A luminum Silicon Alloys. March 19, 

1974. 

A luminum-si l icon al loy produced, for example, by smelting 
a luminum-si l icate ore, is employed as the anode in electrolysis 
in a molten salt electrolyte of NaCI-KCI-AICI3 or NaCI-KCI
AIF3. Molten a luminum is produced at the cathode. Anode 
residue is acid leached to produce metal l u rgical grade s i l icon. 

3,802,920 
Salles, Yvon; David, Gerard Robert, inventors; U.S. Phi l ips Corpora
tion, assignee. Support for a Battery of Photoelectric Solar Cells. 
Apri l 9, 1974. 

A support for a battery of photoelectric solar cells comprising two 
separate parts which form one assembly, a fi rst part supporting 
the photoelectric cel ls, the second part supporting means for the 
mechanical connection of the assembly. The fi rst part is a sol id 
body mould about the second part. The second part has spaced 
sleeves with terminating collars and are connected by axial bars. 

3,802,924 
Pschunder, Wi l l i ,  inventor; Licentia Patent-Verwaltungs-GmbH, 
assignee. Thin Solar Cell with Rim and Metal Contact on Reverse 
Face. April 9, 1974. 

A solar cel l  comprises a semiconductor body with a p-n junction 
extending parallel to the front face of the cell and a recess in the 
reverse face of the cell surrounded by rim portions which are 
narrow as compared to the d imensions of the recess. 

3,811,181 
Leinkram, Charles Z.; Oaks, Wi l l iam D., inventors; The United States 
of America as represented by the Secretary of the Navy, assignee. 
New Approach to Shingling of Solar Cells. May 21 ,  1974. 

A method of mounting solar cel ls in an array in which the cel ls 
are arranged on thermally conductive but electrically insu lative 
wafer and prominences so that they overlap each other in a shin
g led structure but their bottom surfaces are supported and remain 
paral le l  to the top surface of the mounting wafer, the array struc
ture permitting series wiring of the cel ls and provid ing a rugged 
structure having a thermal ly conductive path from the solar cells 
through the mounting elements. 

3,811,953 
Nozik, Arthur  Jack, inventor; American Cyanamid Company, 
assignee. Light-Transmitting Electrically Conducting Cadmium 
Stannate and Methods of Producing Same. May 21, 1974. 

Cadmium stannate (Cd2Sn0 ) i4 s shown to provide a l ight-
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transmitting electrical ly conducting composition in which the 
? 1 1 4 electrical conductivity can be varied from 10 - ohm - cm - to 101ohm - cm 1 - by control l ing the oxygen vacancy concentration of 

the material. Amorphous and crystal l ine f i lms of Cd2Sn0 can be 4 
d isposed on cold and/or hot substrates and they exh ibit h igh 
optical transparency as wel l  as high electrical conduct ivity. Other 
useful forms and configurations of semiconducting Cd2Sn04 are 
d isclosed. 

3,811,954 
Lindmayer, Joseph, inventor; Communications Satel l ite Corpora
tion, assignee. Fine Geometry Solar Cell. May 21 ,  1974. 

A fine geometry solar cel l  having a top surface contact compris
ing substantial ly more and fi ner metal l ic f ingers spaced close 
together for col lecting photocurrent. J unction depth and/or 
impurity concentration may be reduced significant ly. The method 
for making the fine geometry solar cel l ,  comprises in ordered 
steps, the processes of diffusion, oxidat ion, photol ithography, 
meta l l ization and plating. 

3,818,691 
Uch iyama, H ideaki ,  inventor; Kabushiki Kaisha Surva Seikosha, 
assignee. Solar Cell for Timepiece. J une 25, 1974. 

A solar cell ut i l ized for operating a timepiece is improved in  
appearance by the  appl ication of a flatt ing paint to  the  l ight
sensitive su rface thereof. The composition of the paint is such 
that the efficiency of the solar cel l is not seriously decreased. 

3,819,417 
Haynes, Joseph G., inventor; Communications Satel l ite Corpora
tion, assignee. Mechanically Interlaced and Electrically Intercon
nected Silicon Solar Cells. J une 25, 1974. 

In an assembly of solar cel ls the individual cel ls are arranged in  
a matrix of rows and columns. The cel ls in each row are electrically 
serially interconnected, with parallel electrical connections being 
made between all cel ls i n  a common column. A p lastic strip with 
a meta l l ic  pattern, such as thin l i nes or diamond shaped pattern, 
on one surface thereof is woven in an interlaced manner over and 
under the cells in a common row. The metal l ic  pattern extends 
from the top surface of a cell which the plastic strip overlays to 
the bottom surface of the preceeding adjacent cell which the strip 
passes under. The metal l ic pattern is on a s ing le su rface of the 
plastic strip facing downward and is either d i rectly connected to 
the top surface of the cel ls or connected to an electrode bar on 
the edge of the top surface of the cel ls. The bottom surface of 
the cel ls  is connected to the metal l ic  pattern adjacent thereto by 
means of a metal strip which also serves to interconnect the cells 
in a common column.  At least one other substantial ly identical 
plastic strip with simi lar metal l ic pattern thereon is interwoven 
through the row of cel ls in the opposite manner to the first plastic 
strip. 

3,823,551 
Riehl, Roger W., inventor; Riehl Electronics Corporation, assignee. 
Solid State Electronic Timepiece. J u ly 16, 1974. 

A wristwatch has a p lural ity of l ight emitting dig ital readout 
elements which are located along one end of the watch above 
the watchband. A hermetically sealed time capsule is enclosed 
with in  the watch case and includes an i ntegrated c ircuit chip 
which divides the frequency output of a battery powered quartz 
crystal osc i l lator into a series of pu lses which are counted and 
selectively i nterrogated to provide a series of electrical outputs 
corresponding to seconds, minutes, hours, days, months and 
years. The time capsule includes sealed control switches which 
are actuated by magnets slidably mounted on the case and which 
provide for selecting different outputs for visual displa)' on the 
readout elements, corresponding to either hours and minutes, 
month and day or seconds. The electronic c ircu itry automatically 
compensates for twenty-eight, th irty and th i rty-one day months 
as well as for leap years, and the readout may be selected for 
repetitive twelve hours or twenty-four hour d isplay. When the .



twelve hour readout is selected, the AM/PM ind icat ing l ight is 
energized when the hours and m inutes readout is selected. A solar 
cel l is positioned on the top su rface of the watch case and func
tions to control the intensity of the readout elements accord ing 
to the intensity of ambient l ight, as wel l  as to recharge the 
batteries. The control switches also provide for sett ing the watch 
by either changing the minutes output whi le holding the seconds 
output at zero, or by changing the hours output without changing 
the minutes, seconds and days outputs, or by changing the days 
output without changing the second, minutes, hours and months 
outputs. 

3,833,425 
Leinkram, Charles Z.; Oaks, Wi l l iam D.; E isele, John A.; Faraday, 
Bruce J., i nventors; The United States of America as represented 
by the Secretary of the Navy, assignee. Solar Cell Array. Septem
ber 3, 1974. 

A solar cell p lanar array fabricated by a method from the solar 
cel l s  to the mounting panel .  An electrically insulative, thermal ly 
conductive wafer is soft-soldered to the surface of the metal l ic  
mounting panel. The top su rface of  the wafer bears spaced elec
trical ly insulative, thermally conductive prominences thereon. The 
solar cells are attached on top of the prominences. 

3,833,426 
Mesch, Hans G. ,  i nventor; TRW, I nc., assignee. Solar Array. 
September 3, 1974. 

A solar array having solar cel ls arranged in paral lel stri ngs at the 
front side of a supporting substrate with the corresponding cel ls 
i n  the several strings arranged in  rows transverse to the strings. 
Each cell has a rear contact su rface facing and exposed through 
an opening in  the substrate and front contact and l ight sensitive 
surfaces. The cel ls in each cell string are connected in electrical 
series by series i nterconnectors, each passing between a pair of 
adjacent cells and through the substrate. Each i nterconnector is 
e lectrically joined at its front end to the front contact surface of 
the adjacent cell and at its rear end to the rear contact surface 
of the other adjacent cell through the corresponding substrate 
opening. The cells in each cell row are connected in electrical 
parallel by paral lel i nterconnector strips electrically joined to the 
rear ends of the corresponding series interconnectors. 

3,836,399 
Pruett, George R., inventor; Texas I nstruments I ncorporated, 
assignee. Photovoltaic Diode with First Impurity of Cu and Second 
of Cd, Zn, or Hg. September 17, 1974. 

A photodiode is disclosed which may be made by d iffusing i nto 
N-type indium-ant imonide a fast diffusing dopant im urity; such 1 ras copper; i n  a low concentration; e.g., below 5x10 atoms per 
cubic cent imeter; at the high conductivity surface; and a slowly 
d iffusing dopant impurity; such as zinc, cadmium,  or mercury; i n  1a h igh  concentration; e.g., 5x10 7 atoms per cubic centimeter; at 
the h igh conductivity su rface to form (a) a f i rst region of un iform 
N-type conductivity ind ium-ant imonide, (b) a second, or copper
d i ffused P-type conduct ivity, region contiguous with the N-type 
ind ium-antimonide and form ing a P-N junct ion th.erewith and 
decreasing in  concentration and conductivity toward the P-N junc
tion, (c) a third, high conduct ivity, region containing both the slowly 
diffusing zinc, cadmium, or mercury, and the copper, spaced from 
the P-N j unction, contiguous with the h igh conductivity portion 
of the copper-diffused region, being substantial ly thinner than the 
copper-diffused reg ion, and being of P-type conductivity. Ohmic 
contacts are affixed to the f i rst region and the th i rd reg ion. 

3,837,924 
Baron, Wi lfred R. ,  i nventor; TRW, I nc., assignee. Solar Array. 
September 24, 1974. 

A solar array and method of its fabrication wherein the solar cel ls 
are attached to a supporting substrate and electrical ly joined by 
i nterconnects having end terminals attached to the cell contacts 
with predeterm ined center d istances between adjacent cell-

substrate attachment points and the term inal attachment points 
of each interconnect, such that during thermal cycl ing of the solar 
array, each i nterconnect and the portion of the substrate between 
the adjacent cel l-substrate attachment points undergo substan
t ial ly equal thermal expansion and contraction so as to v i rtual ly 
e l iminate stressing and flexing of the interconnects and thereby 
e l iminate the need for flexibi l i ty in and avoid fatigue fai lure of the 
i nterconnects. 

3,839,084 
Cho, Alfred Yi ;  Panish,  Morton B., i nventors; Bell Telephone 
Laboratories, I ncorporated, assignee. Molecular Beam Epitaxy 
Method for Fabrica ting Magnesium Doped Thin Films of Group 
11/(A)-V(A) Compounds. October 1, 1974. 

In a molecular beam epitaxy method of fabricat ing a Mg doped 
thin film of a compound of the form AlxB1 _xC, where B is a Group 
l l l (a) element and C is a Group V(a) element, the sticking coeffi
cient of magnesium is a nonl inear, monotonically increasing func
tion of the amount of aluminum. P-type thin f i lms of AlxB1 _xC:Mg 
having a predeterm ined carrier concentration a re fabricated by 
including i n  the molecular beam(s) an appropriate amount of 
a luminum determ ined from said function. 

3,844,840 
Bender, Ray C., i nventor. Solar Energy Helmet. October 29, 1974. 

The substantial ly hemispherical port ion of a cycle rider's helmet 
is covered with a p lural ity of solar energy electric current gener
ati ng cel ls. Conductors, connected with the cel ls, are i n  turn 
connected to a junction plate for energ izing a hearing aid or a 
smal l transistorized radio carried by the user. 

3,844,843 
Kay, Robert E.; Walwick, Earle R., inventors; Phi lco-Ford Corpora
tion, assignee. Solar Cell with Organic Semiconductor Contained 
iri a Gel. October 29, 1974. 

A photovoltaic cel l  is fabricated from an active medium compris
ing an organic semiconductor i n  a gel. When a fi lm  of such 
material is sandwiched between transparent conducting elec' 
trodes a solar cel l  is obtained. The electrical output is  greatly i n  
excess of  that obtained from prior art organic semiconductor solar 
cel ls of the same area. 

3,845,494 
Ameurlaine, J acques Franc;:ois; Cohen-Sola!, Gerard David, i nven
tors; Societe Anonyme de Telecommun ications, assignee. HgTe
CdTe Photovoltaic Detectors. October 29, 1974. 

An H gTe-CdTe photovoltaic detector comprising an HgTe-CdTe 
semiconductor plate having two different doped regions separated 
by a junction , wherein said p late is coated, at least on the free 
faces of the p late, with a cont inuous f i lm of a material which is 
impervious to mercury and does not effect, or possibly even 
enhances, the detect ing properties of the crystals constituting 
the detector. 

3,847,758 
Te Velde, Ties Siebolt, i nventor; U.S. Phi l ips Corporation, assignee. 
Method of Manufacturing an Electrode System. November 12, 
1974. 

The invention relates to a method of manufacturing an electrode 
system having a monograin layer. On free g rain surfaces of the 
monograin layer a f i rst electrode layer is deposited. After a 
material-removing treatment, a deposition step is applied in which 
parts of enveloping layers of the g rains and edges of cores of the 
grains adjo in ing pn-junctions are selectively covered with an 
insu lating material and a second electrode layer is deposited on 
parts of the cores of the gra ins not covered. 
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3,849,880 
Haynos, Joseph Gabrial, i nventor; Communications Satel l ite Cor
poration, assignee_ Solar Cell Array_ November 26, 1974. 

Individual solar cel ls  are placed bottom down on preprinted areas 
of a substrate by means of an adhesive. The adhesive does not 
cover the entire bottom of the solar cell but leaves at least a region 
of the bottom of each cell which is to be welded to an i ntercon
nector free from adhesive. The substrate is pre-punched to have 
apertures therein at positions corresponding to the positions of 
contact between an i nterconnector and the bottom electrode of 
each cel l .  Th in  electrical interconnectors are s l id into position, 
each i nterconnector touching the top electrode of at least one 
cell and the bottom electrode of at least one adjacent cell. The 
i nterconnectors are welded d i rectly to the top electrodes and 
through the p re-punched apertures to the bottom electrodes. 
Add itional holding of the cel ls to the substrate is provided by 
bottom-type chemical/mechanical fasteners which extend from 
the bottom electrodes through add itional pre-punched holes i n  
the  substrate and have sider regions below the  substrate to 
mechan ical ly and adhesively hold the substrate to the cel ls. 

1975 
Re. 28,610 
Lindmayer, Joseph, inventor; Commun ications Satel l ite Corpora
tion, assignee. Fine Geometry Solar Cell. November 1 1 ,  1975. 

A fine geometry solar cel l  having a top su rface contact compris
ing substant ial ly more and finer metal l ic  fingers spaced close 
together for col lect ing photocurrent. J unction depth and/or 
impurity concentration may be reduced sign ificantly. The method 
for making the fine geometry solar cel l  comprises, in ordered 
steps, the processes of diffusion, oxidation, photol ithography, 
metallization and plati ng.  

3,865,625 
Cho, Alfred Yi ;  Reinhart, Franz Karl, i nventors; Bell Telephone 
Laboratories, I ncorporated, assignee. Molecular Beam Epitaxy 
Shadowing Technique for Fabrica ting Dielectric Optical 
Waveguides. February 1 1 ,  1975. 

An optical waveguide, comprising a dielectric core (e.g. ,  GaAs) 
surrounded by a relatively lower refractive i ndex cladding (e.g., 
AIGaAs), is fabricated by molecular beam epitaxy i n  which a 
p lural ity of sources (e.g. ,  AI and GaAs) are arranged to produce 
at least two molecular beams which form an angle with one 
another and which overlap on a growth su rface or substrate. An 
obstruction is placed near to the surface to shadow a selected 
one of the molecular beams (e.g. ,  the AI beam) so that the 
molecu les of that beam do not impinge upon a preselected region 
of the surface and so that molecu les of the other beams (e.g., the 
GaAs beam) do impinge on the region. Consequent ly, an epitax
ial layer is g rown on the su rface which has lateral ly contiguous 
zones of material having d ifferent refractive i nd ices (e.g., a zone 
of GaAs coextensive with the preselected reg ion and lateral ly con
t iguous zones of AIGaAs). The cladding is completed by growing 
lower refractive i ndex layers (e.g . ,  AIGaAs) both before and after 
the shadowing step. 

3,866,285 
Clark, Harold A., i nvenfor; Dow Corning Corporation, assignee. 
Method of Constructing a Solar Energy Collector. February 18, 
1975. 

A solar energy collector having a body of foamed plastic and a 
surface conf iguration of general ly semicyl indrical recesses i n  
closely spaced parallel relationship, the  surface of  said recesses 
being covered with reflective or absorptive foil to reflect or transmit 
solar energy to receiving devices such as f lu id conduits or solar 
cells. The col lector is made by laying a plural ity of half-pipes into 
a frame, covering them with foi l ,  pouring curable foam plastic over 
the pipes and removing the composite from the pipes. The receiv
ing devices are then mounted in the recesses and interconnected. 
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3,874,931 
Haynos, Joseph Gabrial, inventor; Communications Satel l ite Cor
poration, assignee. Solar Cell Array. Apri l 1 ,  1975. 

Individual solar cel ls are placed bottom down on preprinted areas 
of a substrate by means of an adhesive. The adhesive does not 
cover the entire bottom of the solar cel l  but leaves at least a region 
of the bottom of each cell which is to be welded to an inercon
nector free from adhesive. The substrate is pre-punched to have 
apertures therein at positions correspond ing to the positions of 
contact between an interconnector and the bottom electrode of 
each cel l .  Th in  electrical interconnectors are sl id into posit ion, 
each i nterconnector touching the top electrode of at least one 
cell and the bottom electrode of at least one adjacent cel l .  The 
interconnectors are welded directly to the top electrodes and 
through the pre-punched apertures to the bottom electrodes. Addi
tional holding of the cells to the substrate is provided by button
type chemical/mechanical fasteners which extend from the bottom 
electrodes through additional pre-punched holes in the substrate 
and have wider reg ions below the substrate to mechanical ly and 
adhesively hold the substrate to the cel l s. 

3,879,228 
Theodorou, Ignatius E.; Payne, Richard, i nventors; The Un ited 
States of America as represented by the Secretary of the Air Force, 
assignee. Photo-Regenerative Electrochemical Energy Converter. 
April 22, 1975. 

A photoelectrochemical device for converting i ncident radiation 
energy to electrical energy through the uti l ization of a photochem
ically reversible galvanic cel l .  Basically, the device is constructed 
of a sealed transparent container into which is placed a chemical ly 
inert anode coated with a photo-responsive material and a chem
ically inert cathode. A compatible electrolytic solution is also 
d isposed with in  the container and provides a conductivity path 
a·cross the electrodes to complete the electrochemical c i rcu it. 
Decomposition of the photo-responsive material is induced by inci
dent radiation passing through the transparent container. The pro
ducts of the photo reaction recombine electrochemically by pass
ing an electric cu rrent through a resistance load connected 
externally to the anode and the cathode. 

3,879,740 
Mori, Chiharu; Kamasako, Shoj i ,  inventors; Asahi Kogaku Kogyo 
Kabushiki Kaisha, assignee. Light-Measuring Systems. April 22, 
1975. 

A l ight-measuring system in which a photodiode is electrical ly 
connected with a logarithmic compression element in a c i rcuit 
which includes a voltage source and a source fol lower circuit con
nected between the voltage source on the one hand and the 
photodiode and the logarithmic compression element on the other 
hand for providing approximately zero voltage across the 
photodiode. 

3,880,633 
Jordan, John F.; Lampkin, Curtis, inventors; D. H. Baldwin Com
pany, assignee. Method of Coa ting a Glass Ribbon on a Liquid 
Float Bath. Apri l  29, 1975. 

A method of making low cost solar cel ls on a large scale basis 
by means of a cont inuous process of fabricating float g lass and 
coating the float g lass, in sequence, with tin oxide, cadmium 
su lph ide, and copper su lph ide, wh i le  the g lass floats atop tanks 
of molten material in a furnace of proper temperatu re for each 
step of the process, the application of the coatings, in a preferred 
embodiment, being accomplished by depositing materials which 
form the coatings on contact with heated su rfaces at such s low 
rates and, in the case of spray application, via drops of such unifor
m ity that the float glass may (1) remain at u n iform temperatures 
by virtue of the superior thermal conductivity of the molten 
material and retain  those temperatures despite the abstraction 
of heat from the g lass by evaporat ion of l i qu ids and/or formation 
of crysta l l ine layers, and (2) be substant ia l ly free of temperature 
g radients along the su rface of the sheet g lass. 



3,884,779 
Duy, Thuoc Nguyen; Palz, Wolfgang, i nventors; Societe Anonyme 
de Telecommun ications, assignee. Method for the Controlled 
Formation of the Layer of Copper Sulphide of a Cadmium Sulphide 
Photocell. May 20, 1975. 

A method for the controlled formation of the layer of copper 
sulphide of a cadmium su lphide photocell by immersion in a solu
tion of cuprous ions, wherein the photocel l  being produced is  
maintained throughout the  duration of  its immersion in said solu
t ion at a constant potential at least equal to that of a pure copper 
electrode immersed in the same solution. 

3,885,058 
Duy, Thuoc Nguyen; Palz, Wolfgang; Vedel ,  J acques, i nventors; 
The Un ited States of America as represented by the Secretary of 
the Navy, assignee. Method of Manufacturing Cadmium - Sulphide 
Photocells. May 20, 1975. 

A method for manufacturing a CdS photocel l  comprising a layer 
of Cu2S to which there is adhered a col lector grid, the adhesion 
producing oxidation of the Cu S layer, said method comprising 
dipping the photocell to which e grid has just been adhered into 
a solution of cuprous ions and 

fu
withdrawing the photocell when 

the curve representing the variations with respect to time of the 
potential difference between the photocel l  and a pure copper elec
trode d ipped into the same solution passes through its min imum 
value. 

3,887,446 
McEwan, Wi l l iam S.; M i les, Melvin, i nventors; The United States 
of America as represented by the Secretary of the Navy, assignee. 
Electrochemical Preparation of Metallic Tellurides. June 3, 1975. 

Tel l urides of cadmium lead and tin are prepared by an elec
trochemical method wherein a tel l u rium cathode and an anode 
of the metal which wi l l  form the positive ion of the tel l u ride are 
used in conju nction with ammonium acetate-acet ic acid buffer 
solutions. Mercury tel l u rides are prepared by using a tel l u rium 
anode and a plat inum cathode to  produce Te-ions and then ad
ding a mercury salt. The tel lurides prepared are useful as semicon
ductors and in other areas. 

3,887,935 
Fischer, Horst; Pschunder, Wi l l i ,  inventors; Licent ia Patent
Verwaltungs-GmbH, assignee. Integrated Semiconductor Arrange
ment Including Solar Cell and a Schottky Diode. J une 3, 1975. 

An integrated semiconductor arrangement comprises a semicon
ductor body with a solar cell and a rect ifying metal contact, the 
contact having a metal coating spl it up i nto largely separated 
regions which are, however, electrically connected together. 

3,887,995 
Gauthier, Andre, i nventor; Societe Anonyme de Telecommunica
tions, assignee. Process of Manufacture of Solar Cells. June 10, 
1975. 

A solar cel l  comprising two electrodes, a col lector g rid, a copper 
sul phide layer and a cadmium sulph ide layer, wherein the two elec
trodes are constituted by a single conductive fi lm divided into two 
parts separated by an insu lating material, said su lph ide layers 
being deposited on one of said parts and surmounted by said col
lector grid which is electrically connected to said other part of 
the conductive f i lm.  

3,888,697 
Bogus, Klaus; Mattes, Siegfried, inventors; Licentia-Patent
Verwaltungs-GmbH, assignee. Photocell. J une 10, 1975. 

A th in layer photocel l  comprises a semiconductor body of cad
mium sulph ide with a layer of cuprous su lph ide thereon and then 
an add itional layer contain ing metal l ic on the cuprous sulphide 
layer. A method for making such a photocel l  is also d isclosed. 

3,888,698 
Lindmayer, J oseph; Curt in ,  Denis John; Haynos, Joseph Gabriel; 
Meu lenberg, Andrew, Jr., inventors; Communications Satel l ite Cor
poration, assignee. Infrared-Transparent Solar Cell. J une 10, 1975. 

A semi-conductor solar cell having a back electrode which a l lows 
deep infrared l ight to pass out of the cell i nto space. The cell back 
electrode is formed in a pattern which covers less than 10 per
cent of the bottom surface of the cell . An insu lat ing m aterial 
having good optical matching characteristics covers the remainder 
of the bottom surface. 

3,890,776 
Urushida, Yoshih isa, inventor; Citizen Watch Company Lim ited, 
assignee. Wa tch with Solar Cell Unit. June 24, 1975. 

A p lurality of pie-shaped solar elements which comprise the face 
of the watch are positioned and secured by a holder in the form 
of a wagon wheel having two concentric r ings joined by a p lu ral
ity of spokes. The underside of each spoke has a downwardly pro
ject ing ridge which extends between adjacent solar elements to 
separate and locate the elements whi le providing a cover to h ide 
the edges of each element. 

3,891,326 
Volz, Frederic E., inventor. Multi-Channel Sun Photometer. J une 
24, 1975. 

A mu lti-channel sun photometer having a housing which contains 
therein a p lu rality of openings and fi lters optically al igned with 
a si l icon photovoltaic photocel l .  A microammeter is operably con
nected to the photocell for provid ing a reading of the amount of 
l ight passing through the fi lters. In addit ion to the l ight 
measurements registered an angle or optical path length measure
ment can be obtained on a diopter pivotably mounted on the side 
of the photometer housing. 

3,895,975 
Lindmayer, Joseph, i nventor; Communications Sate l l ite Corpora
tion, assignee. Method for the Post-Alloy Diffusion of Impurities 
into a Semiconductor. J u ly 22, 1975. 

A method of making a solar cell or other semiconductor junction 
devices i ncluding the process of diffusing an impurity of a f i rst 
type conductivity into the front surface of a semiconductor bu lk 
material Whi le s imu ltaneously al loying and diffusing an impurity 
of a second type conductivity into the back surface of the 
semiconductor bulk material from a metal l ic  source. Dur ing th is 
s imu ltaneous doping, the back su rface area of the semiconduc
tor and the second type metal l ic impurity are in a molten al loy 
state. 

3,896,368 
Rym, Christian, i nventor; ACEC (Atel iers de Constructions Elec
t riques de Charleroi), assignee. Voltage Regulating Device. J u ly 
22, 1975. 

Device for regu lating the voltage of an electric energy source con
stituted of a group of solar cel ls gathered i nto modules. Each 
modu le has one term inal connected to a common conductor and 
another terminal connected through a diode to a distribution con
d uctor. The device comprises electronic i nterrupters connected 
between the common conductor and the terminal of a module con
nected to the diode, so as to short-c ircuit the modu le. A p ropor
tional shunt is connected between a point at the d istribution 
conductor potential and the common conductor . A differential 
ampl ifier is p rovided between the d istribution conductor and a 
reference voltage generating device. An analog-digital converter 
the input of which is connected to the output of the d ifferential 
ampl ifier and a part of the outputs of which control the electronic 
i nterrupters, the remain ing outputs contro l l i ng  the proport ional 
shunt. 
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3,897,325 
Aeshima, Sheichi; Asamaki, Tatsuo, i nventors; N ippon Electric 
Varian, Ltd. ,  assignee. Low Tempera ture Sputtering Device. Ju ly 
29, 1975. 

A sputtering device comprises a p lural ity of th in metal plates be
tween the cathode and a holder for holding a p lural ity of objects 
on which the material of the cathode should be sputtered. The 
device further comprises a coi l  for providing magnetic field 
perpendicular to the electric f.ield for producing a gas d ischarge 
for the sputteri ng. Alternatively, the device further comprises 
means for providing local electric or magnetic fields between the 
metal plates. The metal plates receive electrons produced during 
the sputtering and having their paths varied either by the coil 
magnetic field or by the local electric or magnetic fields. 

3,899,689 
Baker, Richard H. ,  inventor; Massachusetts Institute of Technology, 
assignee. Electric Power Source. August 12, 1975. 

An electric power source or system for del ivering a control lable 
voltage to a load. It has low power loss and is capable of acting 
as a programmable source of electric energy, one which can be 
used, for example, to furnish a very high-voltage output from a 
l ightweight system. The power source is a modular type struc
tu re in which the apparatus is made up of a number of identical 
stages or modules connected i n  cascade. Each stage includes 
a voltage supply and floating reference voltages derived from the 
supply. The voltage supply is connected to the output of the source 
through bi lateral, sol id-state switches along alternate electrically 
conductive paths which connect either one side or other of the 
voltage supply to the output. A bistable c ircuit serves to control 
the b i lateral switches, triggering of the bistable c ircuit being ef
fected by rad iation impinged upon l ight sensitive devices, the 
devices being connected to perform a set-reset type function of 
the circuit. The floating reference voltages provide constant elec
tric potential for switching purposes. The system can be used to 
step up a voltage; a form thereof can be used to step a voltage 
down; and the system can be triggered in an avalanche mode. 

3,900,943 
Sirt l ,  Erhard; Currin, Cedric G. ,  inventors; Dow Corning Corpora
t ion, assignee. Silicon Semiconductor Device Array and Method 
of Making Same. August 26, 1975. 

Si l icon semiconductor device array, e.g., solar cel l  device or array 
of devices; formed from bu lk  s i l icon deposited in the form of col
umnar crystal l i tes bounded by substantial ly vert ical grain boun
daries. The grain boundaries are made substantial ly non
conduct ive by d iffusion from one side of the sheet. p+ and n + 

layers are provided as contact areas for electrodes. Deposition 
of s i l icon takes place d i rectly from decomposition of si l icon
containing vapors onto a non-s i l icon substrate sheet. 

3,900,945 
Kay, Robert E.; Walwick, Earle R., i nventors; Phi lco-Ford Corpora
tion, assignee. Organic Semiconductor Solar Cell. August 26, 1975. 

A photovoltaic cell is fabricated from an active medium comprising 
an organic semiconductor in a gel. When a fi lm of such material 
is sandwiched between transparent conducting electrodes a solar 
cel l  is obtained. The electrical output is greatly in excess of that 
obtained from prior art organic semiconductor solar cel ls of the 
same area. 

3,902,920 
Jordan, John F.; Lampkin, Curtis M., inventors; D. H .  Baldwin Com
pany, assignee. Photovoltaic Cell. September 2, 1975. 

A large area photovoltaic cell comprising a layer of multicrystal l ine 
cadmium sulfide, about 1 to 2 microns thick, formed by 
s imu ltaneously spraying two suitably selected compounds on a 
un iformly heated plate of Nesa g lass, therefter forming a coating 
of Cu S by spraying two suitable compounds over the cadmium 2su lfide layer whi le the latter is heated, to form a photovoltaic 
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heterojunction, applying thereover a layer of CuS0 , and apply4
ing electrodes of Cu and Zn, respectively, to separated areas of 
the layer of CuS0 , and heating the cel l to form a cuprous oxide 4
rectifying j unction under the copper el�ctrode by reaction of the 
Cu electrode with the CuS0 , whi le diffusing the zinc through the 4
body of the cell'. The diffusion of the zinc provides a negative elec
trode coplanar with the posit ive copper electrode, el iminating any 
need for i ntroducing mechanically complex provision for making 
a connection to the Nesa g lass, while the use of a rect ifying 
positive electrode enables use of a layer of CdS only 1 to 2 m icrons 
th ick, rather than the usual 20 microns, despite the fact that such 
thin layers tend to have pinholes, which in the prior art render the 
cells inoperative but in the present teaching do not. 

3,903,324 
Gukelberger, Thomas F., J r. ;  Klei nfelder, Walter J. ,  inventors; In
ternational Business Machines Corporation, assignee. Method of 
Changing the Physical Properties of a Metallic Film by /on Beam 
Formation. September 2, 1975. 

A deposited metal l ic  f i lm on a substrate is bombarded with h igh 
energy ions having an energy of  at least 10  Kev with the ions being 
selected from the group of ions rang ing between hel ium and 
argon. The selected ions depend upon the metal forming the f i lm 
.and the thickness of the f i lm.  This bombardment reduces the yield 
stress of the f i lm in any area in which the ions stri ke and is par
t icularly useful to form metal l ic lands on a semiconductor 
substrate. 

3,903,427 
Pack, George J. ,  i nventor; Hughes Aircraft Company, assignee. 
Solar Cell Connections. September 2, 1975. 

The 10 percent increase in useful power from a photocel l  area 
without increasing the size or weight of the cel l  and with the 
capabi l ity to decrease the temperature of the cel ls themselves 
due to e l iminaton of some of the power losses is obtained by 
taking the front leads through the cell to its back surface instead 
of across its surface. 

.3,903,428 
Dejong, Pieter N . ,  i nventor; Hughes Aircraft Company, assignee. 
Solar Cell Contact Design. September 2, 1975. 

At least- an increase of four  percent in useful output from a 
photocel l  area without increasing the size or weight of the cel l  
resu lts from feed ing a connecting wire from the front side of the 
cell to its backside through a smal l ,  centrally located hole i n  the 
cel l .  Grid l i nes on the front side run radia l ly to a ring of metal 
around the hole. Various means on the backside are used to con
nect the connect ing wire to a bus or interconnect. Thus, not on ly 
the useful cell area but also the packing densities of a number 
of cells are increased. 

3,904,453 
Revesz, Akos George; Dendal l ,  Robert John, i nventors; Com
munications Satell ite Corporation, assignee. Fabrica tion of Silicon 
Solar Cell with Antireflection Film. September 9, 1975. 

A solar cell is fabricated having an anti-reflective coating formed 
of an oxide of niobium, zi rconium, hafnium, or tantalum. The oxide 
is formed by oxidizing a layer of metal deposited on the surface 
of the semiconductor portion of the solar cel l .  A pattern for the 
top electrode of the solar cel l  is etched into the oxide layer by 
a technique which includes the formation of a metal l ic and a 
photoresist mask and also includes l i ft-off photol ithography. 

3,905,836 
Epp le, R i c hard,  i nventor;  Te lefu n ke n  Paten tverwer
tungsgesellschaft m.b.H ,  assignee. Photoelectric Semiconductor 
Devices. September 16, 1975. 

In a method of making p-n junction photoelectric semiconductor 
device from a semiconductor body, the step of producing 



recombination centers in the interior of the body, whereby the max
imum spectral sensitivity of the device may be chosen as a func
tion of the number of recombination centers produced. 

A photoelectric semiconductor body having a p-n junction on a 
f irst side and recombinaton centers in its interior. 

3,907,595 
Lindmayer, Joseph, i nventor; Communications Satel l ite Corpora
t ion, assignee. Solar Cells with Incorporate Metal Layer. 
September 23, 1975. 

The efficiency of a solar cell is improved by incorporating a metal 
layer beneath the P-N junction of the solar cel l .  The metal layer 
reflects back towards the j unction l ight which would otherwise 
penetrate too deeply to contribute to the voltage and current out
put. The metal also produces charge carriers which are photo ex
cited up to the conduction band of the semiconductor by l ight 
having photon energy less than the semiconductor band gap. The 

- metal and the semiconductor material form ing the solar cell are 
both highly ordered, thereby forming a barrier contact at the metal
semiconductor interface. 

3,911,469 
Wrobel, Joseph S., i nventor; Texas I nstruments Incorporated, 
assignee. Method of Forming P-N Junction in PbSnTe and 
Photovoltaic Infrared Detector Provided Thereby. October 7, 1975. 

This disclosure is di rected to a method of form ing a P-N j unction 
i n  PbSnTe material i n  providing an infrared radiation diode detec
tor, wherein s ignal radiation is absorbed in a low carrier concen
t ration n-layer such that a Burstein Shift is not exhibited, whi le 
the bulk of the P-N junction i s  p-type material of h igh carrier con
centration to prevent surface i nversion. The method employs dif
fusion of a defect compensating impurity such as cadmium or 
zinc into unannealed PbSnTe material domi'nated by n-type 
background i mpurities. The diffusion of cadmium or zinc has a 
compensating effect on the p-type stoichiometric defects found 
in unannealed PbSnTe which results in a substantial reduction in 
the adverse effect of surface i nversion layers and surface leakage, 
thereby achieving an improved operating performance from PbSnTe 
photovoltaic detectors so made. 

3,912,539 
M agee, Vincent, i nventor; Ferranti ,  Limited, assignee. Solar Cells. 
October 14, 1975. 

An array of solar cel ls comprises a plura l ity of semiconductor 
devices, each semiconductor device comprising a solar cel l  and 
a protective d iode, most solar cel ls being connecteo individually 

· i n  paral le l  with a protective d iode in a d ifferent semiconductor 
device, to provide a compact arrangement for the array, within each 
semiconductor device the radiation-sensit ive P-N junction of the 
solar cel l being isolated from the P-N junction of the protect ive. 
d iode. 

3,912,540 
Broder, Jacob D., inventor; The Un ited States of America as 
represented by the Admin istrator of the National Aeronautics and 
Space Administration, assignee. Covered Silicon Solar Cells and 
Method of Manufacture. October 14, 1975. 

An improved s i l icon solar cell has a transparent plastic f i lm of 
f luorinated ethylene propylene copolymer for a binding agent to 
attach a cover g lass. 

3,912,931 
G ravisse, Phi l i ppe Edouard Leon Alexis; Prevot, M ichel, inventors. 
Photovoltaic Device with Luminescent Layers of Differing Com
position. October 14, 1975. 

Photovoltaic device comprising a conventional photovoltaic cell 
and a series of th in layers successively appl ied on the photocell 
surface, said layers being of d ifferent compositions and selected 

in such a manner that the l ight energy in a spectrum zone, fal l ing 
on the outermost layer, may be transferred successively i n  
cascade, through the  i ntermediary of the  various layers, u p  to  the 
spectral sensit ivity zone of the photovoltaic cel l .  

3,914,856 
Fang, Pao-Hsien, i nventor. Economical Solar Cell for Producing 
Electricity. October 28, 1975. 

This i nvention relates to a method for economically and rapidly 
producing solar cel ls, made of either s i l icon or of germanium. 
Complete solar cel ls  are deposited i n  a carrier substrate by 
processes geared to large scale production at h igh production 
rates not obtainable from the present state of art. 

3,921,049 
Mel lors, Geoffrey W.; Powers, Robert A.; Sheffield, Glenn W., in 
ventors; Un ion Carbide Corporation, assignee. Charging Circuit 
for Battery-Operated Devices Powered by Solar Cells. November 
18, 1975. 

A charging c ircuit for battery-operated devices powered by 
photovoltaic cel ls compris ing a f irst d iode means connected i n  
paral le l  to  a series-connected resistor and  at least one 
photovoltaic cell, and i n  paral lel  to a series-connected second 
diode means and at least one secondary battery. The terminals 
of the components of the c ircuit are connected such that the cur
rent from the photovoltaic cells is l im ited by the fi rst diode means 
so as to prevent overcharge of the secondary battery whi le the 
second d iode means is connected so as to prevent reverse cur
rent through the photovoltaic cells when the voltage of the secon
dary battery is h igher than that of said photovoltaic cel ls. 

3,922,774 
Lindmayer, Joseph; Al l ison, J ames Frederick, i nventors; Com
munications Satel l ite Corporation, assignee. Tantalum Pentoxide 

· Anti-Reflective Coating. December 2, 1975. 

A solar cel l ,  responsive to l ight in the short wavelength region, 
including a non-crystal l ine tantalum pentoxide, anti-reflective 
coating. A method for making a solar cel l ,  responsive to l ight i n  
the  short wavelength region including a non-crystal l ine tantalum 
pentoxide, anti-reflective coating. The method includes placing 
the anti-reflective coating and a metal l ic  current col lector on the 
top surface of the solar cell using the . technique of !'l ift-off" 
photolithography and the oxidation of elemental tantalu m  which 
is evaporated onto the solar cel l .  

3,925,103 
Russel l ,  Robert L., i nventor; TRW Inc., assignee. Radiation Ha� 
Solar ·Cell and A rray. December 9, 1975. 

A power generating solar cell for a spacecraft solar array is hard
ened against transient response to nuclear radiation whi le 
permitting normal operation of the cel l  i n  a solar radiation environ
ment by shunti ng the cell with a second solar cell whose con
tacts are reversed relative to the power cell to form a cell module, 
exposing the power cell only to the solar radiation in a solar radia
tion environment to produce an electrical output at the module 
terminals, and exposing both cel ls to the nuclear radiation i n  a 
nuclear radiation environment so that the radiation induced cur
rents generated by the cel ls suppress one another. 

3,925,802 
Watanabe, J inzo; Terao, Noboru; Kamahara, Koichi ;  M iyashita, 
Kazuhisa; Fuj ih i ra, Kenj i ,  inventors; M itsubishi  Denki Kabushiki 
Kaisha, assignee. Semiconductor Device. December 9, 1975. 

A hol low circularly cylindrical N semiconductor substrate i ncludes 
a P layer disposed on its outer peripheral s urface to form a PN 
junction in the form of a circu larly cyl indrical surface within the 
substrate. Two circu larly cyl i ndrical electrodes are fitted onto and 
i nto the substrate respectively. 
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3,928,073 
Besson, Jean Georges; Duy, Thuoc Nguyen; Palz, Wolfgang, i n
ventors; Societe Anonyme de Telecommun ications, assignee. " Solar Cells. December 23, 1975.

A solar cell comprising a p-type doped semiconductor body in  
whose upper part, exposed to  the incident l ight, there is provided 
a th in n-type doped zone, the battery being covered in its lower 
part by a metal electrode and in its u pper part by a metal col lec
tor grid, wherein the n-type doped layer between the bars of the 
col lector grid is covered by an insulating layer which is transparent 
to the i ncident radiation, said insulating layer being itself covered 
by a conductive layer which constitutes a third electrode and is 
also transparent to the incident rad iation and insu lated from the 
collector grid .  

3,928,865 
Yamashita, Akio, inventor; Matsushita Electric Industrial Co., Ltd., 
assignee. Photo-Electrical Transducer. December 23, 1975. 

A photo-electrical transducer element comprising a semiconduc
tor body, a rectifying barrier formed in the semiconductor body, 
and electrodes formed on said semiconductor body on both sides 
of said barrier. A deep-level-form ing impurity is heavily doped in 
the neighborhood of the rectifying barrier. 

3,928,960 
Reese, Robert 0., inventor; Time Computer, I nc., assignee. Com
bination Wristwatch and Calculator. December 30, 1975. 

Disclosed is a combination wristwatch and calcu lator ut i l izing 
a common electro-optical dig ital display. A time and calendar cir
cuit is combined with a calcu lator circu it, both formed by large 
scale i ntegration, and used to actuate common display stations 
of a light emitt ing d iode d igital display. Time is constantly kept 
but the calcu lator circuit is only energ ized upon operation of a 
"calcu late mode" switch to conserve battery energy. Also dis
closed is a solar cell for recharging the battery and an inhibit timer 
for automatically ext inguishing the display when the device is in 
the calcu late mode but not in use. 

3,929,510 
Kitt l , Emi l ,  i nventor; The Un ited States of America as represented 
by the Secretary of the Army, assignee. Solar Radiation Conver
sion System. December 30, 1975. 

A system for converting solar rad iation i nto useful  electrical 
energy is provided. The system includes a s i l icon cell and solar 
radiation conversion means i ntegral with or spaced from the 
s i l icon cell. The solar radiation conversion means is characterized 
by a band-emission spectrum that provides a good spectral match 
with the spectral response of a s i l icon cel l .  

3,929,527 
Chang, Leroy L.; Esaki, Leo; Ludeke, Rudolf, i nventors; The United 
States of America as represented by the Secretary of the Army, 
assignee. Molecular Beam Epitaxy of Alterna ting Metal
Semiconductor Films. December 30, 1975. 

Alternately repeated layers of metal epitaxy on semiconductor 
substrates and semiconductor epitaxy on metal substrates are 
g rown in an ultra-high vacuum evaporation system by first 
depositing the metal f i lm on the clean surface of the semicon
ductor over the temperature range between room temperature and 
400°C; and then deposit ing the semiconductor film on the clean 
surface of the metal over the temperature range between 500°C 
and 600°C. 

1976 
3,935,031 
Adler, Alan D. , inventor; New England I nstitute, I nc., assignee. 
Photovoltaic Cell with Enhanced Power Output. January 27, 1976. 
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The photovoltage and photocurrent, and therefore, the power out
put of photovoltaic cel ls (solar cel ls) are markedly enhanced by 
depositing, on an exposed semiconductor su rface of a solar cel l ,  
a layer of any one of a very large number of prophyrinic 
compounds. 

3,936,319 
Anthony, Thomas R.; C l ine, Harvey E.; Winegar, Donald M . ,  i nven
tors; General Electric Company, assignee. Solar Cell. February 3, 
1976. 

A solar cell with improved efficiency is provided with a convoluted 
P-N junction whereby a higher proportion of carriers produced by 
exposure of the solar cel l  to a source of radiation wi l l  be col lected 
by the P-N junction rather than being lost by recombination. The 
solar cel l  has an increased resistance to radiation damage. The 
solar cell is made from a body of semiconductor material in which 
two regions of opposite type conductivity are formed. The material 
of one reg ion is substant ia l ly the same as the body and the 
material of the other reg ion is recrystal l ized material of the fi rst 
region having solid solubi l ity of a metal therein to impart a selec
tive type conductivity and resistivity thereto. 

3,941,624 
Cho, Alfred Yi, inventor; Bell Telephone Laboratories, Incorporated, 
assignee. Sn-Ooped Group III(A)-V(A) Ga-Containing Layers Grown 
by Molecular Beam Epitaxy. March 2, 1976. 

In order to insure that the doping profiles of Sn-doped Group l l l(a)
V(a) Ga-containing layers grown by molecular beam epitaxy fol low 
relatively closely the time-i ntensity prof i le of the dopant beam, 
the substrate temperature should not exceed about 550°C. 

3,943,003 
Dendall, Robert John, inventor; Communications Satel l ite Corpora
tion, assignee. Padded Solar Cell Contacts. March 9, 1976. 

In a solar cell a pad of material is placed between the cel l semicon
ductor su rface and the portion of the top electrode which is 
bonded to an i nterconnector. The pad prevents destruction of the 
cell p-n junction during bonding.  The pad may be the same as 
an ant i-reflective coating and may be formed simultaneously with 
the formation of the anti-reflective coating.  

3,943,726 
M i l ler, John H . ,  i nventor; Lawrence Peska Associates, I nc., 
assignee. Solar Cooling System for an Automobile. March 16, 1976. 

A solar energy cell system is used as an electric supply source 
to operate an air conditioner or a fan vent i lation system contained 
within the interior chamber of an automobile. The electrical c i r
cuit comprises a series circuit consisting of: the solar energy cel ls, 
a voltage regu lator, a storage battery, a thermostatic temperature 
control and a vent i lation fan or an automobi le air conditioner. 

3,948,682 
Bordina, Nine I M ineevna; Zadde, Vitaly Viktorovich; Zaitseva, Aita 
Konstant inovna; Landsman, Arkady Pavlovich; Strebkov, Dmitry 
Semenovich; Streltsova, Valentina lvanovna; Unishkov, Vadim Alex
eevich, i nventors. Semiconductor Photoelectric Genera tor. April 
6, 1976. 

A semiconductor photoelectric generator comprising i ntercon
nected photocel ls with rectifying barriers, with isotype junctions 
i n  the base reg ion and with current leads i n  the reg ions adjacent 
the rect ifying barriers. Each photocell has a working surface, 
receiving i ncident radiation. The isotype junctions in the 
photocel ls are provided in direct proximity to the working surfaces 
of the photocel ls. At least one rect ifying barrier in each photocell 
is provided at a d istance from the working su rface not exceeding 
the diffusion length of m inority current carriers in the base reg ion. 
The photoce l l s  can have the shape of m ic rom in iatu re 



paral lelepipeds having at least two d imensions commensurate 
with the diffusion length of minority current carriers in the base 
region. 

3,949,463 
Lindmayer, Joseph; A l l ison, James Frederick, inventors; Com
munications Satel l ite Corporation, assignee. Method of Applying 
an Anti-Reflective Coating to a Solar Cell. Apri l 13, 1976. 

A method of applying an anti-ref lective coating, particu larly a 
metal oxide coating to a solar cell during the manufacture of such 
cel l .  

3,952,323 
Tanimura, Shigeru; M iu ra, Nobuaki; M iyamoto, M ikizo, i nventors; 
Omron Tateisi Electronics Co., Ltd., assignee. Semiconductor 
Photoelectric Device. April 20, 1976. 

A semiconductor photoelectric device of improved photoelectric 
and rect ifying characteristics is provided by fi rst form ing a fi lm  
or s i l icon d ioxide on  a ma in  surface, having a crystal lograph ic 
orientation of (100), of a semiconductor substrate of N-type si l icon 
the f i lm being formed to a thickness less than 25A, for example: 
and then further deposit ing thereon a t in oxide f i lm.  It was found 
that adoption of the abovementioned (100) orientation reduces the 
reverse saturation current and thus the dark current of the device 
�ith the result that the open voltage of the device is accordingly 
mcreased. It was also found that proper choice of specific resistivi
ty of the substrate improves l inearity of the photoelectric 
characteristic. 

3,952,324 
Wolff, George; Brooks, G i lbert R.; Eakins, Thomas C., i nventors; 
Hughes Aircraft Company, assignee. Solar Panel Mounted Block
ing Diode. April 20, 1976. 

An isolation or blocking diode for mounting alongside solar cells 
i n  solar cell panels such as used in  flexible roll-up, rig id flat and 
cyli ndrical arrays, the d iode having the thickness and shape of 
adjacent solar cel ls and function ing to prevent such problems as 
total solar panel fai lure in the event of shorts developing in a single 

. solar cel l  group and a major power loss in case of partial shadow
ing of the panel .  

3,953,876 
Sirt l ,  Erhard; Currin, Cedric G., i nventors; Dow Corn ing Corpora
t ion, assignee. Silicon Solar Cell Array. Apri l 27, 1976. 

Si l ico� semiconductor device array, e.g. solar cell device or array 
of dev1ces; formed from bulk s i l icon deposited in the form of col
umnar crystal l i tes bounded by substantial ly vert ical grain boun
daries. Junctions are formed across crystal l ites and along grain 
boundaries. The grain boundaries are made substantially noncon
ductive 
are prov1ded 

?Y diffusion from one side of the sheet. p+ and n + layers 
as contact areas for electrodes. Deposition of si l icon 

takes place d i rectly from decomposition of s i l icon-contain ing 
vapors onto a non-s i l icon substrate sheet. 

�%��7 . 
Shigemasa, Junichiro, inventor; Sharp Kabushiki Kaisha, assignee. 
Optoelectric Transducer. M ay 1 1 ,  1976. 

A metal layer made of a h igh heat conductivity material such as 
si lver or aluminum is provided at the rear surface of a solar battery 
with the use of vacuum evaporation technology. A thermoelec
tric converter is attached to the metal layer in a manner to con
vert solar energy i nto electric energy by means of not only the 
optoelectric effect but also the thermoelectric effect. The solar 
battery can be maintained at its preferred operative temperature 
by the metal layer and the thermoelectric converter. 

3,956,687 
Lin�enman, Gerald A., inventor; Hughes . Aircraft Company, 
ass1gnee. Staggered Stage Shunt Regulator. May 1 1 ,  1976. 

A regulator which shunts excess current from a solar cell array 
in which zener diodes of different values are used to separate the 
control signal i nto d ivisions. The control s ignal, now divided, is 
used to separate array current into divisions. Each of the divisions 
of current is shunted by a separate power transistor stage, which 
i s  active only over a l imited portion of the enti re current range. 
The advantage of having each of the power stages active only over 
a particu lar range is to reduce the power d issipation in the shunt 
regu lator by a sign ificant amount and thereby al low g reater 
mechanical design flex ib i l ity and lower overal l  weight. 

3,956,765 
Fischer, Horst; Pschunder, Wi l l i ,  i nventors; Licent ia Patent
Verwaltungs-GmbH, assignee. Integrated Semiconductor Arrange
ment. M ay 1 1 ,  1976. 

An i ntegrated semiconductor arrangement comprises a semicon
ductor body having a solar cell and a rect ifyi ng metal
semiconductor contact. The i nvention also includes a method of 
making such an arrangement. 

3,957,537 
Baskett, Arthur Col in ;  R idd le, Peter M ichael ,  i nventors; I m perial 
Chemical Industries Limited, assignee. Modules Comprising 
Photocells. May 18, 1976. 

Modules compris ing photo-cel ls encapsu lated in laminates com
pris ing at least one rig id  member and at least one transparent 
member laminated together by a transparent hot melt adhesive 
such as plasticised polyvinylbutyral or an ethylene copolymer. The 
preferred members are g lass sheets and the preferred ethylene 
copolymer is a terpolymer of ethylene, methyl methacrylate and 
methacrylic acid. I n  a modificat ion of the i nvention the hot melt 
adhesive need not be transparent provided that i n  the laminate 
it merely surrounds the photo-cell and does not cover its l ight
sensitive surface. 

3,958,970 
Auzel, Francois E., i nventor. Method of Casting Fluorescent 
Lenses. May 25, 1976. 

Fluorescent material for the optical frequency conversion of near 
i nfrared rad iation from 0.85 to 1 .06 JAm into visible radiation. The 
constituents of the material are (i) vitrifying fluorides of lead 
bery l l ium, and magnesium, (ii) devitrifying and activating f luorid
of ytterbium and (ii i ) doping fluoride of erbium for a green and 

� 
red response and doping fluoride of thu l ium for a blue response. 
The content o.f ytterbium fluoride controls the form of the material 

: either g lassy ceramic or polycrystal l i ne. Proper preparation con
ditions al low to prepare either a g lass material or a ceramic 
material. 

3,960,620 
Ettenberg, M ichael, i nventor; RCA Corporation, assignee. Method 
of Making A Transmission Mode Semiconductor Photocathode. 
June 1, 1976. 

A f lat substrate body of a single crysta l l i ne semiconductor 
material wh ich is t ransparent to rad iation but which can 
d isassociate when subjected to heat is f irst coated on one sur
face with a coating of a transparent, anti-reflective material which 
wi l l  protect the body from disassociation. One or more layers of 
a single crystal l ine semiconductor material are then epitaxial ly 
deposited on another surface of the body under temperature con
d itions which could cause the d isassociation of the material of 
the body. The last epitaxial layer deposited is of a material which 
i s  capable of generating electrons i n  response to incident radia
tion. A layer of a work function reducing material is then coated 
on the last epitaxial layer. 
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3,961,472 
Riehl ,  Roger W., inventor; Ragen Semiconductor, I nc., assignee. 
Solid State Electronic Timepiece. J une 8, 1976. 

A wristwatch has a p lural i ty of l ight em itting dig ital readout 
elements which are located along one end of the watch above 
the watchband. A hermetical ly sealed t ime capsule is enclosed 
with in the watch case and . inc l udes an i ntegrated c i rcuit ch ip 
which d ivides the frequency output of a batter powered quartz 
crystal osc i l lator into a series of pu lses which are counted and 
selectively i nterrogated to provide a series of electrical outputs 
correspond ing to seconds, m inutes, hours, days, months and 
years. The t ime capsu le inc l udes sealed control switches which 
are actuated by magnets sl idably mounted on the case and which 
provide for selecting d ifferent outputs for visual d isplay on the 
readout elements, corresponding to either hours and minutes, 
month and day or seconds. The electronic circu itry automatical
ly compensates for 28, 30 and 31 day months as wel l  as for leap 
years, and the readout may be selected for repet it ive 12 hour or 
24 hour display. When the 12 hour readout is selected, the AM/PM 
ind icating l ight is  energized when the hours and minutes readout 
is selected. A solar cell is  positioned on the top surface of the 
watch case and functions to control the intensity of the readout 
elements accord ing to the i ntensity of ambient l ight, as wel l  as 
to recharge the batteries. The control switches also provide for 
sett ing the watch by either chang ing the minutes output wh i le 
holding the seconds output at zero, or by chang ing the hours out
put without changing the m inutes, seconds and days outputs, or 
by chang ing the days output without changing the seconds, 
m inutes, hours and months outputs. 

3,961,997 
Chu, Ting L., inventor; The Un ited States of America as represented 
by the Admin istrator of the National Aeronautics and Space Ad
m in istrat ion, assignee. Fabrica tion of Polycrystalline Solar Cells 
on Low-Cost Substrates. J une 8, 1976. 

Low-cost polycrystal l ine s i l icon cells supported on substrates are 
prepared by depositing successive layers of polycrystal l ine si l icon 
contain ing appropriate dopants over support ing substrates of a 
member selected from the group consisting of metal lurgical-grade 
polycrystal l ine s i l icon, graphite and steel coated with a diffusion 
barrier of s i l ica, borosi l icate, phosphosi l icate, or mixtures thereof 
such that p-n junction devices are formed which effectively con
vert solar energy to electrical energy. 

3,961,998 
Scharnhorst, Kurt Peter; B is, Richard F.; D ixon, Jack R. ;  Houston, 
Bland B., J r. ;  Brown, Richard W.; Riedl, Harold R., inventors; The 
Un ited States of America as represented by the Secretary of the 
N avy, assignee. Vacuum Deposition Method for Fabricating an 
Epitaxial PbSnTe Rectifying Metal Semiconductor Contact 
Photodector. June 8, 1976. 

A junction photodetector employing Pb _xSnxTe in narrow f i lm 1stri ps grown epitaxial ly on an appropnate substrate. An ap
propriate metal overlaps the f i lm to form a metal-semiconductor 
contact. 

3,964,155 
Lei nkram, Charles Z.; Oaks, Wi l l iam D. ; E isele, John A.; Faraday, 
Bruce J. ,  inventors; The Un ited States of America as represented 
by the Secretary of the Navy, assignee. Method of Planar Moun
ting of Silicon Solar Cells. June 22, 1976. 

A method of mounting s i l icon solar cel ls in a planar array that 
not only yields electrical insu lation between cel ls but al lows for 
a m u ltifold increase in thermal d issipation of the cel l array, com
prising metal l izing a water of beryl l ium oxide on each side so that 
the outer su rface is copper, etching the wafer on one side so that 
the only metal l ized parts which remian are those on which the 
solar cel ls are to be mounted or wiri ng is to be attached, solder
ing the solar cel ls on the u netched copper prominences, coating 
the a luminum panel on which the cel ls are mounted with a cop
per layer, soldering the underside of the wafer on the upper surface 
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of the aluminum panel with soft solder such as indium, and cover
ing a l l  remain i ng passive surfaces with a teflon F.E.P. tape the 
underside of which carries a layer of s i lver and then a layer of 
i nconel metal. 

· 

3,966,499 
Yasu i ,  Robert K.; Berman, Paul A., i nventors; The Un ited States 
of America as represented by the Admin istrator of the National 
Aeronautics and Space Admin istration, assignee. Solar Cell Grid 
Patterns. J une 29, 1976. 

A grid pattern for a solar cell of the type inc lud ing a semicon
ductive layer doped to a first polarity and a top counter-doped layer. 
The grid pattern comprises a p lural ity of concentric conductive 
grids of selected geometric shapes which are centered about the 
center of the exposed active surface of the counter-doped layer. 
Connected to the grids is one or more conductors which extend 
to the cel l 's periphery. For the pattern area, the grids and conduc
tors are arranged in  the pattern to minimize the maximum distance 
which any injected majority carriers have to travel to reach any 
of the grids or conductors. The pattern has a mu lt iaxes symmetry 
with respect to the cell center to m in im ize the maximum 
temperature d i fferentials between points on the ce l l  surface and 
to provide a more un iform temperature distribution across the cell 
face. 

3,969,163 
Wakefield, Gene Fel ix, i nventor; Texas Instruments Incorporated, 
assignee. Vapor Deposition Method of Forming Low Cost Semicon
ductor Solar Cells Including Reconstitution of the Reacted Gases. 
J u ly 13, 1976. 

The d isclosure relates to a method of upgrad ing metal l u rg ical 
grade s i l icon to semiconductor grade for making low cost s i l icon 
devices and particularly solar cells. This is  accompl ished by pass
ing conductive fibers such as graphite or the l i ke which are com
patible with the later processing steps through an area which is 
cooled below 700°C and which contains s i l icon dif luoride and a 
proper N-type dopant. At these temperatures, the si l icon difluoride 
gas wi l l  break down i nto pure s i l icon which w i l l  deposit onto the 
fiber with the formation of s i l icon tetrafluoride gas which is  then 
recycled into a further chamber. In the further chamber, the 
gaseous s i l i con tetrafl uoride is  m ixed with the impu re 
meta l lurg ical grade s i l icon at temperatu res above 700°C to form 
the s i l icon d ifl uoride gas which is then fed i nto the former 
chamber for deposit ion of pure si l icon onto the continuously 
moving fibers of graphite or the l i ke. A p-type layer can then be 
formed over the n-type layer in any standard manner, such as by 
then passing the coated fibers through a further reaction chamber 
wherein p-type dopant is d iffused into the top surface of the n
type layer that has been formed. The dopants alternatively cou ld 
be added i n  the gas stream of S iF4 or the p-layer formed by ion 
implantation. I n  this way, relatively inexpensive p-n j unction 
devices are formed without the requ i rement of purify ing, cutt ing 
and pol ish ing a s i l icon slice in  the standard manner. 

3,969,746 
Kendall ,  Don Lesl ie; Padovani ,  Francois Antoine; Bean, Kenneth 
Elwood; Matzen, Walter Theodore, inventors; Texas I nstruments 
I ncorporated, assignee. Veritcal Multijunction Solar Cell. Ju ly 13, 
1976. 

Disclosed is a method of fabricating a vertical mu ltij unction cell 
and the solar cell produced thereby, uti l izing an orientation depen
dent etch to selectively provide parallel grooves in monocrystal l ine 
s i l icon body, fol lowed by the i ntroduction of doping impurities of 
the opposite conductivity type from the s i l icon body to provide 
PN junctions. I n  some instances the grooves are f i l led with s i l icon 
of the same conductivity type as the s i l icon body. 



3,971,454 
Waterbury, Nelson J. ,  i nventor. System for Genera ting Electrical 
Energy to Supply Power to Propel Vehicles. July 27, 1976. 

Solar radiant energy and h igh-intensity l ight are converted to elec
trical energy to supply electrical power for propel l ing veh icles i n  
a safe, economical and effic ient manner. 

The radiant energy can be beamed from outer space by the use 
of satell ites with collecting surfaces which can produce and store 
electrical power and which can distribute the electrical power to 
earth stations for red istribution to h igh-intensity l ight sources. 
H igh-intensity l ight-receiving cel ls or panels are fixed to the sur
face of a vehicle to col lect the high- intensity l ight and to convert 
the l ight i nto useful electric power to operate the veh icle. Energy 
can be stored in batteries for subsequent use. 

A vehicle can also be powered by hybrid means including solar 
cells and gas turbines. 

3,971,672 
Lampkin, Curtis M. ,  i nventor; D. H .  Baldwin Company, assignee. 
Light Diffuser for Photovoltaic Cell. Ju ly 27, 1976. 

A photovoltaic system in which strips of active photovoltaic cel ls 
are coated on one side of a sheet of g lass, the g lass being il
luminated by the sun from the other side of the sheet and the 
strips being separated by inactive areas devoted to electrodes, 
in which l ight diffusing areas are provided on said other side of 
the sheet of g lass in superposition of the i nact ive areas in order 
to refract sun l ight which would otherwise fal l  wholly on the inac
tive areas, on large part to the active areas of the cel ls. 

3,972,732 
Hausler, Rudolf H. ,  inventor; UOP Inc., assignee. Electrochemical 
Cell. August 3, 1976. 

An electrochemical cell having a catalytic electrode which com
prises a refractory oxide having a surface area of from 1 to 500 
square meters per g ram and a carbonaceous pyropolymer con
sisting of carbon and hydrogen forming at least a monolayer on 
said refractory oxide, said electrode having a conductivity at room 2 temperature of from 10° to 10 inverse ohm-centimeters. 

3,973,994 
Redfield, David, i nventor; RCA Corporation, assignee. Solar Cell 
with Grooved Surface. August 10, 1976. 

A th in layer of active semiconductor material is on the flat sur
face of a transparent substrate. The opposite surface of the 
substrate is g rooved, and is coated with a layer of reflective 
material. Light that passes through the active semiconductor 
material and is i ncident on the reflective layer is reflected back 
to the active layer at such an angle as to cause the l ight to be 
totally internal ly reflected at the surface of the active layer. The 
angle at which the l ight is reflected back to the active layer i s  
determined by  the  angle of the  surface of  the  grooves. 

3,973,996 
Kennedy, Pau l  B., i nventor; The Boeing Company, assignee. Dif
fusion Welded Solar Cell Array. August 10, 1976. 

A method of mounting and interconnecting solar cells to form a 
solar cell array particularly su ited to space appl ications. In the 
present i nvention, the solar cel ls, which are already si lver plated 
on the underside, are diffusion welded to a suitably p lated 
polymide f i lm substrate. The attachment area and current con
ductor patterns are p rovided in the plating on the substrate and 
electrical connection of the solar cells is accomplished by solder
ing or diffusion weldi ng d i rectly to the plated pattern on the 
substrate. 

3,974,002 
Casey, Horace Craig, J r. ;  Cho, Alfred Yi ;  Pan ish, Morton, B., i nven
tors; Bel l  Telephone Laboratories, Incorporated, assignee. MBE 
Growth: Gettering Contaminants and Fabricating Heterostructure 
Junction Lasers. August 10, 1976. 

In the fabrication of double heterostructure GaAsAI-GaAs junc
tion lasers by molecular beam epitaxy, it has been found tha:t 
su itably anneal ing the entire heterostructure increases the exter
nal quantum efficiency of the laser and reduces the room 
temperature threshold for las ing.  Also described is a technique 
using relatively uncol l imated beams to deposit continuously on 
the i nterior wal ls of the vacuum chamber fresh layers which getter 
deleterious contaminants. I n  addition, pyrolytic boron n itride, 
rather than graphite, effusion cel ls are ut i l ized in order to reduce 
the amount of CO formation in the system.  

3,975,211 
Shi rland, Fred A., i nventor; Westinghouse Electric Corporation, 
assignee. Solar Cells and Method for Making Same. August 17, 
1976. 

Solar cel l  elements are produced in accordance with the present 
invention in which a Cu2S thin fi lm  is epitaxially formed on a CdS 
f i lm by vacuum deposition in a heterojunction form ing relation
sh ip. By a f i rst method a Cu S layer on the order of 11100 m icron 
in thickness is formed on a tds polycrystal l ine th in  f i lm by d ipp
ing in a solution of cuprous ions. The CdS f i lm itse lf  is less than 
5 m icrons thick and rests on a conductive substrate. After the d ip
p ing step the Cu2S f i lm is increased to a thickness on the order 
of 1110 micron by vapor evaporation of an additional amount of 
Cu2S. By. a second method both the CdS and Cu2S are entirely 
vapor deposited on a substrate to achieve approximately the same 
f inal structure as the f i rst method . . 

3,975,555 
Ladany, Ivan; Limm, Albert Chang; O'Brien, James Thomas, inven
tors; RCA Corporation, assignee. Method of Making Electrical Con
tacts Having a Low Optical Absorption. August 17, 1976. 

An electrical contact having low electrical resistance and low op
tical absorption is fabricated on a semiconductor electrolumines
cent article of 1 1 1-V semiconductor material having a P-type region 
and an N-type region contiguous to each other, with a P-N junc
tion therebetween. In the method of form ing the contact, Zn i s  
diffused into a surface of the  P-type region opposite the  PN jun
tion. Then, a layer of gold is evaporated onto the Zn d i ffused 
surface wh i le  the device is at a temperatu re of approximately 
400°C. 

3,975,632 
Glass, Alasta i r  Malcolm; Von Der Linde, Dietrich, i nventors; Bel l 
Telephone Laboratories, Incorporated, ass ignee. Photovoltaic 
Generation and Device. August 17, 1 976. 

Photqvoltaic generation of voltages well above the bandgap results 
upon abs9rption of rad iation by a d ipolar dopant within a 
transparent polarized pyroelectric body. Generation is by a charge 
transfer mechanism in accordance with which electrons are 
t ransferred from excited absorbing species. A photovoltage of 

2g reater than a thousand volts has been observed in Fe + -doped 
LiNb03. 

3,976,508 
M lavsky, Abraham 1., inventor; Mobi l  Tyco Solar Energy Corpora
t ion, assignee. Tubular Solar Cell Devices. August 24, 1976. 

Tubular solar cel ls are provided which can be coupled together 
in series and parallel arrays to form an integrated structure. Solar 
energy concentrators are combined with the solar cells to max
im ize their power output. The solar cel ls may be cooled by c i r
culat ing a heat exchange fluid through the i nerior of the solar cells 
and the heat captured by such f lu id may be ut i l ized, for example, 
to provide hot water for a heat ing system. The coolant circulating 
system of the solar cel ls also may be i ntegrated with a solar 
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thermal device so as to form a two-stage heating system, whereby 
the coolant is preheated as it cools the solar cel ls  and then is 
heated further by the solar the.rmal device. 

3,977,904 
Kohler, Franz, inventor; Messerschmitt-Bolkow-Biohm GmbH, 
assignee. Semi-Conductor Battery. August 31 ,  1976. 

The battery is of the type including a p lu ral ity of laminar semi
conductor bodies arranged on a dielectric support in parallel rela
tion to each other and each comprising respectively layers of two 
different but oppositely conducting semi-conductor material form
ing a photovoltaic j unction, with the layer adjacent the support 
being of the same conducting type i n  a l l  of the semi-conductor 
bodies, and including contact strips electrical ly interconnecting 
oppositely conducting layers of adjacent semi-conductor bodies 
and extending throughout th'e length thereof. The support has one 
su rface thereof formed with a p lural ity of V-shape notches exten
ding paral le l  to each other and separated by lands, and the semi
conductor bodies are appl ied d i rectly to the lands. The contact 
strips extend in the notches between two adjacent lands and are, 
along the edge of one land, i n  electrical contact with the i nner 
layer of the respective semi-conductor body on the one land and 
which is  d i rectly adjacent the support. Along the other edge, each 
contact strip is in electrical contact with the outer layer of the 
respective semiconductor body on the other land and which is 
remote from the support. The support is preferably flexible and 
the opposite surface of the support is divided into i ndividual, j ux
taposed cyl indrical segments with each land being associated 
with a s ing le respective segment. The outer layer of each semi
conductor body is covered with a layer of contact material elec
trically connected to that contact strip which is electrically 
connected to the outer layer, and the notched surface is covered 
with an electrical ly insu lati ng protective layer which preferably 
is elastic. 

3,977,905 
Revesz, Akos G.; Lindmayer, Joseph, inventors; Communications 
Satel l ite Corporation, assignee. Solar Cell with Niobium Pentox
ide Anti-Reflective Coa ting. August 31 ,  1976. 

A n iob ium pentoxide (Nb 0 ) anti-reflective coating for use on a2 5
solar cel l  responsive to l ight i n  the short wavelength reg ion. 

3,977,934 
Lesk, Arnold, i nventor; Motorola, I nc., assignee. Silicon Manufac
ture. August 31 ,  1976. 

A method of producing monocrystal l ine semiconductor material 
in web form from a source of polycrystal l i ne semiconductor 
material .  The source material is heated to form a molten zone on 
the end thereof, which is contacted by a thermal profile shaping 
member formed from the same type of semiconductor material 
as the semiconductor material to be produced. A monocrystal l ine 
seed crystal of the shape of the web des i red then contacts the 
molten end of the source material near the shaping member and 
is withdrawn therefrom as monocrystal l i ne  semiconductor 
material forms on the end thereof. 

3,978,333 
Crisman, Everett; Armitage, Wi l l iam F., J r. , i nventors. Photovoltaic 
Device Having Polycrystalline Base. August 31, 1976. 

A photovoltaic device comprising a polycrystal l i ne base having 
an electrical ly conductive g rid affixed to the su rface of the device 
to which i l l um ination is to be appl ied, said g rid effecting a recti
fying junction with the base and at the same time functioning as 
a current carrying contact, said grid  being arranged so that 
substantially all of the individual crystall ites are contacted at least 
once thereby, wh i le at the same t ime maintain ing the coverage 
of the base by said g rid to a m in imum. 

3,978,510 
Kasper, Horst Manfred; M ig l iorato, Piero; Shay, Joseph Leo; 
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Wagner, S igurd, i nventors; Bell Telephone Laboratories, I ncor
porated, assignee. Heterojunction Photovoltaic Devices Employ
ing 1-11/-VI Compounds. August 31, 1976. 

Photovoltaic devices are constructed from a principal body of 
copper ind ium selenide (Cu lnSe2) u pon wh ich is deposited a 
hetero-epitaxial layer of a h igh bandgap semiconductor, such as 
an n-type layer of cadmium su lfide (CdS). When made with a h igh
resistance intermediate region, the device is  a photovoltaic detec
tor for modulated radiation and has a response time as low as 
5 nsec for a reverse bias of approximaely two to th ree volts. When 
made without a h igh-resistance intermediate region (e.g., an abrupt 
p-n heterojunction) the device is a useful solar cell. In these forms 
of the device, absolute photovoltaic detector for modulated radia
tion and has a response t ime as low as 5 nsec for a reverse bias 
of approximaely two to three volts. When made without a high
resistance intermediate reg ion (e.g., an abrupt p-n heterojunction) 
the device is a useful solar cel l .  In these forms of the device, ab
solute photovoltaic quantum efficiencies up to 70 percent have 
been observed. The quantum efficiency of the solar cel l  type of 
device is reasonably flat between 0.55 and 1 .25 tJ.m. With forward 
bias, the device is a l ight-emitting diode with external elec
t ro l u m i nescent q u antum eff ic iency of 1 x 1 0·4 at room
temperature and 1 X 2 10" at  77° K, l iqu id n itrogen temperature.

3,979,656 
Takeda, Shuji ;  Otake, Tsutomu, inventors; Kabushiki Kaisha Suwa 
Seikosha, assignee. Battery Charging Circuit. September 7, 1976. 

A battery charg ing circuit for effecting efficient charg ing of a bat
tery by a solar energy source is provided. A voltage detecting c i r
cuit is coupled i n  paral lel with a battery for detecting each state 
of charge of same, the detecting c i rcu it inc lud ing a constant 
voltage element. Transistor by-pass circu itry incl udes f irst and 
second current path electrodes connected in paral le l  with the 
battery. The transistor by-pass c i rcu itry- further incl udes a th i rd 
control electrode coupled to the detecting c i rcuit, and in response 
to the state of charg ing of the battery detected thereby, respec
tively effects one of an increase and decrease in the current car
ried by said current path electrodes. 

3,980,915 
Chapman, Richard A.; Johnson, M i le R.; Morris, Henry B.; i nven
tors; Texas I nstruments I n corporated, ass i g nee. Metal
Semiconductor Diode Infrared Detector Having Semi-Transparent 
Electrode. September 14, 1976. 

This disclosu re is  di rected to a photovoltaic detector having 
specific response to the infrared range, wherein the detector com
prises a metal-semiconductor diode having a semi-transparent 
electrode and disposed on a specially prepared substrate of a nar
row band gap semiconductor material or on an epitaxial layer or 
evaporated f i lm of such material provided on a substrate. In a 
specific example, the narrow band gap semiconductor material 
of the substrate is specially prepared (Pb,Sn)Te or an epitaxial layer 
or evaporated f i lm of (Pb,Sn)Te on a (Pb,Sn)Te substrate. The 
detected radiation is transmitted through the semitransparent 
electrode on top of the photovoltaic detector. 

3,982,260 
Wald, Fritz, inventor; Mobi l  Tyco Solar Energy Corporation, 
assignee. Light Sensitive Electronic Devices. September 21, 1976. 

The i nvention provides l ight sensitive electronic devices wherein 
cadmium tel l u ride f i lms are supported on i ron substrates. 

3,982,265 
Johnston, Wilbur Dexter, J r., inventor; Bell Telephone Laboratories, 
I ncorporated, assignee. Devices Containing Aluminum-V Semicon
ductor and Method for Making. September 21 ,  1976. 

A high efficiency solar cell having n-type aluminum arsenide grown 
on a p-type gal l i um arsenide substrate and protected by a layer 
of anodic oxide. The aluminum arsenide is deposited by vapor 



phase epitaxy by reacting h igh pu rity arsine, hydrogen ch loride 
and a luminum at approximately 1000° C in an al l-al umina reac
tor tube system. The a luminum arsenide layer is protected from 
deteriorat ion by fi rst anodizing it in pure water and phosphoric 
acid at pH 2.0 with a current density of 2·8 mi l l iamperes per square 
centimeter at room temperatu re. Second, the anodic oxide so 
formed is annealed at about 450°C for at least twenty m inutes 
in dry nitrogen. The oxide layer also acts as an antirefl@ctive 
coating. A portion of the oxide layer is etched away to expose a 
region of the a luminum arsen ide to which an electrical contact 
is applied. The other contact is made to the substrate. 

3,982,963 
M ahoney, Edmund J. ;  Natanson, Pau l  S., i nventors; Solar Power 
Corporation, assignee. Solar Battery Maintainer. September 28, 
1976. 

A device for converting sun l ight i nto electrical energy which can 
be used to maintain a charge in a battery includes at least one 
translucent panel having a p lural ity of ind ividual electrically con
nected solar cel ls mounted therein .  The translucent panel is  
mounted in  a frame which can support the panel on a mounting 
surface. This frame includes a peripheral support wal l  and a panel 
support surface extending therebetween. The peripheral support 
wall has an u pper edge and the support surface is located at a 
level below the u pper edge of the peripheral wal l  thereby to sup
port the panel within the confi nes of the wal l .  

3,982,964 
Lindmayer, Joseph; Al l ison, James Frederick, i nventors; Com
munications Satel l ite Corporation, assignee. Dotted Contact Fine 
Geometry Solar Cell. September 28, 1976. 

An improvement in a f ine geometry solar cell having a top sur
face contact compris ing substantial ly more and finer metal l ic 
f ingers spaced close together for col lecti ng photo current is  
d isclosed. The improvement comprises a reduction i n  the ohmic 
contact area of the fine meta l l ic fingers with the l ight-i ncident 
su rface of the solar cell. The improved solar cell is constructed 
by etching a fine l ine pattern i nto the anti-reflective coating of 
the solar cell and then deposit ing a fine l i ne electrode onto the 
surface of the solar cell but oriented perpendicular to the etched 
fine l i ne pattern in the anti-reflective coating. Due to the 90° rota
t ion between the etched fine l i ne pattern in the ant i-reflective 
coating and the fine l i ne electrode, only point contacts are made 
between the fine l ine electrode and the exposed l ight-incident sur
face of the solar cel l .  

3,984,256 
Fletcher, James C., i nventor. Photovoltaic Cell Array. October 5, 
1976. 

A photovoltaic cell array consisting of parallel columns of s i l icon 
f i laments, each being doped to produce an i nner reg ion of one 
polarity type and an outer reg ion of an opposite polarity type to 
thereby form a continuous radial semi-conductor junction. Spaced 
rows of electrical contacts alternately connect to the inner and 
outer regions to provide a p lural ity of electrical outputs which may 
be combined in paral lel or in series. 

3,985,579 
Rahi l ly, Wi l l iam P. , i nventor; The Un ited States of America as 
represented by the Secretary of the Air  Force, assignee. Rib and 
Channel Vertical Multijunction Solar Cell. October 12, 1976. 

A vertical mu lt i junction solar cell fabricated with the junction 
channels perpendicular to a ribbed electrical grid structure pro
vides an improved vertical m u ltij unction solar cell having i n
creased mechanical strength and decreased electrical resistance. 

3,988,166 
Beam, Benjam in  H. ,  i nventor; Beam Engineering, I nc., assignee. 
Apparatus for Enhancing the Output of Photovoltaic Solar Cells. 
October 26, 1976. 

An array of photovoltaic cel ls and a parabol ic concentrator for 
concentrating solar energy onto the cel ls. A watertight cham ber 
including a solar energy pervious window adjacent the focus of 
the parabolic concentrator. The solar cell array is disposed within 
the chamber i n  al ignment with the window. A quantity of water 
is d isposed in the chamber, the quantity being suffic ient to ab
sorb heat energy so as to l im it the temperature rise of the soiar 
cel l  array during  periods of solar energy impingement thereon. 
The watertight chamber has sufficient external surface area that 
the heat energy stored therein is transferred away during non-solar 
energy producing periods of the d i urnal cycle. 

3,988,167 
Kressel ,  Henry; Dalal, Vikram L., inventors; RCA Corporat ion, 
assignee. Solar Cell Device Having Improved Efficiency. October 
26, 1976. 

A body of semiconductor material in a solar cell device has a 
means for col lecting electron-hole pairs with an i ncident surface 
through which solar radiation enters; The col lecting means can 
be a P-N junction between two reg ions of opposite conductivity 
of the semiconductor body, or a partial ly transparent metal l ic fi lm  
on  the  semiconductor body provid ing a metal to  semiconductor 
material surface barrier rect ifying j unction. On a surface opposite 
the incident su rface of the col lecti ng means is a non-continuous 
oxide layer. The oxide layer is non-cont inuous because of open
ings extending through the oxide layer to the opposite surface. 
The open ings are d istributed across the opposite surface. In the 
openings at the opposite surface and on the oxide layer is  a reflec
t ing contact which functions both as an electrical contact and 
as a reflector to solar rad iation in  the semiconductor body. 

3,988,172 
Bachmann, Klaus Ju rgen; Buehler, Ernest; Shay, Joseph Leo; 
Wagner, Sigurd, inventors; Bel l  Telephone Laboratories, Incor
porated, assignee. Annealing Solar Cells of lnP!CdS. October 26, 
1976. 

Solar cel ls showing improved efficiency, amounting to about 14 
percent for overal l  solar power conversion, are obtained by an
neal ing l nPICdS solar cel ls , in a s l ightly reducing atmosphere for 
about 15 minutes in a temperature range preferably from about 
550°C to about 600°C. In an anneal ing temperature range from 
400°C to 625°C an i nversely dependent adjustment of anneal ing 
time is found desi rable. The atmosphere preferably comprises 
main ly a substantia l ly i nert component and typical ly comprises 
an H2 + N2 m ixture, such as form ing gas (15% H2 + 85% N2). 

3,989,541 
Brandhorst, Henry W., J r. ,  inventor; The Un ited States of America 
as represented by the Admin istrator of the National Aeronautics 
and Space Admin istration, assignee. Solar Cell Assembly. 
November 2, 1976. 

An improved solar cel l  assembly is provided for use under h igh  
i ntensity i l l um ination condit ions where heat is  a problem. 

The solar cell assembly inc ludes a solar cell having an overlay 
of a semi-transparent coat ing of a metal, such as alum inum or 
s i lver, which covers the entire surface thereof. The purpose of the 
coating is to lower the amount of i ncident radiation on the cel l  
and thereby lower cell temperatu re. The use of the semi
transparent coating over the entire cell surface un iform ly l im its 
i ncident rad iat ion and hence reduces cell heat without any 
temperature gradients. The coating also lowers series cel l 
resistance. The coating may be d i rectly deposited on the cel l  sur
face or on the u ndersurface of a cover plate bonded to the cel l .  
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3,990,097 
Lindmayer, J oseph, i nventor; Solarex Corporation, assignee. 
Silicon Solar Energy Cell Having Improved Back Contact and 
Method Forming Same. November 2, 1976. 

A s i l icon solar energy cell having a diffusant junction extending 
i nwardly from one surface, an a luminum-si l icon junction of the 
opposite polarity extending i nwardly from the other su rface, and 
a f i lm of a luminum-oxygen-diffusant formed over the aluminum
s i l icon junction. The structure is formed by diffusing an un
protected wafer, coating the diffusant glass so formed on one side 
of the wafer with a luminum,  and heat ing the wafer. 

3,990,100 
Mamine, Takayoshi; Matsushita, Takeshi ,  i nventors; Sony Corpora
tion, assignee. Semiconductor Device Having an Antireflective 
Coating. November 2, 1976. 

A polycrystal l ine s i l icon layer provides an antireflective coating 
on a semiconductor surface of a photosensitive detector, the 
polycrystal l i ne s i l icon layer containing from 25 to 45 atomic per
cent of oxygen and having a refractive i ndex i ntermediate that of 
the semiconductor crystal and the exterior environment. 

3,990,101 
Ettenberg, Michael ;  Kresse!, Henry, i nventors; RCA Corporation, 
assignee. Solar Cell Device Having Two Heterojunctions. 
November 2, 1976. 

A body of semiconductor material of a solar cell device has a sur
face, a portion of which is exposed to incident solar radiation, 
and a su rface opposite the i ncident surface. At the i ncid.ent sur
face and in the body is a f irst region having a bandgap energy 
greater than 2.1 eV and thus is substant ial ly transparent to solar 
radiation. Spaced from the first region and at the opposite sur
face is a second reg ion which is of a material having a bandgap 
energy in the range of 1.5 eV to 1.9 eV. Between and in contact 
with both f irst and second reg ions is a th i rd region of a material 
having a bandgap energy less than either the fi rst or second 
regions. The third region is the most active region of the device,and 
the second region is substantial ly transparent to solar rad iation 
not absorbed by the th i rd region. The junction between the third 
reg ion and each of the f irst and second reg ions are heterojunc
tions. On the opposite surface of the body is an electrode capable 
of reflecting back into the body of the device solar radiation pass
ing through the second reg ion which was not absorbed by the 
active reg ion. 

3,990,914 
Weinstein, Harold; Lee, Ray H., inventors; Sensor Technology, Inc., 
assignee. Tubular Solar Cell. November 9, 1976. 

H igh efficiency, low cost solar energy conversion is faci l itated by 
using tubular photovoltaic solar cells situated at the focus of a 
l ine-generated paraboloidal reflector. Advantageously, each solar 
cel l comprise� a pair of concentric g lass tubes that are hermetical
ly sealed at the ends. A photovoltaic j unction is formed over the 
entire i nside surface of one of the concentric tubes. For exam
ple, this may comprise an i nner electrically conductive f i lm, 
contiguous layers of Cu2S and CdS forming a heterojunction, and 
an outer f i lm of optically transparent but electrically conductive 
material. The conductive f i lms provide electrical connection to 
the junction via external contacts that are symmetrically disposed 
at tne ends of the tubu lar cel l .  In other embodiments the 
photovoltaic j unction is formed in  a crystal l ine s i l icon layer that 
is g rown in situ on one of the glass tubes. Techniques for pro
moting oriented semiconductor crystal l i ne growth are disclosed. 
These inc lude provid ing minute crysta l l ine islands in a metal 
matrix to serve as growth centers, surface alignment using a wavy 
layer deposited at an acute angle onto the g lass substrate,sur
face seed ing and normal ization growth atop a f lu id- l ike th in f i lm 
deposition substrate. 
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3,991,741 
Northrup, Leonard L., J r. ;  O'Nei l l ,  Mark J . ,  inventors. Roof-Lens 
Solar Collector. November 16, 1976. 

An array of l inear lenses is used as a combination roof-skyl ight
solar collector. The lenses are oriented at a given latitude to face 
the most remote of the earth's poles incl ined by the local latitude 
ang le. Moving absorbers are used to receive the sun l ight at the 
focal spot of each lens. The absorbers move back and forth during 
the day as the sun's position changes, causing the focal spots 
to move. 

3,992,233 
Fa'rrow, Robin  Frederick Charles, inventor; The Secretary of State 
for Defence in Her Britannic Majesty's Government of the Un ited 
Kingdom of Great Britain and Northern I reland, assignee. Surface 
Treatment of 111-V Compound Crystals. November 16, 1976. 

Group 1 1 1-V compound substrates are heat cleaned under vacuum 
conditions by heating above their congruent temperature and sub
ject ing the substrate to at least one molecular beam of the 
material preferentially evaporating from the substrate thereby 
maintaining su rface stoichiometry. Surfaces so cleaned may then 
have an epitaxial layer g rown thereon under s imi lar conditions 
from molecular beams. Alternatively the cleaned su rface may be 
coated with ces ium and oxygen to form a photocathode. 

3,993,505 
Pack, George J., Sr., i nventor; Hughes Aircraft Company, assignee. 
lnterconnector for Components such as Solar Cells or the Like. 
November 23, 1976. 

A thin conductive sheet having elongated openings extending i n
ward from the edges to define a connecting arm extend ing from 
one end of one connecting surface to the diagonally opposite end 
of a second connecting surface. In one embodiment, the connec
t ing arm extends d i rectly from one corner to the d iagonally op
posite corner. In a second embod iment, the connecting arm 
changes direction to define a generally Z-shaped, reverse diagonal 
connecting path. Ties are provided across the elongated open
i ngs to hold the interconnector together during assembly, but 
which later break to permit the elongated openings to open u p  
t o  define the connecting arm. One o r  more sl its may be p rovided 
in the connecting arm to reduce buckl ing out of piane. The inter
connector may be chrome plated in the central area to keep solder 
from flowing i nto the elongated openings and s l its. To min im ize 
the stress transition from the plated to the unplated portion, the 
plati ng terminates i n  a sine-wave-l ike wavy l i ne which is 180° out 
of phase with the corresponding wavy l i ne on the reverse side. 

3,993,506 
Moon, Ronald L., i nventor; Varian Associates, assignee. 
Photovoltaic Cell , Employing Lattice Matched Qua ternary 
Passiva ting Layer. November 23, 1976. 

A photovoltaic cell has an active portion comprising at least one 
active layer of a I I lA-VA compound having a p-n junction adjacent 
an u pper su rface thereof and an overlyi ng epitaxial ly grown 
passivating layer of the quaternary alloy AIGaAsP. The passivating 
layer has a substant ial ly h igher bandgap than the active layer so 
that it is transparent to photons to which the active layer is sen
sit ive. The lattice constant of this passivat ing layer can be made 
the same as that of the active layer, thereby to improve efficien
cy and device performance by reducing surface recombinations 
of generated carriers, such that a greater percentage of generated 
carriers wi l l  reach the p-n j unction and provide useful output elec
trical energy. The active portion comprises a GaAs layer covered 
by an AIGaAsP passivating layer, and the AIGaAsP passivating 
layer can be lattice matched to the GaAs layer. 



3,993,533 
M i lnes, Arthur G. ;  Feucht, Donald L., inventors; Carneg ie-Mel lon 
University, assignee. Method for Making Semiconductors for Solar 
Cells. November 23, 1976. 

The i nvention relates to a method for producing a desired th in  
semiconductor f i lm for  use i n  solar cells. The desired semicon
ductor is grown epitaxially on a second semiconductor film which 
may be epitaxial on a th i rd semiconductor. The second semicon
ductor has a lower melting point than the desired semiconduc
tor. The temperature of the second semiconductor is i ncreased. 
This creates a molten state in the second semiconductor and the 
desired semiconductor is stripped away from the second semicon
ductor. The desired film may be detached by dissolving the second 
semiconductor with a chemical agent that d issolves the second 
semiconductor. 

3,994,012 
Warner, Raymond M. ,  J r., i nventor; The Regents of the University 
of M innesota, assignee. Photovoltaic Semi-Conductor Devices. 
November 23, 1976. 

Apparatus and method for constructing by means of standard 
h igh-yield microelectronic batch fabricat ion processes, reliable, 
monolithic high-voltage photovoltaic cel ls and h igh ly efficient 
photovoltaic arrays therewith. A th in layer of sing le-crystal l i ne 
semiconductor material containing a plural ity of sublayers defin
ing one or more active j unctions in planes paral lel to an upper 
i rradiated surface thereof, overl ies a supportive insulating 
substrate body. Widely spaced pairs of elongate heavily doped 
zones of opposite conductivity types produced by two short dif
fusion steps extend into the th in layer, defining photovoltaic cells 
therebetween and providing low-impedance conductive paths for 
photovoltaic carriers generated in the th in  layer to the upper i r
radiated surface. By overlapping opposite-conductivity pairs of 
the heavi ly doped elongate zones, s imu ltaneous dielectric isola
t ion and series connection of adjacent cells is achieved. The 
elongate zones of individual cel ls can be interdigitated to decrease 
parasitic series resistance of the cel ls. A dielectric barrier i nter
posed between adjacent cells can also be used to isolate the cells 
from one another. Means for creating an i nversion layer at the 
i rradiated surface, reflective means for causing mult iple passes 
of received solar energy through the photovoltaic devices and use 
of an underlying junction formed by heavily and l ightly doped 
reg ions of the same conductivity type can read i ly be employed 
to further i ncrease cell efficiency. 

3,996,067 
Broder, Jacob D., i nventor; The United States of America as 
represented by the Administrator of the National Aero.nautics and 
Space Admin istration, assignee. Silicon Nitride Coated, Plastic 
Covered Solar Cell. December 7, 1976. 

A non-oxide anti-reflective coat ing is used with a transparent 
plastic cover of fluorinated ethylene propylene copolymer on a 
s i l icon solar cell to increase the resistance to damage caused 
by electron bombardment. 

3,998,659 
Wakefield, Gene Felix, i nventor; Texas I nstruments I ncorporated, 
assignee. Solar Cell with Semiconductor Particles and Method 
of Fabrication. December 21 ,  1976. 

Generally spherical shaped semiconductor partic les comprising 
an inner core of one conductivity type and a th in peripheral layer 
of opposite conductivity type are produced in a fluidized bed reac
tor. S i l icon particles introduced into the reactor are bui lt up to 
a desired nominal d iameter by vapor deposition from a si l icon and 
dopant contain ing atmosphere i ntroduced into the reactor; by 
changing the dopant constituent, the outer peripheral layer is then 
deposited. One use of such particles is in fabrication of a solar 
cell, wherein an array of the particles is located on an i nsulat ing 
sheet and overlying conductive layers, i nsulated from each other, 
make contact respectively with the peripheral layers and with 
areas of the core regions, exposed by etching. The particles also 

may be used to fabricate semiconductor devices, e.g., by use of 
orientation dependent etches to define flat su rfaces on the par
t icles para l lel to specific crystallographic planes. Use of other 
semiconductor materials, e.g., german ium and cadmium sulfide 
also is described. 

3,999,283 
Dean, Raymond H. ;  Napol i ,  Lou is S.; Liu, Sh ing-Gong, i nventors; 
RCA Corporation, assignee. Method of Fabricating a Photovoltaic 
Device. December 28, 1976. 

Solar radiation is concentrated on a solar cell of a photovoltaic 
device in the range of 500 to 1600 suns. The photovoltaic device 
includes a plural ity of solar cel ls on a flat surface of a heat sink, 
and means for concentrat ing solar radiation on the solar cel ls. 
The solar cells have a surface on which the solar l ight is i ncident. 
This h igh concentration of solar energy on the solar cel l  wi l l  in
crease the solar cell operating temperature. The d imensions of 
the solar cells and the center to center spacing between solar 
cells is such that good thermal dissipat ion is maintained i n  the 
photovoltaic device. 

4,000,505 
Epstein,  Arnold S.; Share, Stewart, i nventors; The Un ited States 
of America as represented by the Secretary of the Army, assignee. 
Thin Oxide MOS Solar Cells. December 28, 1976. 

A semiconductor device comprising a f i rst layer of semiconduc
tor material havng a bulk region of p-type conductivity and an 
i nversion surface of n-type conductivity which forms a p-n junc
tion with said bu lk  region, a covering layer on said inversion sur
face of oxides of s i l icon in a thickness of about 20-50 angstroms, 
and metal l ic contacts placed over said oxide layer. 

1977 
Des. 245,330 
SaUes, Yvon, i nventor; U.S. Ph i l ips Corporation, assignee. Solar 
Cell Panel. August 9, 1977. 

The ornamental design  for a solar cell panel, as shown. 

4,001,863 
Kobayashi ,  Yosh inori; Shibata, Yoshitaka; Hasegawa, Akira; lwat
suki ,  Yoshiharu, i nventors; M inolta Camera Kabushiki Kaisha, 
assignee. Resin-Sealed Type Semiconductor Device. January 4, 
1977. 

A semiconductor device h igh ly resistant to the normal ambient 
atmosphere i ncludes a semiconductor element such as a 
photoconductor element which is fu l ly covered by an adherent 
layer of a transparent epoxy resin which in turn is coated by a 
th in layer or f i lm of a transparent chlorinated polypropylene or 
vinylidene chloride resin. Conductor leads extend from electrodes 
on the semiconductor element and pass through and are 
hermetically sealed to the resi n  layers. 

4,001,864 
Gibbons, James F., i nventor. Semiconductor P-N Junction Solar 
Cell and Method of Manufacture. January 4, 1977. 

There is described efficient semiconductor p-n junction solar cells 
which can be made from defect-rich semiconductor material. The 
solar cel ls i nclude an extended electric field surrounding the p-n 
junction for extracti ng the photo-generated carriers in the 
presence of defects which would otherwise reduce the efficien
cy of the cell. There is also described a method of fabricating ef
ficient semiconductor p-n j unction solar cel ls. 
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4,002,031 
Bel l ,  Ronald L., inventor; Varian Associates, I nc., assignee. Solar 
Energy Converter with Waste Heat Engine. January 1 1 ,  1977. 

A solar energy converter uses gal l i um arsenide photovoltaic cells 
to convert l ight to direct cu rrent. Optical concentrators reduce the 
needed area of cel ls. Gal l u im  arsenide retains h igh conversion 
efficiency up to several hundred degrees, so the waste heat may 
be used to produce mechanical power in a Rankine cycle engine. 

4,002,499 
Winston, Roland, inventor; The Un ited States of America as 
represented by the Un ited �Hates Energy Research and Develop
ment Administration, assignee. Radiant Energy Collector. January 
1 1 ,  1977. 

An electromagnetic energy collection device is provided which 
does not requ i re a solar tracking capabi l i ty. It includes an energy 
receiver positioned between two side wal ls which reflect substan
t ial ly all incident energy received over a predetermined included 
angle d i rectly onto the energy receiver. 

4,003,756 
Abrams, Eugene, inventor; Solar Dynamics Corporat ion, assignee. 
Device for Converting Sunlight into Electricity. January 18, 1977. 

An arrangement pract ical by its efficiency and cost of materials, 
for converting sun l ight into electricity using si l icon solar cel ls. 
The cells are d isposed in facing relation such that sunl ight in con
centrated form, as provided by a cooperat ing sunl ight-gathering 
lens, imp inges thereon and also is inter-reflected between the 
cel l s, so that the electrical output is s ign ificantly enhanced. 

4,003,770 
Janowiecki, Richard J. ;  Wi l lson, M ichael C.; Harris, Douglas H . ,  
i nventors; Monsanto Research Corporation, assignee. Plasma 
Spraying Process for Preparing Polycrystalline Solar Cells. January 
18, 1977. 

Polycrystal l ine si l icon films useful in preparing solar cells primar
i ly for terrestrial appl ication are prepared by a plasma spraying 
process. A doped si l icon powder is i njected i nto a high 
temperature ion ized gas (plasma) to become molten and to be 
sprayed onto a low-cost substrate. Upon coo l ing ,  a dense 
polycrysta l l ine s i l icon f i lm is  obtained. A p-n junction is  formed 
on the sprayed f i lm by spray deposit ion, d iffusion or ion implan
tation. A sprayed junction is  produced by plasma spraying a th in 
layer of s i l icon of opposite polarity or type over the in it ial ly 
deposited doped f i lm. I n  form ing a diffused junction, dopant is 
appl ied over the surface of the i n it ial p lasma-sprayed f i lm usu
al ly from the vapor phase and heat is used to cause the dopant 
to diffuse i nto the f i lm to form a shal low layer of opposite polar
ity to that in the original f i lm. A junction is also formed by im
planting dopant ions in the su rface of the orig inal ly deposited 
f i lm by the use of electrical fields. When used in  conjunction with 
ohmic contacts and electrical conductors, the p-n j unctions pro
duced using plasma-sprayed polycrystal l i ne s i l icon fi lms are 
formed into solar cells which are useful for directly converting 
sun l ight i nto e lectricity by means of the photovoltaic effect. 

4,004,342 
Park, Yoon Soo; Yu, Ph i l  Won, inventors; The Un ited States of 
America as represented by the Secretary of the Air Force, assignee. 
Fabrication of Jon Implanted P-N Junction Devices. January 25, 
1977. 

Light emitters and photovoltaic detectors are fabricated by ion 
implantation of cadmium,  zinc, bromine or chlorine ions into a 
p-type CulnSe2 substrate so as to form a p-n semiconductor 
junction. 

4,004,949 
Lesk, Israel Arnold, inventor; Motorola, Inc. , assignee. Method of 
Making Silicon Solar Cells. January 25, 1977. 
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Solar cel ls having/rounded edges are provided by ion implanta
tion of a semiconductor body having rounded edges. I nd ividual 
cel ls can be fabricated or a cont inuous ribbon of semiconductor 
material, the ribbon having rounded edges, can be subjected to 
ion implantation at its surfaces and scribed to provide discrete 
cel ls. 

4,005,468 
Tanimura, Shigeru; M iu ra, Nobuaki; M iyamoto, M ikizo, inventors; 
Omron Tateis i  E lectronics Co., ass ignee. Semiconductor 
Photoelectric Device with Plural Tin Oxide Heterojunctions and 
Common Electrical Connection. January 25, 1977. 

A semiconductor photoelectric device of improved photoelectric 
and rect ifying characteristics is provided by f i rst forming a f i lm 
of electrically insu lating material such as s i l i con dioxide of a 
substantial th ickness on a main surface of a semiconductor 
substrate so as to have a p lural ity of portions of said main sur
face exposed through a corresponding p lural ity of square or rec
tangle open ings laid out at right ang les, said open ings being 
defined by said insulat ing material fi lm, deposit ing a t in oxide 
f i lm on the open areas of the semiconductor substrate, removing 
a portion of said t in oxide f i lm just overlying the said insulating 
f i lm for separat ing the respective barrier reg ions formed between 
the t in oxide f i lm and the substrate, and providing a metal layer 
on said insulating f i lm for connecting the end portion of the t in 
oxide f i lm of the adjacent barrier reg ions. The resultant photoelec
tric device, even if a total l ight receiving area is increased, shows 
an improved photoelectric characteristic at low and h igh 
i l l um ination. 

4,006,583 
Vu i l leum ier, Raymond, inventor; Centre Electronique Horloger S. 
A., assignee. Electronic Display Device for Timepiece and the Like. 
february 8, 1977. 

Disclosed is a l ight emitting diode display system powered by am
bient l ight. This sol id state electron ic display device comprises 
an ambient i rradiated photovoltaic battery energizing through an 
electronic adapter circuit l ight emitting diodes selectively chosen 
to display the desired information. The adapter circuit transforms 
the electrical power continuously suppl ied by the photovoltaic bat
tery i nto energy pu lses which are period ical ly appl ied to the 
display. I n  add ition, the adapter circuit automatical ly adjusts the 
display brightness i n  accordance with the ambient i l l um inat ion 
level. At low and zero l ight levels, the electronic display device 
maintains a visible display by derivi ng power from a secondary 
energy source. 

4,009,051 
Kazis, Earle W.; Mark, Robert; Wetherel l ,  Thomas J. ,  i nventors; 
General Solar Power Corporation, assignee. Solar Power Pack Ap
paratus. February 22, 1977. 

Solar power pack apparatus adaptable for powering emergency 
equ ipment at remote locations includes a solar cell array, a 
rechargeable battery pack, a long shelf- l ife primary battery pack 
and switch ing circuitry interconnecting these elements to provide 
upon demand immediate and cont i nuous supply of electrical 
power over extended periods of time notwithstanding environmen
tal conditions which would render unsu itable conventional 
emergency-use reserve power packs. 

4,009,054 
Gochermann, Hans; ROsch, Dieter, i nventors; Licentia Patent
verwaltungs-GmbH, assignee. Terrestrial Solar Cell Genera tor. 
February 22, 1977. 

A terrestrial solar cell generator including a plurality of solar cells 
mounted in  a housing and interconnected by a p lural ity of leads 
with the solar cel ls  being protected against adverse environmen
tal conditions. The housing is entirely formed of the same radia
tion resistant material and encloses the solar cel ls and the 
connecting leads on all s ides. 



4,009,535 
Stock, Wi l l iam, inventor. Illuminated House Number Sign. March 
1 ,  1977. 

A self contained house number sign which charges an internal 
battery from photovoltaic cells during dayl ight. The battery is con
nected to a lamp via a phototransistor for energ izing the lamp at 
night. The lamp edge l ights a plastic template having cutout house 
number indicia. 

4,011,149 
Nozik, Arthur Jack, i nventor; Al l ied Chemical Corporat ion, 
assignee. Photoelectrolysis of Wa ter by Solar Radiation. March 
8, 1977. 

Photoelectrolysis of water by solar radiation to produce hydrogen 
is ach ieved using semiconducting th in f i lm electrodes. The cell 
comprises (a) an electrode compris ing at least one thin fi lm 
semiconducting layer disposed on a substrate, each layer having 
a bandgap which ranges from about 1.3 to 4.0 eV; (b) a counter 
electrode; (c) an electrolyte d isposed between the th in  f i lm 
semiconducting electrode and the counter-electrode; (d) external 
bias means between the e lectrode for biasing the e lectrode with 
from 0 to about 1 V; and (e) means for col lecting hydrogen 
produced. 

4,011,578 
Bollen, Lambertus Jacobus Maria; Damen, Cornelus Petrus 
Theodorus Maria, i nventors; U.S. Ph i l ips Corporation, assignee. 
Photodiode. M arch 8, 1977. 

The invention relates to a photodiode having a semiconductor 
body comprising regions of opposite conductivity types which are 
separated by a p-n j unction and of which at least one reg ion has 
an anti-reflective layer. The anti-reflective layer consists of t in
doped indium oxide and forms an ohmic connection with the one 
reg ion. 

4,015,117 
Wicklund, Joseph B., J r., inventor; Opcon, Inc., assignee. Unbiased 
Modulated Photo Sensing Systems. March 29, 1977. 

The outputs of one or more i nterconnected, unbiased photovoltaic 
devices mounted to receive l ight generated by one or more 
modulated l ight sources are connected via a long cable to the 
i nput of a balanced low impedance differential input l ine 
preamplif ier. When mu lt iple photovoltaic devices are included, 
their outputs can be d i rectly i nterconnected and the thusly com
bined output w i l l  provide information about the i ntensity of l ight 
imping ing on their photo conductive surfaces. The balanced low 
impedance differential input l i ne preampl ifier comprises a dif
ferential amplifier and a pair of common base input stages, one 
connected to each input of the different ia l  amplifier. I n  a DC 
decoupl ing embodiment, capacitors are used to couple the com
mon base input stages to the different ial ampl ifier. The output 
of the balanced low impedance differential input line preampl ifier 
is connected to a detector that provides an output indicative of 
the state of the output of the photovoltaic devices. 

4,015,280 
Matsushita, Takeshi ;  Mamine, Takayoshi, inventors; Sony Corpora
tion, assignee. Multi-Layer Semiconductor Photovoltaic Device. 
March 29, 1977. 

A semiconductor photovoltaic device is comprised of 2n layers 
of alternating p-type and n-type material having respective PN 
junctions between adjacent layers, wherein n is an integer greater 
than 1. Each layer has a th ickness which is less than the d i ffu
sion length of a minority carrier therein .  The PN junctions are 
excited by l ight which is incident on the device to thereby cause 
majority carriers to be accumulated in the respective layers so 
as to forward bias all of the PN j u nctions. As a result  of th is 
forward biasing, m inority carriers are i njected across a f irst PN 
junction from one layer i nto an adjacent layer and then traverse 
the next PN junction i nto the next succeeding layer. The 

photovoltaic device thus is adapted to supply a voltage and a 
current to a load. 

4,016,586 
Anderson, Richard L.; Cl ifton, Jack K.; Masi, James V. ; Merri n, 
Seymour, inventors; lnnotech Corporation, assignee. Photovoltaic 
Heterojunction Device Employing a Wide Bandgap Ma terial a s  
an Active Layer. April 5 ,  1977. 

A semiconductive heteroju nction device part icu larly useful as a 
photovoltaic device such as a solar cell comprises a heteroju nc
tion formed between a first layer of semiconductor material exhib
it ing one type of electronic conductivity (N or P) and a second 
layer of a composit ional ly d ifferent material exh ibit ing the other 
type of electronic conductivity (P or N), which second l ayer has 
an energy bandgap relatively wider than that of the semiconductor 
material and an electron affinity less than or equal to the electron 
aff in ity of the semiconductor. Preferably, the wider bandgap 
material i s  a g lassy amorphous material which possesses or is 
doped to possess a low resistivity below about 107 ohm-em. I n  
devices employing N-type wider bandgap layers, the  conduction 
band energy level of the wider bandgap material is preferably at 
substantial ly the same energy level as the conduction band energy 
level of the narrower bandgap material at electrical neutrality. I n  
devices employing P-type wider bandgap layers, the valence band 
energy level of the wider bandgap material is preferably at substan
t ia l ly the same energy level as the valence band energy level of 
the narrower bandgap material .  

4,016,589 
Tanimura, Shigeru; M iura, Nobuaki; Asano, Osamu ,  i nventors; 
Omron Tateisi Electronics Co., Ltd., assignee. Semiconductor 
Device. April 5, 1977. 

A semiconductor composite having a rectifying characteristic is 
provided by f irst form i ng an insu lating f i lm of a semiconductor 
compound such as Si02 on a semiconductor substrate of N-type 
Si to a un i form th ickness of 27 A to 500A, for example, and then 
further depositing thereon a t in oxide fi lm. The intermediate insu
lating fi lm between the SnO fi lm and the semiconductor 
substrate decreases the reverse reakage current, raises the reverse 
breakdown voltage and makes u niform the reverse breakdown 
voltage. The semiconductor composite of the present i nvention, 
as subjected to a predete�m ined value of l ight energy, shows an 
excellent switching characteristic with respect to a voltage appl ied 
to the composite in a reverse d i rection. Also the semiconductor 
composite of the present invention, as suppl ied with a certain 
value of reverse bias voltage or with no bias, shows an excel lent 
switching characteristic with respect to l ight energy appl ied to 
the composite. 

4,017,332 
J ames, Lawrence W., i nventor; Varian Associates, assignee. Solar 
Cells Employing Stacked Opposite Conductivity Layers. April 12, 
1977. 

A cell for converting received l ight energy to electrical energy com
prises, in the s implest embodi ment, four layers of differing types 
of semiconductive material stacked so as to form three opposite 
conductivity junctions. The outer two, "active", j unctions are 
formed of confronting layers w ith matched lattice constants so 
as to provide a pl u ral ity of energy converters. The center, "con
nective•; j unction is formed by two confronting intermediate layers 
which have purposely mismatched lattice constants so as to 
provide a lattice defect site su rrounding the center j unction. 
M ajority carriers (electrons and holes) wil l recombine at the lat
tice defects. This w i l l  cause the connective junction, although of 
apparently reverse-biased opposite conductivity type layers, to act 
as a low resistance ohmic connection or substantial short c ircuit 
so as to connect the energy convert ing portions i n  series. Due 
to the stacked arrangement of junctions i n  which the layers form
ing the active junctions have i ncreasingly lower band gaps toward 
the bottom of the stack, i ncident photons are converted to elec
trical energy with far greater efficiency than in a sing le-j unction 
arrangement. Preferably the stacked layers are formed of 

Patents 39 



suitably-doped epitaxial ly-g rown layers of compounds of 1 1 1 -V 
�lements (Ga, In ,  AI, As, P, Sb). The number of active junctions 
1s preferably made greater than two, e.g. ,  six is currently regarded 
as a practical maximum. Low resistance interconnections between 
the energy converting portions formed by active junctions are pro
vided by connective junctions which are formed of lattice constant 
mismatched and opposite conductivity confront ing layers. 

4,017,725 
Roen, Stephen A., inventor; Litton Business Systems, I nc., 
assignee. Solar Powered Portable Calculator. Ap�il 12, 1977. 

A portable calculator ut i l izing a solar panel array which can be 
either sl idably moved within the calcu lator's housing or pivotal ly 
connected to it and which when exposed to i ncident l ight provide 
power for the calcu lator. 

4,018,626 
Schwuttke, Guenter H.; Yang, Kuei-Hsiung, inventors; International 
Business Machines Corporation, assignee. Impact Sound Stress
ing for Semiconductor Devices. Apri l 19, 1977. 

Methods of making semiconductor devices using the technique 
of impact sound stressing are d isclosed. Impact sound stress
ing (ISS) is a mechanical acoustical technique to damage, in a 
known and controlled manner, semiconductor wafers. Wafers are 
subjected to ISS on the backsides before semiconductor process
ing steps. The appl ication of ISS before the first h igh temperature 
appl icat ion wi l l  control the generat ion and subsequent d i rection 
of flow (gradient) of vacancies (interstitials) generated through al l  
device high temperature processing steps inc luding ion implanta
tion. ISS redi rects the flow of vacancies/interst itials into the 
backside away from the device area of the wafer. Thus, the device 
area is swept c lean in a gettering action of vacancy/interstitials 
and their complexes which are detrimental to device performance. 
The technique of impact sound stressing finds appl ication in 
improving the performance of al l  semiconductor devices 
specifically dynamic memories, bipolars, solar cel ls and powe
devices. 

; 

4,019,884 
Elmer, Thomas H. ;  Walters, Helen, inventors; Corning Glass Works, 
assignee. Method tor Providing Porous Broad-Band Antireflective 
Surface Layers on Chemically-Durable Borosilicate Glasses. 
April 26, 1977. 

A method for providing broad-band ant i reflective surface layers 
on a chemical ly durable borosil icate g lass which comprises 
phase-separat ing the g lass by heat treatment at 630°-660°C, 
removing a s i l iceous surface layer from the g lass, and treating 
the g lass i n  an aqueous solution containing both H + ions and 
F- ions for a t ime sufficient to produce the antireflective surface 
layer, is described. Anti reflective surface layers exh ibiting reflect
ances as low as 0.5% throughout the wavelength range from about 
0.4-2.0 m icrons have been produced. 

4,019,924 
Kurth, Wi l l iam T. , inventor; Mobi l  Tyco Solar Energy Corporation 
assignee. Solar Cell Mounting and Interconnecting AssemblY. 
April 26, 1977. 

A solar cell assembly comprises a plural ity of solar cells mounted 
on a laminate compris ing a base electrical ly- insu lative sheet, an 
electrical ly-conductive layer d isposed on the base sheet in a 
predetermined pattern so as to provide fi rst and second cell
connecting sections electrically insu lated from one another, and 
a second electrically- insulative sheet having a p lural ity of open
ings and being disposed over the conductive layer so that selected 
portions of the conductive layer are exposed through the open
ings. The laminate is provided with a p lural ity of bent tabs, each 
of which inc l udes an exposed portion of the first cel l-connect ing 
section so that the exposed portion can be attached to the top 
surface electrode of a solar cel l .  At least one exposed portion of 
a second cel l-connecti ng section of the conductive layer is 
attached to the bottom surface electrode of the same cel l .  Various 
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circuit patterns of the electrically-conductive layer are described 
for connecting the cel ls in a series or paral lel array and for use 
in width- l imited systems, such as solar concentrators. 

4,021,267 
Dett l ing,  Joseph R., inventor; Un ited Technologies Corporation, 
assignee. High Efficiency Converter of Solar Energy to ElectriCity. 
May 3, 1977. 

Apparatus is d isclosed which permits the use of a large propor
tion of the solar spectrum in the conversion of solar energy to 
electricity by means of photovoltaic cells. The apparatus com
prises a col lecting element which concentrates the incident radia
tion, a coll imating element which forms the concentrated incident 
radiation into a beam of paral lel photons, a spectral separation 
element, such as a prism, prism plate or diffraction grating which 
spectral ly separates the solar rad iation in the col l imated beam 
and a p lural ity of photovoltaic cells d isposed in the separated 
spectrum, the energy gap of the cel ls being matched to the energy 
of the photons in that portion of the spectrum in which the cel ls 
are located. 

4,021,323 
Ki lby, Jack S.; Lathrop, Jay W.; Porter, Wi lbur A., i nventors; Texas 
I nstruments I ncorporated, assignee. Solar Energy Conversion. 
May 3, 1977. 

Solar energy conversion is provided by a structure formed of a 
p lural ity of photovoltaic sources. An electrolyte wets the sources. 
Upon exposure to l ight the photovoltaic sources cause a current 
to flow in the electrolyte producing an electrochemical reaction. 
The products of this reaction may then be col lected and stored. 
In a preferred embodiment the electrolyte is an aqueous solution 
of hydrogen iodide, and the hydrogen produced by the electro
chemical reaction may be stored, burned as a fuel or used in a 
fuel cell to produce electrical energy. 

4,023,368 
Kelly, Donald A., inventor. High Density-Third Dimension Geometry 
Solar Panels. May 17, 1977. 

The high density, th ird dimension geometry solar panels consist 
of closely placing any type of conventional solar cells i n  an i n  
depth, obl ique attitude to  the  sun's normal rays. I n  one  panel 
arrangement, h ighly polished side reflectors are appl ied to reflect 
the sun's rays into the underside groups of solar cells so that a 
min imum of su rface area is requ i red for a higher than normal 
electrical power yield from the high density cel ls. The most 
effective geometric shape for these reflected type solar panels 
is the triform, or tri-panel, and modifications of the triform cross
section. Another type of h igh density solar panel is the V form, 
or Vee cavity form in which the i ndividual solar cel ls must have 
reflective surfaces, for mutual reflection and solar energy 
concentrat ion. 

4,024,558 
Merrin, Seymour, inventor; l nnotech Corporati.on, assignee. 
Photovoltaic Heterojunction Device Employing a Glassy Amor
phous Material as an Active Layer. May 17, 1977. 

A semiconductive heterojunction device part icularly useful as a 
photovoltaic device such as a solar cel l comprises a heterojunc
tion formed between a fi rst layer of semiconductor material 
exhibiting one type of electronic conductivity (N or P) and a second 
layer of a compositionally different g lassy amorphous material 
exhibiting the other type of electronic conductivity (P or N), which 
second layer has an energy bandgap relatively wider than that 
of the semiconductor material. Preferably, the wider bandgap 
g lassy amorphous material possesses or is doped to possess a 
low resistivity below about 107 ohm-em. 



4,024,852 
L:Esperance, Pau l  M . ;  Pavlak, Alex, inventors. Solar Energy 
Reflector-Collector. May 24, 1977. 

A system including a non-tracking reflector-col lector for the con
centration and col lection of solar energy. An energy-col lecting 
plate is disposed upright along a substant ial ly horizontal axis 
substantially coincident with the east-west d i rection of the earth. 
The col lector plate is positioned within  a semi-tubular reflector 
having parabol ic sidewalls. The reflector surfaces on opposite 
sides of the col lector plate are parabolic su rfaces, each having 
a focal point approximately coincident with the u pper terminal 
edge of the collector plate. The axes of the parabolas which define 
the respective surfaces are rotated about or diverge from their 
common focal point at a substantial angle. The reflector sides 
are of laminated construction having a base portion of a l ight
weight rigid plast ic sheet, an u nderlayer of plastic corrugated 
board and a reflective f i lm on the i nterior su rface. The col lector 
plate receives energy enter ing the aperture between the reflec
tive surfaces. In one of the preferred embodiments, the plate 
elevates the temperature of a heat exchange medium flowing 
therethrough. The heat exchange medium provides for storage and 
use of the col lected energy. In a second embodiment, the col lector 
plate receives solar energy which is converted into electrical 
energy for storage and use. 

4,025,786 
Hami lton, George Henry, i nventor. Solar Energy Power Generating 
Array. May 24, 1977. 

A multi- layer array of power converting e lements for converting 
electromagnetic energy such as sun l ight i ncident on the array to 
electricity is d isclosed. The array is suitable for use in i ntegrated 
circuit arrays as well as discrete circuit arrays. Th<:r array comprises 
an upper layer of photocel ls with spaces between the photocel ls. 
At least one other layer of photocel ls is disposed below the upper 
layer and is i l l uminated by the penumbra of the upper layer. Lower 
layers are separated from u pper layers by a d istance defined by 
the width of the cel ls in the immediate upper layer, the distance 
between the array and the source of electromagnetic energy and 
the width of the source of electromagnetic energy. 

4,025,944 
Moon, Ronald L., inventor; Varian Associates, assignee. Ohmic 
Contacts to p-Type Indium Phosphide. M ay 24, 1977. 

A body of p-type indium phosphide, which was heretofore difficult 
to contact in a rel iable low resistance manner, is ohmically con
tacted by an al loy contact of bismuth with preferably 2% zinc. 
The al loy contact is effected by placing a small pel let of the Bi-Zn 
al loy on the surface of the p-type l nP  body and then al loying at 
a preferred temperature of 360°C for 20 seconds. 

4,027,053 
Lesk, Israel A., i nventor; Motorola, I nc., assignee. Method of Pro
ducing Polycrystalline Silicon Ribbon. M ay 31 ,  1977. 

A method of producing a ribbon of j:Jolycrystal l ine s i l icon, which 
includes contacting a moving su rface carrying a layer of par
t icu late semiconductor s i l icon, with a gaseous s i l icon source, is 
disclosed. The gaseous s i l icon source permeates the layer of par
ticu late s i l icon and, with heat applied, deposits si l icon that knits 
the si l icon particles together to a cont inuous, coherent polycrys
tal l i ne ribbon. The ribbon is then separated from the moving 
su rface for further processing, for example, conversion to mono
crystal l ine s i l icon. 

4,028,151 
Lindmayer, Joseph, i nventor; Solarex Corporation, assignee. 
Method of Impregnating a Semiconductor with a Diffusant and 
Article so Formed. June 7, 1977. 

Crystal l ine s i l icon wafers have an electrical junction formed at 
a surface thereof by impregnat ing the su rface with a diffusant, 

such as phosphorus, i n  an atmosphere that incl udes s ign ificant 
quantities of hel ium. 

4,028,206 
King, Wi l l iam James, i nventor. Method for Cool Deposition of 
Layers of Ma terials onto a Substrate. June 7, 1977. 

In systems in which material is deposited on a substrate in such 
a way that substantial heating of the substrate by radiant transmis
sion occurs, such heating is reduced by fi rst depositing a material 
capable of reflecting a sign ificant fraction of the incident thermal 
radiation. 

4,028,720 
Pankove, Jacques I saac, i nventor; RCA Corporat ion, assignee. 
Photovoltaic Device. J une 7, 1977. 

A body of a photovoltaic device is of s i l icon having gal l i um and 
arsenic paired molecular impurities of a concentration on the order 1 3 of 10 8 atomslcm or g reater. 

4,029,518 
Matsutani, Toshinobu; N ishida, Kei ichi, i nventors; Sharp Kabushiki 
Kaisha, assignee. Solar Cell. J une 14, 1977. 

A P-type diffusion layer is formed on an N-type s i l icon semicon
ductor wafer to establ ish a P-N j unction in a solar cell, the d iffu
sion layer being exposed to radiation. A pair of electrodes are 
formed on the surfaces of the d iffusion layer and the semicon
ductor wafer in a desired configurat ion in order to provide output 
of electric energy generated by the solar cel l .  The diffusion layer 
is formed in such a manner that the layer has a thickness of 
around 3 JJm at areas where the electrode is formed and has a 
thickness of around or below 0.5 JJm at regions on which the elec
trode is not formed. With such an arrangement, radiation having 
a wavelength of about or  shorter than 400 mJJm[sic] can be used 
for performing optoelectric generat ion. 

4,029,519 
Schertz, Wi l l iam W.; Zwerd l i ng, Solomon, i nventors; The Un ited 
States of America as represented by the United States Energy 
Research and Development Adm inistrat ion, assignee. Solar 
Collector Having a Solid Transmission Medium. June 1 4, 1977. 

There is provided a radiant energy transmission device capable 
of operation in a concentrative mode in which energy i ncident on 
an entrance area is directed toward and concentrated on an exit 
area of smaller area than the entrance area. The device includes 
a solid radiant energy transmission medium having surfaces coin
cident with the entrance and exit areas and particularly contoured 
reflective side walls. The surface coinciding with the entrance area 
is coupled to a cover plate formed of a radiant energy transmissive 
material .  An energy transducer is coupled to the surface of the 
med ium coinciding with the exit area. 

4,031,385 
Zerlaut, Gene A.; Heiske l l ,  Robert F., inventors; Desert Sunshine 
Exposure Tests, Inc. ,  assignee. Solar Tracking Device. J une 21,  
1977. 

A solar tracking system is disclosed, ut i l izing a photovoltaic 
device, for fol lowing the changing solar position. When the sun 
ceases to be the brightest object in the sky, such as during periods 
of partial c loud cover, and the system seeks to acqu i re the 
brightest spot in preference to the sun,  the photovoltaic device 
is automatically overridden. The override system is clockdriven 
and moves the tracking system to approximate the solar position 
so that the sun can be immediately reacqu i red by the photovoltaic 
device when the sun re-energizes as the brightest object in the sky. 
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4,035,197 
Raychaudhuri, Pranab Kumar, i nventor; Eastman Kodak Company, 
assignee. Barrier Type Photovoltaic Cells with Enhanced Open
Circuit Voltage, and Process of Manufacture. J u ly 12, 1977. 

A cadmium tel l u ride photovoltaic cell is produced with increased 
conversion efficiency arising from enhanced open-circuit voltage. 
Such voltage is ach ieved by altering the su rface of the crystal l ine 
cadmium tel l u ride that contacts the barrier metal by heating the 
cadmium te l lu ride in the presence of oxygen prior to depositing 
the barrier metal. 

4,036,645 
Pinder, Russel l  Stuart; Clark, Lesl ie, i nventors; I nternational 
Research and Development Company Lim ited, assignee. 
Photodetectors and Thin Film Photovoltaic Arrays. J u ly 19, 1977. 

A photovoltaic heterojunction is formed by chemical conversion 
of surface regions of a sheet of one conductivity type into material 
of a second conductivity type, the areas which are not to be con
verted being covered by a developed photo-resist layer which has 
previously been exposed to l ight through a mask. Electrical 
contacts are deposited on the regions of the second type and con
tacts to the material of the f irst type are formed by a layer 
deposited on a substrate under the sheet of material of the f irst 
type. This deposited layer of electrical ly-conductive material can 
also form the mask for in it ial exposure of the photo-resist layer. 

4,036,666 
M lavsky, Abraham 1 . ,  i nventor; Mobi l  Tyco Solar Energy Corpora
tion, assignee. Manufacture of Semiconductor Ribbon. Ju ly 19, 
1977. 

A method is provided for producing flat substantial ly monocrys
tal l ine ribbons, e.g. s i l icon ribbons for use in making flat solar 
cel ls. The ribbons are produced by growing substant ial ly mono
crysta l l ine flat hol low tubes, and then excising the edge portions 
of the tubes so that the flat sides of the tubes form discrete 
ribbons. 

4,037,029 
Anderson, John Harland, i nventor. Photoelectrogenera tive Cell. 
J u ly 19, 1977. 

Photoelectrogenerative cell means comprising, in combination, 
cel l means including an anolyte cel l and a catholyte cel l ,  with 

_means bemg provided for the transmission of solar rad iation i nto 
the anolyte cel l .  The anolyte cell incl udes an electroconductor 
solution, along with a photoelectrogenerative compound in admix· 
ture therewith, the photoelectrogenerat ive material being dis
persed or dissolved in the electroconductive solution. The 
catholyte cel l  comprises an electroconductor in solution and an 
electrolytically permeable cel l  isolation means separ�tes the 
anolyte cell from the catholyte cel l .  Electrical ly conductive elec
trodes are immersed in each of the respective anode compart
ments and cathode compartments, and are arranged in electrical 
contact with the respective anolytes and catholytes. This photo
electrogenerative cel l recovers energy produced by photoelec
trochemical reactions when placed in a cell configuration. 

4,038,104 
Tsutomu, Otake, inventor; Kabush iki Kaisha Suwa Seikosha ' assignee. Solar Battery. J u ly 26, 1977. 

A solar battery is manufactu red by form ing individual cells in a 
wafer, mounting the wafer on a substrate and separating the cells 
by the use of a thin saw. The channel thus formed between the 
cells is f i l led with an i nsu lating material to prevent the accidental 
entry of stray material which might result in u nwanted conduc
tion between the cells. Preferably the insulating material between 
the cel ls is the same color as the cells in the interest of enhanced 
appearance. 
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4,039,357 
Bachmann, Klaus J O rgen; Bott in i ,  Manfred Hermann ;  Bueh ler, 
Ernest; Shay, Joseph Leo; Wagner, Sigurd, inventors; Bel l  
Telephone Laboratories, Incorporated, assignee. Etching of 11/-V 
Semiconductor Ma terials with H 2S in the Preparation of 
Heterodiodes to Facilitate the Deposition of Cadmium Sulfide. 
August 2, 1977. 

A hydrogen transport process for cleaning the surface of an 
indium or gal l i um based semiconductor material and for deposit
ing n-type cadmium su lfide on the cleaned semiconductor mate
r ia l  is d isc losed. The c lean ing and deposit ion can be 
accompl ished in sequence or simu ltaneously. The process entails 
add ing hydrogen su lfide to a hydrogen gas f low in a chemical 
vapor deposition process. Single crystal l ine photovoltaic cells of 
p-l nPin-CdS with a 13% efficiency have been reproducibly fab
ricated. An efficiency of 4.6% has been obtained with a th in layer 
polycrystal l ine p-l nPin-CdS cel l .  Addit ional ly, a p-GaAsln-CdS 
heterodiode cel l  has been produced. 

4,040,566 
Chiarel l i ,  Carl, i nventor. Pollution-Free Heating System. August 9, 
1977. 

What fol lows is a description of a system for heating a bui ld ing 
by solar energy, and providing heated water for domestic use. A 
roof-mounted solar heating panel, which includes a clear specially 
shaped covering panel to i ntensify the solar energy stri king the 
elements of the heating panel, heats a circu lat ing l iqu id, which 
i n  turn heats air c i rculated within the bui lding. Surplus heat is 
stored for a l im ited time by heating additional quantities of l iqu id. 
Also, solar heat is stored for an i ndefin ite t ime by using a roof
mounted solar battery to power an electrolytic cell used to produce 
hydrogen and oxygen from water. The hydrogen and oxygen is 
stored and used as fuel in a furnace which heats the heat transfer 
l iqu id in the system as requ i red. 

4,040,867 
Forest ieri, Americo F.; Ratajczak, Anthony F. ; Sidorak, Leroy G., 
i nventors; The United States of America as represented by the 
Admin istrator of the National Aeronautics and Space Administra
tion, assignee. Solar Cell Shingle. August 9, 1977. 

A solar cell shingle may be made of an array of solar cel ls on a 
lower portion of a substantial ly rectangu lar shingle substrate 
made of fiberglass cloth or the l i ke. The solar cel ls may be 
encapsulated in flourinated ethylene propylene (FEP) or some 
other weatherproof translucent or transparent encapsulant to form 
a combi ned electrical modu le and a roof sh ing le. The intercon
nected solar cel ls are connected to connectors at the edge of the 
substrate through a connection to a common electrical bus or 
busses. An overlap area is arranged to receive the overlap of a 
cooperat ing s imi lar shingle so that the cel l  portion of the 
cooperat ing sh ingle may overlie the overlap area of the roof 
shingle. Accordingly the same shingle serves the double function 
of an ordinary roof shingle which may be appl ied in the usual way 
and an array of cooperat ing solar cel ls from which electrical 
energy may be col lected. 

4,041,271 
Lorans, Domin ique Y. , inventor; Societe Anonyme de Telecom
munications, assignee. Machine for Welding Solar Cell Connec
tions. August 9, 1977. 

Machine for welding a connection wire over a solar cel l electrode 
which comprises a base, a weld ing mount for the solar cell which 
is supported on the base, means for hold ing the solar cell on the 
welding mount, welding electrodes, means to lower the welding 
electrodes over the solar cell and the connection wire super
imposed thereon, means for applying electric current pu lses to 
said welding electrodes, and it is characterized by the fact that 
it further comprises means for imparting to said mount an alter
nating transverse movement in relation to said base before and 
during the welding operation. 



4,041,307 
Napoli, Louis Sebastian; Marx, Richard Everet, inventors; RCA Cor
poration, assignee. Positioning a Platform with Respect to Rays 
of a Light Source. August 9, 1977. 

An opaque open-ended cyl indrical tube, with a flange on one end, 
has its other end connected to a surface of a platform with the 
axis of the cyl i nder normal to the surface. When rays of the sun 
are substantial ly normal to the surface, a lens causes a concen
trated i l l umination of a group of tracking photocel ls carried on 
the surface with in  the cyl i nder. I n  response to the concentrated 
i l l umination, the tracking photocel ls provide signals that cause 
the platform to rotate in a d i rection that maintains the su rface 
substantially normal to the rays of the sun. Addit ional ly, outside 
of the cylinder and adjacent thereto, a group of acquisition photo
cells are shielded by the flange from the sun when the rays thereof 
are substantially normal to the surface. When there is a large angle 
between a normal to the surface and the rays of the sun, the ac
q uisition photocel ls provide signals that cause the platform to 
rotate in a d i rection that reduces the ang le. 

4,041,389 
Oades, John  W i l lson, i nventor; GTE Automat ic  Electric 
Laboratories I ncorporated, assignee. Nonfrequency-Converting 
Microwave Radio Repeater Using a Low Power Consumption 
Amplifier. August 9, 1977. 

A novel nonfrequency-converting m icrowave radio repeater for use 
in mu ltichannel telecommunications is d isclosed. A single 
microwave ampl ifier provides the requ isite gain for two different 
angle-modulated radio frequency signals. Bandpass fi lters and 
c i rculators permit duplex operation by channel ing the received 
signals through the repeater. The two radio frequency signals are 
ampl ified s imu ltaneously in the same ampl ifier and then sepa
rated to be retransmitted at the same frequency in the proper path 
d i rection. 

4,042,417 
Kaplow, Roy; Frank, Robert 1 . ,  inventors; Massachusetts I nstitute 
of Technology, assignee. Photovoltaic System. Including a Lens 
Structure. August 16, 1977. 

A photovoltaic or solar cel l generator includes a p lural ity of un it 
solar cells each having one or more p-n junctions. An optical l ight
focusing system,  which includes an array of lens elements, 
focuses the incoming radiation i nto a series of preferably narrow 
beams that are incident on the surfaces of the un it  solar cel ls 
at locations lyi ng immediately adjacent but spaced from the p-n 
j unctions. 

4,042,418 
Biter, Wi l l iam J., inventor; Westinghouse Electric Corporation, 
assignee. Photovoltaic Device and Method of Making Same. 
August 16, 1977. 

An integrated ·array of solar cells is produced in continuous layers 
of photovoltaic junction form ing semiconductor materials. Adja
cent solar cel ls are sufficiently isolated by virtue of a relatively 
h igh resistivity in the semiconductor layers. The solar cel ls are 
connected in series by shorting the j unction at selected points. 

4,042,447 
Reitz, Norman E., inventor; Sotec Corporation, assignee. Crystalliz
ing a Layer of Silicon on a Sodium Thallium Type Crystalline Alloy 
Substrate. August 16, 1977. 

Relates to a method for producing a product comprising crystal
l i ne s i l icon on a sod ium thal l i um type substrate by appl icat ion 
of s i l icon atoms gradual ly to that substrate whereby oriented 
overgrowth occurs and also to the product produced by said 
method. The product is useful  in semiconductor and solar cell 
appl ications. 

4,042,758 
Weinstein,  David H.;  Keeney, Joe W.; Haas, Gregory M., inventors; 
The Superior Oi l  Company, assignee. Photochemical Cell. Aug
ust 16, 1977. 

A photochemical cell is disclosed which includes an anode of 
titan ium,  a cathode of plat inum,  and a suitable electrolyte. The 
anode has a th in  film of titan ium d ioxide formed on it, and the 
anode and cathode are su itably configured i n  the electrolyte, 
which is normal ly a very basic potassium hydroxide solution. 
When the anode is exposed to l ight of wavelength shorter than 
415 nm, an emf of about 1 volt i s  found between the anode and 
the cathode so that an external current will flow from the cathode 
to the anode when they are connected. The cell also extracts 02 
from a m ixtu re of 02 and any other gases present. 

4,043,834 
ROsch, Dieter, inventor; Licentia Patent-Verwaltungs-GmbH, 
assignee. Flexible Solar Generator Panel. August 23, 1977. 

A solar generator panel for sate l l ite and terrestrial energy supply 
systems comprises a flexible support having a p lural ity of solar 
cel ls mounted on the support and being rol lable and foldable 
therewith. Connector means are provided fcir electrically intercon
necting the cel ls in either paral le l  or series. At least one conduct
ing layer is appl ied to the opposite side of the support from the 
solar cel ls  and is adapted to be g rounded to the associated 
satel l ite or to the earth for the purpose of e l iminating charged 
carriers. The back of the assembly is advantageously provided 
with a layer of adhesive mixed with electrically conduct ing 
particles and particu larly si lver powder particles which serve to 
connect the solar cel ls  through to the sate l l ite. The proportion 
of the e lectrical ly conductive particles in the adhesive layer is 
preferably about 50%. 

4,044,372 
Weinstein, Harold, inventor; Sensor Technology, I nc., ass ignee. 
Photovoltaic Cell Having Controllable Spectral Response. Aug
ust 23, 1977. 

The spectral response of a photovoltaic cell is controlled by modi
fying the m inority carrier t ransport characteristics of the cel l  
semiconductor body. Recombination centers are provided i n  the 
body that reduce the l i fetime or d iffusion d istance of m inority 
carriers. Thus a reduced percentage of m inority carriers produced 
deep in the body by absorption of relatively long wavelength 
photons reach the cell junction, as compared with carriers pro
duced at lesser depth by absorption of shorter wavelength 
photons. The result is a shift in the peak spectral response of the 
cell toward shorter wavelengths. 

4,045,245 
Coleman, M ichael G . ;  Pryor, Robert A., inventors; Motorola, I nc., 
assignee. Solar Cell Package. August 30, 1977. 

A solar cel l  package includes a p lural ity of solar cells with in  a 
space formed by a support member and a transparent cover 
member. A fi rst conductor is positioned between the s upport 
member and the solar cells and makes electrical contact to a first 
su rface of each of the solar cel l s. A second conductor is essen
tial ly coplanar with the f irst conductor and makes electrical 
contacts to a second surface of each of the solar cells. The output 
terminals of the solar cell package are connected to the first and 
second conductors. The first and second conductors are elec
trically isolated from each other and are also insulated from the 
support member and from the solar cel ls insulative means which 
is e lectrically i nsulated but thermal ly conductive to fac i l itate 
d issipation of thermal power d issipated in the solar cel ls. 
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4,045,246 
Mlavsky, Abraham 1.; Winston, Roland, i nventors; Mobil Tyco Solar 
Energy Corporation, assignee. Solar Cells with Concentrators. 
August 30, 1977. 

The invention provides a un ique arrangement for cool ing solar 
cells that are associated with collectors for collecting solar radia· 
tion and concentrating the same on the solar cel ls. The solar 
energy concentrators are each characterized by having a chamber 
with a solar radiation transmissive entrance wal l ,  sidewal ls 
adapted to concentrate solar rad iation, one or more solar cel ls 
disposed in  each chamber, and means for passing a die lectric, 
transparent cooling fluid through each chamber. The cooling fluid 
has an i ndex of refraction which promotes solar energy concen· 
tration onto the solar cells in addition to that provided by the 
sidewal ls. 

4,045,663 
Young, Danny J., inventor; Fair, James W., assignee. Rechargeable 
Flashlight Assembly. August 30, 1977. 

A flashlight assembly including a flashlight bulb and an accessory 
device, such as a two-way wireless radio, operated by the same 
rechargeable battery: Recharging circuitry provides for sure, ready 
recharg ing of the battery, and low-current drain flashing c ircuitry 
provides for long flashing l i fe for a given battery charge. Al l  of 
the components are mounted in a casing, the casing having a 
handle affixed thereto for faci l itat ing ready manipu lation and 
ut i l izat ion of the flashl ight bu lb and accessory device. 

4,046,594 
Tarui ,  Yasuo; Sakamoto, Tsunenori; Komiya, Yosh io, i nventors; 
Agency of Industrial Science and Technology, assignee. Solar 
Battery. September 6, 1977. 

Disclosed is a solar battery comprising a mu lti-layered "p-n" junc
tion structure, which has a p lurality of inwardly converg ing 
recesses to part ial ly expose the inner "p-n" j unctions to the sun 
l ight .  

4,048,372 
Ando, H iei; Haacke, Gottfried, inventors; American Cyanamid Com
pany, assignee. Coating of Cadmium Stannate Films onto Plastic 
Substrates. September 13, 1977. 

Light transmissive, electrically conductive cadmium stannate 
f i lms on plastic substrates are greatly improved with respect to 
their adherence to the substrate if the f i lm is deposited on a 
substrate which has been precoated with a metal oxide, such as 
si l icon d ioxide or titanium dioxide. 

4,050,907 
Brimhal l ,  George H. ,  i nventor. Organic Waste Trea ting and Con
version Sys tem. September 27, 1977. 

An aparatus for treating any type of organic waste such as sewage, 
garbage, weeds and surplus crops to convert them into useful 
products, has a treatment tank or p lural ity of such tanks, a con
duit  c i rcu i t  for carrying a heating f lu id therethrough, vibrators to 
vibrate the conduit to homogen ize and mix the tank contents, a 
furnace for s upplying heat to the conduit c i rcuit with the fuel for 
the furnace being the gaseous product recovered from the treat
ment tcmk or tanks, and solar cells and microwave heating un its 
to balance and maintain the supply of heat when the fuel supply 
to the furnace is low. Radiation diffusers may be positioned about 
the tank or tanks to assist in the conversion process. 
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4,052,181 
Wang, Taylor G. ;  El leman, Daniel D., i nventors. The Un ited States 
of America as represented by the Admin istrator of the National 
Aeronautics arid Space Administration, assignee. Acoustic Energy 
Shaping. October 4, 1977. 

A suspended mass is shaped by melting all or a selected portion 
of the mass and applying acoustic energy in varying amounts to 
d ifferent portions of the mass. In one technique for form ing an 
optical waveguide slug, a mass of oval section is suspended and 
only a portion along the m iddle of the cross-section is heated to 
a largely f luid consistency. Acoustic energy is appl ied to opposite 
edges of the oval mass to press the unheated opposite edge por
tions together so as to form bulges at the m iddle of the mass. 
In another technique for form ing a ribbon of s i l icon for construct
ing solar cel ls, a cyl i ndrical thread of s i l icon is drawn from a 
molten mass of si l icon, and acoustic energy is applied to opposite 
sides of the molten thread to flatten it i nto a ribbon. 

4,052,228 
Russell ,  Charles R., inventor. Optical Concentra tor and Cooling 
System for Photovoltaic Cells. October 4, 1977. 

An optical concentrator and cool ing system in which a photo
voltaic cell array is immersed in a l iquid i nside an elongated tube 
having a curved transparent wall for incident radiation, said l iqu id 
having a refractive index su itable for concentrat ing the i ncident 
radiation onto the photovoltaic cell array. 

4,052,657 
Kleiner, Charles T.; Hochwald, Walter, inventors; Rockwel l  Inter
national Corporation, assignee. Distribution System for A.C. Elec
trical Energy Derived from D.C. Energy Sources. October 4, 1977. 

Apparatus for providing alternating current electrical energy to 
a load wherein an alternating current energy source incl udes one 
or more d i rect current energy sources coupled to one or more 
i nverters each having at least one switching element therein. 
Switching elements are controlled to provide alternat ing current 
waveforms having a relatively low harmonic content. A preferred 
embodiment has two alternating current sources. The two alter
nating current sources are coupled to the load in a manner which 
causes their output voltages to be summed vectorially across the 
load. The phase difference between the output voltages of the 
two sources i s  controlled to regu late the resultant load voltage 
by contro l l ing the operation of the switching elements in the 
i nverters. 

4,052,782 
Weinstein, Harold; Lee, Ray H., inventors; Sensor Technology, Inc., 
assignee. Tubular Solar Cell and Method of Making Same. Octo
ber 1 1 ,  1977. 

High efficiency, low cost solar energy conversion is fac i l itated by 
using tubu lar photovoltaic solar cel ls situated at the focus of a 
l ine-generated paraboloidal reflector. Advantageously each solar 
cell comprises a pair of concentric g lass tubes that are hermetic
ally sealed at the ends. A photovoltaic j unction is formed over the 
entire inside surface of one of the concentric tubes. For example, 
th is may comprise an inner electrically conductive f i lm, contig
uous layers of Cu2S and CdS form ing a heterojunction, and an 
outer film of optical ly transparent but electrical ly conductive 
material. The conductive f i lms provide electrical connection to 
the junction via external contacts that are symmetrically disposed 
at the ends of the tubular cel l .  In other embodiments the 
photovoltaic j unction is formed in  a crystal l ine s i l icon layer that 
is grown in  situ on one of the g lass tubes. Techniques for pro
moting oriented semiconductor crystal l ine growth are disclosed. 
These inc lude providing m inute crystal l ine is lands in a metal 
matrix to serve as growth centers, surface al ignment using a wavy 
layer deposited at an acute angle onto the glass substrate, sur
face seed ing and normalization growth atop a f lu id- l ike th in f i lm 
deposition substrate. 



4,053,326 
Forrat, Francis, inventor; Commissariat a I 'Energie Atomique, 
assignee. Photovoltaic Cell. October 1 1 ,  1977. 

A photovoltaic cell includes a metal support which is coated with 
a metal having a low melting point on which a crystal l i ne layer 
of a semiconductive material is deposited, the material being 
doped to form a p·n semiconductor. I n  preferred embodiments the 
metal support may be a cell p late, the metal having a low melt ing 
point may be tin, and the semiconductive material may be s i l icon. 
According to the method of manufacturing the cell a g�seous com· _pound contain ing a material adapted to form the sem1conduct1ve 
crystal l i ne layer is decomposed in a chamber containing a metal 
support coated with a metal having a tow melting point, the 
temperature of the metal having a low melting point is then r�is d 
to a value such that the metal is in a l iquid state and forms a l iqUid 

�
metal substrate on which the crysta l l ine layer forms by e pitaxy, 
and fi nal ly the gaseous compound is  su itably doped so that the 
semiconductive layer has a p·n type structure. 

4,053,327 
Meulenberg, Andrew, J r., i nventor; Communications Satell ite Cor· 
porat ion, assignee. Light Concentrating Solar Cell Cover. Octo· 
ber 1 1 ,  1977._ 

A cover s l ide for a solar cell comprises a p lural ity of converg ing 
lenses arranged to focus the i ncident l ight so that it does not fall 
on the grid l i nes of the front electrode of the solar cel l .  

4,053,918 
Stirn, Richard J. ,  inventor. The Un ited States of America as 
represented by the Administrator of the National Aeronautics and 
Space Admin istration, assignee. High Voltage, High Current 
Schottky Barrier Solar Cell. October 11, 1977. 

A Schottky barrier solar cell is d isclosed, consist ing of a layer 
of wide band gap semiconductor material such as AIGaAs on 
which a very th in  f i lm of semi-transparent metal is deposited to 
form a Schottky barrier. The layer of the wide band gap semicon· 
ductor material is on top of a layer of narrower band gap semicon· 
ductor material, to which one of the cel l 's contacts may be 
attached d i rectly or through a substrate. The cel l 's other contact 
is a grid structure which is deposited on the th in metal f i lm. 

4,055,442 
Crosher, Frederick K., i nventor; Optical Coating Laboratory, I nc., 
assignee. Silicon Solar Cell Construction Having Two Layer Anti
reflection Coating. October 25, 1977. 

Si l icon solar cell construction having a two layer ant i reflection 
coating overlying the si l icon cell and being disposed between the 
s i l icon solar cel l and the cement which is ut i l ized for securing 
the s i l icon solar cell cover to the si l icon solar cel l .  

4,056,404 
Garone, Lynne C.; Ravi, Kramadhati Venkata, inventors; Mobil Tyco 
Solar Energy Corporation, assignee. Flat Tubular Solar Cells and 
Method of Producing Same. November 1 ,  1977. 

The invention provides solar cells in the form of substantially flat 
oval tubes, i .e., cel ls having a substantially flat oval ring 
cross-section. 

4,056,405 
Varadi ,  Peter F., inventor; Solarex Corporation, assignee. Panel for 
Solar Energy Cells. November 1 ,  1977. 

A panel for mounting solar energy cel ls, and particularly those 
cells upon which light is to be concentrated, includes an enclosure 
for holding the cells and has at least one wall formed from a good 
conductor of heat. The cel ls are mounted within the enclosure 
on a resinous cushion that is a relatively good conductor of heat 
and a poor conductor of electricity, so that when heat is generated 

by impingement of l ight on the cel ls, it w i l l  be carried by the 
cushion to the enclosure wall and dissipated therefrom. 

4,056,879 
Lindmayer, Joseph, i nventor; Solarex Corporation, assignee. 
Method of Forming Silicon Solar Energy Cell Having Improved 
Back Contact. November 8, 1977. 

A si l icon solar energy cell having a diffusant j unction extending 
i nwardly from one surface, an aluminum-si l icon junction of the 
opposite polarity extending i nwardly from the other surfac , and 
a film of aluminum-oxygen·diffusant formed over the a lummum

�
· 

s i l icon junction.  The structure is formed by d iffus ing an un ro
tected wafer, coat ing the d iffusant g lass so formed on one s 1

�
de 

of the wafer with aluminum, and heating the wafer. 

4,057,439 
Lindmayer, Joseph, i nventor; Solarex Corporation, assignee. Solar 
Panel. November 8, 1977. 

A solar panel having solar cel ls adhered to the base su f ce 
thereof by a single component, room temperature vulc

� ��� 1zmg 
s i l icone res in  and encapsulated i n  a mu lt1component s 1 1 icone 
resin  with desirable optical properties. 

4,058,418 . . Lindmayer, Joseph, i nventor; Solarex Corporation, ass1gnee. 
Fabrication of Thin Film Solar Cells Utilizing Epitaxial Deposition 
onto a Liquid Surface to Obtain Lateral Growth. November 15, 1977. 

A method to manufacture th in f i lm solar cells in wh ich a solar 
cell to convert d i rectly l ight to electricity is formed by deposit ing 
s i l icon material on a carrier substrate having a coat ing which is 
l iquid on the deposition temperature. An article manufactur d 
accord ing to th is  method. A machine for the manufacture of thm 

�
f i lm solar cel ls. 

4,059,461 . Fan ,  John c. C.; Zeiger, H erbert J. ,  inventors; Massachusetts I nsti
tute of Technology, assignee. Method for Improving he Crystal
linity of Semiconductor Films by Laser Beam Scannmg 

�
and the 

Products Thereof. November 22, 1977. 

A method is disc losed for improving the crystal l i n ity of semicon
ductor films by scanning the surface of such films with a shaped, 
focused laser beam. The laser is matched to the fi lm  so that the 
beam del ivers sufficient energy thereto to heat the fi lm  above a 
temperature at which crysta l l ization occurs along the scan track. 

4,060,426 . . . Zinchuk, Michael, i nventor; Polaroid Corporat1on, ass1gnee. Ttn 
Indium Oxide � and Polyviny/carbazo/e Layered Polarized Photovo/
taic Cell November 29, 1977. 

A polarized photosensitive transducer is provided with a substan
tially transparent substrate over which there is preferably deposed 
a substantial ly transparent electroconductive layer of t in oxide
ind ium oxide. Overlying the electroconductive layer, t here i s  
provided a substantial ly t ransparent photoconductive layer 
comprised of a polymerized vinylcarbazole compound. A second 
transparent electroconductive layer consisting of tin oxide-indium 
oxide is thereafter sputtered i n  overlying relation with respect to 
the photoconductive layer such that al l the layers overlying the 
substrate cooperatively define a substantial ly transparent polar· 
ized photosensit ive transducer. 

4,061,555 
M iyatani ,  Kazuo; Sato, lsao, inventors; RCA Corporation, assignee. 
Water Photolysis Apparatus. December 6, 1977. 

A nickel cathode has a n ickel oxide layer on its surfaces. A p lural
ity of spaced apart grooves are in the n ickel oxide layer and exte�d 'i nto the n ickei .  The cathode can be uti lized in a water photolysiS 
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apparatus which also includes an N type photocatalytic semicon
ductor anode. Both the cathode and anode are in an aqueous basic 
electrolyte solution. The anode and cathode are electrically biased 
by a solar cel l .  The biasing potential of the solar cel l  raises the 
voltage potential of the cathode and lowers the Fermi level of the 
anode. 

4,062,034 
Matsushita, Takeshi ;  Hayashi ,  H iaso; Shibasaki, M itsuru, i nven
tors; Sony Corporation, assignee. Semiconductor Device Having 
a Hetero Junction. December 6, 1977. 

A semiconductor device compris ing a s i l icon substrate with an 
oxygen doped polycrystal l i ne or amorphous s i l icon layer formed 
on the substrate so as to form a heterojunction therewith. A tran
sistor formed according to the invention has an emitter-base 
heterojunction and has a high current gain. 

4,062,038 
Cuomo, Jerome John; DiStefano, Thomas Herman; Rosenberg, 
Robert, inventors; I nternational Business Machines Corporation, 
assignee. Radia tion Responsive Device. December 6, 1977. 

The practice of this disclosure obtains a relatively high efficiency 
operation for a crysta l l ine semiconductor solar cell containing 
various defects of the l i near and planar types. Li near defects 
i nclude screw dislocations as wel l  as ful l and partial dis locations. 
Planar defects include twins, stacking faults, grain boundaries 
and surfaces. Such defects normally contain recombination 
centers at which electrons and holes generated in the semicon
ductor region recombine with loss to the external current of the 
charge carried thereby. Through appl ication of the principles of 
this i nvention, especial dopant concentrations and conductivity 
regions are establ ished i n  a fin ite region around the l i near and 
planar defects so that electrons and holes which are generated 
in the semiconductor region by i ncident radiation are substan
t ial ly col lected for external cu rrent as consequence thereof. 

4,062,102 
Lawrence, John E.; Wu, lcheng, inventors; S i l icon Material , Inc., 
assignee. Process for Manufacturing a Solar Cell from a Reject 
Semiconductor Wafer. December 13, 1977. 

A process for manufacturing a solar cell from a reject semicon
ductor wafer compris ing stripping all external layers from the 
wafer, etching the surfaces of the wafer so as to effectively remove 
a l l  P/N junctions without pitti ng the wafer su rface, introducing 
a layer of dopant to form a P/N junction i n  the front wafer sur
face, forming a first patterned conductive electrode over the 
dopant layer, and forming a second conductive electrode on the 
back surface of the wafer. I n  the preferred embodiment a sput
teri ng operation is used to form the conductive electrodes. 

4,062,371 
Bolen, Lawrence A., i nventor. Walking Cane. December 13, 1977. 

This disclosure pertains to a walking cane, for use by the bl ind, 
having a port ion of the shank thereof adapted with a solar cel l .  
The current produced by the cell recharges a battery stored with in 
the hol low interior portions of the cane. A lamp is selectively 
energized by operating a control switch.  The lamp provides i l l u
mination warn ing others of the disabled condition of the user. A 
buzzer or other alert ing device is selectively inc luded in the elec
trical c i rcuit which enables the user to test the successful i l l u
mination of the lamp. 

4,062,698 
Blakeslee, A. Eugene; Hovel, Harold John, inventors; International 
Business Machines Corporation, assignee. Photoe/ectrical Con
verter. December 13, 1977. 

Photoelectrical conversion cel ls may be assembled on an elec
trically conducting heat sink and each may be electrically isolated 
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therefrom by employing insulating substrate material between the 
photoresponsive reg ion of each cell and the heat sink. 

4,063,963 
Bond, John W., J r. ,  i nventor. Terrestrial Photovoltaic Solar Cell 
Panel. December 20, 1977. 

Solar cel ls  are interconnected by fi laments stretched crosswise 
between the edges of a rectangular frame to form a gridwork, and 
thereby produce a l ightweight inexpensive support that is not 
susceptible to damage from wi nds, snow, and ice. Additional ly, 
the top of the cel ls  have th in resistive wires mounted thereto for 'preventing snow and ice accumulation. 

4,064,521 
Carlson, David Emi l ,  inventor; RCA Corporat ion, assignee. 
Semiconductor Device Having a Body of Amorphous Silicon. 
December 20, 1977. 

An amorphous si l icon material, fabricated by the process of a glow 
discharge in s i lane, is uti l ized as the body of semiconductor 
devices. 

4,064,522 
Shaw, Robert F.; Ghosh, Amal K., inventors; Exxon Research & 
Engineeri ng Co., assignee. High Efficiency Selenium Heterojunc
tion Solar Cells. December 20, 1977. 

A photocel l  inc ludes a metal l ic  base electrode, a continuous, 
crystal l ine P-type semiconductive selenium layer less than about 
50 microns th ick, a th in tel l ur ium layer i nterposed therebetween 
to meta l lu rgically bond the base electrode to the selenium layer 
and to form an ohmic contact between the base electrode and 
the selen ium layer, a th in N-type semiconductive cadmium 
selenide layer contiguous with  the selen ium layer and form ing 
a photovoltaic heterojunction therebetween, a pel l ucid layer of 
at least one cadmium chalcogenide contiguous with the cadmium 
selenide layer and forming an ohmic contact therewith and a cur
rent collecting electrode on the cadmium chalcogenide layer. The 
sunl ight conversion efficiency of the cell is at least about 3.0%. 
The efficiency can be further improved by doping the selen ium 
layer to improve i ts conductivity and by providing an N-type layer 
of cadmium selenide and N + cadmium oxide. This can be done 
by continuously varying the oxygen content of the N-type layer. 
It is further helpful if a counterelectrode in the form of a grid is 
added, which min imizes both the resistance between the grid 
members i n  the cadmium layer and the blockage of l ight by the 
grid. 

1978 
4,066,481 
Manasevit, Harold M . ;  S impson, Wi l l iam 1 . ,  inventors; Rockwel l  
I nternational Corporation, assignee. Meta/organic ChemicaJ Vapor 
Deposition of IVA-VIA Compounds and Composite. January 3, 1978. 

A composite comprising a monocrystal l i ne substrate and one or 
more layers of fi lms of monocrystal l ine IVA-VIA compounds and/or 
al loys formed thereon by a chemical vapor deposition process. 
The composite is formed at a preferred temperature range of 
approximately 450°-650°C. The IVA-VIA layer(s) are produced by 
the pyrolysis of a gas m ixture containing metalorganic com
pounds. Where single crystal metall ic oxide substrates of rhombo
hedral structure, such as sapphire (a-AI203), or of cubic structure, 
such as magnesium a luminate (spinel), are used for the g rowth 
of monocrysta l l i ne lead-containing f i lms such as Pb _1 xSnxTe, a 
nucleation layer of lead is preferably formed on the substrate prior 
to the pyrolysis of the mixed gaseous reactants. Using the present 
process, epitaxial monocrystal l i ne IVA-VIA compounds and/or 
al loys can be grown on inorganic metal oxide substrates, such 
as cubic and rhombohedral oxides, on alkal i  hal ides and I IA 
fluorides, and on I I -VI and 1 1 1 -V compounds. The compositions of 
the f i lms can be varied without removing the composites from the 
deposition apparatus by changing the ratio of the reactant gases 



and the reaction temperature. The conductivity type (n·type or p· 
type) of the fi lms also can be control led without removing the com· 
posites from the deposition apparatus by varying the reactant gas 
compositions and by incorporating a dopant into the reactant mix· 
tures prior to pyrolysis. 

4,066,527 
Takagi ,  Tosh inori; Morimoto, Kiyoshi ;  Utamura, Yukihiko, inventors; 
Futaba Denshi Kogyo K. K., assignee. Method of Producing 
Semiconductor Device. January 3, 1978. 

A method of producing a semiconductor device compris ing the 
step of forming a laminated element fi lm  on a substrate made 
of a material easy to cleave and easy to dissolve in various solvents 
such as water by successively depositing materials of the 
laminated element fi lm on the substrate by what is cal led the 
ion ized-cluster-deposition process so that crysta l l i ne fi lm layers 
oriented by the crystal axis of the substrate material may be made 
to grow on the substrate, separating the laminated element f i lm 
from the substrate by d issolving the substrate material i n  a sol
vent, and forming the semiconductor device by furnishing the 
separated laminated element fi lm with suitable electrodes, etc. 

4,067,764 
Walker, Jack S.; Kittler, Wi lfred C., i nventors; Sierrac in  Corpora· 
t ion, assignee. Method of Manufacture of Solar Cell Panel. Janu· 
ary 10, 1978. 

There is described a solar cell panel consist ing of an outer r igid 
transparent faceply of g lass or p lastic material to which are 
appl ied at least two layers of plastic such as polyvinyl butyral 
between which are positioned a p lural ity of solar cell wafers. A 
th in  flexible f i lm of polyethylene terephthalate forms the other 
outer surface of the panel. The panel is manufactured by 
laminating the materials together and al lowing the margins of the 
plastic film to extend beyond the polyvinyl butyral layers so that 
the fi lm  can be brought i nto d i rect contact and sealed to a rig id 
base plate, forming a fu l ly encapsulating structure. The assembled 
structure is then evacuated to withdraw air .and to squeeze the 
layers together to promote adhesion. The evacuated laminated 
structure is then placed in an oven for applying heat and pressure 
to the laminated structure for permanent bond ing. After coo l ing, 
excess fi l m  is tr immed from around the edges of the rigid face 
plate. 

4,068,020 
Reuschel, Konrad, inventor; Siemens Aktiengesel lschaft, assignee. 
Method of Depositing Elemental Amorphous Silicon. January 10, 
1978. 

A smooth surfaced amorphous s i l icon layer useful in semicon
ductor technology is produced by pyrolytic deposition of elemental 
s i l icon onto a heated mandrel along with s imu ltaneous pyrolytic 
deposition of at least one other element selected from G roups 
IV through V I I I  and which is non-semiconductive and does not 
function as a conductivity determin ing dopant. 

4,069,812 
O'Nei l l ,  Mark J., i nventor; E-Systems, Inc., assignee. Solar Concen
tra tor and Energy Collection System. January 24, 1978. 

A curved prismatic, Fresnel-type lens primarily used for concen
trating sunl ight in a solar energy col lector. The lens com prises 
a substantial ly smooth, convex outer su rface and a p lural ity of 
prisms arranged side-by-side along a curve on the inner su rface 
to d i rect incoming l ight to a common area. Each of the individual 
prisms has a front and back face joined by a bottom face. The 
front and back faces of the prisms are oriented such that the angle 
of incidence of the i ncoming l ight with the front face is equal to 
the angle of i ncidence of the outgoing l ight with the back face. 
Further, each of the prisms is arranged along the curve such that 
they do not obstruct l ight passing through any adjacent prism. 
The bottom face of each prism is over-extended beyond the path 
of the l ight passing through the prism to prevent loss of l ight due 
to blockage by the bottom face or the rounded point between the 

back face and bottom face. The improved lens is used i n  com
bination with a solar energy col lector comprising the i mproved 
concentrator and a suitable energy receiver for convert ing i nci
dent sun l ight i nto a useful energy output. 

4,070,205 
Rah i l ly, Wi l l iam P., inventor; The United States of America as 
represented by the Secretary of the Air Force, assignee. Aluminum 
Arsenide Eutectic Gallium Arsenide Solar Cell. January 24, 1978. 

An improved gal l ium arsenide solar cell is provided by form ing 
a P +  layer on top of a wafer of plural vertical PN j unction eutec
tic gal l i um arsenide crystal by l iquid phase epitaxial growth of 
P doped GaAs fol lowed by l iquid phase epitaxial g rowth at 
AlxAsGa _ on the surface of the vertical PN j unct ion substrate. 1 � The depos1ted GaAs layer with P qopant and the AlxAsGa1 _ 
layer forms horizontal P-N junctions with the N type vertica
reg ions. An N +  reg ion is formed on the solar cel l backside by 

l 
ion implantation of an N dopant followed by a pu lse electron beam 
current of the implanted region. 

4,070,206 
Kresse! ,  Henry; D'Aiel lo, Robert Vincent; Robinson,  Pau l  Harvey, 
i nventors; RCA Corporation, assignee. Polycrystalline or Amor
phous Semiconductor Photovoltaic Device Having Improved 
Collection Efficiency. J anuary 24, 1978. 

A body of semiconductor material having a f i rst surface and a 
second surface spaced from the first surface inc ludes a fi rst layer 
along the f i rst surface, a second layer along the second surface, 
and a th i rd layer between and contiguous to the fi rst and second 
layers. The th i rd layer is of a conductivity type opposite that of 
the f irst and second layers so as to form first and second P-N junc
tions respectively therebetween. The thickness of the third layer 
is at least twice the m inority carrier d i ffusion length of the 
semiconductor material, so that carriers generated within the third 
layer have a high probabi l ity of being col lected by one of the P-N 
junctions. The body includes means for electrical ly connecting 
the first and second P-N junctions and means for transferri ng the 
carriers col lected at the f irst P-N junction to a port ion of the f irst 
su rface. 

4,070,444 
Ingle, Wi l l iam Martel l ,  i nventor; Motorola I nc., assignee. Low Cost, 
High Volume Silicon Purification Process, January 24, 1978. 

Truly amorphous si l icon having a low level of undesired impurities 
and therefore suitable for semiconductor applications, may be 
prepared by the present process. Impure s i l icon, for example, 
metal lurgical grade si licon, is prepared at an elevated temperature, 
e.g., above 1400°C. The impure s i l icon and at least one binary 
s i l icon f l uoride compound, e.g., s i l icon tetrafl uoride, are chem
ical ly combined at the elevated temperature to form s i l icon 
difl uoride gas. The s i l icon difl uoride gas is polymerized. The 
s i l icon dif l uoride polymer is then thermally decomposed to pro
duce the purified, amorphous s i l icon and binary si l icon fl uoride 
by-products. The binary s i l icon f luorides are recycled in the 
process to be chemically combined with the impure s i l icon. That 
step and the succeed ing steps serve to reduce the level of 
unwanted impurities in the s i l icon produced by at least several 
orders of magn itude. 

4,070,689 
Coleman, M ichael G.;  Restrepo, Fabio, i nventors; Motorola I nc., 
assignee. Semiconductor Solar Energy Device. J anuary 24, 1978. 

Th is disclosure relates to a semiconductor solar energy device 
which is of the PN-type and ut i l izes a dielectric anti-reflective 
coat ing on the side of the device that faces the sunl ight .  The 
fabrication techniques used in making this semiconductor device 
i nclude the use of ion implantation to form doped or d iffused 
reg ions in the device. One of the ion imp lanted regions located 
on the s ide of the device that is subjected to the sun l ight is con
figured in order to permit metal ohmic contact to be made thereto 
without shorting through the doped region during sintering of the 
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metal contacts to the semiconductor substrate. The dielectric anti
reflective coat ing,  in one embodiment, is a composite of s i l icon 
dioxide and si l icon nitride layers. The device is designed to permit 
solder contacts to be made to the P and N regions thereof without 
possibi l ity of short ing to semiconductor reg ions of opposite type 
conductivity. 

4,072,541 
Meu lenberg, Andrew, J r. ; Reynolds, John Harvey, inventors; Com
mun ications Satel l ite Corporation, assignee. Radiation Hardened 

� P-1-N and N-1-P Solar Cells. February 7, 1978. 

A solar cell is constructed such that the losses result ing from 
radiation damage are reduced without sacrificing efficiency in the 
un i rradiated cel l .  This is done by using a f irst conductivity type 
junction on the front of a h igh  resistivity cel l and a second, 
opposite conductivity type junction on the back of the cell. The 
two junctions are separated by an i ntrinsic reg ion, and the cell 
potent ial ,  which is normally reduced by using high resistivity 
substrate material, is i nstead raised by using the second junc
tion. The cel l  inc ludes a reflective back surface and a nonreflec
tive front surface to further enhance l ight absorption within the 
active cell volume. The reflective back surface is formed by 
pol ishing the substrate. The nonreflective front surface is a multi
pyramidal or V-grooved su rface formed by preferential etching of 
the substrate material . The front electrode is a fine geometry g rid 
deposited over the front su rface of the cel l .  An anti-reflection 
coating may additionally be provided over the front surface of the 
cell to further promote the nonreflective characteristics of that 
surface. Further, a cover s l ide may be cemented to the front sur
face of the cel l .  

4,074,305 
JohnstQn, Wi lbur Dexter, J r. ;  Shay, Joseph Leo, inventors; Bel l  
Telephone Laboratories, I ncorporated, assignee. GaAs Layers as 
Contacts to Thin Film Semiconductor Layers. February 14, 1978. 

Electrical contact between a conducting substrate, e.g. ,  graphite, 
and a polycrystal l ine semiconductor layer of, for example p-type 
ind ium phosphide in a semiconductor device is made through a 
p-type GaAs i ntermediary layer. The GaAs layer is deposited on 
the conduct ing substrate by conventional methods such as 
chemical vapor deposition. The indium phosphide layer can then 
be deposited on the GaAs by s imi lar techniques. The specific 
resistance and blocking voltage of such an i nterface is typically 2 below 2Q-cm and 50 m i l l ivolts respectively. The efficiency of a 
p-l nP/nCdS solar cel l  containing the improved electrical contact 
is measurably increased. 

4,075,034 
Butler, David M . ,  inventor. Solar Converter. February 21 ,  1978. 

A solar energy converter for producing variable ampl itude alter
nat ing cu rrent waveforms d i rectly from solar energy including a 
photo-voltaic cel l  bank array, formed of a p lural ity of weighted 
photo-voltaic segments, a mu lti-sided, h igh speed, rotating, l ight 
concentrat ing, concave mirror and a servo means for tracking the 
sun. Rotation of the mi rror past the weighted segments of the 
photo-voltaic bank produces instantane()US outputs which are pro
portional to the number of cel ls scanned in each segment. By 
su itable arrangement of the photo-voltaic segments, a simu lated 
AC waveform is produced. 

4,076,977 
Tsunekawa, Tokuichi; Taguchi, Tetsuya, inventors; Canon Kabushiki 
Kaisha, assignee. Light Measuring Circuit with Stray Capacitance 
Compensa ting Means. February 28, 1978. 

The present i nvention relates to a l ight measuring circuit consist
ing of an operational ampl ifier, a feed back path connected with 
said operational amplifier, a photovoltaic cell and a switching cir
cuit for bring ing the input term inals of said operational ampl ifier 
to the same potential at the time l ight measurement is com
menced. By means of this switching circuit connected to the l ight 
measuring c i rcuit the delayed response of the l ight measuring 
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ci rcuit due to the stray capacitance exist ing between the i nput 
term inal of the operational ampl ifier and g round is remarkably 
improved. 

4,077,818 
Chu, Ting L., inventor; The United States of America as represented 
by the Admin istrator of the National Aeronautics and Space 
Administration, assignee. Process for Utilizing Low-Cost Graphite 
Substra tes for Polycrystalline Solar Cells. March 7, 1978. 

Low-cost polycrystal l i ne  s i l icon solar cel ls supported on 
substrates are prepared by depositing successive layers of 
polycrystal l ine s i l icon contain ing appropriate dopants over sup
porting substrates of a member selected from the group consisting 
of meta l lurgical-grade polycrystal l i ne s i l icon, graphite and steel 
coated with a d i ffus ion barr ier of s i l ica, boros i l i cate, 
phosphosil icate, or mixtures thereof such that p-n junction devices 
are formed which effectively convert solar energy to electrical 
energy. To improve the conversion efficiency of the polycrystal l ine 
s i l icon solar cel ls, the crystal l ite size i n  the s i l icon is substan
t ia l ly increased by melting and solidifying a base layer of 
polycrystal l ine si l icon before depositing the layers which form the 
p-n junction. 

4,078,944 
M lavsky, Abraham 1., i nventor; Mobi l Tyco Solar Energy Corpora
tion, assignee. Encapsulated Solar Cell Assembly. March 14, 1978. 

An encapsulated photovoltaic solar cell assembly comprising at 
least one solar cel l  mounted and hermetically sealed in a substan
tial ly r igid, elongated, tubu lar envelope which is transmissive to 
actinic rad iation to which the photovoltaic solar cell is sensitive. 
The assembly can include an antireflection coating for reducing 
the reflection of solar radiation from the envelope as wel l  as reflec
tive coatings for uniformly d istributing solar radiation over the 
l ight gathering su rfaces of the cel l . , 

4,078,945 
Gonsiorawski, Ronald, inventor; Mobi l Tyco Solar Energy Corpora
tion, assignee. Anti-Reflective Coa ting for Silicon Solar Cells. 
March 14, 1978. 

An anti-reflective coating is formed integrally with a s i l icon solar 
cel l by treat ing the cell with an acidic solution compris ing a m ix
ture of H F  and H202. 

4,080,221 
Manelas, Arthur J. ,  i nventor. Solar Cell Electric and Heating 
System. March 21 ,  1978. 

A system for converting solar energy i nto electric energy at 
reduced cost makes use of an array of l ight sensit ive, voltage pro
ducing solar cel ls of the f lat d isc s i l icon type. To increase power, 
whi le using fewer costly cel ls, each cell of the array has a trun
cated conical shel l mounted on legs at a spaced distance 
thereover, the shel l having a mi rror- l ike reflective inner surface. 
Thus, sunl ight is received in the large end and reflected through 
the small end to the cel l .  A sealed, weather-tight enclosure for 
the array has f lu id in lets and outlets for producing heat, the heat 
conduct ive shel ls absorbing and rad iat ing heat. 

4,081,289 
Campbel l ,  Wi l l iam Patrick, I l l  i nventor. Solar Energy System. 
March 28, 1978. 

A system for extracting energy from the sun's rays including a bank 
of solar energy cel ls  which generate electrical current when 
exposed to the rays of the sun, immersed in a bath of liquid formed 
to serve as a lens, concentrating the sun rays on the cel ls, and 
transmitti ng heat away from the cel ls. 



4,081,290 
Bachmann, Klaus Jiirgen; Bueh ler, Ernest; Shay, Joseph Leo; 
Wagner, S igurd, inventors; Bell Telephone Laboratories, Incor
porated, assignee. Solar Cells and Photovoltaic Devices of 
lnP!CdS. March 28, 1978. 

Heterodiodes showing excel lent potential for use in solar cells 
and photoelectric devices consist of j unctions of p-type ind ium 
phosphide and n-type cadmium sulfide. These heterojunctions can 
be formed either from single crystal or f rom polycrysta l l ine 
semiconductor material. The former type junction when incor
porated in a solar cel l  exh ib its promise for appl ications such as 
in space vehicles. The latter type j unction as used in a solar cel l  
has potential for large scale power generation. A chemical vapor 
deposition process for producing polycrysta l l i ne p-type indium 
phosphide f i lms for incorporation i nto such a power producing 
device is disclosed. 

4,081,820 
Chitre, Sanjeev R., inventor; Sensor Technology, I nc., assignee. 
Complementary Photovoltaic Cell. M arch 28, 1978. 

This complementary photovoltaic cell has both an + + N lp junc
tion and a P+IN j unction on the same epitaxial substrate, and 
so provides s imultaneous photoresponsive outputs of both 
negative and posit ive polarity. A vertical photo-junction sup
plements the current output from the +. + N lp junction, and 
improves the efficiency of the cel l .  The + N IP+ junction by itself 
exh ibits a h igh open circuit voltage. 

4,082,568 
Lindmayer, Joseph, i nventor. Solar Cell with Multiple-Metal Con
tacts. April 4, 1978. 

Solar cell having a contact formed from a titan ium group element 
in contiguous relationship with the cell, a mixture of a titani um 
group element and  a plat inum group element overlyi ng the  tita
n ium group layer, and a layer of a p lat inum group element overly
ing that layer. A body of si lver or other contact metal is adhered 
to the plat inum group layer. The three layers may be vapor 
deposited on the semiconductor body, whi le the si lver layer i s  
more advantageously applied by plating or electroplating.  

4,082,569 
Evans, John C., J r., i nventor; The United States of America as 
represented by the Admin istrator of the National Aeronautics and 
Space Administration, assignee. Solar Cell Collector. April 4, 1978. 

A transparent, conductive col lector layer contain ing conductive 
metal channels is formed as a layer on a photovoltaic substrate 
by coating a photovoltaic substrate with a conductive mixed metal 
layer; attaching a heat s ink having portions protruding from one 
of its surfaces which define a continuous pattern i n  combination 
with recessed reg ions among said protruding portions to said 
substrate such that said protruding portions of said heat sink are 
in contact with the conductive layer of said substrate; and heating 
said substrate whi le s imultaneously oxidizing the portions of the 
conductive layer exposed to a gaseous oxidizing substance forced 
into said recessed reg ions of said heat sink, thereby creating a 
transparent metal oxide layer on said substrate containing a con
tinuous pattern of highly conductive metal channels in said layer. 

4,082,570 
House, Robert E.; I rvin, Robert A.; Kane, Daniel F., inventors; 
Semicon, I nc., assignee. High Intensity Solar Energy Converter. 
April 4, 1978. 

A photovoltaic energy converter for convert ing i ncident radiant 
energy, such as solar energy, to electrical energy. The converter 
comprises a cel l  formed from a p lural ity of i ntegrally intercon
nected p-n junction-containing semiconductor wafers. The wafers 
are stacked end-to-end in the cel l  so that the respective j unctions 
i n  each wafer are paral lel to each other. The efficiency and per
formance of the cel l  is i mproved, particularly u pon exposure to 
concentrated sunl ight, by imposing various conditions on the cell 

fabrication and design. Improvements resu lt, for example, by sel
ecti ng a h igh resistivity semiconductor as the start ing material 
in the fabrication of the cel l ,  contro l l ing the diffusion process to 
opt imize the j unction g radient and min im ize the th ickness of the 
base region in each wafer, orienting the wafers i n  the cel l  so that 
they are i l l um inated at a small angle relative to the plane of the 
respective junctions there in ,  and treat ing the exposed surfaces 
of the wafer to reduce ref lectivity and surface recombination 
velocities. 

4,082,602 
Chang, Kuang-Chou;  Hel ler, Adam; M i l ler, Barry, i nventors; Bel l  
Telephone Laboratories, Incorporated, assignee. Photovoltaic Cell 
Manufacture. April 4, 1 978. 

A qual ity control technique is based on the observation that trap
ping centers contribute to inefficient operation of junction devices. 
Devices are irradiated by a first radiation source of i ntensity suffi
cient to popu late traps and a second radiation source of varying 
wavelength. Trapping centers are detected by a deviation from the 
expected photovoltaic output-incident wavelength relationshi p. 
Such "structure" is uti l ized as the basis for altering production 
conditions to min im ize currents of such centers. While the pro
cedure is of general appl icabi l i ty, it is particu larly su itable as 
appl ied to photovoltaic cel l s. 

4,082,947 
Haywood, George Lewis; Haywood, Wesley Joseph, i nventors; The 
George L. H aywood Co., assignee. Solar .Collector and Drive Cir
cuitry Control Means. April 4, 1978. 

A control that wi l l ,  when attached to a solar col lector in a proper 
manner, a l low said solar collector to track the sun as to azim uth 
and elevation automatically, without manual assistance, through 
the d iu rnal cycle without regard as to whether the sun is visible 
or not. Also control l ing said col lector at sunset to return to an 
easterly setting to await the fol lowing d iu rnal cycle. 

4,083,097 
Anagnostou, Evelyn; Forestieri, Americo F., i nventors; The United 
States of America as represented by the Admin istrator of the 
National Aeronautics and Space Administration, assignee. Method 
of Making Encapsulated Solar Cell Modules. April 1 1 ,  1978. 

Electrical connections to solar cel ls in a module are made at the 
same t ime the cells are encapsu lated for protection. The encap
sulating material is embossed to fac i l itate the posit ioning of the 
cel ls during assembly. 

4,084,024 
Schumacher, Joseph C., i nventor; J. C. Schumacher Co., assignee. 
Process for the Production of Silicon of High Purity. Apri l 1 1 ,  1978. 

A process is provided for the low cost, h igh  volume production 
of polycrystal l ine high purity s i l icon by a vapor phase reduction 
of a halosilane, with hydrogen, the resulting polycrystal l ine s i l icon 
being particularly suited for use in the production of single crystal 
s i l icon for the manufacture of semiconductor devices, solar cells, 
and the l ike. The .process of the i nvention i nvolves the reaction 
of meta l l urg ical grade s i l icon (of a purity of about 98%) with a 
halogen or hydrogen halide to form a halosilane i ntermediate; the 
purification of the halosi lane and of hydrogen, the separate pre
heating of the purif ied halosi lane and of the purified hydrogen 
to a temperature range above the chemical reaction temperature 
of the halosilane and the hydrogen; i njection of the halosi lane 
and the hydrogen into a continuous flow reduction tubular reac
tor wherein the feed materials are i nstantaneously m ixed i n  a 
manner which causes a chemical reaction to be i nit iated fol lowed · 

by the nucleation and growth of solid h igh purity s i l icon particles 
as the reaction mass flows through the tubular reactor; i ntroduc
tion of the sol id-gas reaction mass stream i nto a cyclone type 
separator wherein the h igh p urity s i l icon particles are col lected 
and separated from the gas stream and ejected from the bottom 
of the separator; emitti ng the gas stream from the top of the 
separator and conducting the gas stream to a condenser-scrubber 
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system where in  unreacted hydrogen is separated and then 
recycled to the hydrogen pre-heater for re-use, un reacted s i l icon 
halosilane is separated and recycled to the intermediate pre-heater 
for re-use, and reaction product hydrogen halide is separated and 
recycled to the s i l icon halosi lane generator for re-use. 

4,084,044· 
Hel ler, Adam; M i l ler, Barry; Robbins, M urray, i nventors; Bell 
Telephone Laboratories, I ncorporated, ass ig nee. Liquid
Semiconductor Photocell Using Sintered Electrode. April 1 1 ,  1978. 

Liquid-semiconductor photocel ls have received attention recently 
for use in solar power devices. Alternatives to s ing le crystal 
semiconductors have been sought to reduce the cost of the 
photocel ls. According to this invention, the semiconductor is made 
from a pressure sintered and vapor annealed semiconductor. The 
electrode is relatively inexpensive to make and the efficiency of 
the solar cel l compares favorably to the efficiency of solar cells 
us ing single crystal e lectrodes. 

4,084,172 
Scranton, Robert A.; McGi l l, Thomas C., i nventors; The Un ited 
States of America as represented by the Secretary of the Navy, 
assignee. Highly Electronegative (SN)x Contacts to Semiconduc
tors. Apri l 1 1 ,  1978. 

Polymeric sulfur n itride is a conductive metal l ic  compound pro
viding a h igh ly electronegative contact for both n- and p-type 
semiconductor materials. Tests show the electronegativity to be 
higher than Au. Larger barriers are obtained for n-type semicon
ductors and smal ler barriers, or Ohmics, for p-types. 

4,084,985 
Evans, John C., J r. ,  inventor; The United States of America as 
represented by the Admin istrator of the National Aeronautics and 
Space Admin istration, assignee. Method for Producing Solar 
Energy Panels by Automation. April 18, 1978. 

A solar cell panel is fabricated by photoetching a pattern of col
lector g rid systems with appropriate interconnections and bus bar 
tabs i nto a g lass or plastic sheet. These regions are then f i l led 
with a first, th in conductve metal film fol lowed by a layer of a mixed 
metal oxide, such as l nAsOx or lnSnOx. The mult ip l icity of solar 
cells are bonded between the protective sheet at the sites of the 
col lector grid systems and a back electrode substrate by conduc
tive metal fi l led epoxy to complete the fabrication of an integrated 
solar panel. 

4,086,101 
Jordan, John Francis; Lampkin,  Curtis Mag i l l ,  i nventors; Photon 
Power, I nc., assignee. Photovoltaic Cells. April 25, 1978. 

A method of making low cost photovoltaic cel ls on a large scale 
basis by means of a cont inuous process of coating sheet g lass 
whi le the sheet glass moves in and has its under su rface 
immerS!;ld in a tank of molten material ,  comprising forming the 
fi lm of CdS microcrystals on the glass sheet, which has previously 
been coated with transparent SnO to a thickness of about 0.3 , to 0.6 microns. A water solution or a cadmium salt, a sulphur 
compound, and an aluminum containing soluble compound is 
i nterm ittenty sprayed on said g lass while its exposed surface is 
maintained at a constant temperature in the range 500°F to 1 100°F 
and whi le i rradiating the surface with intense ultraviolet l ight so 
as to form a f i lm of CdS microcrystals. This CdS f i lm has AI 
impregnated within the stratum of the f i lm adjacent to the SnO , 
but only optionally has AI impregnated in the stratum of the Cd
f i lm adjacent to the exposed surface of the CdS f i lm.  After the 

§ 
spray process is  completed, the temperature of the sheet of glass 
is brought to the range 450°C to 550°C, 525° being opt imum. After 
heating, the g lass is cooled to approximately room temperature 
and the exposed surface of the CdS is converted to CuxS, the x 
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of CuxS being as close to 2 as possible, by d ipping the coated .g lass m a solution compris ing:  a solvent, which may be water, 
a weak acid, such as tartaric acid, citric acid, or lact ic  acid; a 
copper contain ing compound; and, optional ly, a quantity of 
H2Ce(S0 )4 4 and NaCI, or some other chloride; or by electroplating 
to form a fi lm of Cu S; or, by a combi nation of d ipp ing and 
electroplat ing. The 
exchange, i.e., S from 

CuxS forming process proceeds by ion 
CdS combines with Cu to form Cu S. Cu �is then appl ied over the Cu S, and the cel l  is curea at a ll..temperatu re in the range 400°t- to 500°F. 

4,086,102 
King, Wi l l iam J. ,  i nventor. Inexpensive Solar Cell and Method 
Therefor. Apri l 25, 1978. 

Solar cel ls are manufactu red by a s impl ified method in which a 
single protective layer acts as an anti -reflection coat ing and an 
encapsulat ion. In cases where the junction is formed by ion im
plantation techniques, the same layer a lso serves as the implan
tation oxide. I n  addit ion, this multi-pu rpose layer may also serve 
as a mass analyzer, al lowing the des i red species of ions to reach 
the surface of the semiconductor but blocking the heavier 
undes i red species. The necessary contacts may be formed prior 
to implantation, and the use of al loyed aluminum contacts with 
a luminum oxide passivation permits a simpl ified contacting  pro
cedure. A fu l ly automatic contacting method and conf iguration 
for l i near materials is also disclosed. 

4,086,485 
Kaplow, Roy; Frank, Robert 1 . ,  i nventors; Massachusetts Institute 
of Technology, assignee. Solar-Radiation Collection Apparatus 
with Tracking Circuitry. Apri l 25, 1978. 

The i nvention contemplates improved apparatus for col lecting 
solar radi at ion and d i rect ional ly concentrating the same upon 
ut i l ization means such as a photovoltaic cell system. I n  the form 
described, arrayed col lect ing devices are mounted for i nd ividual 
tracking of maximum solar-energy response at each such cel l  
system, ut i l izing t ime-shared access to a microprocessor, and 
correctional-drive signals un iquely appropriate to the orientation 
of each col lecting device are suppl ied by the microprocessor on 
a time-shared basis for the respective components of orientation 
correction drive means for each collecting device. Since each col
lecting device is thus automatically correctively posit ioned for 
maximum output of its own uti l izat ion device, there is an 
avoidance of precision requ i rements (a) as to mounting the several 
col lecti ng devices with respect to each other and (b) as to basic 
drives to anticipate relative aspect of the sun, as a function of 
the time of day, or the day of the year and whatever the earthbound 
location of the apparatus. 

4,087,571 
Kamins, Theodore 1.; Manol iu ,  Ju l iana, inventors; Fairchi ld Camera 
and Instrument Corporation, assignee. Controlled Tempera ture 
Polycrystalline Silicon Nucleation. May 2, 1978. 

The diffusivity of an impurity in a layer of polycrystal l i ne  s i l icon 
is  controlled by forming the polycrystal l i ne s i l icon on a th in 
nucleating layer of polycrystal l ine s i l icon possessing a maximum 
{1 10} texture. 

4,087,960 
Koichi ,  Oguchi ,  inventor; Kabushiki Kaisha Suwa Seikosha, 
assignee. Solar Ba ttery Wristwatch. May 9, 1978. 

A solar-battery wristwatch makes use of a flexible pri nted-circuit 
board for connecting the cel ls of the battery in series and for con
necting said battery with a storage battery. The arrangement 
el iminates the need for connecting wires and extraneous supports 
in that the flexible pri nted-ci rcuit board holds the solar battery 
against the dial plate of the watch. 



4,088,116 
Pastor, Jose, i nventor. Radiant Energy Collector. May 9, 1978. 

A radiant energy col lector is described having a general ly scroll
shaped configuration and exhibiting a hemispheric energy accept
ance angle. Substantial ly a l l  d iffuse and d i rect radiant energy 
which is incident on a reflective surface of the col lector is reflected 
toward an elongated energy conversion means. In one arran e
ment, the energy conversion means comprises a fluid container 

g
in which a transfer fluid is heated. I n  another arrangement, the 
energy conversion means comprises means for convert ing i nci
dent rad iant energy i nto electrical energy. 

4,088,121 
Lapeyre, James M. ,  inventor; The Laitram Corporation, assignee. 
Solar Energy Concentrator. May 9, 1978. 

A solar energy concentrator having an array of horns each hav
ing converg ing reflect ing surfaces which provide a mu lt ip le 
reflective path from a relatively wide entrance aperture exposed 
to incident solar energy and a smaller exit aperture from which 
i ntensified energy emanates. The energy received from the exit 
apertures of the horn array is of h igher density than the i ncident 
energy density and can be used as heat or converted to electrical 
or  other forms of energy for use. 

4,088,508 
Gravisse, Phi l ippe Edouard, inventor. Amplifying Device of Radiant 
Energy. M ay 9, 1978. 

A rad iant energy ampl ifying device receiving energies from short 
wavelengths by a p lura l ity of scint i l lating materials having high 
q uantum yields operating i n  cascade which are d istributed 
homogeneously in a matrix made of synthetic resinous material 
whose absorption threshold is at wavelength less than the absorp
tion zone of the scint i l lating material located at the beg inn ing of 
the cascade, wherein the scintil lating materials are present in the 
matrix in a pro
2 

�ortion varying according to the material from 
x 10 - 3 to 10- mole/kg of resin ,  the highest concentration cor

responding to the material being located at the beginn ing of the 
cascade. 

4,089,576 
Barchet, Reinhold J., i nventor; General Electric Company, 
assignee. Insulated Connection of Photovoltaic Devices. M ay 16, 
1978. 

The electric terminals or leads of photovoltaic devices to be inter
connected into an array are encased in the insulating layers of 
the devices. G uideholes pass through the devices and the 
terminals. Fasteners having an insu lated head and shank with a 
conductive means on the shank are positioned so that the con
ductive means is in contact with the term inals. Screw and nai l  
type fasteners are d isclosed. 

4,089,705 
Rubin, Irwin, inventor; The United States of America as represented 
by the Admin istrator of the National Aeronautics and Space 
Administration, assignee. Hexagon Solar Power Panel. May 16, 
1978. 

A solar energy panel comprises a support upon which si l icon cel ls 
are arrayed. The cel ls are wafer thin and of two geometrical types, 
both of the same area and electrical rat ing, namely hexagon cells 
and hourg lass cel ls. The hourg lass cells are composites of half 
hexagons. A near perfect nesting relationship of the cel ls achieves 
a h igh density packing whereby opt imum energy production per 
panel area is ach ieved. 

4,090,071 
McCarter, Craig A., i nventor; Hoffman Engineering Corporation, 
assignee. Photometric Instrument with Thermoelectric Control of 
a Photovoltaic Semiconductor Detector. May 16, 1978. 

A h igh ly accurate thermoelectrical ly control l ed radiant energy 
detector achieving sufficient measurement stabi l ity to permit it 
to monitor the rad iant energy output of a calibrated standard 
instrument such as a luminance/i l l um inance source, which is to 
generate a standard quantity of radiant energy to be u sed, e.g., 
in the field testing and calibration of photometric i nstruments. 
The rad iant energy detector provides a h igh ly stable and drift free 
photometric measurement using a s i l icon photovoltaic detector 
arranged to receive radiant energy upon a sensitive surface thereof 
and to emit an electrical output signal related to the magnitude 
of i ncident rad iant energy. A thermal ly conductive member, such 
as a mounting block, carries the l ight detecting element, and 
temperature sensing  means, such as the semiconductor j unction 
of a transistor, is in thermal commun ication with the conductive 
member. Contro l lable heat emitting means, such as another tran
sistor, also is in thermal commun ication with ·the conductive 
member and a feedback circuit responds to the temperatu re sens
ing means for contro l l ing the heat emitting means to maintain 
the conductive member and the l ight detect ing element carried 
thereby at a constant temperature elevated above ambient 
temperature, e.g., 40°C. The relationship between incident radiant 
energy and electrical output of the l ight detecting element remains 
substantially i nvariant, e.g., with a d rift of approximately only 1 %  
per year. Spectral response is  stabi l ized and sensitivity is 
improved. Accordingly, the radiant energy detector and monitored 
rad iant energy source al low h igh ly accurate field or laboratory 
measurement and cal ibrat ion to take p lace. 

4,090,213 
Maserjian, Joseph; Chern, Shy Sh iun; Li, Seung P. , inventors; 
Cal ifornia Institute of Tech nology, ass ignee. Induced Junction 
Solar Cell and Method of Fabrication. May 16, 1978. 

An induced junction solar cel l  is fabricated on a p-type s i l icon 
substrate by first diffusing a g rid  of criss-crossed current col lect
ing n + stripes, and thermal ly growing a th in  SiO f i lm, and then, 
using s i l icon-rich chemical vapor deposition (C ), producing a 
layer of Si0 having inherent defects, such as s i l

\JD
icon i nterstices, 4 

which funct1on as deep traps for spontaneous posit ive charges. 
ion implantation increases the stable positive charge distribution 
for a greater inversion layer i n  the p-type si l icon near the surface. 
After etching through the oxide, to para l lel col lect ing stripes, a 
pattern of metal is produced consisting of a set of contact stripes 
over the exposed col lecting stri pes and a d iamond shaped pat
tern which functions as a current col lection bus. Then the reverse 
side is metal l ized. 

4,090,359 
Doel l ner, Oscar Leonard, inventor. Radiant Energy Power Source 
for Jet Aircraft. and Missiles. M ay 23, 1978. 

A radiant-energy-sensing power system appl icable to aircraft hav
ing jet-type engines, veh icles having  gas turbine engines, and 
m issi les, comprising photovoltaic type cel ls mounted i n  the prox
imity of the combustion chamber of a jet engine and the aft end 
of a missi le whereby the photovoltaic solar cells receive a por
tion of the radiant energy from the burn ing of the jet or missi le 
fuel and convert same to electrical energy for use i n  the ai rcraft, 
m issi le, or vehicle. 

4,090,577 
Moore, Wallace H. ,  i nventor. Solar Celled Hybrid Vehicle. M ay 23, 
1978. 

A front wheel driven, gas powered veh icle is converted to i ncl ude 
a rear d ifferential connected for power input to a first and second 
electrical motor, or a single electric motor i f  desired. When f irst 
and second electrical motors are used they are connected i n  
paral lel ,  the  power input thereto being brought across a current 
l imit ing series of resistors to protect and control the current level 
thereto. A switching circuit connects in various series and parallel 
combinations a p lu rality of batteries and concurrently switches 
the necessary current l imiting resistance. Thus a control combina
tion is provided including a manual selector for the desi red for
ward and reverse directions and the low and high cu rrent ranges 

Patents 51 



which is further mult ipl ied by the various resistances. In this con· 
f iguration, the normally available gasol ine power plant is retained 
in the vehicle and is augmented during periods of nonoptimal use 
by the above electric motor provisions. This electric power can 
be period ically replenished either by way of a charger or a set of 
solar panels p laced on the roof of the vehicle. 

4,092,446 
Padovani ,  Francois A.; M i l ler, M ichael Brant; Moore, James A.; 
Fowler, James H.; J une, Malcolm Nevi l le ;  Matthews, James D:; 
Morton, T. R.; Stotko, Norbert A.; Palmer, Lewis B., inventors; Texas 
Instruments I ncorporated, assignee. Process of Refining Impure 
Silicon to Produce Purified Electronic Grade Silicon. M ay 30, 1978. 

A balanced closed cycle s i l icon refinery has been developed for 
producing e lectronic si l icon from industrial g rade s i l icon. lmpur· 
ities comprising approximately 1 %  of the i ndustrial grade s i l icon 
are removed du ring the refinery process to produce the purified 
s i l icon, wh i le on ly a relatively smal l  percentage of make-up 
chemicals are added to the system. In the refinery, hydrogen 
ch loride is reacted with the impure si l icon in a halide reactor to 
provide trichlorosilane and si l icon tetrachloride and hydrogen. The 
trich lorosi lane and/or s i l icon tetrachloride are purified to remove 
the impurities, and then reacted with the hydrogen from the halide 
reactor i n  a fl u id ized bed reactor to produce the purified si l icon 
and an effl uent comprised of unreacted trichlorosi lane, s i l icon 
tetrachloride, hydrogen, and the by-product hydrogen chloride. 
These materials are separated and the trichlorosi lane and si l icon 
tetrach loride and hydrogen are retu rned to the s i l icon reactor while 
the hydrogen ch loride is returned to the halide reactor to be 
reacted with additional industrial g rade s i l icon i n  a closed cycle 
process. 

4,093,473 
Lindmayer, Joseph, inventor. Solar Panel with UV Absorber. June 6, 
1978. 

A solar panel i ncluding photovoltaic cel ls  encapsu lated in a 
s i l icone resin  containing an u ltraviolet l ight absorber that wi l l  
inh ibit corrosion of  metall ic cell parts and resin delamination while 
having no substantial, adverse effect on curing of the resin .  

4,094,704 
M i lnes, Arthur G., inventor. Dual Electrically Insulated Solar Cells. 
June 13, 1978. 

Composite solar cel ls of improved efficiency comprise two cells 
of d ifferent characteristics arranged in  optical series but elec· 
trically insulated from each other. Preferably, each cell is of larger 
crystal g rain s ize than its substrate, which g rain size is achieved 
by growing the cell semi-conductor on a molten i ntermediate 
rheotaxy layer of a su itable semi-conductor which solid ifies at 
a temperature below the melti ng temperature of the solar cell 
semi-conductor. The substrate and the intermediate rheotaxy layer 
of the overlying cell are transparent to that fract ion of sun l ight 
which is ut i l ized by the underlying cel l .  Various configurations 
of overly ing and underlying cells are d isclosed. 

4,094,751 
Nozik, Arthur J., inventor; Al l ied Chemical Corporation, assignee. 
Photochemical Diodes. June 13, 1978. 

Photochemical d iodes are provided which use l ight to drive both 
endoergic and exoerg ic chemical reactions such that optical 
energy is converted into chemical energy. The photochemical 
diodes are typically suspended in a bulk volume matrix of the con· 
stituent chemical reactants. The photochemical d iodes, in the 
form of either Schottky-type diodes or p-n type d iodes, are 
employed, for example, to convert water i nto hydrogen p lus oxy· 
gen (or hydrogen peroxide); to convert hydrogen sulfide i nto 
hydrogen plus su lfur; and to photo-catalyze chemical reactions. 
The photochemical diodes. of the invention comprise two portions, 
a first portion compris ing an appropriately doped semiconduc· 
tor material of a g iven conductivity and provided with an ohmic 
contact and a second portion comprising either metai(Schottky-

type) or an appropriately doped semiconductor material of a con
ductivity type opposite to that of the fi rst portion and provided 
with an ohmic contact (p-n type). The two portions are int imately 
joined together through the ohmic contact(s). Solar rad iation is 
conveniently emplqyed as a source of optical energy. 

4,095,004 
Fraas, Lewis  M . ;  Bleha, Wi l l iam P., Jr., i nventors; Hughes Ai rcraft 
Company, assignee. Process for Low Temperature Stoichiometric 
Recrystalliza tion of Compound Semiconductor . Films. June 13, 
1978. 

A new, useful and nonobvious process is disclosed wherein vapor 
phase controlled stoichiometry is employed to obtain compound 
semiconductor films having large crystal l ite textures. The process 
has been found to be part icu larly useful in the formation of com
pound semiconductor f i lms where one of the components is a 
high vapor pressure element and the substrate material is 
amorphous. 

4,095,006 
Jordan, John Francis; Lampkin, Curtis Magi l l ,  i nventors; Photon 
Power, I nc., assignee. Cadmium Sulfide Film. June 13, 1978. 

A method of form ing a cadmium su lfide fi lm from a solution con
taining a cadmium salt and a sulfur containing compound 
compris ing i nc lusion of a ch lorine containing compound in  the 
solution uti l ized to form the cadmium su lfide fi lm. 

4,095,217 
Tani, H irotsugu; Taguchi, Kyoj i; Arita, Shigeru, inventors. Combined 
Liquid Crystal Display and Photovoltaic Converter. June 13, 1978. 

By replacing the passive reflector in a l iqu id crystal d isplay with 
a photovoltaic converter, the dual resu lts of l ight reflection for 
display visib i l ity and electrical energy generation for operation 
of the display and associated c ircuitry, such as electronic 
calcu lator c i rcuitry, are ach ieved. 

4,095,329 
Ravi, Kramadhati Venkata, i nventor; Mobil Tyco Solar Energy Cor
poration, assignee. Manufa cture of Semiconductor Ribbon and 
Solar Cells. June 20, 1978. 

A method is provided for producing solar cells employing s l ightly 
curved or nearly flat monocrystal l ine si l icon ribbons. The ribbons 
are formed by cutting or s l ic ing monocrystal l i ne hol low tubes 
along their lengths, the tubes having been formed accord ing to 
crystal g rowing processes d isclosed in U.S. Pat. No. 3,591,348. 

4,095,997 
Griffiths, Kenneth F., inventor. Combined Solar Cell and Hot Air 
Collector Apparatus. June 20, 1978. 

A solar col lector having at least one solar cell , an air retain ing 
plate located paral lel to and immediately behind the un l i t  side 
of the cell. A plate is spaced from the back of the cel l  to permit 
passage of substant ial ly al l  the air that is to be treated by the 
cell ,  the retain ing plate being i n  communication with the 'portion 
of the col lector through which the air is withdrawn. 

4,097,308 
Klein, Wi l l iam Richard; Koti la, Carl Leroy; Krams, Ira Lesl ie, i nven
tors; Tideland Signal Corporation, assignee. Glass Enclosed Solar 
Cell Panel. June 27, 1978. 

A solar panel for use in hosti le environments. The panel inc ludes 
top and bottom molded g lass plates, each having a downwardly 
di rected sidewal l  extending around their outer peripheries. The 
bottom plate is positioned beneath and with in  the sidewal ls of 
the top plate thereby downwardly directing the opening to the com
partment formed between the top and bottom plates. Recesses 
are molded in either the bottom of the top plate or in the top of 
the bottom plate for receiving solar cel ls whereby the th ickness 
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of the compartment is m in im ized. The recesses are sized and 
shaped to conform to the size and shape of the solar cel ls. A 
passageway is provided from each recess to an adjacent recess 
for electrical connections between adjacent solar cells which are 
positioned in each of the recesses. Pott ing compound having an 
i ndex of refraction s im i lar to the index of refraction of g lass f i l ls  
the compartment. The thickness of the compartment is sufficient 
to al low the compound to w ithstand thermal cyc l ing. Electrical 
connections to the solar cells sealably extend through the bottom 
plate. 

4,097,309 
Horne, Wi l l iam E., i nventor; The Boeing Company, assignee. Ther
mally Isolated Solar Cell Construction. June 27, 1978. 

Thermal isolation shields consisting of two glass slides separated 
by i nsulating standoffs are positioned upon the front radiation 
receiving surface of a solar cel l  and/or upon the back surface of 
the solar cell. One of the two g lass plates is made from material 
selected to absorb and radiate electromagnetic wave energy with 
a wavelength above 5 microns to prevent overheating of the cell. 
The space between the two cover plates forms a thermal gap that 
is, if desired, bridged by a bimetal l ic strip. The strip is adhered 
to one of the plates and has a reverse bend to extend along the 
face surface of the opposed cover plate. The strip d istorts under 
an i ncreased temperature to break the bridge between the two 
plates and thereby isolates the solar cell from the thermal shield 
formed by the outer cover plate unt i l  there is a sufficient reduc
tion in temperature at which the bimetal l ic str ip reestabl ishes 
conductive contact between the cover plates. Each solar cell 
assembly i n  an array i s  adhered to a substrate by f i rst bonding 
g lass pads to the substrate and then heat ing the cel l and glass 
pads to a temperature of about 400° whi le applying an electrical 
potential of the order of 400 volts with the g lass being negative 
potential with respect to the cel l .  A hermetic bond is achieved 
without the use of adhesives. 

4,097,310 
Lindmayer, Joseph, inventor. Method of Forming Silicon Solar 
Energy Cells. J une 27, 1978. 

A method of forming a s i l icon solar energy cell , which comprises 
forming an electron generating junction on a single crystal si licon 
wafer and thereafter using a saw having a d iamond blade to cut 
through the wafer and the junction formed therein. 

4,099,199 
Wittry, David Beryle, inventor; University of Southern Californ ia, 
assignee. Photovo/taic Cell Employing a PbO-SnO Heterojunction. 
Ju ly 4, 1978. 

A photovoltaic cel l  that incorporates a PbO·SnO heterojunction 
of graded composition which, among other appl ications, can be 
ut i l ized for the conversion of solar energy to electrical energy. A 
p-i-n junction is formed whi le PbO and SnO are s imultaneously 
deposited on a substrate in a varying ratio that is either decreased 
or i ncreased to form the compositions Pb1 _xsnx0 where x varies 
in the range of 0 to 1 .  

4,099,986 
Diepers, Heinrich, inventor; Siemens Aktiengesellschaft, assignee. 
Solar Cell Comprising Semiconductive Whiskers. J uly 1 1 ,  1978. 

A solar cell with semiconductor body consisting of single crystal 
semiconductor whiskers which are grown on a substrate surface 
permitting relatively inexpensive manufacture and high efficiency 
of the solar cel l  is disclosed. 

4,100,051 
Ki lby, Jack S.; Lathrop, Jay W.; Porter, Wi lbur A., i nventors; Ki lby, 
Jack S., assignee. Light Energy Conversion. Ju ly 1 1 ,  1978. 

Solar energy conversion is provided by a structure formed of a 
plural ity of photovoltaic sou rces. An electrolyte wets the sources. 

Upon exposure to l ight the photovoltaic sources cause a current 
to flow in the electrolyte, producing an electrochemical reaction. 
The products of th is reaction are col lected and stored. I n  a 
preferred embodiment the electrolyte is an aqueous solution of 
hydrogen iodide, and the hydrogen produced by the elec
trochemical reaction may be stored, burned as a fuel or used i n  
a fuel cel l to  produce electrical energy. 

4,100,427 
Durand, Henri; Naaijer, Geert Jan, i nventors; U.S. Phi l ips Corpora
tion, assignee. Device for Converting Solar Energy. J uly 1 1 ,  1978. 

A device is described for converting solar energy i nto electric 
power for a load, which device is provided with photocel l s  and 
electric accumu lators. Switch ing means are provided wh ich at 
least d uring start ing of the load connect this load to the output 
terminals of the array of photocel ls  so that during start ing the 
current through the load is determined by the current suppl ied 
by the photocel ls. The device makes efficient use of the avai lable 
solar radiation, is of s imple design and i s  rel iable. 

4,101,341 
Selders, Matthias Peter, i nventor; Battel le Development Corpora· 
tion, assignee. CdSe·SnSe Photovoltaic Cell. July 18, 1978. 

The invention relates to a photovoltaic cell for convert ing solar 
energy into electrical power and which has, in sandwich construc
tion, two different polycrystal l ine semiconductor layers in i ntimate 
contact and disposed on a metal or metal-coated substrate, the 
cel l being provided with a l ight-transmissive or grat ing-shaped 
electrode on the s ide toward the l ight. The cell layers comprise 
the semiconducting selenides of cadmium and t in .  

4,101,351 
Shah, Pradeep L.; Ful ler, Clyde R., i nventors; Texas I nstruments 
I ncorporated, assignee. Process for Fabricating Inexpensive High 
Performance Solar Cells using Doped Oxide Junction and lnsitu 
Anti-Reflection Coatings. J u ly 18, 1978. 

Si l icon solar cells may be m ade from either "P" type substrates 
with "N" type dopants to form the geometries or with "N" type 
substrates and "P" type dopants forming the junction. This 
i nvention relates to the dopant species employed, the i mproved 
method of appl ication and junction formation, formation of i nsitu 
anti-reflective coat ings, and improved metal lizat ion processing 
for s i l icon solar cel ls. The i nvention does not affect preparation 
of the s i l icon substrate prior to d iffusion steps, and is appl icable 
both to planar solar cel ls and to vertical-multijunction cel l s. This 
i nvention d iscloses an alternate process of junction formation 
using arsenic as dopant. The process i s  un iquely d ifferent i n  the 
fact that it s impl if ies the num ber of process steps by us ing the 
doped oxide for junction formation, meta l l ization mask and as 
an anti-reflection surface l ayer. 

4,101,923 
Gulko, Arnold G. ;  Steinberg, Jacob H . ,  i nventors. Solar Cells. 
July 18, 1978. 

A l:!Oiar cell is provided which comprises a layer of crysta l l ine 
s i l icon doped with boron on at least one surface thereof and 
having the other surface doped with vanadium.  

4,101,925 
Kel ley, Larry P.; Hardy, Craig A., inventors. Centrifugal Forming Thin 
Films and Semiconductors and Semiconductor Devices. J uly 18, 
1978. 

A method and apparatus for centrifugal ly forming th in  semicon
ductor fi lms or layers wherein centrifugal force is appl ied to a 
molten single-crystal forming material to overcome surface ten
sion and evenly spread the material along a substrate surface 
substantial ly paral lel to the axis of rotation. The material i s  
thereafter cooled, un i formly or progressively from a seed s ing le 
crystal, to form a thin layer or f i lm of crystal l ine material. Desirably, 
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the f i lms or layers wi l l  be substantial ly s ingle crystals. The pro
cess and apparatus are useful in form ing th in ,  semiconductor 
crystal layers usefu l ,  for example, in solar cel ls. Semiconductor 
devices accord ing to the invention have a porous graphite 
substrate, a thin film or layer of s i l icon and a gridwork plated onto ·the s i l icon. The interface between the s i l icon grid graphite 
substrate is substantial ly free from s i l icon carbide. 

4,102,764 
Harvey, Francis J. ,  I I ;  Fey, Maurice G., inventors; Westinghouse 
Electric Corp., assignee. High Purity Silicon Production by Arc 
Hea ter Reduction of Silicon Intermediates. Ju ly 25, 1978. 

A process for converting s,i l icon intermediates to h igh purity 
s i l icon by an arc heater characterized by the thermal reduction 
of one of several potential purified s i l icon i ntermediate com
pounds using an arc heater as the reduction energy source and 
using hydrogen as the reductant. 

4,102,765 
Fey, Maurice G.; Harvey, Francis J. , I I ;  McDonald, Jack, inventors; 
Westinghouse Electric Corp., assignee. Arc Heater Production of 
Silicon Involving Alkali or Alkaline-Earth Metals. J u ly 25, 1978. 

A process for producing h igh purity s i l icon characterized by the 
employment of an electric arc heater into which a s i l icon halide 
is injected together with a metal reductant such as an alkali metal 
or an alkal i ne-earth metal which are reacted together by projec
t ing them tangential ly i nto a reaction chamber to cause the for
mation of l iqu id s i l icon and a gaseous metal hal ide salt which 
are separated i n  a suitable manner such as centrifugally or by 
condensation. 

4,102,766 
Fey, Maurice G. ,  i nventor; Westinghouse Electric Corp., assignee. 
Process for Doping High Purity Silicon in an Arc Hea ter. Ju ly 25, 
1978. 

A method for doping solar grade si l icon characterized by the steps 
of feed ing i nto an arc heated gas stream a quantity of a metal 
reductant such as an a lkal i  metal or an a lkali ne-earth metal and 
also feed ing i nto the stream a quantity of a s i l icon hal ide and of 
a corresponding halide of a doping agent such as arsenic to react 
with the metal reductant to produce reaction products including 
a salt of a metal reductant and a m ixture of l iqu id s i l icon and 
doping agent, and separating the mixture from the salt of the metal 
reductant. 

4,102,767 
Mazelsky, Robert; Fey, Maurice G.; Harvey, Francis J. ,  inventors; 
Westinghouse Electric Corp., assignee. Arc Heater Method for the 
Production of Single Crystal Silicon. J u ly 25, 1978. 

A method for the production of single crystal si l icon characterized 
by the steps of feeding into an arc heater a quantity of uncontam
inated s i l icon hal ide to react with hydrogen or a metal reductant, 
such as sod ium,  to produce reaction products including l iqu id 
s i l icon and a gaseous salt of the reductant, deposit ing the l iqu id 
s i l icon on a downwardly incl ined surface, and attaching a single 
seed crystal of s i l icon to the l iquid s i l icon and withdrawing the 
single seed crystal from the l iqu id s i l icon so as to propagate a 
large single crystal. 

· 

4,102,985 
Harvey, Francis J., I I ,  inventor; Westinghouse Electric Corp., 
assignee. Arc Hea ter Production of Silicon Involving a Hydrogen 
Reduction. Ju ly 25, 1978. 

A process for the production of high purity s i l icon characterized 
by the employment of an electric arc heater in which a s i l icon 
hal ide is reacted with hydrogen to produce l iqu id s i l icon and 
gaseous co-products. 
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4,104,083 
Hirano, Taizo, i nventor; Japanese Government, assignee. Solar 
Ba ttery Package. August 1 ,  1978. 

A solar battery package having at least one solar cell substan
t ial ly embedded in a block of fiber-reinforced thermosetting resin 
with a transparent flexible covering. The block as a portion, 
overlaying a light receivi ng area of the solar cel l ,  which is 
transparent and has another portion wh ich is either transparent 
or substantially opaque. A protective coating of fluori ne-containing 
compound may be appl ied to the block to improve the weather
abil ity of the solar battery package. A method of making the solar 
battery package is also d isclosed. 

4,104,084 
Evans, John C., Jr. , inventor; The Un ited States of America as 
represented by the Administrator of the National Aeronautics and 
Space Admin istration, assignee. Solar Cells Having Integral Col
lector Grids. August 1, 1978. 

A heterojunction or Schottky barrier photovoltaic device compris
ing a conduct ive base metal layer compatible with and coating 
predominately the exposed surface of the p-type substrate of the 
device such that a back surface field reg ion is formed at the 
interface between the device and the base metal layer, a 
transparent, conductive mixed metal oxide layer in integral contact 
with the n-type layer of the heterojunction or Schottky barrier 
device having a metal al loy grid network of the same metal 
elements of the oxide constituents of the mixed metal oxide layer 
embedded in the mixed metal oxide layer, an insu lating layer which 
prevents electrical contact between the conductive metal base 
layer and the transparent, conductive metal oxide layer, and a 
metal contact means covering the insu lating layer and in intimate 
contact with the metal grid network embedded in the transparent, 
conductive oxide layer for conducting electrons generated by the 
photovoltaic process from the device. 

4,104,091 
Evans, John C., J r. ;  Brandhorst, Henry W. ,  J r. ; Mazaris, George A.; 
Scudder, Larry R., inventors; The Un ited States of America as 
represented by the Administrator of the National Aeronautics and 
Space Admin istration, assignee. Application of Semiconductor 
Diffusants to Solar Cells by Screen Printing. August 1, 1978. 

Diffusants are appl ied onto semiconductor solar cell substrates 
using screen printing techniques. The method is appl icable to 
square and rectangular cel ls and can be used to apply dopants 
of opposite types to the front and back of the substrate. Then, 
s imu ltaneous d iffusion of both dopants can be performed with 
a single furnace pass. 

4,104,420 
Jordan, John F.; Lampkin, Curtis M. ,  inventors; Photon Power, Inc., 
assignee. Photovoltaic Cell. August 1, 1978. 

A large area photovoltaic cell comprising a layer of multicrystal l ine 
cadmium sulfide, about 1 to 2 microns th ick, formed by 
simu ltaneously spraying two suitably selected compounds on a 
uniformly heated plate of Nesa glass, thereafter forming a coating 
of of Cu2S over the cadmium su lfide layer while the latter is 
heated, to form a photovoltaic heterojunction, applying thereover 
a layer of CuS04, and applying electrodes of Cu and Zn, respect
ively, to separated areas of the layer of CuS04, and heating the 
cel l  to form a cuprous oxide rectifying junction under the copper 
electrode by reaction of the Cu electrode with the CuS04, whi le 
diffusing the zinc through the body of the cel l .  The diffusion of 
the zinc provides a negative electrode coplanar with the posit ive 
copper electrode, e l iminat ing any need for i ntroducing mechan
ically complex provision for making a connection to the Nesa 
g lass, whi le the use of a CuS04-Cu combination enables use of 
a layer of CdS only 1 to 2 microns thick, rather than the usual 20 
microns, despite the fact that such th in layers tend to have 
pinholes, which in the prior art render the cel ls inoperative, but 
in the present teaching do not. 



4,105,470 
Skotheim, Terje A., i nventor; The United States Government as 
represented by the United States Department of Energy, assignee. 
Dye-Sensitized Schottky Barrier Solar Cells. August 8, 1978. 

A low-cost dye-sensitized Schottky barrier solar cell comprised 
of a substrate of semiconductor with an ohmic contact on one 
face, a sensitizi ng dye adsorbed onto the oppos'ite face of the 
semiconductor, a transparent thin-fi lm layer of a reducing agent 
over the dye, and a thin-fi lm layer of metal over the reducing agent. 
The ohmic contact and metal layer constitute electrodes for con
nection to an external circuit and one or the other or both are made 
transparent to permit light to penetrate to. the dye and be absorbed 
therein for generating electric current. The semiconductor material 
chosen to be the substrate is one having a wide bandgap and 
which therefore is transparent; the dye selected is one having a 
ground state within  the bandgap of the semiconductor to generate 
carriers i n  the semiconductor, and a f i rst excited state above the 
conduction band edge of the semiconductor to read i ly conduct 
electrons from the dye to the semiconductor; the reducing agent 
selected is one having a ground state above the ground state of 
the sensitizer to provide a plentiful source of electrons to the dye 
during current generation and thereby enhance the generation; 
and the metal for the th in-fi lm  layer of metal is selected to have 
a Fermi level in the vicin ity of or above the ground state of the 
reducing agent to thereby amply supply: electrons to the reduc-
i ng agent. 

· 

4,105,471 
Yerkes, John W.; Avery, James E., i nventors; Arco Solar, I nc., 
assignee. Solar Cell with Improved Printed Contact and Method 
of Making the Same. August 8, 1978. 

A s i l icon solar cel l  having a body of boron doped P-type s i l icon 
material with a shallow P/N junction formed therein through diffu
sion of phosphorous i nto one surface thereof. A contact pattern 
of conductive material is formed on the surface of the solar cel l  
i n  which the PIN junction is formed. The pattern is formed by f i rst 
depositing a metal l ic  layer upon the ent i re surface of the body 
and then applyi ng the contact pattern by printing upon the sur
face of the metal. The metal has a characteristic such that when 
heated in the presence of oxygen to an appropriate temperature 
to f i re the conductive material, it oxidizes and forms an anti
reflective layer on the surface of the cell except in those areas 
where the printed contact pattern is d isposed. In the areas of the 
printed contact pattern the metal forms an ohmic contact between 
the surface of the s i l icon and the printed contact pattern and pro
vides a barrier to preclude the conductive contact pattern material 
from punching through the shal low P/N junction. 

4,106,047 
Lind mayer, Joseph, i nventor. Solar Cell with Discontinuous Junc
tion. Aug ust 8, 1978. 

A si l icon solar energy cell having a substantially constant voltage 
despite significant increases in i l lumination, which cel l  has a back 
surface junction that is d iscont inuous and has spaced, shorted 
portions formed therein. 

4,106,482 
Savage, Fred L.; Long, Alfred D., inventors. Autonomic Solar Panel. 
August 15, 1978. 

An autonomic solar heat col lecting system is provided. The heart 
of the system is a solar panel i ncluding a flat outer surface 
adapted to be exposed to the d irection of the radiation of the sun. 
A f lat or formed inner sheet is provided which is closely spaced 
from the outer surface section. Preferably, a flat, transparent plate 
is provided, which is spaced from, which covers, and is d isposed 
outwardly from, the flat outer section, thereby forming an air-tight 
compartment between itsel f  and the flat outer surface. Joining 
the inner and outer surfaces to one another at the top and at the 
bottom provides a hol low, flu id-tight cavity. Because the i nner and 
outer su rfaces are closely spaced from each other, the f lu id is 

in the form of a thin f lu id membrane. Means are provided for al low
ing entrance of a f lu id i nto the cavity and means are provided for 
removal of the f lu id from the other cavity. To provide most effi
cient control and heat removal, the col lector should be made of 
two copper sheets, the outer of which is flat, separated about 0.016 
inches apart with an enclosed volume of fluid not exceeding about 
2.3 cubic i nches/square foot of panel. Due to the small volume 
of  f lu id c i rculating through the solar panel, low power re
qu i rements are inherent to the system, and low voltage power i s  
ample to  activate the  solar energy col lecting system independent 
of any outside power source. Thus, an essent ial feature of the 
autonomic system is low wattage, low power pump means acti
vated by a small predetermined temperature differential, and the 
means for providing power for the operation of the system is solar 
cel ls or wet or dry batteries. 

4,106,951 
Masi, James V., i nventor; UCE, I nc., assignee. Photovoltaic 
Semiconductor Device Using an Organic Material as an Active 
Layer. August 15, 1978. 

A photovoltaic semiconductor junction device which is particularly 
useful as a solar cell comprises a f i rst layer of organic semicon
ductor material exhibiting one type of electronic conductivity and 
a second of inorganic semiconductor material having the same 
or opposite type conductivity. The f i rst layer of organic semicon
ductor material has an energy bandgap relatively wider than that 
of the second layer of semiconductor material. The electron 
affinities of the first and second layers of semiconducting material 
may be equal, g reater, or less than those of the other. The f i rst 
layer of organic semiconductor material m ust either be doped to 
have a resistivity below 6 10 ohm-centimeters or be sufficiently 
thin to al low conduction. In  devices employing n-type layers on 
p-type substrates, the conduction band energy level of the organic 
material is preferably at substant ia l ly the same energy level as 
the conduction band energy level of the narrower band gap 
semiconductor material. In devices employ ing p-type layers, the 
valence band energy level of the organic material is preferably 
at substantially the same energy level as the valence band energy 
level of the narrower bandgap inorganic semiconductor material. 

4,106,952 
Kravitz, Jerome H. ,  inventor. Solar Panel Unit. August 15, 1978. 

The elements of the solar panel are arranged generally in paral lel 
planes that, start ing from the top, include a transparent sheet, 
a p lural ity of converging lenses, a plural ity of solar cells arranged 
in electrical series respectively al igned with the converging lenses, 
an electrically i nsulating support plate that together with the sides 
of the solar un it and the top sheet form a vacuum chamber for 
the lenses and solar cel l s  to reduce heat t ransfer by convection 
and conduction upwardly from the solar cells, a thermopi le, a heat 
s ink  plate receiving heat from the thermopi le, heat transfer f ins 
receivi ng heat from the heat s ink plate, a serpent ine conduit i n  
heat exchange with the heat fins, thermal insulation, and a bottom 
plate that is connected to the s ide wal ls. Two s ide wal l s  conta in  
mating coupli ngs for each of the condu it, thermopi le, and 
photoelectric cel ls so that two adjacent panels may be i ntercon
nected with such coupl ings to p rovide f lu id connection and 
electrical connection between the adjacent panels. 

4,107,723 
Kamath, G. Sanj iv, inventor; Hughes Aircraft Company, assignee. 
High Bandgap Window Layer for GaAs Solar Cells and Fabrica
tion Process Therefor. August 15, 1978. 

The specification describes a semiconductor solar cel l  and 
fabrication process therefor wherein a thin N-type gal l ium arsen ide 
layer is deposited on a larger P-type substrate layer which is 
selected from the g roup of 1 1 1-V ternary compounds consisti ng of 
a luminum phosphide antimonide, AIPSb, and a luminum indium 
phosph ide, Al l nP.  P-type impurities are diffused from the substrate 
layer i nto a portion of the th in  N-type ga l l ium arsenide layer to 
form a P-type region therein which defines a PN junction in the 
th in gal l ium arsen ide layer. Thus, the quantity of gal l ium arsenide 
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requ i red to provide this PN photovoltaic j unction layer in the cel l  
is m in im ized, and the P-type substrate serves as a h igh bandgap 
window layer for the cell. Such high bandgap of th is window 
material is especial ly wel l  su ited for effic iently transm itti ng the 
blue spectrum of sun light to the PN junction, thus enhancing the 
power conversion efficiency of the solar cel l .  

4,108,405 
Gibson, Preston H. ,  inventor. Light Assembly and Flasher Circuit. 
August 22, 1978. 

Generally speaking the present invention contemplates a kit-type 
rai l road crossing signal device having fou r  red, double lens l ights 
attached to p rewired arms, a modu le for flasher control, a bat
tery box, an automatic controlled battery charger, switch ing 
control and, a metal conduit and clamps. A standard rai l road 
s ignal bell can also be suppl ied. 

4,108,540 
Anderson, Raymond H. ;  Vanderwerf, Dennis F., i nventors; M inne
sota Min ing and Manufactu ring Company, assignee. Refractor
Reflector Radiation Concentrator. August 22, 1978. 

A small-area focus solar concentrator comprising a l inear echelon 
refractor and a l i near echelon reflector. The increments of the 
refractor are c rossed at approximately 90° to the increments of 
the reflector. The refractor and reflector cooperate to focus solar 
radiation i ncident on the front surface of the refractor to a small 
area focus i n  front of the refractor. 

The refractor-ref lector structure permits relatively low cost, h igh 
power concentrators using refractor-reflector matrices. Also, the 
refractor-reflector structure can be used to focus normal or non
normal i nc ident radiation outside the path of the rad iation to 
reduce or e l im inate blockage of the rad iation by an absorber 
located at the focus. 

4,108,684 
Zanio, Kenneth W.; Fraas, Lewis M. ,  i nventors; Hughes Ai rcraft 
Company, assignee. Large Grain Thin Film Polycrystalline P-lnP/N
CdS Solar Cell. August 22, 1978. 

A th in f i lm solar cel l  having adjacent layers of p' and N type 
polycrysta l l i ne semiconductor material which defi ne a PN junc
t ion boundary, the improvement comprising a layer of n-type 
polycrystal l i ne cadmium su lfide disposed on a chosen substrate 
material and having large g rains with lateral g rain boundaries on 
the order of about 20 micrometers or g reater and a layer of 
polycrysta l l i ne P-type indium phosph ide d isposed on said layer 
of polycrystal l i ne cadmium sulfide and having a thickness on the 
order of between 1.0 and 4.0 micrometers and further having large 
repl icated g ra in  boudaries with'fateral dimensions and spac ings 
approximately the same as the lateral dimensions and spacings 
of said large g rains of cadmium sulfide, whereby the lateral grain 
dimensions in said cadmium sulfide and indium phosphide layers 
are maxim ized whi le the q uantity of ind ium in said solar cel l  is 
m in im ized. 

4,108,704 
Horne, Wi l l iam E., inventor; The Boeing Company, assignee. 
Method of Making an Array of Solar Cells. August 22, 1978. 

Thermal isolation shields consisting of two glass slides separated 
by insu lating standoffs are positioned u pon the front radiation 
receiving surface of a solar cel l  and/or upon the back su rface of 
the solar cel l .  One of the two glass plates is made from material 
selected to absorb and radiate electromagnetic wave energy with 
a wavelength above 5 microns to prevent overheating of the cel l .  
The space between the two cover plates forms a thermal gap that 
i s, if desi red, bridged by a bimetal l ic strip. The str ip is adhered 
to one of the p lates and has a reverse bend to extend along the 
face surface of the opposed cover plate. The strip d istorts under 
an increased temperatu re to break the bridge between the two 
plates and thereby isolates the solar cel l  from the thermal shield 
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formed by the outer cover p late unti l there is a sufficient reduc
tion in temperature at which the bimetal l ic  strip reestabl ishes con
ductive contact between the cover plates. Each solar cell assembly 
in an array is adhered to a substrate by f irst bonding glass pads 
to the substrate and then heating the cell and g lass pads to a 
temperature of about 400° whi le applying an electrical potential 
of the order of 400 volts with the g lass being negative potential 
with respect to the cel l .  A hermetic bond is  achieved without the 
use of adhesives. 

4,108,714 
Kel ler, Wolfgang; Reuschel ,  Konrad, inventors; Siemens Aktien
gesel lschaft, assignee. Process for Producing Plate-Shaped 
Silicon Bodies for Solar Cells. August 22, 1978 . .  

Molten s i l icon is controllably fed into a nip between spaced-apart 
rollers, converted into a wide ribbon of a desired thickness by pass
ing through such n ip  and then sol id ified. The sol idified s i l icon 
ribbon is then severed into plate-shaped bodies of des i red dimen
sion for use in the manufacture of solar cel ls. 

4,109,271 
Pankove, Jacques Isaac, i nventor; RCA Corporation, assignee. 
Amorphous Silicon-Amorphous Silicon Carbide Photovoltaic 
Device. August 22, 1978. 

A layer of amorphous si l icon-carbide prepared by a glow discharge 
in a m ixture of s i lane, hydrocarbon and doping gases is at the 
solar rad iation incident surface of a photovoltaic device. The 
photovoltaic device i nc ludes fi rst and second cont iguous layers 
of amorphous s i l i con fabricated by a g low discharge in si lane. 
The amorophous s i l icon carbide layer is cont iguous to the second 
layer and opposite the f irst layer. The amorphous si l icon carbide 
layer is substantially transparent to solar radiation ano highly con
ductive, provid ing increased solar radiation collection efficiency 
and reduced i nternal resistance. 

4,110,049 
Younskevicius, Robert E., i nventor; The Un ited States of America 
as represented by the Un ited States Department of Energy, 
assignee. Sun Meter. August 29, 1978. 

A simple, i nexpensive device for measur ing the radiation energy 
of the sun imping ing on the device. The measurement of the 
energy over an extended period of t ime is accompl ished without 
moving parts or tracking mechan isms. 

4,110,122 
Kaplow, Roy; Frank, Robert 1 . ,  inventors; Massachusetts I nstitute 
of Technology, assignee. High-Intensity, Solid-Sta te-Solar Cell 
Device. August 29, 1978. 

A semiconductor solar cel l  capable of converting incident radia
tion to electrical energy at h igh effic iency inc l udes a pl urality of 
series-connected unit  solar cel ls formed on a common wafer of 
semiconductor material .  The unit solar cel ls each i ncl ude a 
semiconductor substrate of one conductivity type and a p-n j unc
tion formed in the substrate. The l ight-receiving surface of the cell 
may have an opaque member thereon, and incident l ight is 
directed onto the portion of that surface not covered by the opaque 
member. A variety of embodiments i l lustrates the invention. 

4,110,123 
Goetzberger, Adolf; Greubel, Waldemar, inventors; Fraunhofer
Gesel lschaft zur Forderung der angewandten Forsc;hung e.V., 
assignee. Apparatus for Converting Light Energy into Electrical 
Energy. August 29, 1978. 

An apparatus for the conversion of l i ght energy i nto electrical 
energy, by which solar energy may be converted i nto electrical 
energy effectively and cheaply. The i nvention further relates to 



f luorescent centers ( l ight concentrators) which consist of th in  
layers of transparent so l id  or l iqu id materials with embedded 
fluorescent centers and which in conjunction with solar cells serve 
to convert solar energy i nto electrical energy. 

4,110,628 
Pau l i ,  Peter L.; Archer, Henry W., i nventors; Texaco Development 
Corporat ion, assignee. Solar Sea Power System. August 29, 1978. 

Described is an ocean thermal energy conversion system wherein 
floating, submerged and fixed dri l l ing platforms installed offshore 
primarily for exploration and/or production of hydrocarbons serve 
a lso as working and supportive bases for means for producing 
electricity by the adiabatic expansion of hydrocarbon gases which 
are thereby cooled. The cooled gases are then heated by contact 
with the solar heated surface layers of yvater and thermally expand 
thereby actuating a turbine and an electricity producing generator. 
Pipel ines usually installed for the transmission of gases and crude 
oil to the shore are used dual ly by running e lectric cables with 
them to bri ng the electricity produced by the system to on-shore 
consuming or storage fac i l it ies. The system also i ncludes means 
for i ncreasing the surface water temperature such as insu lated 
pipes bringing heat-containing effluent streams from on-shore 
treating plants. 

4,112,135 
Heaps, Joseph D.; Tufte, Obert N. ,  i nventors; Honeywel l ,  Inc., 
assignee. Method for Dip-Coating Ceramic with Molten Silicon. 
September 5, 1978. 

It is desirable to coat large area, th in sheets of large-grain 
polycrysta l l ine s i l icon on an inexpensive ceramic substrate for 
use in solar cel l  appl ications and the l ike. Such ceramic substrates 
as are used are chosen from those having thermql expansion coef
ficients s imi lar to those of s i l icon. The ceramics meeting these 
requ i rements, for example mu l l ite, a lumina and zirconia, when 
brou��t i nto contact with molten si l icon, however, are not wet by 
the Si l icon and no coating takes place. In this invention the method 
of coat ing includes the step of carbonizing the surface of such 
a substrate and then contacting the carbonized su rface of the 
ceramic with the molten s i l icon, whereupon a large-g rain s i l icon 
coating is produced wherever the ceramic is carbonized. In this 
way the ceramic of the type which is not wet by molten s i l icon 
can be successful ly coated with si l icon. 

4,112,457 
D'Aiel lo, Robert Vincent, inventor; RCA Corporation, assignee. 
Photovoltaic Device Having an Extended PN Junction. Septem
ber 5, 1978. 

A photovoltaic device having essentially only a body of semicon
ductor material having a fi rst reg ion of one conductivity type i n  
contact with a second reg ion of the opposite conductivity type, 
forming a portion of the device PN junction therebetween. A 
p lu ral ity of pocket reg ions of the same conductivity type as the 
f irst region extend i nto the second region thereby further defin ing 
a portion of the PN junction in the second reg ion. 

4,113,514 
Pankove, Jacques Isaac; Lampert, M urray Alfred, i nventors; RCA 
Corporation, assignee: Method of Passiva ting a Semiconductor 
Device by Treatment with Atomic Hydrogen. September 12, 1978. 

A method of passivating a semiconductor device having at least 
one active component disposed therein comprises exposing the 
device to atomic hydrogen at a temperature lower than about 
450°C. 

4,113,531 
Zanio, Kenneth W.; Fraas, Lewis M. ,  inventors; Hughes Aircraft 
Company, assignee. Process for Fabricating Polycrystalline 
lnP-CdS Solar Cells. Septem ber 12, 1978. 

The specification describes a compound semiconductor solar cell 
and fabrication process therefor wherein both the P and N-type 
layers of the cell are polycrystal l irie semiconducting material and 
have large crystal l ites with grain boundaries of simi lar d imensions 
and spacings. These grain boundaries are spaced apart by a 
distance substantially greater than the optical absorpt ion length, 
A, i n  one of the layers and by an amount sufficient to permit 
substantial numbers of photon-generated carriers in that one layer 
to cross the PN junction between the layers. Thus, substantial 
power i s  generated without the requirement for using expensive 
monocrystal l i ne semiconductive materials. 

4,113,532 
Authier, Bernhard; Grisshammer, Rudolf; Koppl, Franz; Lang, 
Winfried; S i rtl ,  Erhard; Rath, Heinz-Jorg, inventors; Wacker
Chemitronic Gesel lschaft fur  Elektron ik-Grundstoffe mbH, 
assignee. Process for Producing Large-Size Substrate-Based 
Semiconductor Ma terial Utilizing Vapor-Phase Deposition and 
Subsequent Resolidification. September 12, 1978. 

A process for producing large-size, substrate-based semiconduc
tor material of s i l icon deposited on a substrate body from the 
gaseous phase, which comprises the steps of heating a substrate 
bod� by d i rect current passage to deposition temperatu re, con
tactmg said body with a gaseous s i l icon-containing mixture to 
which a dopant has been added, unt i l  a deposit having a thickness 
from about 10 to 200 1-1m has been formed, subsquently melt ing 
80 to 100% of the deposited s i l icon layer from the free s urface 
downward, and resol id ifying the molten s i l icon by adjustment of 
a temperature g radient from the substrate body upward. Large
sized plates obtained by cutt ing up the semiconductor material 
are used as solar cel ls. 

4,115,149 
Bel l ,  Ronald L., i nventor; Varian Associates, Inc., assignee. Con
centrator Arrangement for Photovoltaic Cell. September 19, 1978. 

A lens or m i rror is employed to concentrate sunl ight onto a 
photovoltaic cel l .  The cell employs a broad conductor around the 
periphery of its active surface, and narrow h igher resistance con
ductor strips over the inner part of the surface. The cell and mirror 
are sized, positioned and shaped such that the image of the sun 
on the cel l 's surface is non-uniform, with a proportionately higher 
concentration of l ight fal l i ng  near the periphery of the cel l  adja
cent the peripheral conductors. Thus, the generated current i s  
greater at  the  periphery, so  that less energy is lost due to  series 
resistance of the surface conductors, for more efficiency com
pared to a uniformly i l l um inated cel l .  The non-un iformity can 
conv�niently be obtained by uti l izing the natural spherical aberra
tions of a s imple spherical m i rror or lens. Also the cel l  can be 
POl;litioned relatively close to the m irror outside the focal plane, 
so'that the i l l uminated area on the cell is larger than the focused 
image of the sun in the focal plane. Thus, for given d iameters of 
cell and mi rror, the arrangement is more compact, and much less 
sensitive to i naccuracies in m irror curvature. 

4,115,625 
Reitz, Norman E., inventor; Sotec Corporation, assignee. Sodium 
Thallium Type Crystal on Crystalline Layer. September 19, 1978. 

Relates to a composition of matter compris ing a conductive 
sodium thal l ium type crystal l ine al loy substrate of LiZn, LiAI, LiGa, 
Li ln ,  NaTI or LiCd having crysta l l ine si l icon i ntegrally overgrown 
thereon in an oriented crystal layer. Solar cells and semi
conductors can be formed from the product. 
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4,115,633 
Kasper, Horst M anfred; Tel l ,  Benjamin; Wagner, Sigurd, inventors; 
Bel l  Telephone Laboratories, I ncorporated, assignee. Elec
trochemical Device Comprising Ternary Ionic Conductors. 
September 19, 1978. 

Ionic conductivity in  ternary chalcogen ides of the form ABxCy where A is a metal l ic  atom with atomic number no greater than 
55 which has a + 1 oxidation state, B is  a group l i lA metal l ic atom 
and C is a group VIA atom, has been observed. This ionic con
ductivity makes the compounds useful as components in  electro
chemical cel l s, e.g . ,  electrolytes and electrodes. 

4,116,207 
Dominguez, Ramon, i nv!ilntor; Solarex Corporation, assignee. Solar 
Panel with Mat Base Member. September 26, 1978. 

A solar panel i nc luding photovoltaic cel ls encapsu lated in a 
s i l i cone resin ,  i n  which the base member to which the s i l icone 
resin adheres is a g lass mat polyester in  laminate or molded form. 

4,116,641 
Ciszek, Theodore Frank, i nventor; I nternat ional Business 
Machines Corporation, assignee. Apparatus for Pulling Crystal 
Ribbons from a Truncated Wedge Shaped Die. September 26, 1978. 

Method and apparatus for forming an elongated si l icon crystal l ine 
body using a special ly designed cap i l lary d ie. The method and 
apparatus uses a h igher melt meniscus in the central region of 
the growth front than at the edges of the front. The edges of the 
top surface of the die are not concentric with the ribbon 
cross-sect ion. 

4,116,717 
Rah i l ly, Wi l l iam P., i nventor; The Un ited States of America as 
represented by the Secretary of the Air Force, assignee. ton 
Implanted Eutectic Gallium Arsenide Solar Cell. September 26, 
1978. 

An improved gal l ium arsenide solar cell is provided by ion i mplant
ing both the top and bottom of a plural vertical PN j unction 
eutectic gal l i um arsenide cel l  body to obtain an electrical drift 
field, with m u lt iple ion implants progressively larger in  dose and 
progressively lower in  implant energies to provide a P-type ion 
implanted top layer having a common connection to al l  P reg ions 
of the cel l  body and an N-type ion implanted bottom layer having 
a common connection to al l  N reg ions of the cel l  body. The 
implanted reg ions of the cell are pu lsed electron beam annealed 
at room temperature. 

4,116,718 
Yerkes, John W.; Avery, James E., inventors; At lantic Richfield Com
pany, assignee. Photovoltaic Array Including Light Diffuser. 
September 26, 1978. 

A photovoltaic array composed of a l ight transmitt ing member 
having a p lural ity of sides, at least one photovoltaic means carried 
by at least one of said sides, and a diffusive member covering 
a portion of said device. 

4,118,249 
Graven, Robert M . ;  Gorski, Anthony J.; Schertz, Wi l l iam W.; Graae, 
Johan E. A. ,  i nventors; The United States of America as 
represented by the United States Department of Energy, assignee. 
Modular Assembly of a Photovoltaic Solar Energy Receiver. Octo
ber 3, 1978. 

There is provided a modular assembly of a solar energy concen
trator having a photovoltaic energy receiver with passive cool ing. 
Solar cel l  means are fixedly coupled to a rad iant energy concen
trator. Tension means bias a large area heat sink against the cell 
thereby al lowing the cell to expand or contract with respect to 
the heat s ink due to differential heat expansion. 
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4,118,548 
Chang, Kuang-Chou; Hel ler, Adam; M i l ler, Barry, inventors; Bell 
Telephone Laboratories, Incorporated, assignee. Method of 
Operating a Liquid-Semiconductor Junction Photocell. October 3, 
1978. 

Liquid-semiconductor photocel ls are described which produce a 
stable photocurrent output over extended periods of time by con
trollably removing material from the semiconductor surface i n  
such  a manner as  to  maintain the  integrity of  the  junction 
characteristics. The removal may be either by photoetch ing or by 
chemical reaction with the electrolyte or with agents added to 
the electrolyte. 

4,119,768 
Bayard, M ichel Lucien, inventor; Texas Instruments Incorporated, 
assignee. Photovoltaic Ba ttery. October 10, 1978. 

A photovoltaic battery in which a body of a photoactive material 
is  disposed between f irst and second layers of ionically conduc
tive material. The second layer is relatively h igh i n  ionic conduc
tivity as compared to the fi rst layer. An electric field oriented 
toward said second layer is induced through the photoactive body 
by virtue of the difference in chemical potential between the fi rst 
and second layers of ionical ly conductive material. An elec
tronically conductive body is disposed on the side of the first layer 
opposite from the photoactive body. The fi rst layer in conjunction 
with the electronically conductive body acts as the positive elec
trode, the second layer acts as the negative electrode, and the 
photoactive body disposed therebetween acts as a solid elec
trolyte in the battery. When the .photoactive body is exposed to 
visible l ight, i t  generates positive ions which are attracted to the 
negative electrode and electrons which are trapped by the elec
tronical ly conductive body of the composite positive electrode. 
Charging of the battery thereby occurs as a result of the react ion 
between the photoactive body and l ight photons. During discharge 
of the battery, posit ive ions leave the negative electrode and enter 
the sol id electrolyte comprising the photoactive body. 

4,119,863 
Kel ly, Donald A., inventor. Combined High Density Solar Panels 
and Vertical Wind Turbines. October 10, 1978. 

The combined high density solar panels and vertical wind turbines 
consist of mu lt ip le solar panels with closely spaced solar cel ls 
on both sides which are supported by an open framework and ver
t ical posts. The adoption of an elevated, rooftop solar panel array, 
supported by vertical posts makes the basic  structure attractive 
for the inc lusion of mu lt ip le vertical wind turbines, as a sup
p lementary power source. This combined natural power conver
sion arrangement is intended for mounting on the flat roofs of 
city bui ld ings and other s imi lar flat, l imited area sites. Each solar 
panel is pivoted with in  the open framework to fol low the sun's ex
cursion relative to the earth, and the solar cel ls on the panel under
side receive the solar energy by way of thin edge reflectors secured 
to both sides of the solar panels, for a h igh density exposure con
f igurat ion. A wash ing spray provision is included for the panel 
array to keep the panels c lean and operating at opt imum 
efficiencies. 

4,120,705 
Shirland, Fred A., inventor; Westinghouse Electric Corp., assignee. 
Vacuum Deposition Process for Fabrica ting a CdS-Cu2S Hetero
junction Solar Cell Device. October 17, 1978. 

A solar cell is comprised of (1) a Cu2S th in f i lm evaporated on a 
conduct ive substrate at an elevated temperature thereby growing 
a polycrystal l ine f i lm of preferred orientat ion, and (2) an outer CdS 
layer grown epitaxial ly on thE') Cu2S f i lm .  
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4,120,743 
Baghdadi, Asian; El l is, Ralph J., inventors; Motorola, Inc., assignee. 
Crossed Grain Growth. October 17, 1978. 

A method of producing a sheet of semiconductor material d i rectly 
usable for the production of solar cel ls is disclosed. The method 
comprises establ ish ing a molten reg ion at an edge of a sheet of 
semiconductor material, moving the molten reg ion acro�s the 
sheet to create a path of elongated crystal g rains, establ ish ing 
a molten zone along a portion of the path of the elongated crystal 
g rains and paral le l  thereto, and causing the molten zone to travel 
in a d i rection transverse to the path of elongated crystal g rains. 

4,121,238 
Bachmann, Klaus Jurgen; Schmidt, Pau l  Herman; Spencer, Edward 
Guerrant; Harsha, Karnamadakala Sreenivasaacharlu Sree, inven
tors; Bell Telephone Laboratories, Incorporated, assignee. Metal 
Oxide/Indium Phosphide Devices. October 17, 1978. 

Devices using a transparent conductive layer of indium oxide or 
i nd ium t in oxide, and a layer of a d i rect gap semiconductor 
material have been found to operate as solar cel ls and as l ight 
emitt ing devices. Exemplary of such devices is an indium t in 
oxidelp- lnP cel l  wh ich shows a 12.5% solar power conversion effi
ciency and also emits a red colored l ight when biased. 

Re. 29,812 
Jordan, John F.; Lampkin, Curtis M. ,  i nventors; Photon Power, Inc., 
assignee. Photovoltaic Cell. October 24, 1978. 

A lagre area photovoltaic cell comprising a layer of multicrystal l ine 
cadmium su lfide, about 1 to 2 m icrons thick, formed by 
s imu ltaneously spraying two su itably selected compounds on a 
uniformly heated plate of Nesa glass, thereafter forming a coating 
of Cu2S by spraying two su itable compounds over the cadmium 
su l fide layer whi le the latter is heated, to form a photovoltaic 
heterojunction, applying thereover a layer of CuS04, and apply
ing electrodes of Cu and Zn, respectively, to separated areas of 
the layer of CuS04, and heating the cel l  to form a cuprous oxide 
rectifying junction under the copper electrode by reaction of the 
Cu electrode with the CuS04, while diffusing the zinc through the 
body of the cell . The diffusion of the zinc provides a negative elec
trode coplanar with the positive copper electrode, el iminating any 
need for introducing mechanical ly complex provision for making 
a connection to the Nesa g lass, whi le the use of a rectifying 
positive electrode enables use of a layer of CdS only 1 to 2 microns 
th ick, rather than the usual 20 microns, despite the fact that such 
th in layers tend to have pinholes, which in the prior art render the 
cel ls i noperative but i n  the present teaching do not. 

4,121,965 
Leipold, Martin H . ,  i nventor; The Un ited States of America as 
represented by the Administrator of the National Aeronautics and 
Space Admin istration, assignee. Method of Controlling Defect 
Orientation in Silicon Crystal Ribbon Growth. October 24, 1978. 

The orientation of twinning and other effects in si l icon crystal rib
bon growth is controlled by use of a starting seed crystal having 
a specific { 110} crystallographic plane and <112> crystal lographic 
g rowth d i rect ion.  

4,122,214 
Evans, John C., J r. ,  i nventor; The United States of America as 
represented by the Admin istrator of the National Aeronautics and 
Space Administration, assignee. Solar Cell Collector and Method 
for Producing Same. October 24, 1978. 

A transparent, conductive col lector layer containing conductive 
metal channels is formed as a layer on a photovoltaic substrate 
by coating a photovoltaic substrate with a conductive m ixed metal 
layer; attach ing a heat s ink having portions protruding from one 
of its surfaces which define a continuous pattern i n  combination 
with recessed regions among said protruding portions to said 
substrate such that said protruding portions of said heat s ink are 
in contact with the conductive layer of said substrate; and heating 

said substrate whi le s imu ltaneously oxidizing the portions of the 
conductive layer exposed to a gaseous oxidizing substance forced 
i nto said recessed regions of said heat s ink, thereby creat ing a 
transparent metal oxide layer on said substrate contain ing a con
t inuous pattern of highly conductive metal channels i n  said layer. 

4,122,383 
Von Roos, Oldwig H . ,  i nventor; The United States of America as 
represented by The Administrator of the National Aeronautics and 
Space Admin istration, assignee. Method and Appara tus for 
Measuring Minority Carrier Lifetimes and Bulk Diffusion Length 
in P-N Junction Solar Cells. October 24, 1978. 

Carrier l ifetimes and bu lk  diffusion length are qual i tatively 
measured as a means for qual if ication of a P-N junction photo
voltaic solar cel l  by alternately applying h igh frequency (bl ue) 
monochromatic l ight pu lses and low-frequency (red) monochro
matic l ight pu lses to the cel l  whi le it is i rrad iated by l ight from 
a solar s imulator, and synchronously displaying the derivative of 
the output voltage of the ce l l  on an osc i l loscope. This output 
voltage is a measure of the lifetimes of the minority carriers (holes) 
in the diffused N layer and majority carriers (electrons) in the bu lk 
P material, and of the diffusion length of the bulk s i l icon. By con
necting a reference cel l  in this manner with a test cell to be tested 
in reverse paral lel ,  the display of a test cel l  that matches the 
reference cel l wil l  be a substantial ly zero output. 

4,122,396 
Grazier, James A.; Grazier, Leonard F., inventors. Stable Solar Power 
Source for Portable Electrical Devices. October 24, 1978. 

The stable solar power source consists of solar cel ls for convert
ing sun l ight i nto electrical energy and a large capacitor for pro
viding a current reserve to satisfy peak cu rrent demands and off
set the effects of sunl ight variations. The solar cel ls are mounted 
beneath a l i ght transmitting thermal shield to min im ize thermal 
induced cell output variat ions. 

4,122,407 
Van Vechten, James Alden, inventor; I nternational Business 
Machines Corporation, assignee. Heterostructure Junction Light 
Emitting or Responding or Modulating Devices. October 24, 1978. 

Pract ice of this disclosure reduces the concentration of i ntrin
sic defects heretofore grown into semiconducting materials. 
Thereby, the operational ,lifet ime is increased of heterostructure 
junction l ight emitting or responding or modu lating devices which 
are fabricated in accordance with principles of the disclosure. I l
l ustratively, the operational l ifetime of a heterostructure j unction 
laser device thus fabricated is extended. This improvement i n  
operational l i fet ime of the device is .attained by constrain ing 
g rowth e.g., l iqu id phase epitaxial g rowth, of the several layers 
of semiconcjucting materials which form such a device to proceed 
only upon un reconstructed surface layers. I l lustratively, such an 
unreconstructed surface is any one of the set of (31 1) s u rfaces 
of a crysta l l ine semiconductor having diamond, zinc-blend, or  
chalcopyrite structu re. I n  part icu lar, the operational l i fetime of  
GaAIAs double heterostructure junction lasers is increased by con
strain ing the l iqu id phase epitaxial g rowth to proceed only u pon 
a (31 1 B) ,  i.e., an As terminated (31 1), surface so that respective 
i nterfaces between layers of the resu ltant devices are (31 1) crystal 
p lanes. 

4,122,476 
Hovel, Harold John; Woodal l ,  Jerry MacPherson, inventors; I nter
national Business Machines Corporation, assignee. Semiconduc
tor Heterostructure. October 24, 1978. 

A technique for fabricating a semiconductor heterostructure by 
growth of a ternary semiconductor on a binary semiconductor 
substrate from a melt of the ternary semiconductor contain ing 
less than saturation of at least one common ingredient of both 
the binary and ternary semiconductors wherein in a s ing le 
temperature step the b inary semiconductor substrate is etched, 
a p-n junction with specific device characteristics is produced in  

Patents 59 



the binary semiconductor substrate by diffusion of a dopant from 
the melt and a region of the ternary semiconductor of precise con
ductivity type and thickness is grown by virtue of a change in the 
melt characteristics when the etched binary semiconductor enters 
the melt. 

4,124,410 
Kotval ,  Peshotan S.; Strock, Harold B., i nventors; Union Carbide 
Corporat ion, assignee. Silicon Solar Cells with Low-Cost 
Substra tes. November 7, 1978. 

Epitaxial and diffusion-type planar diodes and solar cel ls uti l ize 
low-cost refined metal lurgical s i l icon substrates having a substan
tial ly higher impurity content than conventional h igh-cost, h igh 
pu rity semiconductor grade s i l icon. The epitaxial type products 
have an n-on-p-on-p substrate configurat ion, whi le the diffusion
type products have pentavalent impurities diffused therein to form 
a p-n j unction i n  the low cost s i l icon substrate. One embodiment 
employs a m u lt igrained refi ned meta l lurg ical s i l icon (RMS) 
prepared by precipitating essentially i ron-free si l icon platelets from 
a solution of metal lu rg ical g rade s i l icon in molten a luminum,  
melt ing sa id refined platelets, i n  contact with a s i l ica slag and 
pu l l i ng  si l icon bou les from a melt of said refi ned metal l u rgical 
s i l icon (RMS). By d i rectio(lally sol id ifying the refined s i l icon-slag 
melt, a mu lt igrained, d i rectionally solid ified refined metallurgical 
s i l icon (DSIRMS) is obtained, with boules being pul led from a melt 
thereof for use as said low-cost substrate. The DSIRMS may also 
be re-melted and d i rectionally sol id ified a second time with the 
boules being pu l led from said twice d i rect ional ly-sol id ified 
material being a desirable, low-cost, s ingle crystal material 
su itable for use as said substrate for planar diode and solar cell 
appl ications. 

4,124,411 
Meu leman, Johannes; Besselere, Jean-Pierre, inventors; U.S. 
Phi l ips Corporation, assignee. Method of Providing a Layer of Solid 
Material on a Substrate in which Liquid from which the Solid 
Material can be Formed, is Spread Over the Substrate Surface. 
November 7, 1978. 

A method of providing a layer of solid material, in particular 
semiconductor material, in which drops of a l iqu id from which 
the solid material is deposited, is dropped and spread on a flat 
surface which is given a rotating movem�nt and also another 
periodic movement, chang ing the position of the plane of the 
substrate surface. 

4,124,455 
Lindmayer, Joseph, i nventor. Method of Making Solar Cell with 
Multiple-Metal Contacts. November 7, 1978. 

Solar cell having a contact formed from a titan ium group element 
i n  contiguous relationship with the cell, a m ixtu re of a titan ium 
group element and a plat inum group element overlying the 
titan ium group layer, and a layer of a plat inum group element 
overlying that layer. A body of si lver or other contact metal is 
adhered to the plat inum group layer. The th ree layers may be vapor 
deposited on the semiconductor body, whi le the si lver layer is 
more advantageously appl ied by plating or electroplating. 

4,124,464 
M iyatani, Kazuo; Sato, lsao, i nventors; RCA Corporation, assignee. 
6rooved N-Type Ti02 Semiconductor Anode for a Wa ter 
Photolysis Apparatus. November 7, 1978. 

An r)-type Ti02 semiconductor anode for a water photolysis cel l  
having one or more grooves exhibits increased oxygen evolution 
and greater photocurrent with min imal photon reflect ion losses. 

Re. 29,833 
Mlavsky, Abraham 1., i nventor; Mobi l  Tyco Solar Energy Corpora
tion, assignee. Tubu(ar Solar Cell Devices. November 14, 1978. 

60 U.S. Photovolta ic Patents: 1 95 1 - 1 983 

Tubular solar cel ls  are provided which can be coupled together 
in series and parallel arrays to form an i ntegrated structure. Solar 
energy concentrators are combined with the solar cells to maxi
mize their power output. The solar cells may be cooled by circu
lating a heat exchange fluid through the interior of the solar cells 
and the heat captured by such f lu id may be ut i l ized, for example, 
to provide hot water for a heating system. The coolant circulating 
system of the solar cells also may be i ntegrated with a solar 
thermal device so as to form a two-stage heating system, whereby 
the coolant is preheated as it cools the solar cells and then is 
heated further by the solar thermal device. 

4,125,414 
Tang, Ching W.; Marchetti, Alfred P.; Young,  Ralph H.,  i nventors; 
Eastman Kodak Company, assignee. Organic Photovoltaic 
Elements. November 14, 1978. 

A photovoltaic element featuring a photoconduct ive composition· 
compris ing an electrically insu lat ing binder, an organic dye, and 
an organic photoconductor is disclosed. The photovoltaic element 
has superior conversion efficiencies compared to other organic 
photovoltaic elements. 

4,126,150 
Bel l , Alan E.; Wil l iams, Brown F.; Carlson, David E., inventors; RCA 
Corporation, assignee. Photovoltaic Device Having Increased 
Absorption Efficiency. November 21, 1978. 

A photovoltaic device has a body which includes a thin film active 
region and a layer substantially transparent to solar radiation. The 
thickness of the transparent layer is such that a fi rst ant i reflec
tion condition is present for solar radiation at a wavelength which 
is relatively h igh ly absorbed by the material of the active region. 
Furthermore, the combined thickness of the transparent layer and 
active region are such that a second ant i reflection condition i s  
present for solar radiation at  a wavelength which is poorly 
absorbed by the material of the active reg ion. As a result of the 
prevail ing ant ireflection conditions the solar radiation absorption 
efficiency of the photovoltaic device is Jncreased. 

4,126,930 
Moon, Ronald L., i nventor; Varian Associates, Inc., assignee. 
Magnesium Doping of AIGaAs. November 28, 1978. 

Aluminum gal l ium arsenide is used as a transparent, conducting 
contact layer on the exposed surface of a gal l i um arsenide 
photovoltaic cel l .  Increased conductivity for the h igh current 
generated when concentrated solar rad iation strikes the cel l ,  is 
provided by doping the AIGaAs layer with magnesium. During the 
formation of the layer, Mg d iffuses i nto the gal l ium arsenide to 
form a p-type layer and a p-n junction. 

4,127,424 
Ul lery, Lee R., Jr. ,  i nventor; Ses, I ncorporated, assignee. 
Photovoltaic Cell Array. November 28, 1978. 

In a photovoltaic cell which comprises: a substrate, a bottom elec
trode, a f i rst layer of cadmium su lfide, a second layer of cuprous 
su lfide form ing a barrier junction with said fi rst layer and a top 
electrode, the improvement wherein said substrate is an insulative 
ceramic material and the bottom electrode is a conductive ceramic 
layer fused to said substrate. Said conductive layer is optional ly 
coated with a metal having a h igh electrical conductivity. 

4,127,425 
Chambers, Robert R., i nventor; At lantic Richfield Company, 
assignee. Luminescent Solar Collector. November 28, 1978: 

A thin,  luminescent sheet having upper and lower large area sur
faces separated by upstanding edge faces, said sheet being con
toured in the vicin ity of at least one of said edge faces so as to 
widen such edge face substantial ly, and at least one photovoltaic 
cell carried on and occupying a substantial portion of such 
widened edge face. 



4,127,449 
Hel ler, Adam; M i l ler, Barry, inventors; Bel l Telephone Laboratories, 
I ncorporated ,  ass ig nee. Liquid-Semiconductor Junction 
Photocells. November 28, 1978. 

Liquid-semiconductor photocel ls using chalcogen ide semicon
ductors have been advanced recently to the point where they com
pete favorably with s i l icon devices for solar power conversion. 
However, i n  common· with s i l icon devices, the semiconductor 
needs to be a single crystal. Th is fact makes solar power imprac
tical ly expensive. Accord ing to this invention, the chalcogenide 
semiconductor is made by anod izing cadmium or bismuth i n  a 
su lfide, selenide or tel luride electrolyte. The anodized e lement, 
when operated photovoltaically in an electrolyte s imi lar to the 
anodizing solution, produces useful power conversion and is 
relatively inexpensive. 

· 

4,127,738 
Ghosh, Amal K.; Feng, Tom, inventors; Exxon Research & Engineer
ing Co., assignee. Photovoltaic Device Containing an Organic 
Layer. November 28, 1978. 

A photovoltaic device for the conversion of l ight (preferably in the 
visible spectrum) to electrical current consists of at least two elec
trodes (one of which must be substantially transparent to the l ight), 
each electrode being made of different materials and in which 
one electrode comprises an element that has a work function 
(generally expressed in electron volts) greater than that of 
aluminum (e.g. ,  gold or si lver) and the other electrode comprises 
an element that has a work function equal to or less than that 
of aluminum (e.g., aluminum or magnesium). Sandwiched between 
and in contact with the electrodes is a photoresponsive organic 
layer comprising at least one organic compound which, in general, 
has the capacity to sensitize or de-sensitize si lver hal ides, titanium 
dioxide, zinc oxide, cadmium sulfide, selenium and polyvinyl carba
zole (examples of the organic compounds are the cyanine dyes, 
especial ly the merocyanine dyes). The electrode compris ing an 
element having a work function equal to or less than aluminum 
forms a Schottky barrier with the organic layer. Optional ly, an in
sulating f i lm is i nterposed between the Schottky barrier electrode 
and the organic layer. 

4,128,680 
H eaps, Joseph D., i nventor; Honeywel l ,  I nc., assignee. Silicon 
Coated Ceramic Substrate with Improvements for Making Elec
trical Contact to the Interface Surface of the Silicon. December 5, 
1978. 

When electrically insulating ceramic substrates are coated with 
s i l icon by any of a number of methods that 6ring the substrate 
i nto contact with molten s i l icon, electrical contact can only be 
made conveniently to the exposed surface of the s i l icon coating. 
This i nvention teaches an improvement for making electrical con
tact to the interface surface of the s i l icon. It was discovered that 
by provid ing narrow sl its or small holes in the ceramic substrate 
that upon coating the substrate with molten si l icon, molten si licon 
w i l l  wick through the sl its or holes to the uncoated surface of the 
ceramic. 

4,128,732 
Kaplow, Roy; Frank, Robert 1 . ,  inventors; Massachusetts Institute 
of Technology, assignee. Solar Cell. December 5, 1978. 

An improved solar cel l designed for optimum efficiency is com
prised of a p lural ity of series connected unit solar cells formed 
from a common substrate of semiconductor material. Each un it 
solar cell has spaced elongate sidewalls, and a "dead space" area 
between adjoin ing sidewal ls of adjacent units is made substan
t ia l ly smaller than an active, l ight receiving area, extending 
between the opposite sidewal ls of each i ndividual un it. I n  addi· 
t ion, the width of the active area is concisely l im ited to ensure 
that rad iation incident on the active area is i ncident at a point 
which is spaced from the p-n junction of each unit  by no more 
than a predetermined opt imum distance. Reducing the "dead 

space" area whi le concisely l im it ing the width of the active area 
provides improved solar cell performance without requir ing focus
ing lenses. 

4,128,733 
Fraas, Lewis M . ;  Zanio, Kenneth R. ;  Knecht l i ,  Ronald C., i nventors; 
Hughes Aircraft Company, assignee. Multijunction Gallium 
Aluminum Arsenide-Gallium Arsenide-Germanium Solar Cell and 
Process for Fabricating Same. December 5, 1978. 

The specification describes a gal l ium aluminum arsenide-gal l ium 
arsenide-germanium solar cell and fabrication process therefor 
wherein the deposition of a layer of gal l i um a luminum arsenide 
establ ishes a f irst PN junction i n  the GaAs of one bandgap energy 
on one side of a gal l i um arsenide substrate, and the deposition 
of a layer of germanium establ ishes a second PN junction i n  Ge 
of a d ifferent bandgap energy on the other side of the GaAs 
substrate. The two PN junctions are responsive respectively to 
different wavelength ranges of solar energy to thus enhance the 
power output capabi l ity of a s ingle wafer (substrate) solar cell .  
Ut i l izat ion of the G roup IV element germanium, as contrasted to 
compound semiconductors, s impl ifies the process control 
requirements relative to known prior art compound semiconduc
tor processes, and germani u m  also provides a good crystal lat
tice match with gal l i um arsen ide and thereby maximizes process 
yields. This latter feature also min im izes losses caused by the 
crystal defects associated with the interface between two 
semiconductors. 

4,129,458 
Kaplow, Roy; Frank, Robert 1 . ;  Goodrich, Joel L., inventors; 
Massachusetts Institute of Technology, assignee. Solar-Cell Array. 
December 12, 1978. 

The invent ion contemplates a solar-cel l  construction wherein 
p lural spaced elongate un i t  cells of an array are formed from a 
parallel-grooved single wafer of substrate material of a f i rst con
ductivity type, with adjacent sidewalls of adjacent un its at each 
inter-unit groove formation. In the transverse succession of such 
groove formations, the sidewal l s  of every other groove are formed 
with regions of a second conductivity type, so that at or near the 
radiation-exposure surface of each unit  there i s  but one junction 
between first and second conductivity types. I n  one general form, 
all grooves go all the way between upper and lower wafer surfaces, 
thus defin ing d iscrete s ingle-cel l  u nits; in another general form, 
every other groove ends close to but short of the upper surface, 
thus defin ing discrete twin-cel l  units. The un its are series
connected by making ohmic  connection between the second 
conductivity-type region of one unit  and a f i rst conductivity-type 
reg ion of an adjacent unit .  The construction lends itself to a 
relatively s imple and economical method of manufacture, which 
is also described. 

4,129,463 
Cleland, John W.; Westbrook, Russel l  D.; Wood, Richard F.; Young, 
Rosa T. ,  inventors; The United States of America as represented 
by the U n ited States Department of Energy, ass ignee. 
Polycrystalline Silicon Semiconducting Material by Nuclear 
Transmutation Doping. December 12, 1978. 

A NTD semiconductor material comprising polycrystal l i ne si l icon 
having a mean grain size less than 1000 microns and contain ing 
phosphorus dispersed uniformly throughout the si l icon rather than 
at the g rain boundaries. 

4,129,823 
Van Der Pool, Kees; Rosinski ,  Lou is  S., J r. ;  Bel l i ,  J ohann B., 
inventors; Sensor Technology, Inc., assignee. System for Determin
ing the Current-Voltage Characteristics of a Photovoltaic Array. 
December 12, 1978. 

A nonl i near load c ircuit ,  consisting of a transistor and a resistor 
in series, is provided for the photovoltaic array under test. Base 
bias for the transistor is suppl ied via the source-to-drain path of 
a field effect transistor(FET). A ramp signal is fed to the gate of 
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the FET. As a resu lt of the nonli near relationsh ip between the gate 
voltage and source-to-drain cu rrent of the FET, equal ramp steps 
result  in a nonl i near effective load for the array under test. This 
produces a very g radual change in  load impedance for each ramp 
step in the regions of h igh cu rrent output from the array ("current 
mode"), and relatively greater changes in load impedance for each 
ramp step at output levels of lower current and h igher voltage from 
the array ("voltage mode'). Advantageously, the array is i l luminated 
by a pu lsed flash lamp. A photosensor detects the l ight level i n

·cident on the array, and comparison c i rcuitry provides a "sample" 
pulse each time that the inc ident l ight level is at a selected value. 
This "sample" pu lse gates a pai r of sample and hold c i rcu its that 
respect ively sample the array output current and voltage under 
the load condition determined by the present ramp step. Con
secutive l ike operatons faci l itate measurement and plotting of the 
complete cu rrent-voltage curve. 

4,130,445 
Bl ieden, Harry R., inventor; Atlantic Richfield Company, assignee. 
Light Collector. December 19, 1978. 

A luminescent photovoltaic array which employs a l um inescent 
member carrying photovoltaic means on at least one of its sides, 
and conduit  means in heat exchange contact with at least one 
side of said l um inescent member, said conduit means being 
adapted to have a cooling f lu id pass therethrough for cool ing said 
luminescent member. 

4,131,123 
Della-Vedowa, Richard P.; Shahryar, lshaq M. ,  inventors; Solec Inter
national, I nc., assignee. Solar Cell Module and Method of Making 
Same. December 26, 1978. 

Solar cel l  module and method of making same, characterized by 
a p lu ral ity of solar cel l  discs or wafers fi rst d isposed between 
opposite faces of an electrically insu lating sheet of the same 
th ickness as the wafers, and thence pri nted on both sides with 
electrical conducting material to provide· a positive conducting 
face on one side of al l  wafers and integral solderless printed con
ductors between adjacent wafers and a negative grid on the other 
side of all wafers and i ntegral solderless pri nted conductors 
between adjacent wafers. When the wafers are series connected, 
apertures are provided in the sheet through which the print ing 
material extends to series connect adjacent wafers. The wafers 
may be secured with in the sheet by secu ring same with in  aper
tures therein or elongated crystals may be disposed in a mold and 
electrical ly insu lating material may be cast therearound to form 
a block which may then be sl iced i nto modu les. 

4,131,485 
Meine! ,  Aden B.; Meine! ,  Walter B., i nventors; Motorola, Inc. , 
assignee. Solar Energy Collector and Concentrator. December 26, 
1978. 

Modular structu res for the col lect ion, concentration and conver
sion of solar energy to another usable form such as electrical 
energy. The structu res featu re three conic section reflective sur
faces, two of which focus in front of a receiver element and off 
the axis  of the structu re. The th i rd reflective surface is ut i l ized 
to redirect that energy which would otherwise m iss the receiver 
element to improve overal l  eff iciency. 

4,131,486 
Brandhorst, Henry W., J r. , i nventor; The Un ited States of America 
as represented by the Admin istrator of the National Aeronautics 
and Space Admin istration, assignee. Back Wall Solar Cell. 
December 26, 1978. 

The appl ication discloses a back-well cel l ,  for example, a solar 
cel l  which comprises a fi rst semiconductor material of one con
ductivity type with one face having the same conductivity type 
but more heavily doped to form a field reg ion arranged to receive 
the radiant energy to be converted to electrical energy, and a layer 
of a second semiconductor material, preferably h igh ly doped, of 
opposite conductivity type on the first semiconductor ma_terial 
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adjacent the fi rst semiconductor material at an interface remote 
from the heavily doped field reg ion. Instead of the opposite con
ductivity layer, one may employ a metal l ic layer to form a Schottky 
d iode. If the metal l ic Schottky d iode layer is used, no additional 
back contact is needed. A contact such as a gridded contact, per
vious to the rad iant energy may be appl ied to the heavi ly doped 
field region of the more heavi ly doped, same conductivity material 
for its contact. 

4,131,488 
Lesk, Israel A.; Pryor, Robert A., inventors; Motorola, Inc., assignee. 
Method of Semiconductor Solar Energy Device Fabrication. 
December 26, 1978. 

This d isclosure relates to a semiconductor solar energy device 
which is of the PN-type and ut i l izes a dielectric anti -reflective 
coating on the side of the device that faces the sun l ight. The 
fabrication techniques used in making this semiconductor device 
include the use of a rough or textured pyramid shaped s i l icon sur
face beneath the anti-reflective coating to increase solar cel l  effi
ciency. Also, ion implantation is used to form the PN junction i n  
the device. The i o n  implanted reg ion located o n  the side o f  the 
device that is  subjected to the sun l ight is configured in  order to 
perm it metal ohmic contact to be made thereto without shorting 
through the doped region during s i ntering of the metal contacts 
to the semiconductor substrate. The dielectric anti-reflective 
coating, in one embodiment, is a composite of s i l icon dioxide and 
s i l icon nitride layers. The device is designed to perm it solder con
tacts to be made to the P and N regions thereof, without possibi l ity 
of short ing to semiconductor reg ions of opposite type 
conductivity. 

4,131,659 
Authier, Bernhard; Griesshammer, Rudolf; Kdlppl ,  Franz; Lang, 
Winfried; S i rt l ,  Erhard; Rath, Heinz-Jorg, i nventors; Wacker
Chemitronic Gesel lschaft fur Elektron ik-Gru ndstoffe mbH,  
assignee. Process for Producing Large-Size, Self-Supporting Plates 
of Silicon. December 26, 1978. 

Process for producing large-size, self-support ing plates of s i l icon 
deposited from the gaseous phase on a substrate body, which 
comprises heating a g raphite substrate to deposition temperature 
of s i l icon, which is deposited on the substrate from a gaseous 
compound to which a dopant has been added until a layer of about 
200 to 650 J.tm has formed, subsequently melt ing 40-100% of th is 
layer from the free surface downward, resol id ifying the molten 
si l icon by adjustment of a temperature gradient from the substrate 
body upward, and final ly separat ing the s i l icon therefrom. The 
plates so formed are used primarily for making solar cel ls. 

4,131,755 
Keeling, M ichael C.; Bai ley, Wi l l iam L.; Coleman, Michael G. ;  Lesk, 
Israel A.; Pryor, Robert A., i nventors; Motorola, I nc., assignee. In
terconnection for Photovoltaic Device Array. December 26, 1978. 

An interconnection system for interconnecting a p lu ral ity of 
photovoltaic devices. The photovoltaic devices each have a f irst 
and a second side and the interconnect system is located on the 
second side of the photovoltaic devices. A sheet of dielectric 
material and a sheet of electrically conductive material are bonded 
together and positioned so that the die lectric material is next to 
the photovoltaic devices. A plural ity of patterns are formed in the 
sheet of electrically conductive material. The patterns each have 
ang led tabs punched therein so that the ang led tabs are punch
ed through both the electrically conductive material and the dielec
tric material . When a photovoltaic device is positioned within a 
group of ang led tabs, the angled tabs can be brought into con
tact with electrical contacts on the f irst side of the photovoltaic 
device. The group of angled tabs are electrically common to a part 
of the pattern which has an extended portion which extends 
beneath an adjacent photovoltaic device. Some of the die lectric 
material is removed from the extended portion so that this por
t ion then makes contact with the second side of an adjacent 
photovoltaic device. The patterns can be formed in predetermined 
configurations to provide series or series-parallel interconnections 



for photovoltaic devices with in  an array of photovoltaic devices. 
The interconnect system,  in turn,  provides for substantial ly a l l  
possible series, paral le l ,  or series-paral le l  interconnections of  a 
p lural ity of arrays. 

4,131,827 
Larrabee, Robert D., inventor; RCA Corporat ion, assignee. Power 
Transfer Apparatus. December 26, 1978. 

A power transfer apparatus transfers electrical energy from a DC 
voltage source that may vary in potential, e.g. ,  a solar cell array, 
to a load such as a DC motor connected to drive an AC motor· 
generator. A power transfer device couples the solar cel ls to the 
DC motor for driving the DC motor at a power level consistent with 
the power avai l able from the array of solar cel ls. The AC motor 
is cont inuously connected to an AC l i ne to be driven by conven· 
t ional AC power. The DC motor, when operating, reduces the load 
on the AC motor and thereby reduces the AC power drawn or i n  
some cases, causes the generator driven by the DC motor to  return 
power to the AC l ine. 

1979 
4,131,984 
Kaplow, Roy; Frank, Robert 1 . ,  inventors; Massachusetts Institute 
of Technology, assignee. Method of Making a High-Intensity Solid
State Solar Cell. January 2, 1979. 

A semiconductor solar cel l  capable of converting i ncident radia· 
tion to electrical energy at h igh efficiency includes a p lural ity of 
series-connected unit  solar cel ls formed on a common wafer of 
semiconductor materia l .  The unit solar cel ls each inc lude a 
semiconductor substrate of one conductivity type and a p-n june· 
tion formed in the substrate. The l ight-receiving surface of the cell 
may have an opaque member thereon, and i ncident l ight may be 
directed onto the portion of that surface not covered by the opaque 
member. Various embodiments and methods i l lustrate the 
i nvention. 

4,132,570 
Caruso, Pau l  J. ;  Kurth, Wi l l iam T., inventors; Exxon Research & 
Engineering Co., assignee. Structural Support for Solar Cell Array. 
January 2, 1979. 

A support for a solar cell array includes means for positioning 
the solar cel ls and l im it ing the relative movement of the cells. lnte· 
gral rib stiffeners are provided as wel l  as at least one integral june· 
tion box. The support further i ncludes a perimeter skirt which may 
be used for connecting modules having the support to each other 
or to a mounting standard. 

4,132,571 
Cuomo, Jerome J. ;  DiStefano, Thomas H. ;  Rosenberg, Robert, 
i nventors; International Business Machines Corporation, assigne�. 
Growth of Polycrystalline Semiconductor Film with lntermetall1c 
Nucleating Layer. January 2, 1979. 

A method is disclosed for fabricating a th in elemental semicon
ductor, e.g. ,  Si  or Ge, fi lm with columnar grains in a fi lamentary 
structure, by the use of an intermetal l ic  compound incorporat ing 
the elemental semiconductor to form a nucleating layer for the 
growth of the semiconduct ing f i lm.  The semiconductor is grown 
from vapor phase by the technique of either vacuum evaporat ion 
or chemical vapor dep�s ti�n . � �.g. , by dec<;>mposition of iH The 

_4semiconductor e.g., S1 ,  
!
IS 1 n 1t 1a l ly depos1ted onto a thm 

�
f i lm of 

a specific metal, e.g. ,  Pt or N i ,  on any i nert substrate, e.g., S i02 
or AI20 , which is held at a temperature, e.g., 900°C, above the 3
eutectic point, i.e., 830°C, of an i ntermeta l l ic  compound and the 
meta l l ic f i lm, and below the eutectic point, i.e., 979°C, of another 
intermetal l ic compound and the semiconductor. Deposition of the 
semiconductoronto the metal l ic  f i lm produces a layer of l iqu id 
comprising the semiconductor and metal, which increases i n  
th ickness unt i l  the  meta l l ic  layer is completely consumed. Addi· 
tional deposition of the semiconductor produces a supersaturated 
l iquid from which large crystal l ites of the intermetal l ic precipitate. 

With increasing deposition of semiconductor, the crystal l ites of 
i ntermetal l ic  material cont i nue to grow unt i l  they consume al l  of 
the metal i n  the l iquid, at which point no l iqu id remains. Conti
nu ing deposition of semiconductor material results in the g rowth 
of f i lamentary crystal l i tes of the semiconductor out of the i n
termetal l ic  surface. The result i s  a columnar f i lm of the semicon
ductor with a filamentary structure originating from the crystal l ites 
of i ntermetal l ic  nucleat ing material. 

4,132,999 
Mai l le, Jacques H. P.; Salavi l le, Andre, inventors; Societe Anonyme 

_de Telecommun ications, assignee. Semiconductor Dev1ces. 
January 2, 1979. 

A semiconductor device comprises a substrate made of an al loy 
having the formula Cd Hg Te where x is a non-zero number less 
than 1. The substrate as type conductivity and a doping agent 
such as mercury is d i

fi
ffused 

P
i nto the substrate to form a region 

of N type conductivity there in .  Before diffusion of the mercury 
i nto the substrate, a protective layer of cadmium tel lu ride CdTe 
is appl ied to the surface of the substrate and the doping agent 
is d i ffused i nto the substrate through the protective layer. The 
device finds appl ication as a photovoltaic detector of i nfrared 
rad iation. 

4,133,697 
Muel ler, Robert L.; Yasu i ,  Robert K., i nventors; The United States 
of America as represented by the Admin istrator of the N ational 
Aeronautics and Space Administration, assignee. Solar Array Strip 
and a Method for Forming the Same. January 9, 1 979. 

Providing pri nted c ircu itry in a sandwiched relation with a pair 
of flexible layers of non-conductive material ,  deposit ing solder 
pads on the printed circu itry and storing the result ing substrate 
on a drum withdrawing the substrate from the drum and incre· 
mental ly �dvancing it along a l i near path, serial ly transport ing 
solderless solar cel ls i nto engagement with the pads and 
thereafter heat ing the pads for thus attach ing the cel ls to the c i r
cuitry c lean ing excess flux from the solar cel ls, encapsu lati ng 
the c� l l s  in  a protective coating and thereafter spiral ly winding 
the result ing array on a drum.  

4,133,698 
Chiang, Shang·Yi ;  Carbajal, Bernard G. ,  inventors; Texas Instru
ments I ncorporated, assignee. Tandem Junction Solar Cell. ' January 9, 1979. 

A solar cel l having f i rst and second closely spaced, para l le l  P-N 
junctions is fabricated, wherein the i l l um inated surface is totally 
free of metallizat ion, i .e., the junction nearest the i l l uminated sur
face is not electrical ly connected, and thereby part ic ipates only 
indirectly in the collection of photo-generated carriers by providing 
a charge field to suppress the front surface recombination and 
to enhance col lection at the back side junction. All meta l l ization 
is  on the back side, which preferably includes an i nterposed f inger 
pattern of N + and p+ zones. 

4,133,699 
Meulenberg, Andrew, J r. , inventor; Communications Sate l l ite Cor· 
poration, assignee. Shaped Edge Solar Cell Covers/ide. January 9, 
1979. 

A solar cell coverslide, oversize to protect the cell against damage 
from radiation, is modif ied to have an edge portion configured 
to bend l ight incident on said edge portion i nwardly toward an 
underlying solar cell. An adhesive f i l let may be formed between 
the undersurface of the overhanging portion of the coversl ide and 
the top edge of the solar cel l  to faci l itate further the transmis· 
sion of l ight striking the configured edge portion into the solar cell . 
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4,134,387 
Tornstrom, Eric, inventor; Mobi l Tyco Solar Energy Corporation, 
assignee. Solar Energy Concentrator. January 16, 1979. 

Low cost solar col lectors are constructed by stretch ing a th in 
elongate, flexible reflective sheet (such as metall ized polyethylene 
terephthalate f i lm) over a frame so as to provide a ridged surface 
of des i red geometric shape. In a preferred embodiment of the 
i nvention the frame comprises a plurality of rod-like members, with 
a supply reel on one end and a take-up reel on the other end. Extra 
reflective sheet material is stored on the supply reel so that when 
the sheet material in the concentrator degrades (after prolonged 
exposure to sun l ight), the degraded material can be rol led onto 
the take-up reel and fresh sheet material d isposed in  its p lace on 
the frame. 

4,134,393 
Stark, Virg i l ;  Vayda, Alexandre; Rousset, Pau l ,  i nventors; Virg i l  
Stark, assignee. Solar Energy Collection. January 16 ,  1979. 

Apparatus and methods for concentrating and col lect ing solar 
energy are d isc losed. I n  accordance with the i nvent ion, solar 
energy is concentrated by economical refringent lenses or lens 
systems inc lud ing fluid lenses and/or Fresnel-type lenses. The 
lenses concentrate the solar energy preferably along l i nes in con
t inuous l i near foci or i n  discrete foci at an elongated col lector 
comprising one or more f lu id-carrying conduits and one or more 
fluids therein. In one embodiment, a plurality of photoelectric cells 
are located in  or on the col lector along the l inear foci or at the 
discrete foci and operate at increased efficiency with heat being 
removed by the col lector. A f irst f lu id i n  the col lector is heated 
by the concentrated solar energy and in a preferred embodiment 
i s  used to heat a second fluid contiguous to the first fluid, the 
f irst fluid having a boi l ing point exceeding that of the second fluid. 
In a preferred embodiment, the f irst f lu id is carried in an i nner 
conduit while the second f lu id is carried by an outer conduit which 
encloses the i nner conduit and fi rst f lu id. Thus, the two fluids can 
be heated to d ifferent temperatures by a single concentrating 
system and used for d ifferent purposes. Addit ional ly, the i nven
tion provides for the storage of energy using two f luids of d ifferent 
boi l ing points. Also disc losed are methods and fixed and portable 
apparatus for d isti l l ing water containing salt or other substances 
by evaporation of the water and condesation of the water vapor 
wherein preferably the heat of condensation is recovered. The 
i nvention also provides for assembl ies of i ndividual systems to 
form larger systems. The present invention provides heat from 
solar energy at a cost competitive with heat produced from fuels. 

4,135,235 
Baker, Richard H. ,  i nventor; Exxon Research & Engineeri ng Co., 
assignee. Synthesizer Circuit for Generating Three-Tier Waveforms. 
January 16, 1979. 

A DC to AC converter capable of producing up to three-tier 
waveforms inc ludes a f irst transistorized switching ampl i fier 
operable to a f i rst condition, for charging a f irst capacitor to + 2E 
volts, concurrent with applying + E volts to a f irst term inal ,  and 
connecting a DC supply of - E volts to the positive plate of, and 
in series c i rcu it with, a second capacitor (previously charged to 
have a voltage drop thereacross of -2E volts), the series circuit 
being connected between a reference and second term inals, for 
applying - 3E volts to the second term inal .  The fi rst switch ing 
ampl i fier is  operable to a second condition for  charg ing the 
second capacitor to -2E volts, concurrent with applying - E volts 
to the second terminal, and applying + E volts to the negative plate 
of the first capacitor, the positive p late of which is connected to 
the f irst term inal ,  for applying +3E volts to the first term inal .  A 
second transistorized switching ampl if ier is operable to a fi rst or 
second condition, for individually connecting the fi rst and second 
term inals to an output terminal ,  respectively. A control c i rcuit is 
used to operate the fi rst and second switch ing ampl i fiers i n  
various combinations of  their respective f i rst and second condi
t ions, over a period of time, for producing a desi red waveform at 
the output term inal .  Two or more of the converters can be inter
connected and driven by the control circuit for providing polyphase 
voltage waveforms. 
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4,135,290 
Evans, John C., Jr. , inventor; The Un ited States of America as 
represented by the Admin istrator of the National Aeronautics and 
Space Admin istrat ion, assignee. Method for Fabrica ting Solar 
Cells Having Integrated Collector Grids. January 23, 1979. 

A heterojunction or Schottky barrier photovoltaic device com
prising a conductive base metal layer compatible with and coating 
predominately the exposed surface of the p-type substrate of the 
device such that a back surface field reg ion is formed at the in
terface between the device and the base metal layer, a transparent, 
conductive m ixed metal oxide layer in integral contact with the 
n-type layer of the heterojunction or Schottky barrier device hav
ing a metal a l loy grid network of the same metal elements of the 
oxide constituents of the m ixed metal oxide layer embedded in 
the m ixed metal oxide layer, an insulat ing layer which prevents 
electrical contact between the conductive metal base layer and 
the transparent, conductive metal oxide l ayer, and a metal con
tact means covering the i nsu lating layer and in  i nt imate contact 
with the metal grid network embedded in the transparent, con
ductive oxide layer for conducting electrons generated by the 
photovoltaic process from the device. 

4,135,537 
Bl ieden, Harry R.; MacDonald, Roderick W., i nventors; Atlantic 
Richfield Com pany, assignee. Light Collector. January 23, 1979. 

A method and apparatus for recoveri ng energy from l ight, such 
as sunl ight, wherein a luminescent fluid is employed in  conjunc
tion with photovoltaic means, heat is recovered from the lumines
cent f lu id,  and electricity is recovered from the photovoltaic 
means. 

4,135,950 
Rittner, Edmund S., i nventor; Commun ications Sate l l i te Corpora
t ion, assignee. Radiation Hardened Solar Cell. January 23, 1979. 

A rad iation hardened junction solar cel l is prepared by etch ing 
V-grooves in the surface of a semiconductor substrate. The overal l  
thickness of the substrate and the depth of the V-grooves are 
chosen as functions of the d iffusion length of the mi noritY car
riers in the substrate material at beg inn ing of l i fe and at end of 
l i fe for a given design appl ication. An opposite conductivity type 
layer is then formed over the V-grooved surface of the semicon
ductor substrate. The planar back surface of the solar cell is highly 
doped to convert it i nto a m inority carrier reflect ing reg ion. 

4,135,998 
Gn iewek, John J. ;  Reith, Timothy M. ;  Su l l ivan, M ichael J . ;  White, 
James F., inventors; International Business Machines Corporation, 
assignee. Method for Forming Pt-Si Schottky Barrier Contact. 
January 23, 1979. 

Use of a rare gas in combination with oxygen or nitrogen to sput
ter etch unreacted plat inum after formation of a plat inum si l ic ide 
contact structure for the formation of a Schottky Barrier diode 
in a s i l icon semiconductor substrate. 

4,136,436 
Ki lby, Jack S.; Lathrop, Jay W.; Porter, Wi lbur  A., inventors; Texas 
Instruments I ncorporated, assignee. Light Energy Conversion. 
January 30, 1979. 

A process for the manufacture of a l ight energy converter i nvolves 
forming of a p lural ity of photovoltaic sources wherein first bodies 
of a f irst conductivity type semiconductor material each has a 
surface layer of a second conductivity type material and second 
bodies of said second conductivity type semiconductor material 
each has a surface layer of said fi rst conductivity type materia l .  
The fi rst and second bodies are i nterming led i n  a one level layer 
in an insulating support. A conductive layer is appl ied to inter
connect the fi rst conductivity type material of a l l  said fi rst bodies 
with the second conductivity type material of a l l  said second 
bodies. An electrolyte may wet such sources where, upon exposure 



to l ight, the sources cause a current to flow in the electrolyte pro
ducing an electrochemical reaction. The products of this reac
tion where the electrolyte is a solution such as aqueous hydrogen 
iod ide, and the hydrogen produced by the electrochemical reac
t ion may be stored, burned as a fuel or used in a fuel cel l  to pro
duce electrical energy. 

4,137,095 
Lindmayer, Joseph, i nventor; Solarex Corporation, assignee. Con
stant Voltage Solar Gel/ and Method of Making Same. January 
30, 1979. 

A s i l icon solar energy cel l  producing electricity at substantial ly 
constant voltage despite s ignificant increases in i l l um ination, i n  
which the back su rface junction o f  the cel l  is formed by al loying 
with gal l ium. 

4,137,096 
Maier, Henry B., i nventor. Low Cost System for Developing Solar 
Cells. January 30, 1979. 

Low cost solar cel ls are made by electrode position of a meta l l ic  
coating on a conductive substrate, fol lowed by cathodic conver
sion of the coating in a thiosulfate containing bath to form metal l ic  
su lfides. E lectrical contacts are made to portions of the su lfide 
layer and the coated substrate is dried to a point sufficient to yield 
a photore-sponsive device. 

4,137,097 
Kel ly, Joseph E., inventor. Solar Energy Assembly. January 30, 1979. 

A solar energy col lector and heat exchanger assembly comprising 
a housing having a transparent top, a transparent wall with in  the 
housing paral lel  to the top to div ide the housing i nto upper and 
lower chambers, the upper chamber having an air i n let and an air  
outlet, the lower c hamber having a l iquid i n let i nterconnected by 
a conduit  to a l iqu id outlet, photo cel ls d isposed in  the lower 
chamber and adapted to provide heat to the conduit, and a reflec
tor structure disposed in the lower chamber for d i recting sunl ight 
to the photo cells and for reflecting sunl ight to the upper chamber. 

4,137,098 
Field, Richard L., inventor; The United States of America as 
represented by the Secretary of the Navy, assignee. Solar Energy 
Window. January 30, 1979. 

An energy absorbi ng venetian bl ind type device for- generat ing 
electricity, providing heat, and serving as a sun shade. A p lural
ity of slats covered with an array of photovoltaic cells are enclosed 
between two panes of g lass of a window housing. A heat removal 
system using forced air cools the photovoltaic cel ls and collects 
heat for heat ing purposes elsewhere. The electric ity generated 
by the photovoltaic cel ls is col lected for immediate use or stored 
in storage batteries for later use. 

4,137,123 
Bailey, Wi l l iam L.; Coleman, Michael G.; Harris, Cynthia B.; Lesk, 
Israel A., i nventors; Motorola, I nc., assignee. Texture Etching of 
Silicon: Method. January 30, 1979. 

A surface etchant for s i l icon compris ing an anisotropic etchant 
contain ing s i l icon is  disclosed. The etchant provides a textured 
su rface of randomly spaced and sized pyramids on a s i l icon sur
face. It is part icularly useful in reducing the reflectivity of solar 
cell su rfaces. 

4,137,355 
Heaps, Joseph D.; Tufte, Obert N . ,  inventors; Honeywel l ,  I nc., 
assignee. Ceramic Coated with Molten Silicone J anuary 30, 1979. 

It is des i rable to coat large area, th in sheets of large-grain 
polycrystal l i ne s i l icon on an inexpensive ceramic substrate for 
use in solar cel l appl ications and the l ike. Such ceramic substrates 

as are used are chosen from those having thermal expansion coef
ficients s imi lar to those of s i l icon. The ceramics meeting these 
requ i rements, for example m ul i te, a lumina and zirconia, when 
brought into contact with molten s i l icon, however, are not wet by 
the s i l icon and no coating takes p lace. In this invention the struc
ture includes an interface layer compris ing carbon on the surface 
of si.Jch a substrate to render the surface wettable by molten 
s i l icon. With th is interface layer the ceramic of the type which 
is not wet by molten s i l icon can be successful ly coated with 
s i l icon. 

4,137,570 
Baker, R ichard H ., i nventor; Exxon Research & Engineering Co., 
assignee. Waveform Synthesizer. January 30, 1979. 

A c i rcuit for invert ing a DC voltage to an AC voltage having a 
predetermi ned waveform, inc ludes fi rst and second level sh ifting 
stages for providing selectively at their respective output terminals 
a voltage having the level of the DC voltage, or about twice the 
level of the DC voltage. A first pair of transistorized switches are 
included for concurrently and selectively connecting the output 
term inal of one of the level shifters to one end of a load, and 
ground to the other end, respectively, for d riving current through 
the load in a particular d i rection and obtaining a desired level and 
polarity of voltage thereacross, or the switches are operated to 
g round both ends of the load. In generatng a stepwise approx
imation of a symmetrical AC waveform, such as a s inewave, one 
level shifting stage i s  charg ing from the DC voltage supply whi le 
the other level sh ift ing stage is d ischarg ing i nto the load, during 
each half-cycle of the AC voltage. A second pair of transistorized 
(or mechanical) switches are added for selectively connecting 
each one of the first pair of transistorized switches in paral lel with 
a transistorized switch of each one of the fi rst and second level 
shift ing stages, respectively, for operating the waveform syn
thesizer at half-rated voltage, and twice-rated current. Also i n
c luded is a control s ignal generator for operat ing the switches 
and level shift ing stages in a manner providing in combination 
concurrent dynamic level shift ing and pu lse width modulation in 
synthesizing a desired AC waveform. 

4,138,509 
Ingle, Wil l iam M.; Thompson, Stephen W., i nventors; Motorola, Inc., 
assignee. Silicon Purification Process. February 6, 1979. 

A p rocess for p roduc i ng  semiconductor g rade s i l icon .  
Metal l u rg ica l  g rade s i l i con ,  s i l i con  d iox ide, and s i l icon 
tetrafluoride are chemically combined at an elevated temperature 
to form s i l icon d ifluoride gas. The s i l icon dif luoride gas is then 
polymerized, preferably in a two-step process. An i n itial small 
quantity of s i l icon difuoride polymers i s  formed at a first 
temperature. Thi s  init ial polymerizat ion removes most of the im
purit ies that were present i n  the or iginal metal l u rg ica l  grade 
s i l icon and which were transported by the s i l icon d ifl uoride gas. 
The bu lk  of the remain ing s i l icon dif luoride gas is then poly
merized at a second, lower temperature. These polymers are 
substantially free from a l l  impuri ties. The pure s i l icon difluoride 
polymers are then thermal ly decomposed at temperatu res below 
400°C to form b inary s i l i con f l uor ide homologues. The 
homologues can be disti l led for even h igher purity, or can be used 
or stored as formed. The binary s i l icon fl uoride homologues pro
duce pure s i l icon and s i l icon tetraf luoride when heated to a 
temperature between 400°C and 950°C. The disproportionation 
of the homologues can be accompl ished by chemical vapor 
deposition techniques onto heated substrates of s i l icon, metal, 
or q uartz. This d isproportionation wi l l  resu lt in amorphous, 
polycrystal l ine, or monocrysta l l ine s i l icon depending on the 
temperatures employed and on the substrate used for deposition. 
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4,139,399 
Lindmayer, Joseph, i nventor; Solarex Corporation, assignee. Solar 
Panel with Removable Cell Matrix, and Method pf Making Same. 
February 13, 1979. 

A solar panel is formed with a frame def in ing channels adapted 
to receive and retain a solid body of resin  therein.  The body of 
resin forms a matrix that encapsulates photovoltaic cel ls. Part of 
the frame may be disassembled to permit the matrix to be inserted 
i nto or rer.noved from the channels. 

4,139,857 
Takagi ,  Toshinori; Morimoto, Kiyoshi ;  Utamura, Yukih iko, inventors; 
Futaba Densh i  Kogyo Kabushiki Kaisha, assignee. Schottky Bar
rier Type Solid-State Element. February 13, 1979. 

A Schottky barrier type solid-state element and a method of pro
ducing the same, the Schottky barrier type solid-state element 
comprising a Schottky barrier type element portion consisting of 
a metal l i c  board and a semiconductor f i lm layer provided on the 
metal l ic board, the metal l ic board being formed of such a metal 
as can form a Schottky barrier between itself and the semicon
ductor film layer, and a semiconductor-side terminal electrode pro
vided on the external surface of the semiconductor f i lm layer so 
as to obtain an ohmic contact therewith, wherein at least the 
semiconductor film layer is formed by what is cal led the ionized
c luster-beam deposition process. 

4,139,858 
Pankove, Jacques 1 . ,  inventor; RCA Corporation, assignee. Solar 
Cell with a Gallium Nitride Electrode. February 13, 1979. 

A solar cel l which comprises a body of si l icon having a P-N junc
tion therein with a transparent conducting N-type gal l i um n itride 
layer as an ohmic contact on the N-type side of the semiconduc
tor exposed to solar radiation. 

4,140,142 
Dormidontov, Anatoly A.; Zykov, Evgeny M. ;  Litsenko, Tatyana A.; 
N i kit in ,  Boris A.; Polyakov, Vlad im i r  1 . ;  Strebkov, Dmitry S.; 
Un ishkov, Vad im A.; Chernyshov, Vyacheslav V. , i nventors. 
Semiconductor Photoelectric Generator. February 20, 1979. 

A semiconductor photoelectric generator, for converting radiation 
energy from a source, for example, the sun,  into e lectric energy, 
comprises a matrix of photoelectric converters made of a semicon
ductor material .  Each photoelectric converter is  doped to form 
a P-N junction and an isotype junction. Current-col lect ing con
ductors are connected to a base reg ion and to an al loy reg ion. 
An operating surface of the semiconductor photoelectric 
generator is secured by a translucent adhesive layer to a coating 
exposed d i rectly to radiation from a radiation source. The coating 
i s  composed of optical concentrators which focus the radiation 
energy i n  a focal spot and are disposed on the operating su rface 
so that the absorption band of the focussed radiation in the focal 

· spot is located in the base region and is spaced from the P-N junc
tion by a distance not exceeding the diffusion length of the minori
ty carriers in the base region. 

4,140,544 
S i l l ,  Richard C., i nventor; Atlantic Richfield Company, assignee. 
Divergent Luminescent Collector for Photovoltaic Device. February 
20, 1979. 

In the photovoltaic conversion of solar radiation to electrical 
energy, l ight energy passes through an upper or outer surface of 
a collector member where the l ight energy is  absorbed and 
reradiated by lum inescent materials in  the col lector. Internal l ight 
energy strikes the upper su rface and a lower surface of the col
l ector unt i l  i t  i s  em itted at an edge surface of the col lector i nto 
a photovoltaic cel l  mounted on the edge su rface. The u pper and 
lower su rfaces of the col lector are d ivergent in  one or more 
preselected d irections. This divergence changes the internal angle 
of reflection and d i rects the l ight energy to the edge surface and 
photovoltaic cel l  thereby decreasing loss of usefu l  energy from 
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within the col lector. Lig ht emissive areas of the edge and lower 
surfaces not covered by a photovoltaic cel l  may also be.covered 
by a reflective material. The ref lective material may be a diffusive 
material . 

4,140,545 
Nagao, H isao; Kawamura, Koich i ,  i nventors; Sharp Kabushiki 
Kaisha, assignee. Plural Solar Cell Arrangement Including 
Transparent lnterconnectors. February 20, 1979. 

A p lural ity of solar cel l  elements are arranged on a supporting 
substrate. Each solar cel l element has a l i ght receiving su rface, 
where electrodes are formed which are connected to the P-type 
region and the N-type region contained with in  the solar cel l  ele
ment, respectively. The electrodes formed on the l ight receiving 
surfaces of the p lural solar cel l  elements are electrical ly con
nected to each other by l ight transmitt ing, electrical ly conduc
tive wi ring means formed on the l ight receiving surfaces, thereby 
developing electric energy. 

4,140,610 
Morimoto, Kiyoshi ,  i nventor; Futaba Denshi Kogyo Kabushiki 
Kaisha, assignee. Method of Producing a PN Junction Type Solar 
Battery. February 20, 1979. 

A PN junction type solar battery comprising a p lural ity of alter
nate P-type and N-type semiconductor layers provided in a 
laminated manner paral lel  to an incident-l ight-receiving plane, 
connection ears provided opposite each other and integrally con
nected to one end of each of the P-type and N-type semiconduc
tor layers respectively, the connection ears being made of material 
of the same conduction type as the semiconductor layers respec
tively, and terminal electrodes mounted on the connection ears 
of the P-type and N-type semiconductor layers respectively so as 
to obtain ohmic contact therebetween. 

A method of producing aPN j unction type solar battery in which 
P-type and N-type semiconductor layers are formed on a substrate 
in a staggered manner relative to each other preferably by the ion
beam deposition method or the c luster-ion-beam deposition 
method. 

4,141,020 
Howard, James K.; Rosenberg, Wi l l iam D.; Wh ite, James F., i nven
tors; I nternational Business Machines Corporation, assignee. ln
termetallic Aluminum-Transition Metal Compound Schottky Con
tact. February 20, 1979. 

An aluminum-transition metal Schottky barrier contact, and 
methods of fabrication thereof are d isclosed. In one preferred 
embodiment, the junction is comprised of an aluminum-tantalum 
intermetal l ic layer abutt ing a s i l icon substrate. Alternate em
bodiments uti l ize an intermetal l ic  compound of a metal selected 
from the group of tantalum, zirconium, hafn ium, niobium, titanium 
and n ickel in combination with a luminum.  The preferred em
bod iments can be fabricated by evaporat ion of a layer of a metal 
selected from the above mentioned group fol lowed by evapora
tion of a layer of a luminum on a s i l i con substrate, after which an 
annealing step is uti l ized which creates the desired intermetal l ic 
compound in a layer abutt ing the si l icon su rface. Alternat ively, 
the junction can be created by hot or cold sputtering of a 
preselected intermeta l l ic  compound of one of the metals with 
aluminium d i rectly upon the s i l icon substrate, fol lowed by deposi
tion of a conductive layer such as a luminum.  In the case of cold 
sputtering an anneal ing step is requ i red to perfect the desi red in
termetal l ic compound structure; and in the case of hot sputtering 
an anneal ing step may be usefu l in perfecting the des i red i n
termetal l ic structure, although it is not essential. The resu lting 
devices are h igh ly thermally stable with predictable barrier 
heights; and exhibit  excellent electrical properties whi le they are 
capable of fabrication with good planarity. 



4,141,764 
Authier, Bernhard; Rath, Heinz J. ; Schmidt, Dietrich; Hofer, Johann, 
inventors;_. Wacker Chemitronic Gesel lschaft fur Elektronik
G rundstroffe mbH, assignee. Process for the Manufacture of 
Silicon of Large Surface Area Bonded to a Substra te and Silicon
Bonded Substrates So Made. February 27, 1979. 

Process for the manufactu re of s i l icon of large su rface area 
bonded to a substrate, which comprises deposit ing s i l icon to a 
th ickness of from 30 to 500 J.Im onto panel-shaped substrates of 
g lassy carbon (glass-like carbon obtained by carbonizing a 
spatial ly cross-l inked synthetic resin) that are heated by d i rect 
passage of an electric current to temperatures above the melting 
point of si l icon, and thereafter cooling the si l icon to a temperature 
below its melting point i n  the direction from its free surface toward 
the substrate. The i nvention also comprises the si l icon panels so 
made which are especially useful in the manufacture of solar cells. 

4,141,811 
Yerkes, John W.; Avery, James E., inventors; Atlantic Richfield Com
pany, assignee. Plasma Etching Process for the Manufacture of 
Solar Cells. February 27, 1979. 

A process for manufactu ring solar cel ls. S i l icon wafers are 
assembled in a holding j ig such as a d iffusion boat in pairs with 
adjacent surfaces of each of the pairs in contact. The thus 
assembled wafers are subjected to a chemical vapor deposition 
diffusion step during which a phosphorous pentoxide g lass layer 
is formed predominantly on the exposed surfaces and side edges 
of the wafers along with a PN junction thereunder. A small amount 
of the phosphorous pentoxide glass is also formed on the sur
faces which are in contact with each other particularly at the outer 
edges thereof. The wafers are then reassembled in such a man
ner that the surfaces having the phosphorous pentoxide layer 
thereon are placed in contact with each other and again the wafers 
are placed in a holding j ig .  The thus assembled wafers are then 
placed in a plasma etching reactor for removal of the phosphorous 
pentoxide g lass layer and the underlying PN junction from the 
side edges and the surfaces opposite the surfaces exposed during 
the previous d iffusion step. 

4,142,195 
Carlson, David E. ;  Wronski, Christopher R. ;  Triano, Alfred R., J r., 
inventors; RCA Corporation, assignee. Schottky Barrier Semicon
ductor Device and Method of Making Same. February 27, 1979. 

A f i rst layer of semiconductor device is of doped amorphous 
si l icon prepared by a glow discharge i n  a m ixture of s i lane and 
a doping gas. The fi rst layer is on a substrate having good elec
trical properties. On the fi rst layer and spaced from the substrate 
is a second layer of amorphous s i l i con prepared by a glow 
discharge in s i lane. On the second layer opposite the fi rst layer 
is a metal l ic f i lm forming a surface barrier junction therebetween, 
i.e. a Schottky barrier. The first layer is doped so as to make an 
ohmic contact with the substrate. Preferably the doping concen
tration of the f irst layer is graded so the dopant concentration 
is  maximum at the interface of the f irst layer and the substrate. 
In a second embodiment of the Schottky barrier semiconductor 
device an intermediate layer is between and contiguous to both 
the fi rst layer and the substrate. The i ntermediate layer fac i l itates 
in making ohmic contact between the amorphous s i l icon and the 
substrate. Annealing and heat treating steps are performed in  the 
fabrication of the Schottky barrier device to increase device 
efficiency. 

4,143,233 
Kapany, Narinder S.; Hardy, Edgar E. ;  Orofino, Thomas A., inven
tors; Monsanto Research Corporation, assignee. Solar Energy Col
lector. March 6, 1979. 

A solar energy col lector is described which consists of either a 
photoelectric cel l  or a heat-absorbing material mounted with i n  
a hol low concentrator. The photoelectric cel l  has the form o f  a 
rod of a monocrystal l i ne element or compound with a general ly 
cyli ndrical junction spaced at a d istance radial ly i nward ly from 

the outer surface of the rod. The photoelectric cel l  is mounted 
with in  a hol low transparent trough shaped concentrator or body 
which contains a l iqu id ,  e.g.  water, which can be made to flow 
in order to both cool the photoelectric celt, thereby improving its 
effic iency, and to promote transmission of solar energy to the 
photoelectric cel l  by total i nternal reflectance. The heat absorb
ing material can be a metal p ipe through which l iquid can be made 
to flow to remove heat absorbed by the p ipe, and preferably the 
pipe wil l  be coated black on the outside surface to promote the 
absorption of heat i nto the pipe, and/or the l iquid in the hol low 
transparent trough-shaped body can be made to flow over heat 
absorbing material to recover heat energy. 

4,143,234 
Johnson, Gregory R. ;  M i les, M alcolm G. ;  Salyer, Ivai 0.; Hardy, 
Edgar E. ,  i nventors; Monsanto Company, assignee. Solar Collec
tor Using Total Internal Reflectance. March 6, 1979. 

A solar col lector is constructed of a photoelectric cel l mounted 
within a col lector of the total internal reflectance type. The 
photoelectric cel l  has the form of a rod of a monocrystal l i ne ele
ment or compound with a general ly cyl i ndrical j unction spaced 
at a distance radial ly i nwardly from the outer surface of the rod. 
The photoelectric cell i s  mounted within a trough shaped col lec
tor which is at least partially fi l led with a transparent sol id wherein 
total internal reflectance of incident rad iation increases the ef
fectiveness of the col lector. 

4,143,235 
Duisman, Jack A., inventor; Chevron Research Company, assignee. 
Cadmium Sulfide Photovoltaic Cell and Method of Fabrication. 
March 6, 1979. 

A cadmium su lfide photovoltaic cel l  of improved efficiency com
prising a barrier layer and cadmium sulfide-containing b i layer, the 
bi layer being formed by deposit ing at a fi rst temperature an in
it ia l  layer of cadmium su lfide in i nterfacial contact with the 
substrate and then deposit ing a subsequent layer of cadmium 
sulfide at  a second temperature wh ich is at  least 20°C below the 
f irst temperature. 

4,144,095 
Mlavsky, Abraham 1 . ,  i nventor; Mobi l Tyco Solar Energy Corpora
tion, assignee. Solar Energy Assembly. March 13, 1979. 

A solar energy assembly is d isclosed comprising at least one 
hermetically sealed envelope i n  which a trough-shaped radiation 
col lector having a reflective surface is d isposed so as to receive 
incident solar radiation through the wal l  of said envelope. Radia
tion conversion means comprising at least one solar cell is posi
tioned i nside the trough to receive radiation concentrated by the 
collector. The col lector and the radiation conversion means may 
be formed as a unit for joint posit ioning i ns ide the envelope. 
Means may be provided for orienting the envelope toward the sun 
and a cooling f lu id  may be c i rculated through the envelope i n  order 
to maintain the temperature below a su itable level. 

4,144,096 
Wada, Shinj i ;  lsobe, Yosh iyuki, i nventors; Kabushiki Kaisha Suwa 
Seikosha, assignee. Solar Battery and Method of Manufacture. 
March 13, 1979. 

A monolithic solar battery i nc lud ing a p lu ral i ty of P-N junction 
unit solar cel ls  mounted on a substrate is provided. Each un it solar 
cell is isolated electrically from an adjacent cell by a buffer region 
of a material having a d i fferent conductivity than the substrate. 
An active photovoltaic layer formed on the l ight receiving surface 
of each solar cel l  between two buffer regions overlaps one of the 
two buffers defin ing each cel l .  Wiring for electrically connecting 
the unit solar cel ls  in series fash ion and electrodes are provided 
on the upper or lower surfaces of the substrate. 
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4,144,097 
Chambers, Robert R. ;  Woh lmut, Peter G., i nventors; Atlantic 
Richfield Company, assignee. Luminescent Solar Collector. March 
13, 1979. 

A luminescent solar col lector compris ing a l ight transmitting 
member which carries at least one photovoltaic means, a lumines
cent member removably attached to the l ight transmitting member, 
and i nterface material between the two members assuring the 
transmission of l ight between said members. A method for in·  
creasing the efficiency of a luminescent photovoltaic device which 
contains a luminescent member of reduced efficiency compris· 
ing attaching to the low efficiency lum inescent member a h igher 
efficiency luminescent member with an interface material, the i n· 
terface material assuring transmission of l ight from one lumines
cent member to the other. 

4,144,139 
Durkee, Lawrence F., i nventor; Solarex Corporation, assignee. 
Method of Plating by Means of Light. M arch 13, 1979. 

Plating electrical contacts onto one or more surfaces of a solar 
cell having an electrical junction therein is accompl ished by im· 
mersing the cel l  i n  an electrolyte and exposing it to l ight so that 
p latable ions in the electrolyte wi l l  be attracted to an oppositely 
charged surface of the cel l .  

4,146,407 
Litsenko, Tatyana A.; Potapov, Valery N. ;  Strebkov, Dmitry S., in· 
venters. Solar Photoelectric Module. March 27, 1979. 

A solar photoelectric module is disclosed, wherein the solar 
energy concentrator also performs the function of a cooling means 
for the photovoltaic solar energy converter. With that object in view 
the concentrator is made as a hol low hermetically sealed vessel 
f i l led with a transparent heat transfer agent, whi le the photovoltaic 
solar energy converter is placed inside the hol low vessel .  

4,146,408 
Nelson, Richard B., i nventor; Varian Associates, I nc., assignee. 
Aspherical Solar Cell Concentra tor. March 27, 1979. 

A l ight concentrator for use with photovoltaic cel ls has a novel 
aspherical shape to provide the desired distribution of energy over 
the surface of the cell. The cell is usually circular with a current
col lecting bus electrode around the c ircumference of the active 
surface. To provide for min imum resistive losses due to the cur
rent generated in the cel l  and flowing to the bus, the l ight may 
be concentrated in a band just i ns ide the bus with reduced or even 
zero energy density i nside the band. This distribution is obtained 
by making the ray-deflecting surface of the concentrator as a 
f igure of revol ution whose generating l ine focuses i ncident rays 
arriving paral lel to the axis of revolution onto a point removed from 
the axis. Thus, a point source at inf in ity is "focused" into a circle 
around the axis instead of the point focus of conventional optics. 
Solar l ight is "focused" i nto an annu lar ri ng. Since the concen· 
trated l ight pattern is larger than the true image formed by con· 
ventional optics with the same focal length, for a given size of 
cel l  the focal length can be made shorter and hence the accur
racy tolerance of the concentrator surface is greatly relaxed, pro· 
viding a reduction of cost. 

4,146,657 
Gordon, -Roy G. ,  i nventor. Method of Depositing Electrically Con
ductive, Infrared Reflective, Transparent Coatings of Stannic Ox
ide. March 27, 1979. 

Electrical ly-conduct ive f i lms of tin oxide are prepared by a novel 
process ut i l iz ing gaseous chemical compounds which react to 
form a tin-fl uorine bond at a temperature which is (1) h igh enough 
so that the newly-created ti n-fluorine bond-bearing molecule re
mains i n  the vapor phase; and (2) low enough so that oxidation 
of the molecule occurs only after the indicated re-arrangement. 
F i lms prepared by the process of the i nvention are characterized 
by surface resistances as low as 1 ohm per square when the f i lm 
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thickness is as th in as about a micron. These f i lms are also 
characterized by extremely good reflectance of i nfrared radiation. 

. 
�m� . 

Zakhariya, Ramiz H.,  inventor. Self-Supporting Active Solar Energy 
System. Apri l 3 ,  1979. 

An active solar energy system compris ing an array of solar col· 
lectors, a pumping device to circulate f lu id therethrough and a 
storage tank to contain the heated f lu id .  The pump is driven by 
an electric motor and a solar-e lectric power transducer system 
energizes the motor, whereby the f lu id is c irculated through t e 
col lector system whenever sunl ight is avai lable. The heated fluid 

�
from the col lector array, as wel l  as the unheated f lu id fro� the 
source are delivered to a mixing vessel from which the mixture 
f lu id is delivered to a storage tank to meet demands. 

4,147,560 
Gochermann, Hans, inventor; Licentia Patent.Verwaltungs-GmbH, 
assignee. Solar Cell Arrangement for Terrestrial Use. April 3, 1979. 

A solar cel l  generator for producing electrical energy for terrestrial 
use including a plural ity of interconnected solar cells encased 
on all sides by a rad iation resistant p lastic material and a foil of 
a weather resistant material which adheres to the plastic material 
covering the outer surfaces of the casing. 

4,147,561 
Knight, John' R., i nventor. Solar Energy Collector. Apri l 3, 1979. 

This invention provides a solar energy col lector including a Fresnel 
lens substant ial ly fixed in orientation and position relative to the 
Earth a receiver situated at a focal point of the said Fresnel lens, 
a mo�nting mechanism which constrains the receiver to move 
along the focal surface of the Fresnel lens, and orientation me_ �ns 
for continual ly orientating the receiver so that the. said receiver 
remains in a reg ion of h igh i ntensity of rad iation during periods 
of d i rect sunl ight. 

The solar energy collector according to the invention is particu larly 
su itable for i nc lusion in bu i ld ing structures. 

4,147,563 ' 
N arayan, Jagd ish; Young, Rosa T., i nventors; The United States 
of America as represented by the United States Department of 
Energy, assignee. Method for Forming P-N Junctions and Solar
Cells by Laser-Beam Processing. Apri l 3, 1979. 

This i nvention is an improved method for preparing p·n junction 
devices such as diodes and solar cel ls. H igh-qual ity junctions 
are prepared by effecting laser-duffusion of a selected dopant into 
s i l icon by means of laser pu lses having a wavelength of from 
about 0.3 to 1.1 i-'m, an energy area density of from about 1 .0 to 

22.0 Jlcm , and a duration of from about 20 to 60 nanoseconds. 
I n itial ly, the dopant is deposited on the s i l icon as a superficial 
layer, preferably one having a thickness in the range of from about 
50 to 100 A. Depending on the application, the values for the above· 
mentioned pulse parameters are selected to produce melting of 
the s i l icon to depths in the range from about 1000 A to 1 i-'m. The 
i nvention has been used to produce solar cel ls having a one-sun 
conversion efficiency of 10.6%, these cel ls having no ant i reflec· 
t ive coating or back-surface fields. 

4,147,564 
Magee, Thomas J.; Pett ijohn, Richard R.; Stewart, Shel ley A.; 
Thackray, Malcolm, inventors; SRI I nternational, assignee. Method 
of Controlled Surface Texturization of Crystalline Semiconductor 
Material. April 3, 1979. 

A method of forming a m icroscopically texturized surface on a 
crystall ine semiconductor material is disclosed which method in
cludes the use of a radioactive source for un iform ly i rradiating 
the surface. The rad ioactive source includes a p lane surface 
having a uniform distribution of radioactive material thereon. I n  



one arrangement the rad ioactive source surface area is at least 
the size of the polished crysta l l ine semiconductor surface to be 
texturized, and the radioactive source is positioned closely adja
cent the pol ished surface for a predeterm ined time period for 
uniform i rradiation of the same. If desired, the radioactive source 
and crysta l l ine surface may be relatively movable during i rradia· 
t ion of the surface, in which case the source may be i n  the form 
of an elongated strip of sufficient length to extend beyond op· 
posite edges of the polished surface area to be texturized. In any 
case, the large-surface area radioactive source produces a 
substant ial ly uniform distribution of damage tracks in the 
crystal l ine surface, which surface then is anisotropically etched 
by use of a su itable etching solution. The damage tracks provide 
etching sites along which etching proceeds at a greater rate than 
in the undamaged area. General ly the surface to be texturized 
comprises the (100) orientation surface of a crysta l l i ne semicon
ductor material, such as si l icon, at which surface etching preferen
t ial ly proceeds for exposure of the (1 1 1) planes which i ntersect 
the surface with fou r-fold symmetry. With th is method a con
trollable size distribution of tetrahedra may be formed over a large 
surface. 

4,148,297 
Sherman, Benjami n  F., J r., inventor. Collector of Direct Dispersed 
and Reflected Waves. April 10, 1979. 

A col lector of waves, such as of solar radiations entering from 
any d i rection, concentrates them upon a receiver that converts 
them to useful purposes. Moderate concentration factors are 
achieved without the necessity of tracking the sun. The reflec
tive surface of the collector is a semicircu lar arc developed by 
rotat ion about an axis either in the plane of the arc passing 
through the center of curvature to form a hemisphere, or i n  the 
p lane of the arc and tangent to one end to form a hemitoroid with 
a central cusp, or about some other axis; or some combination 
of these shapes. The device is compounded to provide an i n
c reased concentration factor. Means are taught for adapt ing the 
device to heat-col lecting plates, heat pipes, or photovoltaic con
version devices (solar cel ls) of either d isc, ribbon, or tube con
struction and for insta l l ing the device on surfaces of bui ld ings 
with or without the capabi l i ty of tracking the sun. 

4,148,298 
Sherman, Benjamin F., J r. , i nventor. Hemispherical Collector of 
Direct Dispersed and Reflected Waves. April 10, 1979. 

A col lector of waves, such as of solar radiations entering from 
any d i rection, concentrates them upon a receiver that converts 
them to usefu l  purposes. Moderate concentration factors are 
achieved without the necessity of tracking the sun. The reflec
t ive surface of the col lector is a semic i rcular arc developed by 
rotat ion about an axis either in the plane of the arc passing 
through the center of curvature to form a hemisphere, or i n  the 
p lane of the arc and tangent to one end to form a hemitoroid with 
a central cusp, or about some other axis; or some combination 
of these shapes. The device is compounded to provide an in
c reased concentration factor. Means are taught for adapt ing the 
device to heat-col lecting plates, heat pipes, or photovoltaic con: 
version devices (solar cel ls) of either d isc, ribbon, or tube con
struction and for insta l l ing the device on surfaces of bu i ldings 
with or without the capabi l i ty of tracking the sun. 

4,148,299 
Sherman, Benjami n  F., J r., i nventor. Hemitoroidal Collector of 
Direct Dispersed and Reflected Waves. April 10, 1979. 

A col lector of waves, such as of solar radiations enteri ng from 
any d i rection, concentrates them upon a receiver that converts 
them to usefu l  purposes. Moderate concentration factors are 
achieved without the necessity of tracking the sun.  The reflec
t ive surface of the col lector is a semicircular arc developed by 
rotat ion about an axis either i n  the plane of the arc passing 
through the center of curvature to form a hemisphere, or i n  the 
panel of the arc and tangent to one end to form a hemitoroid with 
a central cusp, or about some other axis; or some combination 

of these shapes. The device i s  compounded to provide an in
creased concentration factor. Means are taught for adapting the 
device to heat-col lecti ng p lates, heat pipes, or photovoltaic con
version devices (solar cel ls) of either d isc, ribbon, or tube con
struction and for instal l i ng the device on surfaces of bu i ld ings 
with or without the capabi l i ty of tracking the sun. 

4,148,301 
Cluff, C. Brent, i nventor. Wa ter-Borne Rotating Solar Collecting 
and Storage Systems. April 10, 1979. 

A water-borne solar energy col lecting and converting system 
employing an azimuth-tracking, floating p latform equipped with 
reflectors and associated thermal col lector tubes. 

4,149,665 
Costogue, Ernest N . ;  Downi ng ,  Roy G.; M iddleton, Orwin ;  M uel ler, 
Robert L.; Yasui ,  Robert K.; Cai ro, Fred J . ;  Person, Jerry K., i nven
tors; The United States of America as represented by the Adm in
istrator of the N ational Aeronautics and Space Admin istration, 
assignee. Bonding Machine for Forming a Solar Array Strip. 
Apri l 17, 1979. 

A machine for attach ing solar cel ls to a flexible substrate having 
printed c ircuitry deposited thereon. The strip is fed through a fi rst 
station in which solar cel ls are elevated i nto engagement with 
solder pads for the pri nted c i rcu itry and thereafter heated by an 
i nfrared lamp, a second stat ion at which f lux and solder residue 
is  removed, a th i rd stat ion at which electrical performance of the 
soldered cel ls i s  determ ined, a fourth station at which an encap
su lating resin  is deposited on the cel ls, a fifth station at which 
the encapsulated solar cel ls  are examined for electrical perform
ance and a f inal station at wh ich the result ing array is wound on 
a takeup drum.  

4,149,902 
Mauer, Paul B.; Turechek, Gene D., inventors; Eastman Kodak Com
pany, assignee. Fluorescent Solar Energy Concentrator. Apri l 17, 
1979. 

. 

Apparatus for concentrat ing radiant energy such as solar radia
tion, col lected over a large area, to a smaller area for more effi
cient conversion of the rad iant energy to a more usefu l  form of 
energy. Fluorescent material in a thin f i lm form is optically bonded 
by an adhesive or viscous, transparent medium to a massive slab 
of transparent material such as glass or plastic. Energy conver
sion devices, such as photovoltaic cel ls, are disposed around the 
edges of the slab. 

4,149,903 
Lindmayer, Joseph, i nventor; Solarex Corporation, assignee. 
Hybrid Solar Energy Collecting Device. April 17,  1979. 

A hybrid solar energy col lecting device adapted to generate an 
electrical current from sunlight and also to collect in an electrically 
insulating f lu id thermal energy generated by such cells. The solar 
energy col lect ing device comprises a duct adapted for gu iding 
the flow of an electrical ly i nsulati ng fluid such as air, and one 
or more photovoltaic cel ls mounted on an electrical ly insulated 
portion of the exterior surface of the duct .  At least one of the 
photovoltaic cel ls has a heat s i n'k which extends i nto the i nterior 
of the duct and is adapted to be contacted by the electrically i nsu
lat ing f lu id.  

Des. 251,663 
Lind mayer, Joseph, i nventor; Solarex Corporation, assignee. Solar 
Cell or Similar Article. Apri l 24, 1979. 

The sole F IGURE is a top p lan view of a solar cel l  or a simi lar 
article showing my new design . . . $ = rc. The solar cel l i s  of no 
substantial thickness and the rear is flat and plain .  
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4,151,005 
Strebkov, Dmitry S.; Zadde, Vitaly V. ; Unishkov, Vadim A.; Litsenko, 
Tatyana A.; Landsman, Arkady P.,  i nventors. Radiation Hardened 
Semiconductor Photovoltaic Genera tor. April 24, 1979. 

The semi.conductor photovoltaic generator comprises one or 
several photovoltaic converters, each of which is  provided with 
a rect ifying barrier, which separates its base region from the inver
sion region, and with at least two current col lector contacts, one 
of which being connected to the base reg ion and the other being 
connected to the i nversion reg ion. The operating surface of the 
semiconductor photovoltaic generator is covered with a protec
t ion layer which receives the d i rect incident radiation and passes 
the photoactive part of the spectrum thereof to the operating sur
face of the semiconductor photovoltaic generator. The protect ion 
layer comprises elements transparent to the photoactive part of 
the incident radiation and intermediate metal layers to protect the 
photovoltaic converter material from the radiation effects which 
are l iable to damage the semiconductor and lower the perform
ance of the semiconductor photovoltaic generator. 

4,151,058 
Kaplan, Daniel ;  Velasco, Gonzalo, i nventors; Thomson-CSF, 
assignee. Method tor Manufacturing a Layer of Amorphous Silicon 
Usable in an Electronic Device. Apri l 24, 1979. 

A method a iming at imparting to the amorphous s i l icon proper
ties which are compatible with the possibi l i ty of modifying by 
doping or field effect the position of the Ferm i level in the volume 
of the amorphous s i l icon, a prime requirement for the operation 
of semiconductor devices. The method comprises a f irst step of 
deposit ing a layer of amorphous s i l icon onto a substrate under 
conditions ensuring the purity of the deposit obtained, then a 
second step wherein the deposit is subjected to a heat treatment 
consisting in maintain ing the deposit in the atmosphere of a 
plasma conta in ing atomic hydrogen for saturat ing the existing 
broken chemical bonds responsible for a parasit ic electric 
conductivity. 

4,152,174 
Ludlow, Ogden R., i nventor. Photoelectric Cell Using an Improved 
Photoelectric Plate and Plate Array. May 1, 1979. 

A solar energy col lector using rhombic photoelectric plates 
arranged in an array of connected plates and mounted in a hous
i ng can be positioned on a universal mount which is movable on 
a tracking servo using a position analyzer and a sun position 
sensor to d i rect the posit ioning of the solar col lector housing. 
A lenticular surface on the cover of the housing can i ntensify the 
col lection of solar energy with in  the individual photoelectric 
plates. A smal l portable tracking servo unit could be mounted on 
a camper or in  another su itable location or the housing may be 
attached to a portable radio. 

4,152,175 
Burgess, Edward L.; Nasby, Robert D.; Schueler, Donald G.,  inven
tors; The United States of America as represented by the United 
States Department of Energy, assignee. Silicon Solar Cell 
Assembly. May 1 ,  1979. 

A s i l icon solar cell assembly comprising a large, th in s i l icon solar 
cell bonded to a metal mount for use when there exists a mismatch 
in the thermal expansivities of the device and the mount. 

4,152,535 
Deminet, Czeslaw; Horne, Wi l l iam E.; Oettel, Richard E., inventors; 
The Boeing Company, assignee. Continuous Process for 
Fabricating Solar Cells and the Product Produced Thereby. May 1 ,  
1979. 

The process comprises the fol lowing steps: (1) forming a g lass 
sheet which defi nes a substrate layer for the solar cel l product; 
(2) forming a d i ffusion barrier layer on at least one surface of the 
substrate; (3) form ing a f irst electrical ly-conductive layer on the 
diffusion barrier, the fi rst electrical ly-conductive layer being a first 
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electrode .in the solar cell product; (4) deposit ing smal l-grain 
polycrystal l i ne s i l icon in a th in f i lm, i .e., 10-100 m icrometers, on 
the fi rst electrode layer; (5) recrystal l izing, typical ly by heating, 
the deposited polycrysta l l i ne s i l i con unt i l  it reforms i nto large
grain polycrystal l ine or single-crystal si l icon; (6) forming a PN junc
tion in the recrystal l ized s i l i con layer; and (7) form ing a second 
electrical ly-conductive layer on the recrystal l ized si l icon layer, the 
second electrical ly-conduct ive layer being a second electrode in 
the solar cell product. The solar cel l product produced by the 
above process may be fabricated in large surface area configura
t ions, su itable for terrestrial as wel l  as extra-terrestrial use, at 
relatively low cost. 

4,152,536 
Ravi, K. V. , inventor; Mobi l Tyco Solar Energy Corporat ion, 
assignee. Solar Cells. May 1 ,  1979. 

{ 
Disclosed are solar cel ls employing sl ightly curved or nearly flat 
monocrysta l l i ne s i l icon ribbons. The ribbons are formed by cut
t ing or s l ic ing monocrysta l l ine hol low tubes along their lengths, 
the tubes having been formed according to crystal growing pro
cesses d isclosed in U.S. Pat. No. 3,591, 348. 

4,152,824 
Gonsiorawski, Ronald, inventor; Mobil Tyco Solar Energy Corpora
t ion, assignee. Manufacture of Solar Cells. May 8, 1979. 

The invention provides a method of producing solar cel ls having 
a composite shallow/deep junction device construction. The solar 
cel ls  have grid- l ike contacts on their front energy-receiving sides, 
with each portion of each contact being coincident, i.e., a l igned 
with, the deep junction reg ions whi le the shal low junction regions 
are exposed to incident radiation. The composite junction and con
tacts are formed by a novel method which employs conventional 
techniques, notably the use of doped oxide f i lms as diffusion 
sources. 

4,153,474 
Rex, Dietrich, i nventor; Erno Raumfahrttechn ik  GmbH, assignee. 
Solar Energy Collector. May 8, 1979. 

A solar panel is constructed from plural parabol ic-cy l indrical 
mirrors arranged side by side, and each mirror has three functions. 
Its concave ground focusses solar energy, its convex rear carries 
a strip-l ike solar cell being thereby disposed close to ·the focal 
l ine of the adjacent mirror, whi le the rest of the rear surface and 
possibly also the ground surface dissipates thermal energy. 

4,153,475 
H ider, Ross B.; H ider, Ross J., inventors. Three Dimensional Solar 
Panel Assembly. May 8, 1979. 

A plural ity of solar cell panel un its arranged in side by side, 
paral lel ,  spaced relation with l ight directing devices positioned 
between each of the solar panels and on each of the outer side 
surfaces of the solar panels, so that l ight received from the side 
edges of the solar panels is  redi rected to the facing surfaces of 
each of the solar cell panels, thus al lowing solar panel units to 
be packaged in  stacked arrangement for compact presentation 
to the sun to maxim ize power output. 

4,153,476 
Shelpuk, Benjamin, i nventor; The Un ited States of America as 
represented by the Administrator of the National Aeronautics and 
Space Administration, assignee. Double-Sided Solar Cell Package. 
May 8, 1979. 

In a solar cell array of terrestrial use, an improved double-sided 
solar cell package consisting of a photovoltaic cell having a 
metall ized P-contact strip and an N-contact grid provided on oppo
site faces of the cel l ,  a transparent tubular body form ing an 
enclosure for the cel l ,  a pedestal support ing the cel l  from within 
the enclosure comprising an electrical conductor connected with 
the P-contact strip provided for each face of the cell, and a reflector 



having an elongated ref lective surface disposed in substantial ly 
opposed relation with one face of the cell for redi recting l ight to 
impinge thereon whereby the cell is subjected to i ncident radia
tion at each of its opposite faces. 

4,153,813 
Bl ieden, Harry R.; S i l l ,  Richard C., i nventors; Atl antic Richfield 
Company, assignee. Luminescent Solar Collector. May 8, i979. 

A luminescent solar col lector comprising at least one lumines
cent member having at least one photovoltaic means operably 
associated therewith, said luminescent member having a side 
which is to be exposed to i ncoming ( incident) l ight, and a 
transparent member carried adjacent to the incident l ight side 
of the luminescent member, the outer exposed side of the 
transparent member having a roughened surface. 

4,153,907 
Kofron, Vernon K., i nventor; Vactec, I ncorporated, assignee. 
Photovoltaic Cell with Junction-Free Essentially-Linear Connec
tions to Its Contacts. May 8, 1979. 

Admixed glass frits and conductor-forming materials are appl ied 
d i rectly to selected portions of the smooth-surface, doped areas 
of photovoltaic cells, and then are fired to form electrical contacts 
for those smooth-surface, doped areas. Those conductor-forming 
materials form electrical contacts that have essentially-li near, low 
resistance, electrical connections with those smooth-surface, 
doped areas and also provide exposed surfaces to which leads 
can be bonded; and those glass frits fuse to the smooth surfaces 
of the doped areas of those photovoltaic cel ls to provide sturdy 
mechanical bonds between those electrical contacts and those 
smooth-surface, doped areas. The admixtures of glass frits and 
of conductor-forming materials that are used in forming the elec
trical contacts for the smooth-surface, P-type doped areas on 
photovoltaic cel ls are P-type admixtures; and the admixtures of 
g lass frits and of conductor-form ing materials that are used in 
forming the electrical contacts for the smooth-surface, N-type 
doped areas on those devices are N-type admixtures. 

4,154,625 
Golovchenko, Jene A.; Venkatesan, Thirumalai N. C., inventors; Bell 
Telephone Laboratories, Incorporated, assignee. Annealing of 
Uncapped Compound Semiconductor Materials by Pulsed Energy 
Deposition. M ay 15, 1979. 

Damaged semiconductor materials are annealed using localized 
short term energy deposition. I n  a specific embodiment gal l ium 
arsenide damaged during ion implantat ion is annealed by expo
sure to short laser pu lses. 

4,154,998 
Luft, Werner; Kennedy, Robert E.; Mesch, Hans G., i nventors; TRW 
I nc., assignee. Solar Array Fabrication Method and Apparatus 
Utilizing Induction Heating. M ay 15, 1979. 

A solar array having solar cel ls mounted on a substrate and elec
trically joined by rear connector elements on the substrate and 
front connector elements secured between the cells to the 
substrate is fabricated by placing the array components in 
assembled relation and uti l izing induction heating to heat to their 
fusion temperatures a thermoplastic adhesive layer on the 
substrate and contacting fusible cladding on the solar cells and 
the connector elements whi le retaining the components in f irm 
contact to effect adhesive bonding of the solar cel ls  and front 
connector elements to the substrate and metal l ic  bonding of the 
solar cel ls and connector elements to one another. 

4,155,371 
Woh lmut, Peter G.; Yerkes, John W., i nventors; Atlantic Richfield 
Company, assignee. Luminescent Solar Collector. May 22, 1979. 

A luminescent solar col lector having a luminescent member with 
at least two types of photovoltaic cells, each type of cel l operating 

efficiently for the generation of electricity over a wavelength range 
which is different from the efficient wavelength range of the other 
types of photovoltaic cells present on the luminescent member, 
each type of photovoltaic cel l  carrying i ntermediate to it and the 
luminescent member a fi lter means which al lows only l ight within 
the efficient wavelength range for that type of photovoltaic cel l  
to pass from the luminescent member i nto the photovoltaic cel l .  

4,155,781 
Diepers, Heinrich, inventor; Siemens Aktiengesellschaft, assignee. 
Method of Manufacturing Solar Cells, Utilizing Single-Crystal 
Whisker Growth. M ay 22, 1 979. 

A solar cell with semiconductor body consisting of single-crystal 
semiconductor whiskers which are grown on a substrate surface 
permitting relatively inexpensive manufacture and high efficiency 
of the solar cel l  is disclosed. 

4,155,785 
Cuomo, Jerome J.; DiStefano, Thomas H. ;  Rosenberg, Robert, 
inventors; I nternational Business Machines Corporation, assignee. 
Process of Making a Radia tion Responsive Device. May 22, 1979. 

The practice of this disclosure obtains a relatively h igh efficiency 
operation for a crysta l l ine semiconductor solar cell contain ing 
various defects of the l inear and planar types. Linear defects 
include screw dislocations as well as fu l l  and partial dislocations. 
Planar defects inc lude twins, stacking faults, grain boundaries 
and surfaces. Such defects normally contain recombination 
centers at which electrons and holes generated i n  the semicon
ductor reg ion recombine with loss to the external current of the 
charge carried thereby. Through appl ication of the princ iples of 
this invent ion, especial dopant concentrat ions and conductivity 
regions are establ ished in a f in ite reg ion around the l i near and 
p lanar defects so t hat electrons and holes which are generated 
in the semiconductor region by i ncident radiation are substan
tial ly col lected for external current as consequence thereof. 

4,156,309 
Routh, Donald E.; Hol l is, Ben R. ;  Feltner, Wi l l iam R., i nventors; 
The United States of America as represented by the Administrator 
of the National Aeronautics and Space Admin istration, assignee. 
Method of Construction of a Multi-Cell Solar Array. May 29, 1979. 

The method of constructing a h igh voltage, low power, m ult i-cel l  
solar array wherein a solar cell base region is formed in a substrate 
such as but not l im ited to that of s i l icon or on a substrate of sap
phire, and then by the steps of appl ication of a protective coat ing 
on the base, patterned etching of the coating and base to thereby 
form discrete base regions, forming a semi-conductive j unction 
and upper active region in each base region defined by photolith
ography, and thus forming d iscrete cells which are interconnected 
by metal l ic  electrodes. 

4,156,310 
Kamath, G. Sanj iv, i nventor; Hughes Aircraft Company, assignee. 
High Bandgap Window Layer for GaAs Solar Cells and Fabrica
tion Process Therefor. May 29, 1979. 

The specification describes a semiconductor solar cell and fab
rication process therefor wherein a th in N-type gal l ium arsenide 
layer i s  deposited on a larger P-type substrate layer which is 
selected from the g roup of 1 1 1-V ternary compounds consisting of 
aluminum phosphide antimon ide, AIPSb, and a luminum ind ium 
phosphide, Al l nP.  P-type impurities are d iffused from the substrate 
layer i nto a portion of the th in N-type gal l ium arsenide layer to 
form a P-type region therein which defines a PN j unction in the 
thi n  gall ium arsenide layer. Thus, the quantity of gal l ium arsenide 
required to provide this ·PN photovoltaic junction layer i n  the cell 
is min imized, and the P-type substrate serves as a high bandgap 
window layer for the cell . Such high bandgap of this window 
material is especial ly wel l  suited for eff iciently transmitt ing the 
blue spectrum of sunl ight to the PN junction, thus enhancing the 
power conversion efficiency of the solar cel l .  
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4,156,622 
Lindmayer, Joseph, inventor; Solarex Corporation, assignee. Tanta
lum Oxide Antireflective Coa ting and Method of Forming Same. 
May 29, 1979. 

A s i l icon solar energy cell having an anti reflective coating on its 
light imping ing surface. The coating consists essential ly of a 
suboxide of tantalum having the generic formula Ta 0.2 Y, in which 
y is a number between about 2.5 and 4.8 on an atom1c ratio basis. 

4,158,577 
M i lnes, Arthur G., i nventor. High Output Solar Cells. June 19, 1979. 

A h igh output solar cell comprises a three-layer semiconductor 
compound article, the layers being doped in pn pn order in  the 1 2 
d i rection of l i ght travel ,  the pn 1 junct ion being a homojunct ion·  
and the n1 n junction being a heterojunction. The doping of the 
layers is sue� that "val ley-transferred" or "hot" electrons, so-called, 
are created in the p and n region secondary electron conduction 
bands and are transferred to the normal conduction band edge 
of the n heterojunction material and ult imately to an ohmic 2 contact. 

4,158,591 
Avery, James E.; Gay, Charles F., inventors; Atlantic Richfield Com
pany, assignee. Solar Cell Manufacture. June 19, 1979. 

A method for manufacturing solar cells wherein a p lural ity of 
wafers of a fi rst conductivity type are assembled and thereafter 
doped with an active impurity of an opposite conductivity impart
ing type to establish a p-n junction. Thereafter front and back con
tacts are formed on the wafers by metallization, the back corjtact 
material. being chosen so that it penetrates any p-n junctions pre
sent i n  the area of the back contact, if any, and thereby forms a 
low resistance ohmic contact through any such j unction. There
after the contact contain ing wafers are coin stacked and plasma 
etched so that the edge faces of the coin stacked wafers have 
removed therefrom sufficient p-n junction to electrically isolate 
the front junction from the back junction or junctions. 

4,158,717 
Nelson, Norve l l  J., i nventor; Varian Associates, Inc., assignee. 
Silicon Nitride Film and Method of Deposition. June 19, 1979. 

A dense fi lm of s i l icon nitride is deposited by a plasma discharge 
in a vapor of azidotrimethylsi lane (AZS) (CH3)3SiN3. AZS is less 
reactive and easier to handle than the previously used si lane 
S iH4. The resulting f i lm is more stable chemical ly than the s i l icon 
nitride produced by other processes. It is useful for protective and 
anti -reflective coatings, for i nsu lat ing,  and for masking, particu
larly on semiconductive devices. 

4,159,212 
Yerkes, John W., i nventor; Atlantic Richfield Company, assignee. 
Luminescent Solar Collector. J une 26, 1979. 

A luminescent solar col lector contain ing at least one lumines
cent member having a pair of opposed surfaces and at least one 
photovoltaic means embedded in the luminescent member and 
extending essentially from one of said surfaces to the opposing 
surface of the luminescent member so that a portion of the 
photovoltaic means of a fi rst conductivity is adjacent one of said 
surfaces•whi le a portion of the same photovoltaic means that is 
of a second conductivity is adjacent the opposing surface. 

4,159,354 
M i lnes, Arthur G.; Feucht, Donald L., inventors. Method for Making 
Thin Film 11/-V Compound Semiconductors for Solar Cells Involv
ing the Use of a Molten Intermediate Layer. June 26, 1979. 

Th in  sem iconductor f i lms of compounds from groups II I-V of the 
periodic .table su itable for solar cel ls are formed on low cost 
substrates by forming on the substrate an i ntermediate f i lm that 
is chemically related to but has a lower melting point than the 
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desi red semiconductor. The desi red semiconductor f i lm is then 
g rown on this i ntermediate film whi le it is  i n  a molten condition. 
The molten intermediate layer i solates the substrate from the 
desired semiconductor layer so that as that layer grows, large area 
crystals result. The intermediate fi lm may be a semiconductor 1 1 1-V 
compound or may be a group I l l  metal al loy. 

4,159,427 
Wiedemann ,  Hans 0., inventor; Messerschmitt-Boelkow-Biohm 
Gesellschaft M it Beschraenkter Haftung, assignee. Apparatus for 
Utilizing Na tural Energies. June 26, 1979. 

This apparatus stores natural energies avai lable on and/or under 
the surface of the world's oceans. Such energies i nc lude solar 
energy, wave energy, wind energy, as wel l  as energy stored in the 
heat of the sea water. The energy extracti ng and stori ng equip
ment is i nstal led on a floating vessel or raft. The energy storing 
equipment includes flywheel type rollers or cyl i nders driven by 
electric motors energ ized by electric generators which i n  turn 
receive their energy from the energy extracti ng equipment. The 
flywheel type rol lers or cyl i nders i nc lude a support ing hol low 
cyl i nder having a relatively th in wall onto which there are wound 
fibers i mpregnated or embedded in a synthetic resin .  

4,159,914 
Jordan, John F.; Lampkin, Curtis M. ,  inventors; Photon Power, I nc., 
assignee. Photovoltaic Cell. Ju ly 3, 1979. 

A photovoltaic cell having an electrical ly conductive substrate, 
which may be g lass having a f i lm of conductive t in oxide, a fi rst 
layer containing a su itable semiconductor, which layer has a fi rst 
component f i lm with an amorphous structure and a second com
ponent f i lm with an amorphous structu re and a second compo
nent f i lm with a polycrysta l l i ne structure; a second layer form ing 
a hetrojunction with the fi rst layer; and su itable electrodes where 
the heteroj unction is formed from a solution containing  copper, 
the amorphous fi lm component is superposed above an electric
ally conductive substrate to resist permeation of the copper
containing material to short ing electrical contact with the 
substrate. The penetration resistant amorphous layer permits a 
variety of processes to be used in forming the heterojunction with 
even very thin layers (1-6!-! thick) of underlying polycrystal l ine semi
conductor materials. In some embodiments, the amorphous-l ike 
structure may be formed by the addition of aluminum or zirconium 
compounds to a solution of cadmium salts sprayed over a heated 
substrate. 

4,160,045 
Longshore, Randolph E., i nventor; The United States of America 
as represented by the Secretary of the Army, assignee. Method 
for Producing a Scabrous Photosensitive Surface. Ju ly 3, 1979. 

A layer of ind ium is deposited as smal l is lands on a photosen
sit ive material. The is lands and the material not covered by the 
islands are bombarded with ions to cause sputtering of the islands 
and the. material. When the is lands have been sputtered away, the 
material has a surface consist ing of cones and pyramids. Such 
a su rface is more efficient at absorbing photons than is a smooth 
surface. 

4,160,678 
Jain,  Faqu i r  C. ; Melehy, Mahmoud A., i nventors. Heterojunction 
Solar Cell. Ju ly 10, 1979. 

An improved efficiecy heterojunction solar cel l  comprises a 
narrow-gap col lector (or base) reg ion and a wide-gap window 
region. The latter includes an inner and an outer region of the same 
conductivity type but of d ifferent impurity con-centrations. The 
h igher im purity concentration outer window region receives the 
i ncident l ight rad iation. The impurity concentration i n  the i nner 
window reg ion is  less than that i n  the inner col lector region, with 
which it forms a p-n j unction. 



4,160,816 
Wil l iams, Richard; Bloom, Allen, i nventors; RCA Corporation, 
assignee. Process for Storing Solar Energy in the Form of an Elec
trochemically Generated Compound. Ju ly 10, 1979. 

A process for storing energy from solar radiation whereby solar 
radiation is converted i nto electrical current which is suppl ied to 
an electrochemical cel l in combination with water and carbon 
dioxide gas to produce formic acid as an electrochemical storage 
medium. The formic acid can be easily decomposed by catalysts 
known in the art into carbon dioxide and hydrogen gas which can 
be burned as fuel or used as a starting material in numerous com
mercial appl ications. 

4,161,418 
Morimoto, Kiyoshi ;  Utamura, Yukih iko; Takagi, Toshinori, i nventors; 
Futaba Denshi Kogyo K. K., assignee. Ionized-Cluster-Beam 
Deposition Process for Fabricating P-N Junction Semiconductor 
Layers. Ju ly 17, 1979. 

A p-n junction type solid-state element having at least a pair of 
p-n junction type semiconductor layers formed of a p-type 
semiconductor and an n-type semiconductor joined with each 
other and a method of producing the same, in which the p-type 
semiconductor and n-type semiconductor are formed and joined 
by forming at least one of the semiconductors using what is called 
the ionized-c luster-beam deposition process which evaporates a 
material to be deposited to form a vapor, i njects the vapor into 
a vacuum region to form clusters of atoms, ionizes the c lusters 
and electrically accelerates ionized c lusters onto a substrate 
thereby forming a fayer thereon. 

4,161,657 
Shaffer, Marl i n  R., J r., inventor. Hydrogen Supply and Utility 
Systems and Components Thereof. J uly 17, 1979. 

An energy system that is responsive to and converts radiant energy 
i nto direct current electricity at a pair of output connectors which 
are maintained at a potential difference. The hydrogen and oxygen
generating electrodes of an electrolysis cell are coupled to such 
term inals so that hydrogen and oxygen may be produced, with 
at least the former being stored under pressure. Valve or regu lator 
means is suppl ied the hydrogen storage system such that, 
preferably, a constant volumetric output over a g iven t ime span 
is maintained for producing a useful resu lt such as a cont inuous 
source of electrical energy. The valve means i s  regu lated so that 
the gas pressure within the storage system is always maintained 
above a predetermined threshhold. Useful resu lts are produced 
in the form of mechanical power, electrical power, the synthesiz
ing of ammonia and other important products and resu lts. Where 
a hydrogen engine is employed in the system, then .the vapor 
output is preferably fed back to the electrolysis cel ls of the system 
so that the water needed in the cell is cont inuously replenished. 
The system is  designed such that the radiant energy, though inter
m ittent or irregu lar, wi l l  generate a regulated source of essentially 
un iform electrical or mechanical energy or other useful ,  con
ti nuous product or resu lt, as desired. 

4,162,174 
Kaplow, Roy; Frank, Robert 1 . ,  i nventors; M assachusetts I nstitute 
of Technology, assignee. Solar Cell Array. Ju ly 24, 1979. 

A semiconductor solar-cel l  array i ncluding a plurality of adjacent 
solar cel l segments, each segment comprising a number of series
connected un it solar cel ls, and the series-connected unit  solar 
cells from each segment being electrically connected i n  paral lel 
with the series-connected unit  solar cells from other segments. 
Concentrated solar radiation is focused on the upper surface of 
the solar-cel l  array wherein the periphery of the foc·used image 
is contained within the upper surface area. The series-parallel con
nection of the unit  solar cel ls and solar cell segments provides 
maximum util ization of i ncident solar radiation to thereby increase 
solar cell output. In addition, the series-paral lel  connection 
scheme al lows the array to operate effectively without imposing 
stri ngent requ i rements as to solar-tracking precision i n  order to 

maintain the focused i mage at a fixed location on the upper sur
face of the cel l .  

4,162,177 
Lindmayer, Joseph, i nventor; Solarex Corporation, assignee. 
Method of Forming Solar Cell with Discontinuous Junction. 
Ju ly 24, 1979. 

A si licon solar energy cel l  having a substantially constant voltage 
despite significant i ncreases in i l lumination, which cell has a back 
surface junction that is d iscont inuous and has spaced, shorted 
portions formed therein.  

4,162,505 
Hanak, Joseph J., i nventor; RCA Corporation, assignee. Inverted 
Amorphous Silicon Solar Cell Utilizing Cermet Layers. J u ly 24, 
1979. 

An amorphous s i l icon solar cell incorporating a transparent high 
work function metal cermet i ncident to solar radiation and a thick 
fi lm cermet contacting the amorphous s i l icon opposite to said 
i ncident surface. 

4,162,928 
Shepard, Neal  F., J r. , i nventor; The United States of America as 
represented by the Administrator of the National Aeronautics and 
Space Admin istration, assignee. Solar Cell Module. July 31, 1979. 

An improved solar cell modu le for use in terrestrial environments, 
characterized by an i nternal ly reflect ive plate having a planar 
surface of incidence and an opposed textured surface, a p lurality 
of uniformly spaced si l icon solar cells having the active surfaces 
thereof bonded to portions of the textured surface, and a layer 
of d i ffusely reflective matter appl ied to the textured surface i n  
surrounding relation with the solar cells for reflecting solar energy 
to strike the surface of i ncidence at such angles as to be i nter
nally re·reflected and caused to progress toward the active 
surfaces of the solar cells, whereby concentration of incident flux 
on the solar cell is ach ieved without increased module depth. 

4,163,194 
Ross, Ronald G., i nventor; Cal iforn ia I nst itute of Technology, 
assignee. Voltage-Current-Power Meter for Photovoltaic Solar 
Arrays. July 3'1, 1979. 

A meter is d isclosed for measuring the voltage, current, and power 
{VI P) parameters of a photovoltaic solar array, or array module, 
under sunl ight operating conditions uti l iz ing a variable load con
nected across the array and controlled by a voltage regulator which 
responds to the difference between the output voltage of the array 
and a programmed test voltage from a source which generates 
a single ramp voltage for measuring and recording current as a 
function of voltage, repeated ramp voltages at a h igh rate for peak 
output measurements or a DC voltage for V IP  measurements at 
selected points on the 1-V characterist ic ,curve of the array. The 
voltage·signal from a current sensi ng element, such as a shunt 
resistor in series with the variable load, i s  compared with the 
output current of a reference solar cel l  to provide a normal izing  
signal to  be  added to  the  signal from the  current-sensing element 
i n  order to provide a record of array current as a function of array 
voltage, i.e., for a l l  l oad conditions from short c i rcuit to open c ir
cuit. As the normal ized current is thus measured, an analog 
mult ip l ier mu lt ip l ies the array voltage and renormal ized current 
to provide a measurement of power. Switches are provided to 
selectively connect the power, P, current, I, or voltage, V, to a meter, 
d i rectly or through a peak detector. At the same time any one of 
the parameters V, I, and P may be recorded as a function of any 
other parameter. 

Patents 73 



4,163,677 
Carlson, David E.; Wronski, Christopher R., inventors; RCA Cor· 
poration, assignee. Schottky Barrier Amorphous Silicon Solar Cell 
with Thin Doped Region Adjacent Metal Schottky Barrier. Aug· · ust 7, 1979. 

A Schottky barrier amorphous s i l icon solar cell i ncorporating a 
th in h igh ly doped p-type reg ion of hydrogenated amorphous 
s i l icon disposed between a Schottky barrier h igh work function 
metal and the i ntrinsic region of hydrogenated amorphous s i l icon 
wherein said h igh work function metal and said th in highly doped 
p-type reg ion form a surface barrier j unction with the i ntrinsic 
amorphous s i l icon layer. The th ickness and concentration of 
p-type dopants in said p-type· reg ion are selected so that said 
p-type reg ion is fu l ly ion ized by the Schottky barrier high work 
function metal. The th in h igh ly doped p-type region has been 
found to increase the open circuit voltage and current of the 
photovoltaic device. 

4,163,678 
Bube, Kenneth R., inventor. Solar Cell with Improved N-Region Con
tact and Method of Forming the Same. August 7, 1979. 

An improved solar cel l ,  and method of form ing the same, 
characterized by a semicoductor s i l icon wafer of P-type material 
having d iffused therein a shal low N-type region, a sintered si lver 
contact affixed to the surface of the N-type reg ion at the outer 
surface thereof formulated from si lver powder blended with si lver 
metaphosphate for establ ishing a zone of increased carrier con
centration, and an a luminum or si lver/a luminum al loy contact 
affixed to the P-type wafer at the outer surface thereof opposite 
the N-type reg ion.  

4,163,987 
Kamath, G. Sanj iv; Anderson, Carl L., inventors·; Hughes Ai rcraft 
Company, assignee. GaAs-GaA/As Solar Cells. August 7, 1979. 

The specification describes an improved 1 1 1-V compound solar cell 
stucture and fabrication process therefor wherein a P-type layer 
of gal l i um  a luminum arsenide is epitaxial ly grown on an N-type 
gal l ium arsenide substrate to form a P-type reg ion and a PN junc
tion in the substrate. Controlled amounts of beryl l ium are i ntro
duced into both the epitaxial layer and the substrate, either during 
epitaxial growth or by using beryl l ium ion implantation techniques 
subsequent to the P-type epitaxial growth step. The homojunction
heterostructure device thus formed exhibits improved power con
version efficiencies in excess of 17%. 

4,164,145 
Aron, M i lton, i nventor; De Laval Turbine Inc., assignee. Self
Powered Electrical Meter for Display of a Liquid-Level or the Like 
Measurement. August 14, 1979. 

The i nvention contemplates a sealed electrical-meter construc
t ion for measuring an electrical quantity such as an electrical 
resistance, and having particu lar appl ication to the display of 
l iqu id- level where measured resistance is a function of observed 
l iqu id  level. The meter construction provides a transparent side 
port at which a solar-cel l  assembly is exposed to external l ight, 
and the voltage output of the cel l ,  after reduction to assure 
constant-voltage level is used to power the measuring c ircu it. 
Fiber-optics elements at the transparent side port convey l ight 
to the d isplay face of the meter, so that even a flashl ight at n ight
t ime is sufficient to excite the solar-cell assembly and i l l um inate 
the display face. 

4,164,431 
Tang, Ching W., inventor; Eastman Kodak Company, assignee. 
Multilayer Organic Photovoltaic Elemen ts. August 14, 1979. 

A novel mu lti layer, organic composition, a photovoltaic element 
fabricated therefrom having enhanced conversion efficiencies, and 
their use to generate power, are d isclosed. Compounds with 
general ly planar polycycl ic n uclei such as organic photoconduc
tive dyes comprise the several layers of the composition. 
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4,164,432 
Boling, Norman L., inventor; Owens- I l l i nois, I nc., assignee. 
Luminescent Solar Collector Structure. August 14, 1979. 

Disclosed is a luminescent solar col lector having a beveled edge 
meeting an extended face surface thereof at an angle of 40 to 50 
degrees, ideally essentially 45 degrees, and physical ly attached 
and optically coupled to a relatively smal l  area of said surface 
a photovoltaic cell adjacent to and paral le l  to said edge. Usual ly 
the beveled edge is a straight edge. 

4,164,698 
Kleeberg, Heinz, i nventor; Tri umph Werke N urnberg, A. G. ,  
assignee. Battery Charging Circuit. August 14,  1979. 

A circuit for use in charging a battery from a current source, such 
as a solar cell, incl udes a Zener d iode, a current l imit ing resistor 
in series with the Zener diode, and a switch which shunts the 
resistor. I n  periods of high current output from the solar cel l ,  the 
resistor is shunted al lowing the Zener d iode to l imit the charg ing 
current to the battery in order to prevent damage thereto. In periods 
of low current output from the solar cel l ,  the resistor l im its the 
power consumption of the Zener diode to insure sufficient power 
del ivery to the battery. 

4,165,241 
Yerkes, John W.; Avery, James E., inventors; At lantic Richfield Com
pany, assignee. Solar Cell with Improved Printed Contact and 
Method of Making the Same. August 21, 1979. 

A s i l icon solar cell having a body of boron doped P-type s i l icon 
material with a shal low P/N junction formed therein through dif
fusion of phosphorous into one surface thereof. A contact pat
tern of conductive material is formed on the surface of the solar 
cell in  which the P/N junction is formed. The pattern is formed 
by first depositing a metal l ic layer upon the entire surface of the 
body and then applyi ng the contact pattern by printing upon the 
surface of the metal. The metal has a characteristic such that 
when heated in the presence of oxygen to an appropriate 
temperature to fire the conductive material, it oxidizes and forms 
an anti-reflective layer on the surface of the cell except in those 
areas where the printed contact pattern is disposed. In the areas 
of the printed contact pattern the metal forms an ohmic contact 
between the surface of the s i l icon and the printed contact pat
tern and provides a barrier to preclude the conductive contact 
pattern material from punching through the shal low P/N junction. 

4,165,558 
Armitage, Wi l l iam F., Jr. ;  Crisman, Everett E., inventors. Fabrica
tion of Photovoltaic Devices by Solid Phase Epitaxy. August 28, 
1979. 

Fabrication of photovoltaic devices by solid phase epitaxy; devices 
produced by this method consisting of a semiconductor base and 
a semiconductor junction-forming epitaxial layer. The epitaxial 
layer grown by solid phase means from a metal-semiconductor 
al loy or from a sandwich structure of semiconductor/metal on the 
semiconductor base. 

4,165,604 
Matsumura, Osamu; Kato, Yutaka; Sekiguchi ,  Tsunetosh i ;  Namiki ,  
Ryo, inventors; Citizen Watch Co., Ltd., assignee. Solar Battery 
Timepiece. August 28, 1979. 

A solar battery timepiece has a structure of a module, a base plate 
on the module, a solar battery cell on the base plate, an insulating 
flexible sheet provided with a print wiring and i nterposed between 
the base plate and the solar battery cel l ,  and a dial r ing attached 
to the peripheral edge of the base plate whereby the solar battery 
timepiece may be made th in  in thickness, smal l  in size, s imple 
in  construction, shock resistant and rel iable in  operation. 



4,166,880 
Loferski, Joseph J. ;  Roessler, Barton, inventors; Solamat Incor
porated, assignee. Solar Energy Device. September 4, 1979. 

Selective absorber including a layer of semiconductor appl ied by 
arc plasma spraying over a meta l l ic  su rface. 

4,166,917 
Dorfeld, Wi l l iam G. ;  Ortabasi ,  Ugur, inventors; Corn ing Glass 
Works, assignee. Concentrating Solar Receiver. September 4, 1979. 

There has been provided a concentrating solar receiver of the type 
inc luding a closed envelope having a window and ref lective por
tions. A photocel l  is disposed at a focal zone for the reflector. Heat 
and/or electricity may be produced from received solar energy and 
the envelope is manufactured in the configurat ion of a special ly 
formed bulb preferably having a thin wal l  g lass structu re. 

4,166,918 
Nostrand, Gerald E.; Hanak, Joseph J . ,  i nventors; RCA Corpora
tion, assignee. Method of Removing the Effects of Electrical 
Shorts and Shunts Created during the Fabrica tion Process of a 
Solar Cell. September 4, 1979. 

A method of removing the effects of electrical shorts and shunts 
created during the fabrication process and improving the perform
ance of a solar cel l  with a thick f i lm cermet electrode opposite 
to the i ncident su rface by applying a reverse bias voltage of suf
ficient magnitude to burn out the electrical shorts and shunts but 
less than the break down voltage of the solar cel l .  

4,166,919 
Carlson, David E., i nventor; RCA Corporation, assignee. Amor
phous Silicon Solar Cell Allowing Infrared Transmission. 
September 4, 1979. 

An amorphous si l icon solar cel l  with a layer of high i ndex of refrac
t ion material or a series of layers having h igh and low indices of 
refraction material deposited upon a transparent substrate to 
reflect l ight of energies g reater than the bandgap energy of the 
amorphous si l icon back into the solar cell and transmit solar radia
tion having an energy less than the bandgap energy of the amor
phous s i l icon. 

4,167,015 
Hanak, Joseph J. ,  inventor; RCA Corporat ion, assignee. Cermet 
Layer for Amorphous Silicon Solar Cells. September 4, 1979. 

A transparent h igh work function metal cermet forms a Schottky 
barrier in a Schottky barrier amorphous s i l icon solar cel l  and 
adheres wel l  to the p+ layer in a PIN amorphous s i l icon solar 
cel l .  

4,167,644 
Kurth, Wi l l iam T.; M i les, Steven G. ,  i nventors; Exxon Research & 
Engineering Co., assignee. Solar Cell Module. September 1 1 ,  1979. 

A solar cel l  module consist ing of a solar cel l panel and a frame 
therefor is disclosed. The solar cel l  panel is formed from a hard, 
l ight transparent sheet material which preferably is glass and has 
arrayed on the bottom surface of the glass a plurality of individual 
solar cel ls interconnected in the requ isite series and/or paral lel 
c i rcuit arrangement. The cel ls  are bonded permanently to the 
underside of the panel by su itable bond ing means such as a 
s i l icon adhesive. The rear surface of the solar cel ls and glass is 
covered with a suitable material, preferably with a l ight t ransparent 
elastomer, to protect the cells from the elements, thereby prevent
ing corrosion of the electrical contacts. The frame extends around 
the perimeter of the solar panel and has at least one top flange 
that is essential ly coplanar with the solar panel for supporting 
engagement with a sett ing str ip of res i l ient material .  The sett ing 
str ip has parts embracing the f lange and the marginal  edge of 
the solar cell panel. 

4,167,805 
Castel ,  Egi l  D., i nventor; Photon Power, I nc., assignee. Cuprous 
Sulfide Layer Formation for Photovoltaic Cell. September 18, 1979. 

An improved method for fabrication of a photovoltaic cel l  
preferably of the CdS-CuxS type, having a copper electrode adja
cent the CuxS. A portion of the CdS is converted to CuxS through 
ion exchange wherein the CdS is immersed in a f irst solution of 
cuprous ions and a second solution of cupric ions to produce a 
non-stoichiometric Cuxs: A layer of meta l l ic copper is appl ied by 
convent ional techniques, such as vacuum deposition, and the 
photovoltaic cel l  heat treated to affect formation of the CdS
Cu S heterojunction. Metal l ic  copper d iffusing through the CdSx.ana Cuxs from the e lectrode· is captured by the non
sto ich iometr ic CuxS whereby the CuxS is  s u bstant i a l ly 
stoichiometric i n  the completed photovoltaic cel l .  

4,168,124 
Pizzi, G i lbert, i nventor; Centre National d'Etudes Spaciales, 
assignee. Method and Device for Measuring The Solar Energy 
Received a t  a Particular Place. September 18, 1979. 

The invention provides a method and apparatus for measuring and 
recording the amount of solar energy fal l ing at a place over a given 
period of time, comprising means for producing a frequency signal 
representative of the energy fal l i ng at the place, the provision of 
the frequency signal being control led i n  response to the level of 
solar energy fal l i ng exceeding a morn ing threshold and fal l i ng 
below an even i ng threshold, and the frequency signal being 
appl ied to a counter, preferably fitted with pri nt-out means, 
whereby the counter may record the total energy fal l i ng between 
the morn ing and evening thresholds. 

4,169,738 
Luque, Anton io, inventor. Double-Sided Solar Cell with Self
Refrigerating Concentrator. October 2, 1979. 

A p lanar solar cel l  photovoltaically active on both sides is posi
tioned in a solar concentrator capable of s imu ltaneously i l l u
minating both s ides of the cel l .  The cel l  is immersed in a 
transparent l iqu id that enhances solar energy concentration and 
aids in removing undes i rable heat from the cel l .  The solar cel l ,  
having two photovoltaically active s ides, can be constituted by 
an n + pn + structure or by an n + pp + structure. Electrical ly con
ductive metal grids serving as cathode and anode connections 
are formed on both sides of the cel l .  The grid apertures advan
tageously al low the l ight to enter into the appropriate semicon
ductor reg ions. In the case of an n + Pl1 + structure, window 
means in the n + layers are provided to permit electrical contact 
between the anode g rids and the p region. Solar cells with com
plementary do pi ngs, for example p + np + ,  are also possible. 

4,169,739 
Lindmayer, Joseph, inventor; Semix, Incorporated, assignee. 
Method of Making Silicon-Impregnated Foraminous Sheet by Par
tial Immersion and Capillary Action. October 2, 1979. 

A foraminous sheet of carrier substrate is contacted, by fu l l  or 
partial immersion, with a bath of molten s i l icon to form a sheet 
of material in which the foramina are f i l led with s i l icon and at 
least one surface of the sheet is coated with si l icon. The coated 
sheet is suitable for use in form ing a photovoltaic cel l .  

4,169,740 
Kalbitzer, Siegfried; Mu l l er, Gerhard; Spear, Walter E.; Le Comber, 
Peter G., inventors; Max-Pianck-Gesel lschaft zur Forderung der 
Wissenschafter, assignee. Method of Doping a Body of Amor
phous Semiconductor Ma terial by ton Implantation. October 2, 
1979. 

To provide for effective doping and obtain substantial conductivity 
change in amorphous semiconductor material, typical ly s i l icon, 
a body of said material is raised to a temperatu re above about 
20°C and below the recrystal l ization temperature for example i n  
the  range of  between 100°C, preferably above 200°-250°C and 
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below about 450°C during the ion implantation. The doping ions 
are, for example for s i l icon, of groups I l l  and V of the periodic 
system, particu larly boron and phosphorus. Semiconductor j unc
tions can be made by this process by selectively doping spatially 
l imited reg ions of the semiconductor body to thereby produce 
semiconductor components by doping with ions of different 
characteristics, for example of different conductivity type. 

4,169,970 
Opiela, Michael L.; Zelazny, Stanley D., inventors. Memorial Audio 
Reproduction System. October 2, 1979. 

An audio reproduction system is provided for use in conjunction 
with a tombstone for the repeated playback, upon activation, of 
a prerecorded message. The system comprises a housing which 
is secured with in  the tombstone. A prerecorded message on an 
endless magnetic tape is operatively mounted within a tape 
playback device which in turn is contained within  the interior of 
the housing. A Hal l  effect switch wholly contained within the hous
ing activates, u pon closure, a time module to operatively connect 
a self-contained source of electrical power to the tape playback 
device for the predeterm ined period of t ime. A solar cell is also 
operatively coupled with the electrical power source to supple
ment the same. 

4,170,507 
Keel ing, M ichael C. ; Doss, Dwight E., i nventors; Motorola, I nc., 
assignee. Method for Encapsulating a Solar Cell Array. October 9, 
1979. 

An enclosure for a solar cell array and a method of fabricating 
a solar cell module. The array is enclosed between a metal back 
plate and a cover g lass. The edges of the enclosure are sealed 
by a pl iable sealant material and a spring loaded bezel that is 
riveted or welded in place. The i nterior of the enclosure is f i l led 
with a pott ing material which surrounds and cushions the solar 
cell array. Dur ing the module fabrication a fixture supports the 
enclosure parts and provides a temporary edge seal to faci l itate 
the potting procedure. Control led flexure of the enclosure back 
plate and control led spacing of the cover g lass ensure a com
pressive load ing  of the pott ing material which el iminates possi
ble delamination of the pott ing material in its subsequent usage. 

4,170,667 
Rodgers, M ichael A., i nventor; Motorola, Inc., assignee. Process 
for Manufacturing Pure Polycrystalline Silicon. October 9, 1979. 

A process for the production of high purity polycrystal l ine s i l icon 
from a m ixtu re of s i l icon tetrachloride and trichlorosi lane. Such 
a mixture can be used for the rapid deposition of polycrysta l l i ne 
si l icon whi le, at the same time, producing an excess of 
trichlorosi lane in exhaust gases from the reaction. The process 
permits the modification of the reactor design for the economical 
and energy conscious production of polycrystal l ine s i l icon. 

4,171,003 
Forrat, Francis, i nventor; Commissariat a I 'Energie Atomique, 
assignee. Solar Energy to Electrical Energy Converter. October 16, 
1979. 

Solar rad iat ion is col lected and d i rected through transparent 
material for the optical conversion of solar radiation to i nfrared 
radiation 'onto a rod-shaped mu lti junction semi-conductor 
photovoltaic cel l .  This is ach ieved by means of a focusing struc
ture. of l inear form having a focal line and a plate of transparent 
converting material. The plate is placed in the vicin ity of the focal 
l ine and performs the double function of l ight guide and optical 
converter. The semiconductor rod is placed along one of the 
longitudinal edges of the p late. 

4,171,235 
Fraas, Lewis M . ;  Zanio, Kenneth R.; Knecht l i ,  Ronald C., i nventors; 
H ughes Ai rcraft Company, assignee. Process for Fabricating 
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Heterojunction Structures Utilizing a Double Chamber Vacuum 
Deposition System. October 16, 1979. 

The specification describes a gal l ium aluminum arsenide-gal l ium 
arsen ide-germanium solar cel l and fabrication process therefor 
wherein the deposition of a layer of gal l i um aluminum arsenide 
establ ishes a first PN junction in the GaAs of one bandgap energy 
on one side of a gal l ium arsenide substrate, and the deposition 
of a layer of germanium establ ishes a second PN j unction i n  Ge 
of a d ifferent bandgap energy on the other side of the GaAs 
substrate. The two PN j unctions are responsive respectively to 
different wavelength ranges of solar energy to thus enhance the 
power output capabi l ity of a s ingle wafer(substrate) solar cel l .  
Ut i l izat ion of the Group IV element germanium, as contrasted to 
compound semiconductors, s impl ifies the process control 
requ i rements relative to known prior art compound semiconduc
tor processes, and germanium also provides a good crystal lattice 
match with gal l ium arsenide and thereby maxim izes process 
yields. This latter feature also min im izes losses caused by the 
crystal defects associated with the interface between two 
semiconductors. 

4,171,989 
Pryor, Robert A., inventor; Motorola, Inc. , assignee. Contact for 
Solar Cells. October 23, 1979. 

An improved solar energy device has a body of semiconductor 
material of a fi rst conductivity type with a reg ion of a second con
ductivity type formed in the body and extending to its surface. 
A current col lection metal l ization pattern is d isposed on the 
second conductivity type reg ion, with at least three distinct and 
identifiable current accumulation points connected to the metal
l ization pattern adjacent to the periphery of the second conduc
tivity type region. External electrical connection is made to extract 
available electrical power from the device at the current accumula
tion points. The periphery of the device is free of other electrically 
equ ivalent external electrical connection areas. These features 
al low a substantial i ncrease in device efficiency. 

4,171,991 
Lindmayer, Joseph, i nventor; Semix, I ncorporated, assignee. 
Method of Forming Silicon Impregnated Foraminous Sheet by 
Immersion. October 23, 1979. 

A foraminous sheet of carrier substrate is formed by immersing 
the sheet i n  a bath of molten s i l icon. After cool ing, the coated 
sheet is su itable for use in making a photovoltaic cel l .  

4,171,997 
lrmler, Horst, inventor; Brown, Boveri & Cie, A. G. ,  assignee. Method 
of Producing Polycrystalline Silicon Components, Particularly 
Solar Elements. October 23, 1979. 

A method of producing semiconductor components, part icularly 
solar elements, in which a P- or N-semiconductor chip is subjected 
to an oxidation step prior to formation of the device PN junction, 
such that the external surface and internal grain boundaries of 
the wafer are covered by a passivating oxide layer. Thereafter, the 
oxide layer on at least a portion of the semiconductor chip is 
removed, and at least one PN junction is formed in  the chip. 

4,172,739 
Tassen, Devon, i nventor; Solar Homes, I nc., assignee. Sun Tracker 
with Dual Axis Support for Diurnal Movement and Seasonal Ad
justment. October 30, 1979. 

A sun tracker including a dual axis support for fol lowing d iurnal 
movement of the sun and a drive mechan ism for providing motive 
force about a fi rst axis of the support. Accurate movement of the 
tracker about a second support axis is caused by a system of 
cables and a cooperating cable engaging arcuate surface shaped 
to produce the necessary movement about the second axis to 
maintain  the tracker in appropriate orientation with the sun 
throughout the day. Seasonal adjustment is effected by adjusting 
the cable lengths. 



4,172,740 
Campbell, Wil l iam Patrick, I l l ,  inventor. Solar Energy System. Octo· 
ber 30, 1979. 

A system for extracting energy from the sun's rays including a bank 
of solar energy cel ls  which generate electrical cu rrent when 
exposed to the rays of the sun, immersed in a bath of l iquid formed 
to serve as a lens, concentrat ing the sun rays on the cel ls, and 
transmitting heat away from the cel ls. The cel ls are shaped so 
as to cause a trapping effect of radiation incident thereon. The 
improved solar converting unit  additionally includes a method for 
preheating the i nterior thereof. The converting unit  is preferably 
equipped with l ight gathering and focusing means thereby pro· 
viding coherent optically output. 

4,172,925 
Chen, Schoen-Nan; Russak, M ichael A.; Witzke, Horst; Reichman, 
Joseph; Deb, Satyendra K., i nventors; Refac Electronics Corpora
t ion, G rumman Aerospace Corporation, · assignee. Photoelec-
trochemical Cell. October 30, 1979. 

Photoelectrochemical cell structures and methods of fabrication 
are disclosed which provide for easily manufactured efficient con
version devices. The structures incorporate one or more chambers 
for the electrolyte, and uti l ize semiconductor photoelectrodes. I n  
the  plural chamber structure, the  semiconductor may be  opaque, 
and need not necessarily be a th in f i lm. Specific dopants for the 

' semiconductor provide for decreased dark current and i ncreased 
open circuit voltage. Post deposition treatment is disclosed for 
the semiconductor to provide an increased shorting current. I n
creased sputtering wattage is provided to increase the short c i r
cuit current avai lable from the cel l .  An electrolyte composition 
is described having improved performance at high light i ntensity. 

I n  a multi-chamber embodiment, the electrode placement causes 
the photoactive site to be at an end of the chamber removed from 
the i rradiation window, thereby permitt ing the use of non
transparent photoelectrodes. 

A th i rd embodiment is disclosed including two photoelectrodes, 
in combination with a properly selected electrolyte, to provide 
response to two different portions of the spectrum at an increased 
operating efficiency. A method and apparatus is disclosed for 
ut i l izing a photoelectrochemical cell of the type provided in a dual 
role, both for electrical conversion of impinging rad iation and for 
heat uti l izat ion result ing therefrom. 

Final ly, A multi-chamber, mu lti-electrolyte structure is d isclosed 
providing electrical charge storage after termination of radiation. 

4,173,213 
Kelly, Donald A., inventor. Solar Power System, with High Concen
tration, Linear Reflective Solar Panels. November 6, 1979. 

The solar power system with h igh concentration l i near reflective 
solar panels of the l inear parabol ic type is i ntended to i ncrease 
the electrical power output from conventional s i l icon solar cel ls, 
and heat water for steam power. 

Circular parabol ic reflectors have been used for this purpose but 
they are not as flexible in appl ication as the l inear parabolic reflec
tors (L. P. R:s). 

The solar power system may be arranged as an al l electric type 
using continuous l ines of s i l icon solar cel l s  located at the apex 
or focal zone of the parabola, or may be designed as a dual solar 
conversion system with both solar photoelectric means and a 
water heating steam means, as an indirect or secondary power -�uroa 

The key feature of the system is the geometric configuration of 
the l inear parabolic reflectors (L.P.R:s), with an unusual ly h igh 
reflective concentration ratio of 10:1  minimum, plus boosters, and 

. the connection of these pivoted l i near panels to a common 
osci l lating l i nkage and timing unit for full sun following capability 
to maintain opt imum d i rect solar exposure each day. 

4,173,229 
Halfon, Leon, i nventor. Therapeutic Adornments Utilizing Solar 
Cells. November 6, 1979. 

A therapeutic adornment or jewelry object i ncorporat ing a solar 
cell operable to generate a beneficial electrical cu rrent flow 
through the body of a person wearing same. The solar cell is 
mounted in a housing effective to electrically insulate the cell 
itself from a person's body while perm itt ing the transmission of 
sunl ight to the cel l 's active energy collecting surface. The cell has 
positive and negative electrical output terminals across which a 
voltage is generated by the energy col lected. The adornment is 
arranged to mount the cell on a person's body with its active sur
face exposed to the sun and its term inals electrically connected 
to spaced apart points on the person's body, whereby a flow of 
electricity is generated through the person's body between these 
spaced apart body points. The adornment is i l l ustrated in the 
forms of a bracelet and necklace. 

4,173,494 
Johnson, Elwin L.; Ki lby, Jack S.; Lathrop, Jay W.; McFerren, John 
S. ;  Myers, David J . ,  i nventors; Jack S. Ki lby, assignee. Glass Sup
port Light Energy Converter. November 6, 1979. 

Semiconductor part icles are d istributed in a s ingle level layer 
orientation in a g lass sheet with portions of each particle exposed 
at both surfaces of the sheet. A metal layer on one surface of the 
sheet i s  i n  ohmic contact with the body of each particle and forms 
a common electrode. 

4,173,495 
Rapp, Charles F.; Boling, Norman L., i nventors; Owens- I l l i nois, Inc., 
assignee. Solar Collector Structures Containing Thin Film 
Polysiloxane, and Solar Cells. November 6, 1979. 

Disclosed is a composite col lector and concentrator structure 
comprising a laminate having a self-supporting layer of sol id l ight 
transmitting material of extended area i n  one plane i n  optical 
contact with a relatively th i n  layer of a s i l icone resin  derived from 
a trifunctional s i lane contain ing at least one species of l umines
cent material which absorbs electromagnet ic radiation and emits 
electromagnetic radiation of a longer wavelength. Use with photo
voltaic solar cells is also d isclosed. 

4,173,496 
Chiang, Shang-Yi ;  Carbajal, Bernard G. ,  inventors; Texas I nstru
ments I ncorporated, assignee. Integrated Solar Cell Array. 
November 6, 1979. 

An i ntegrated, monolithic array of solar cel ls wherein isolation 
between cells permits series interconnection of the cel ls to pro
vide an output voltage for the array equal to the sum of the 
voltages of the unit cells. Although normal PN junction i solation 
is ineffective when exposed to l ight, the present structure i ncludes 
a form of junction isolation that is effective when exposed to l ight, 
or to other radiation. For example, a band of heavi ly doped P-type 
s i l icon, formed by thermomigration of a luminum through an 
N-type wafer, provides such isolation. 

4,173,497 
Schmidt, Ferenc J . ;  Betz, Jacob F., i nventors; Ametek, I nc., 
assignee. Amorphous Lead Dioxide Photovoltaic Generator. 
November 6, 1979. 

Photovoltaic generator, comprised of photovoltaic amorphous lead 
d ioxide with an oxygen to lead ratio in the range of 1 .66 to 1 .99, 
and having rect ifying and ohmic junctions therewith. Said lead 
dioxide may be formed by electrodeposit ion on substrates, such 
as copper, n ickel ,  stain less steel, carbon, brass, stannic oxide, 
ind ium oxide, and gold p lated copper or brass, and genera l ly pro
vides an ohmic junction with the substrate. A rectifying 
photovoltaic junction of the Schottky barrier type i s  formed by 
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overcoating the lead oxide with one or more of an evaporated, sput™tered or ion plated f i lm of copper, a luminum,  l nconel , n ickel, 
gold, p lat inum,  pal lad ium,  nickel oxide, titan ium, titan ium oxide, 
and copper oxide. 

Re. 30,147 
Jordan, John F.; Lampkin, Curtis M. ,  inventors; Photon Power, Inc., 
assignee. Method of Coa ting a Glass Ribbon on a Liquid Float 
Bath. November 13, 1979. 

A method of making low cost solar cel ls on a large scale basis 
by means of a continuous process of fabricating float g lass and 
coating the float g lass, in sequence, with t in oxide, cadmium 
sulph ide, and copper su lphide, whi le the g lass floats atop tanks 
of molten material in a furnace of proper temperature for each 
step of the process, the appl ication of the coatings, in a prefer
red embodiment, being accompl ished by depositing materials 
which form the coatings on contact with heated surfaces at such 
slow rates and, i n  the case of spray application, via drops of such 
u n iformity that the float g lass may (1) remain at uniform 
temperatures by virtue of the superior thermal conductivity of the 
molten material and retain those temperatures despite the abstrac
tion of heat from the g lass by evaporation of l iquids and/or forma
tion of crystal l ine layers, and (2) be substantial ly free of 
temperature gradients along the surface of the sheet g lass. 

4,173,820 
Muel ler, Robert 1 . ;  Yasui ,  Robert K., i nventors; The Un ited States 
of America as represented by the Admin istrator of the National 
Aeronautics and Space Admin istration, assignee. Method for 
Forming a Solar Array Strip. November 13, 1979. 

A method for form ing a solar array strip includirlg the steps of 
deposit ing solder pads on pri nted c ircuitry deposited on flexible 
substrate stori ng the result ing substrate on a drum, withdrawing 
the substrate from the drum and incrementally advancing it along 
a l i near path, serially transport ing solderless solar cells i nto 
engagement with the pads and thereafter heating the pads for 
thus attach ing the cel ls to the pri nted circu itry, clean ing excess 
f lux from the solar cel l s, encapsu lating the cells in a protective 
coat ing and thereafter spirally wind ing the result ing array on a 
drum.  

4,174,234 
Lindmayer, Joseph, i nventor; Semix, I ncorporated, assignee. 
Silicon-Impregna ted Foraminous Sheet. November 13, 1979. 

A foraminous sheet of carrier substrate is contacted, by fu l l  or 
part ial  i mmersion, with a bath of molten s i l icon to form a sheet 
of material in which the foramina are f i l led with s i l icon and at ,
least one surface of the sheet is coated with s i l icon. The coated 
sheet is su itable for use in form ing a photovoltaic cel l .  

4,174,561 
House, Robert E.; I rv in,  Robert A.; Kane, Daniel F., i nventors; 
Semicon, I nc., assignee. Method of Fabricating High Intensity 
Solar Energy Converter. November 20, 1979. 

A photovoltaic energy converter for converting incident radiant 
energy, such as solar energy, to electrical energy. The converter 
comprises a cel l  formed from a plural ity of i ntegrally intercon
nected p-n junction-contain ing semiconductor wafers. The wafers 
are stacked end-to-end in the cell so that the respective junctions 
i n  each wafer are paral le l  to each other. The efficiency and per
formance of the cell is improved, particu larly upon exposure to 
concentrated sunl ight, by imposing various conditions on the cell 
fabrication and design.  Improvements result, for example, by 
selecting a high resistivity semiconductor as the starting material 
in the fabrication of the cel l ,  contro l l ing the diffusion process to 
opt imize the junction gradient and min im ize the thickness of the 
base reg ion in each wafer, orienti ng the wafers in the cell so that 
they are i l l um inated at a small angle relative to the plane of the 
respective junctions therein,  and treati ng the exposed surfaces 
of the wafer to reduce reflectivity and surface recombination 
velocities. 
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4,174,978 
Lidorenko, N i kolai S.; Evdokimov, Vlad im i r  M . ;  Zadde, Vitaly V. ; 
Kozlov, Alexandr 1 . ;  Ryabikov, Stanislav V. ; Potapov, Valery N . ;  
Strebkov,. Dm itry S . ;  Surianinova, Tatiana 1 . ;  Chubri kov, Boris A.; 
Zatravina, Valent ina V. ; Korlev, Boris V.; Ku l i kov, Viktor F.; 
Zhuravleva, Larisa L. ;  Unishkov, Vad im A. ;  Dormidontov, Anatoly 
A.; Moiseev, V iktor 1.; Kudeshova, Ljubov P., i nventors. Semicon
ductor Photovoltaic Generator and Method of Fabricating Thereof. 
November 20, 1979. 

A semiconductor photovoltaic generator is proposed which com
prises a p lural ity of photovoltaic converters interconnected i n  
series along their opposite surfaces by current-col lecting contacts 
to form a monolithic structure. Every photovoltaic converter is pro
vided with a p-n junction between the base and inverse reg ions. 
The photo-active face of the generator is made as a staircase-type 
structure. The area of every step is i nversely proportional to the 
i ntensity of i ncident radiation and the width of the step is about 
equal to, or smal ler than, the diffusion d istance of m inority car
riers in the base reg ion. 

4,175,249 
Gruber, Robert P., i nventor; The United States of America as 
represented by the Administrator of the National Aeronautics and 
Space Admin istration, assignee. Se/f-Reconfiguring Solar Cell 
System. November 20, 1979. 

A self-reconfiguring solar cell array wherein some of the cells are 
switched so that they can be either i n  series or i n  shunt with in 
the array. This feature of series or parallel switching of cells al lows 
the array to match the load to ach ieve maximum power transfer. 
Automatic control is used to determ ine the cond itions for max
imum power operation and to switch the array i nto the appropriate 
configuration necessary to transfer maximum power to the load. 

4,175,610 
Zauhar, Helmut; Authier, Bernhard; Luptovits, Roland; Schmidham
mer, Leonhard, i nventors; Wacker-Chemitron ic Gesel lschaft fur 
Elektron ik-Grundstoffe mbH, assignee. Process and Apparatus 
for the Semicontinuous Production of Silicon Moldings. Novem
ber 27, 1979. 

The invention relates to a process and apparatus for manufac
tur ing s i l icon castings or moldings, having a columnar structure 
of single-crystal reg ions of crystal with a preferential crystal lo
graphic orientation, and which can be manufactured cheaply and 
in  large numbers in a semi-continuous mode of production. Liquid 
s i l icon is  cast in  a casting station, under an i nert gas and 
preferably under reduced pressure, preferably i n  graphite molds 
which are exposed to a temperature g radient of 200° to 1 ,000°C. 
After cooling, the s i l icon is withdrawn automatical ly via a transport 
chamber connected to the casting station i nto special coo l ing 
stations, whi le the casting station is reloaded with an empty mold 
for repeating the process. The si l icon blocks which have preferably 
been produced by this procedure are used as basic material for 
inexpensive solar cells having efficiencies of more than 10%, after 
they have been sawn into individual smal l wafers and have been 
doped and lead-bonded. 

4,175,980 
Davis, Robert R.; Si l l ,  Richard C.; Yerkes, John W., inventors; Atlan
tic Richfield Company, assignee. Luminescent Solar Collector. 
November 27, 1979. 

A l uminescent solar col lector compris ing at least one l um ines
cent member which has at least one photovoltaic means operably 
associated therewith, the luminescent member having a side 
which is to be esential ly oriented toward the sun when in  opera
tion, and an optically transparent member on the sun-facing side 
of the luminescent member, the transparent member being spaced 
from the sun-side to provide space between the luminescent 
member and the transparent member, the transparent member 
being essent ia l ly coextensive with the luminescent member. 



4,175,981 
Loutfy, Rafik 0.; Mcintyre, Lloyd F.; Sharp, James H., inventors; 
Xerox Corporation, assignee. Photovoltaic Cell Comprising Metal
Free Phthalocyanine. November 27, 1979. 

A photovoltaic cell wherein the photoactive layer comprises a thin 
layer of metal-free phthalocyanine dispersed in a binder. The elec
trical output is greatly in excess of that obtained from prior art 
organic semiconductor photovoltaic cel ls of the same surface 
area. 

4,175,982 
Loutfy, Rafik 0.; Hsiao, Cheng-Kuo; Sharp, James H., i nventors; 
Xerox Corporation, assignee. Photovoltaic Cell. November 27, 1979. 

A photovoltaic cell having an improved barrier electrode compris
ing indium or t in .  The cell ut i l izes metal-free phthalocyanine 
d ispersed i n  an electrical ly insulated binder as the photoactive 
layer in contact with an ohmic electrode. 

4,176,370 
Koguchi,  Nobuyuki; Masumoto, Katashi, i nventors; National 
Research I nstitute for Metals, assignee. Photovoltaic Converter. 
November 27, 1979. 

A photovoltaic converter, useful for example as a photodetector 
or solar cel l ,  comprising a main unit  consisti ng of a p-n. hetero
j unction of a p- or n-type magnetic semiconductor MCr X in2 4 
wh ich  M is Zn ,  Cd or Hg and X is 0, S ,  Se  or Te and  an n- or p-type 
semiconductor M' ln2S in which M' is Zn, Cd or Hg and which4 
has an optical absorpt ion edge at a shorter wavelength than the 
optical absorption edge of the MCr2X ; a first electrode ohmically4
fixed to the surface of the MCr X ; and a second e lectrode fixed2 4
ohmically to the surface of the M' ln2S a,nd allowing l ight to4 
reach the surface of M'ln2S . With a decrease in  temperature, _the4
photovoltaic converter has the long wavelength edge of its spec
tral photovoltaic response shifted to a longer wavelength contrary 
to known photovoltaic converters. 

4,177,083 
Kennedy, Wi l l iam S., i nventor; Acurex Corporation, assignee. 
Photovoltaic Concentrator. December 4, 1979. 

A photovoltaic concentrator ut i lizes as an airtight enclosure a 
fused glass structure s imi lar to an automotive sealed-beam 
headlamp. One of the halves is a lumin ized to provide a reflector 
for the impinging sunl ight and for focusing it on a photocel l  
carried with in  the enclosure. The foregoing structure because of 
developed mass production techniques is low cost and in add i
t ion the airt ight rugged enclosure protects the fragi le  reflective 
surface and photocel l .  

4,177,093 
Feng, Tom; Ghosh, Amal K., inventors; Exxon Research & Engineer
ing Co., assignee. Method of Fabricating Conducting Oxide-Silicon 
Solar Cells Utilizing Electron Beam Sublimation and Deposition 
of the Oxide. December 4, 1979. 

In preparing tin oxide and indium tin oxide-si l icon heterojunction 
solar cells by electron beam subl imation of the oxide and subse
quent deposition thereof on the si l icon, the engineering efficiency 
of the resu ltant cell is enhanced by deposit ing the oxide at a 
predetermi ned favorable angle of i ncidence. Typical ly the angle 
of incidence is between 40° and 70° and preferably between 55° 
and 65° when the oxide is tin oxide and between 40° and 70° when 
the oxide deposited is ind ium tin oxide. 

4,177,473 
Ovshinsky, Stanford R., inventor; Energy Conversion Devices, Inc., 
.assignee. Amorphous Semiconductor Member and Method of 
Making the Same. December 4, 1979. 

An amorphous semiconductor member incl udes an amorphous 
semiconductor material which is formed in  a sol id amorphous 

host matrix having structural configurat ions which have local 
rather than long-range order and electronic configurations which 
have an energy gap and a large electrical activation energy, and, 
added to the amorphous host matrix, a modif ier material having 
orbitals which i nteract with the amorphous host matrix and form 
electronic states in the energy gap which modify substantial ly 
the e lectronic configurat ions of the amorphous host m atrix for 
reducing substantial ly the activation energy thereof and, hence, 
increasing substantially the electrical conductivity of the semicon
ductor member substantial ly at room temperature and above. The 
amount of addition of the modifier material controls the range 
of electrical conductivity, and can be greater than dopant amounts 
usual ly used for doping semiconductors. The amorphous host 
matrix is normally of intrinsic-l i ke conduction and the modifier 
material added thereto changes the same to extri nsic-l i ke 
conduction. In one form of the invention, a primarily lone-pair 
amorphous semiconductor material having orbitals is ut i l ized 
wheren the orbitals of the modifier material interact with the 
orbitals of the amorphous host matrix and form the electronic 
states i n  the energy gap. In another form, a primari ly tetrahedral 
bonding amorphous semiconductor material is ut i l ized wherein 
the orbitals of the mod ifier material, added primarily i n  a non
substitutional manner, i nteract with the amorphous host matrix 
and form the electronic states in the energy gap. In a further form, 
an amorphous semiconductor material containing boron is uti l ized 
wherein the orbitals of the modifier material i nteract with the amor
phous host matrix and form the electronic states in the energy gap. 

4,177,795 
Schu ltz, Robert T., i nventor. Triggering Device Responsive to 
Energy Flow and Controlled Solar Heating System Incorporating 
the Device. December 1 1 ,  1979. 

A device, and contro_l led solar heating system incorporat ing the 
device, for providing an electrical control signal responsive to the 
rate of flow of species of rad iant energy through an area. The 
device i nc ludes means for provid ing an electrical i nput signal 
responsive to the rate of flow of the species of radiant energy, 
such as solar energy, and an electrical c i rcu it for receiving the 
i nput signal and for providing a control s ignal i n  response to the 
i nput signal. Solar cells may provide the i nput signal to a Schmidt 
Trigger Circuit set to provide two control signals at predetermined 
rates of solar energy flow through an area. The device, incor
porated i nto a solar heat ing system, may be used to control the 
c ircu lation of f lu id through solar heating panels. 

4,178,175 
Narita, Kiichi; Mori, Takasuke; Ito, Takamichi, inventors; Kobe Steel, 
Ltd. ,  assignee. Method for Agitating a Bath of Melted Metal for 
Trea ting the Same. December 1 1 ,  1 979. 

A method of agitating a bath of melted metal for treating the same 
by blowing gas i nto a col umnar body of such melted metal 
d isposed in the bath to cause the apparent specific gravity of the 
columnar body to be reduced and to thereby be hydrostatically 
l i fted, and return ing the l i fted portion of the melted metal to the 
bath by pouring the same w ith a splashing effect onto the free 
surface of the bath, in a manner to cont inuously change the pour
ing position on the free surface of the bath, thereby causing 
improved agitation of the bath, and especial ly improved contact 
and mixing of the melted metal and a treating agent general ly 
floating on the free surface of the bath. 

4,178,395 
Jordan, John F.; Singh, Vijay P. ,  inventors; Photon Power, I nc., 
assignee. Methods for Improving Solar Cell Open Circuit Voltage. 
December 1 1 ,  1979. 

A method for producing a solar cell having an increased open cir
cu it voltage. A layer of cadmium su lfide (CdS) produced by a 
chemical spray technique and having residual ch lorides i s  
exposed to  a flow of  hydrogen sulfide (H2S) heated to  a 
temperatura of 400°-600°C. The residual chlorides are reduced and 
any remain ing CdCI2 is converted to CdS. A heterojunction 
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is formed over the CdS and electrodes are formed. Appl ication 
of chromium as the positive electrode results in a further increase 
in the open ci rcuit voltage avai lable from the H2S-trea.ted solar 
cel l .  

4,178,415 
Ovshinsky, Stanford R.; Sapru, Krishna, inventors; Energy Conver
sion Devices, I nc., assignee. Modified Amorphous Semiconduc
tors and Method of Making the Same. December 1 1 ,  1979. 

An amorphous semiconductor f i lm includes an amorphous 
semiconductor host matrix, such as si licon or si l icon and oxygen, 
and a modifier material comprising an alkal i metal, such as 
l i th ium, i ncorporated therein by codeposition of the same. The 
modifier material i ncorporated in the amorphous host matrix 
controls the electrical conductivity of the f i lm and other 
phenomena associated therewith. 

4,179,308 
Olsen, Gregory H . ;  Ettenberg, M ichael, i nventors; RCA Corpora
tion, assignee. Low Cost High Efficiency Gallium Arsenide Homo
junction Solar Cell Incorpora ting a Layer of Indium Gallium 
Phosphide. December 18, 1979. 

A new low cost h igh efficiency gal l i um arsenide homojunction 
solar cell i ncorporating a passivat ing surface layer of ind ium 
gal l ium phosphide. The th ickness of the indium gal l ium phosphide 
layer is selected so that it is  transmissive to photons having 
wavelengths shorter than its bandgap energy. 

4,179,318 
Kaplow, Roy; Frank, Robert 1 . ;  Goodrich, Joel L, inventors; Mas
sachusetts I nst itute of Technology, assignee. Method of Making 
a Solar-Gel/ A rray. December 18, 1979. 

The i nvention contemplates a method of making a solar-cel l  con
struction wherein plural spaced elongate unit cel ls of an array 
are formed from a paral le l-grooved single wafer of substrate 
material of a f i rst conductivity type, with adjacent s idewal ls of 
adjacent units at each inter-unit groove formation. In the transverse 
succession of such groove formations, the sidewalls of every other 
g roove are formed with reg ions of a second conductivity type, so 
that at or near the radiation-exposure su rface of each unit there 
is but one junction between first and second conductivity types. 
In one general form, all grooves go all the way between upper and 
lower wafer su rfaces, thus defin ing discrete sing le-cel l  un its; i n  
another general form, every other g roove ends close to  but  short 
of the upper su rface, thus defin ing d iscrete twin-cel l  un its. The 
un its are series-connected by making ohmic connection between 
the second conductivity-type region of one unit and a f irst 
conductivity-type region of an adjacent un it. The construction 
lends itself to a relatively s imple and economical manufacture. 

4,179,612 
Smith, Peter D., i nventor. Radiation Tracking Control. December 18, 
1979. 

A control system for rad iation tracking apparatus comprises: (a) 
photo sensors to receive incident radiation, (b) edge means to 
intercept rad iation d i rected toward each sensor so that primary 
and secondary locations on each sensor respectively receive and 
do not receive i ncident rad iation, the sensors control l ing track
ing movement of the apparatus, (c) the sensors being electrically 
energ ized and having electrical outputs which vary a function of 
rad iat ion interception by the sensors, and there being means 
responsive to said outputs to control said tracking movement, and 
(d) there being control means connected with the sensors and 
responsive to increases and decreases in the intensity of said 
radiation to respectively decrease and increase electrical energiza
tion of the sensors. 
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4,179,627 
Reitz, Ronald P., i nventor; Tom Swift Enterprises, I nc., assignee. 
Electrical Apparatus. December 18, 1979. 

An electrical apparatus for use as a capacitor, solar cell, switching 
device, wave-shaper and the l i ke. The apparatus comprises a fi rst 
electrode, a fi rst die lectric positioned proximate one side of the 
fi rst electrode, a second electrode posit ioned proximate the fi rst 
d ielectric, a second dielectric positioned proximate one side of 
the second electrode; a th i rd electrode posit ioned proximate the 
second dielectric and generally facing said one side of the second 
electrode, a th i rd dielectric positioned proximate the non-facing 
side of the third electrode, a fourth electrode positioned proximate 
the third dielectric, means for connecting the first and fourth elec
trodes to a control c i rcuit whereby an electrical potential is 
establ ished between the f i rst and fourth electrodes, and means 
for connect ing the second and third electrodes to an external c i r
cuit  whereby upon operation of the external c i rcuit the second 
and th ird electrodes are connected in c i rcuit . 

4,179,633 
Kelly, Donald A., inventor. Magnetic Wheel Drive. December 18, 
1979. 

The permanent magnet wheel drive consists of two basic mag
netic components, one large driven flat wheel contain ing a uniform 
series of identical magnet segments, and a second magnetic driv
ing means comprising mult ip le osc i l lat ing magnetic couples of 
opposite identical magnet segments. 

The magnetic mechanism simulates the action of a clock escape
ment mechanism in that the oscillating magnet couples uniformly 
osc i l late between the wheel magnet segments to induce con
t inuous wheel rotation. 

Al l  of the multiple osci l lating magnet couples are osc i l lated by 
a motor(s) driven eccentric through a suitable gear reduction unit. 
The small D. C. motor(s) are powered by mu lt ip le arrays of s i l icon 
solar photovoltaic cells at some convenient rooftop location. 

4,179,702 
Lamorte, M ichael F., i nventor; Research Triangle Institute, 
assignee. Cascade Solar Cells. December 18, 1979. 

A monolithic cascade cell for converting i ncident radiation, partic
u larly solar radiation, i nto electrical energy at a high efficiency 
with at least three layers of semiconductive Group I I I- IV material. 
The top layer is doped into p and n regions with a homojunction 
therebetween and has a bandgap such that photons above a 
predetermined energy interact with the semi-conductive material 
to produce a potential across the homojunction and current flow 
and photons below that energy pass through the first layer to a 
second s im i lar layer having a lower bandgap so that some of the 
rad iation passing through the f irst layer produces a potential 
across a homojunction i n  the second layer to improve the overal l  
energy conversion efficiency of the cel l .  The f irst and second 
layers are separated by at least a th i rd layer of a Group 1 1 1 -V 
material, s imi larly doped into p and n reg ions with a tunnel junc
tion formed therebetween to provide a low voltage electrical con
nection between the fi rst and second layers. I n  one embodiment, 
the fi rst and second layers are connected in series to be additive 
so that current flow takes place between contacts associated with 
the f irst and second layers. In another embodiment, the fi rst and 
second layers are connected in opposition with a third term inal 
connected to the th ird layer which, in  th is case, need not be a 
tunnel junction. Alternatively, the two layers may be l ight produc
ing devices such as l ight emitting d iodes (LEOs), emitting l ight 
at different wavelengths, or photodiodes, detecting l ight of d if
ferent wavelengths, or one layer can be a l ight producing  device 
such as an LED whi le the other layer is a l ight receiving device 
such as a photodiode, again operating at d ifferent wavelengths. 



4,180,414 
Diamond, Ronald M.; Ling, Ku S.; Winterer, Al len G., inventors; 
Optical Coating Laboratory, Inc., assignee. Concentrator Solar Cell 
Array Module. December 25, 1979. 

A concentrator solar cell array module having a metal l ic heat sink 
with a planar mounting surface. A semiconductor spacer is pro
vided. The semiconductor spacer is provided with a layer of i nsu
lating material in the form of s i l icon oxide. The si l icon oxide 
surface is secured to the mounting surface of the heat s ink by 
a thermally conductive adhesive. A semiconductor solar cell is 
provided. Solder is uti l ized for securing the solar cell to the spacer. 
A g lass cover is secured to the solar cell by an adhesive. The glass 
cover is provided with a textured surface to cause diffusion of the 
l ight impinging upon the solar cel l .  

4,180,618 
Alpha, James W.; Dumbaugh, Wi l l iam H., J r. , i nventors; Corning 
G lass Works, assignee. Thin Silicon Film Electronic Device. 
December 25, 1979. 

The present invention is related to the fabrication of electronic 
devices wherein a th in f i lm of s i l icoo is deposited upon a 
substrate. More particularly, the invention is d i rected to such 
devices wherein the substrate therefor is an alkal ine earth metal 
a luminosi l icate glass consist ing essentially, by weight, of about 
55-75% Si02, 5-25% Al20 , and at least one alkal ine earth metal 3
oxide selected from the group consist ing of 9-15% CaO, 14-20% 
SrO, 18-26% BaO, and m ixtu res thereof in a total amount 
equivalent on a molar basis to 9-15% CaO. 

4,180,625 
Wagner, S igu rd, i nventor; Bell Telephone Laboratories, Incor
porated, assignee. Semiconductor Liquid Junction Photocell 
Using a CulnS2 Electrode. December 25, 1979. 

Liqu id-semiconductor photocel ls  have received much attention 
recently as candidates for use i n  solar power conversion devices. 
A semiconductor l iquid junction photovoltaic cell having a 
photoactive electrode made from CulnS2 and a l iquid electrolyte 
containing a redox couple consist ing of S2 =IS =  anions has 
been found to produce a stable photocurrent output. 

1980 
4,181,538 
N arayan, Jagdish; Wh ite, Clark W.; Young, Rosa T., i nventors; The 
United States of America as represented by the Un ited States 
Department of Energy, assignee. Method for Making Defect-Fre.e 
Zone by Laser-Annealing of Doped Silicon. January 1 ,  1980. 

This invention is a method for improving the electrical properties 
of s i l icon semiconductor material. The method comprises i rradi 
at ing a selected surface layer of  the  semiconductor material with 
h igh-power laser pulses characterized by a special combination 
of wavelength, energy level, and duration. The combination effects 
melting of the layer without degrading electrical properties, such 
as m inority-carrier diffusion length. The method is appl icable to 
improving the electrical properties of n- and p-type si l icon which 
is to be doped to form an electrical junction therein.  Another 
important appl ication of the method is the v irtual ly complete 
removal of doping-induced defects from ion-implanted or diffusion
doped si l icon substrates. 

4,181,755 
Liu, Shing-Geag; Duigon, Ferdinand C., i nventors; RCA Corpora
tion, assignee. Thin Film Pattern Genera tion by an Inverse Self
Lifting Technique. January 1 ,  1980. 

A method of pattern generat ing a c i rcuit fi lm and adjacent bar
rier fi lm on a substrate. A continuous layer of circuit fi lm is applied 
to the substrate surface, and a photoresist pattern is del ineated 
on the c ircu it f i lm such that the photoresist remains on the c ir
cuit fi l m  pattern area. The area of c i rcuit f i lm not covered by 
photoresist is then removed, exposing the substrate surface. While 

retain ing the photoresist which covers the circuit fi lm pattern, the 
entire substrate surface is coated with the barrier f i lm .  The 
remain ing photoresist i s  then removed, causing the barrier f i lm 
which covers it to l ift off, thereby exposing the circuit f i lm pattern. 

4,182,960 
Reuyl, John S., inventor. Integra ted Residential and Automotive 
Energy System. January 8, 1 980. 

An i ntegrated system including a residence and an automobi le 
util izes environmental energy, such as solar energy, as the primary 
energy source and the automobile provides a backup or  sup
plementary source of energy for this system. An exemplary system 
has photovoltaic and thermal col lectors associated with the 
residence for col lecting radiant solar energy and converting a por
t ion thereof to electricity and to heat, and residential energy 
storage means for storing energy generated within the i ntegrated 
energy system; hybrid electric d rive means associated with the 
automobi le in th is exemplary system includes batteries for stor
ing electrical energy generated within the integrated energy 
system, an electrical ly  energized motor to propel the automobile, 
and a l iqu id-fueled combustion engine for d rivi ng an associated 
electrical generator to function as a backup or supplementary 
source of energy for both the residence and the automobile. Inter
face umbi l icals i nterconnect the residence and the automobile 
to enable energy to be selectively transferred from the residence 
to the automobile, and from the automobile to the residence, under 
the control of su itable sensing and control c i rcuits. 

4,183,628 
Laesser, Claude; Viennet, Rene; Saurer, Eric, i nventors; Ebauches 
S.A., assignee. Electronic Watch and Display Device for Such 
Watch. January 15, 1980. 

An electro-optic display device having a part ial ly transparent 
display cell and a semi-transparent m i rror located beh ind said cell 
and arranged to t ransmit l ight waves within a f i rst wave length 
band and to reflect l ight waves within a second wave length band. 
An electro-optic component is located beh ind the semi
transparent m irror and operates in a third wave length band which 
overlaps at least part ial ly the f i rst wave length band. The e lectro
optical component may be a p lurality of photo cel ls used for 
recharging an acumulator for the display device and/or a l ight 
source transm itted across a l ight plate of frosted or clear g lass 
to i l l uminate the d isplay cell. The display cell i s  i l l uminated by 
either the reflected l ight waves or the l ight waves emitted from 
the l ight source. 

4,184,111 
Turner, Gary B., inventor; The United States of America as 
represented by the Admin istrator of the National Aeronautics and 
Space Adm i n istration, assignee. Driver for Solar C.ell 1-V 
Characteristic Plots. January 15, 1980. 

A bipolar voltage ramp generator appl ies a l inear voltage through 
a resistor to a solar cel l  for plotting its current versus voltage (1-V) 
characteristic between short c i rcuit and open c ircuit conditions, 
with automatic stops at the end points. The resistor serves the 
mu lt ip le purpose of p rovid ing a current sensing resistor, sett ing 
the ful l-scale current value, and provid ing a load l i ne with a slope 
approximately equal to one, such that it w i l l  pass through the 
origin and the approximate center of the 1-V curve with about equal 
d istance from that center to each of the end points. 

4,184,482 
Cohen, El i ,  i nventor. Solar Energy Collecting System. January 22, 
1980. 

A solar energy collecting system is d isclosed, especially adapted 
for suspended instal lation from overhead support members at a 
roof or other enclosure which inc ludes energy-transmissible por
tions for enabling the solar energy to be rendered incident on the 
system. The system comprises a flexib le, relatively th in sheet, 
which includes a solar energy-reflect ing surface. Frame means 
are provided, which are securable to a p lurality of paral lel spaced, 
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strip- l ike zones on the sheet, the frame means being adapted to 
form the sheet at the said zones i nto parabolic arcs, with the 
reflective su rface resid ing on the concave s ide of such arcs. The 
frame means are adapted to maintain the sheet in a taut condi
tion between the spaced parabolically-arced zones, thereby main
taining the sheet in the configuration of a l ine-generated parabolic 
surface. Energy conversion means are disposed along rhe l ine of 
foci of the surface, for receiving reflected solar energy and con
vert ing same into a further ut i l izable energy form. Support means 
are provided for the frame means and energy convers ion means, 
for d isposing the system to receive i ncident solar energy onto the 
concave parabol ic su rface; and means are provided for rotat ing 
the frame means together with the parabol ic su rface about the 
l ine of foci ,  to at least part ia l ly track the incident solar rad iation. 

4,184,894 
Lind mayer, Joseph; Wrigley, Charles Y. , inventors; Solarex Corpora
t ion, assignee. Integra ted Photovoltaic Genera tor. January 22, 
1980. 

Disclosed is an integrated photovoltaic generator containing a 
p lural ity of photovoltaic cel ls, the generator capable of produc
ing a voltage greater than that generated by a s ingle photovo ltaic 
cell of comparable chemical composition. The gnerator comprises 
a wafer of semiconductor material having two major su rfaces, at 
least one of the major su rfaces including a p lural ity of d iscrete 
areas contain ing an impurity of one type of conductivity, at least 
the portion of the remainder of the wafer contiguous to the areas 
contain ing an impurity of an opposite conductivity type, and elec
trical conductor means between at least one area and the por
t ion of the wafer contain ing the impurity of the opposite conduc
tivity type. 

4,184,895 
Oster, Eugene A., J r. ,  inventor; Owens- I l l inois, Inc., assignee. Struc
ture for Conversion of Solar Radiation to Electricity and Heat. 
January 22, 1980. 

Disclosed is a structu re which in one apparatus converts a part 
of i ncident solar energy to electrical energy by the use of 
photocel ls  mounted on a l um inescent solar col lector of tubu lar 
design while another portion of such incident energy is converted 
to thermal energy. 

4,184,903 
Di l lard, Pau l  A.; Fritz, Walter M. ;  Lott, Dan R., inventors; The United 
States of America as represented by the Admin istrator of the 
National Aeronautics and Space Administration, assignee. Method 
of Fabricating a Photovoltaic Module of a Substantially Trans
parent Construction. January 22, 1980. 

A meth<;.>d characterized by the steps of positioning a p lural ity of 
un i formly dimensioned photovoltaic cel ls in registered relation 
with a p lu ral ity of openings formed in a planar tool for affording 
access to the P contact su rface of each of the cel ls, connecting 
the N contact su rface of alternate cel ls to the P contact surface 
of the cells interposed therebetween, removing therefrom residue 
of solder flux, applying to the N contact surfaces of the cel ls a 
transparent adhesive, placing a common transparent cover plate 
in engaged relation with the adhesive, placing a f i lm over the cir
cular open ings for hermetically seal ing the open ings, and estab
l ish ing a vacuum between the f i lm and the cover plate for thus 
s imu ltaneously forcing the cells into vacuum bonded relation with 
the cover plate. 

4,186,033 
Bol i ng, Norman L.; Rapp, Charles F., inventors; Owens- I l l inois, Inc., 
assignee. Structure for Conversion of Solar Radiation to Electricity 
and Hea t. January 29, 1980. 

D isclosed is a modified flat plate thermal col lector, modified to 
substitute for one of its insulating flat l ight conducting members 
a flat luminescent solar collector plate coupled to a photocel l  and 
having a th in  l ayer contain ing a luminescent species responsive 
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to solar radiation, to provide a structure for producing both elec
trical and thermal energy, wherein said thin layer is protected from 
the ambient atmosphere and wherein the th in layer is out of con
tact with said photocel l .  

4,187,123 
Diggs, Richard E., inventor. Directionally Controlled Array of Solar 
Power Units. February 5, 1980. 

A directionally controlled array of solar power un its includes a 
supporting frame having condu its for flow of hot and cold water 
to each of the units supported on the frame, and each unit i ncludes 
a solar cell which d i rectly converts solar energy into electrical 
energy, the solar energy being concentrated on the cells by lenses. 
The solar cel ls are electrically connected for desired use of the 
electrical energy produced thereby, and the hot and cold water 
condu its are connected with the cel ls for flow of cold water i n  
heat exchange relationsh ip with the  cel ls to  cool the  cel ls and 
heat the water and the hot water is available for work. Thermo
couples and controls are connected with the units for moving the 
un its to keep them pointed at the sun to thus uti l ize maximum 
energy therefrom throughout dayl ight hours. 

4,187,124 
Mul ler, Jean-Claude; Ponpon, Jean-Pierre; Kurek, Joseph ;  Siffert, 
Paul, inventors; Agence Nationale de Valorisation de Ia Recherche 
(ANVAR), assignee. Process for Doping Semiconductors. Febru
ary 5, 1980. 

A process and apparatus for doping a substrate by ion implanta
tion or d ischarge. The process comprises the steps of maintain
ing an electric discharge in  an evacuated enclosure containing 
a gaseous compound of a dopant for creat ing ions of said dopant; 
extracting and accelerating a beam of said ions from said atmo
sphere toward said substrate under a voltage selected for achiev
ing a predetermined doping profile; and c i rculating said substrate 
transversely to said beam. 

4,187,126 
Radd, Fred J . ;  Oertle, Don H . ;  McKinney, Charles N . ,  i nventors; 
Conoco, Inc., assignee. Growth-Orientation of Crystals by Raster 
Scanning Electron Beam. February 5, 1980. 

A method of g rain-orienting the crystal structure of a layer of 
semiconductor material by appl ication of a raster scann ing elec
tron beam to a layer of polycrystal l i ne semiconductor material 
which has been previously formed on a substrate, such as by 
sputter-plasma f i lm deposition. The method comprises electron 
beam l ithography computer-appl ied to the crystal growth and 
orientation of a polycrysta l l ine th in sheet of s i l icon or other 
semiconductor material . 

4,188,238 
Boling, Norman L., inventor; Owens-I l l inois, Inc., assignee. Genera
tion of Electrical Energy from Sunlight, and Appara tus. Febru
ary 12, 1980. 

Disclosed is a process and apparatus for concentrating sunl ight 
optical ly and impinging the concentrated l ight on at least one 
luminescent solar col lector coupled to a fi rst photocel l ,  passing 
residual concentrated sunl ight to at least one other luminescent 
solar col lector in  one embodiment, coupled to a d i fferent 
photocel l ,  and finally passing the remaining concentrated sunl ight 
d i rectly to a sti l l  d ifferent photocel l .  

4,188,239 
Boling, Norman L., inventor; Owens-I l l i nois, Inc., assignee. 
Luminescent Solar Collector Structure. February 12, 1980. 

D isclosed is a luminescent solar col lector optical ly coupled to 
a photovoltaic cell and in confronting relat ionship thereto a dif
fusing layer of a part iculate phosphorescent material deposited 
on and backed by a m irror. 



4,189,881 
Hawley, Wilbur W., inventor; Atlantic Richfield Company, assignee. 
Photovoltaic Roof Construction. February 26, 1980. 

In a batten-seam roof construction employing at least one photo
voltaic cell modu le, the electrical condu its employed with the at 
least one photovoltaic cel l module are d isposed primari ly under 
the battens of the roof. ' 

4,190,321 
Dorer, Gary L., i nventor; M i nnesota M in ing and Manufactu ring 
Company, assignee. Microstructured Transmission and Reflect
ance Modifying Coating. February 26, 1980. 

S ing le layer coatings that render a surface more l ight transmit
ting and less l i ght reflect ing without an attendant increase in  
d i ffuse scattering are produced by deposit ing a th in  metal f i lm 
on the. surface, total ly convert ing the th in metal l ic  f i lm to either 
an oxide and/or hydroxide microstructured layer by chemical or 
a combination of chemical and electrochemical methods. Uniform 
optical properties are exhibited over large angles of i ncidence and 
an extremely broad range of wavelengths. 

4,190,465 
Boling, Norman L., inventor; Owens-I l l i nois, I nc., assignee. 
Luminescent Solar Collector Structure. February 26, 1980. 

D isclosed is a luminescent solar col lector comprising a relatively 
thick layer with a photocell coupled to a face surface thereof and 
at least one thin luminescent layer optically coupled to said thick 
layer, said thick layer having an index of refraction at least 0.04 
more than each of said lum inescent layers and being at least 10 
t imes as th ick as the sum of a l l  other layers of  said collector. 

4,190,852 
Warner, Raymond M . ,  J r., i nventor. Photovoltaic Semiconductor 
Device and Method of Making Same. February 26, 1980. 

A photovoltaic semiconductor device which is a horizontal multi
j unction series-array solar battery with a monocrystal l i ne body 

_ and havmg elongate zones of aluminum doped s i l icon passed 
entirely through N-type si l icon layers by Thermomigration process 
to connect together epitaxial ly grown buried P layers. Masked 
elongate N d i ffusion zones which are paral lel and substantial ly 
contiguous to each elongated P zone penetrates at least through 
the lowest P layer thereby form ing an inactive pn junction. A th in  
shal low layer of  P-type material is d iffused across the top N-type 
layer. Topologically continuous photovoltaic j unctions exist i n  
each cell of the photovoltaic semiconductor device between the 
shallo:"' layer of P-type material, the buried layer or layers of P-type 
matenal, the elongate zone of a luminum doped s i l icon, and the 
N-type si l icon thereby forming active pn junctions. Metal l ic strips, 
at the other pn junctions formed by the thermomigrated aluminum 
which are inactive, electrically connect the cel ls together. A 
method is disclosed for manufacturing the photovoltaic semicon
ductor device. 

4,191,164 
Kel ly, Donald A., i nventor. Dual Conversion Steam and Electric 
Solar Power System. March 4, 1980. 

The dual conversion, steam and electric solar power system i s  
aimed at attain ing a n  opt imum cost/effective balance between 
arrays of d i rect electric conversion solar cel ls and an ind i rect 
steam-to-electric solar power system.  The concentration panels 
for the system consist of the previously disclosed four quadrant, 
two dimensional type of concentration panel with h igher side con
cave extensions to provide concentration ratios up to 35:1 .  A con
t inuous flash boiler pipe serves as the base conversion means : with a box-form array of solar cel ls mounted at the cold water en
trance end of the pipe(s). The entering cold water dissipates heat 
from the solar cel ls  while pre-heating the water for the subsequent _ section of the flash boiler p ipe exposed section. The solar panel 
width to focal zone width is between 22:1 and 28: 1 .  

4,191,593 
Cacheux, Jean A., i nventor; Centre National d'Etudes Spatiales, 
assignee. Double Heterojunction Solar Cells. March 4, 1980. 

Photovoltaic cell comprising two heterojunctions between three 
component semiconductors Ga1_xAixAs with x varying from 0 to 
0.9, GaAs, and Ge which have respective bandgaps of 0.66, 1 .43, 
and 2.4 eV, lattice constants matching at 0.07% and expansion 
coefficients matching at 1.7%. The cell is mounted i n  a cell device 
comprising a parallelepipedal unit, a Frensel lens, a tapering cavity 
within said un it, partially fi l led up with a lens shaped anti reflecting 
transparent material and a radiator, said device forming a sunl ight 
concentrator. 

4,191,594 
Stark, Virg i l ;  Vayda, Alexand re; Rousset, Pau l ,  inventors; Virg i l  
Stark, assignee. Solar Energy Conversion. March 4, 1980. 

Apparatus and methods for concentrat ing and col lect ing solar 
energy are disclosed. I n  accordance with the invention solar 
energy is concentrated by economical refri ngent lenses �r lens 
systems inc luding f lu id lenses and/or Fresnel-type lenses. The 
lenses concentrate the solar energy preferably along l i nes i n  con
t i nuous l inear foci or  in d iscrete foci at an elongated col lector 
comprising one or  more f luid-carrying conduits and one or  more 
fluids therein. In one embodiment, a plurality of photoelectric cel ls 
are located in  or on the col lector along the l i near foci or  at the 
d iscrete foci and operate at increased efficiency with heat being 
removed by the col lector. A f i rst f lu id in the col lector is  heated 
by the concentrated solar energy and in a preferred embodi ment 
is used to heat a second f lu id contiguous to the f irst f lu id ,  the 
f irst fluid having a boi l ing point exceeding that of the second fluid. 
I n  a preferred embodiment, the f irst f lu id is carried i n  an inner 
conduit whi le the second f lu id is carried by an outer conduit which 
encloses the i nner conduit and fi rst f lu id. Thus, the two flu ids can 
be heated to different temperatures by a s ingle concentrating 
system and used for d ifferent purposes. 

4,191,794 
S� i rland, Fred A.; Biter, Wi l l iam J., inventors; Westinghouse Elec
tnc Corp., assignee. Integrated Solar Cell A rray. M arch 4, 1980. 

An i ntegrated array of solar cel ls, each cel l  having a positive and 
a negative electrode, is d isclosed. A f i rst g rid  comprising a plural
ity of non-interescting electrically conductive members is  affixed 
to an i nsulati ng substrate. Each single ind ividual member of th is 
g rid forms the negative electrode of an individual cel l  of the array. 
Overlying and affixed to the negative electrodes and the surface 
of the substrate between these electrodes is a semiconductor 
layer of a first conductivity type. Isolated (i .e., non-touching or  non
abutt ing) semiconductor regions of a second conductivity type 
form a p lural i ty of PN junct ions with the semiconductor layer. 
These P-N juncti0ns are the active areas of the individual cel l s  
of the  array. Each of  the  isolated semiconductor regions of  the 
second conductivity type i s  solely coupled to an i ndividual 
member of another g rid whose members form the posit ive elec
trodes of the i ndividual cel ls. Electrical i nterconnection is made 
through a non-active reg ion of the semiconductor layer to couple 
the cel ls comprising the array i n  series circuit relat ionship. 

4,192,720 
Bucker, Edward R.; Amick, J ames A., inventors; Exxon Research 
& Engineering Co., assignee. Electrodeposition Process for Form
ing Amorphous Silicon. March  1 1 ,  1980. 

A method for electroplating amorphous s i l icon from a non
aqueous solution contain ing a si l icon solute wherein a heat treat
ment is requis ite to producing stable coatings of photoconductive 
amorphous s i l icon. 
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4,192,721 
Fawcett, Wi l l iam R.; Baranski, Andrzej S., i nventors. Method for 
Producing a Smooth Coherent Film of a Metal Chalconide. 
March 1 1 ,  1980. 

Smooth coherent f i lms of metal chalconides are electroplated 
onto a cathode from an electroplating bath comprising a solu· 
tion of a metal salt and elemental chalcogen at elevated temper· 
ature and low current density. 

4,193,081 
Kaplow, Roy; Frank, Robert 1 . ,  i nventors; Massachusetts Institute 
of Technology, assignee. Means for Effecting Cooling Within 
Elements for a Solar Cell Array. March 1 1 ,  1980. 

A solar cell array, comprised of a p lural ity of series-connected 
unit  solar cel l s, formed from a common substrate, is cooled by 
providing cool ing  passages between adjacent sidewalls of adjoin· 
ing unit cells through which a heat transfer medium is transmitted. 
Transmission of the heat transfer medium through the passages 
effectively cools the solar cel l  array as the cool ing surfaces pro· 
vided by the s idewal ls of the cool ing passages are much larger 
than the l ight-receiving su rfaces of the cel ls. Enhanced cool ing 
effectiveness can be accomplished by providing add itional cool· 
ing passages along the lower su rfaces of the unit cel ls. 

4,193,819 
Wohlmut, Peter G., inventor; Atlantic Richfield Company, assignee. 
Luminescent Photovoltaic Solar Collector. March 18, 1980. 

A photovoltaic device composed of a lum inescent sheet having 
a pai r of flat, opposed semicircularly shaped sides connected by 
a th in  edge face having a curved, semicy l indrically shaped sec· 
tion and a straight section and at least one photovoltaic cell 
carried on the straight section of said thin edge face. 

4,193,820 
Thomas, Ronald,  i nventor; Organ isat ion Europeenne de 
Recherches Spatiales, assignee. Interconnection Device for Solar 
Cells. M arch 18, 1980. 

An i nterconnection device for solar cel ls is described compris· 
ing two flat stri ps i ntended to be welded to two adjacent solar 
cells and a h inge element l i nking the two flat strips, said h inge 
element hav ing two branches each connected py its free end'to 
one of the f lat strips and the said h inge element extending 
longitudinal ly between the two adjacent solar cel ls. The h inge 
element may be covered with an insulating material. In a particular 
embodiment the branches of the h inge element are l inked by a 
l i nk ing element. 

4,193,821 
Feng, Tom; Ghosh, Amal K., inventors; Exxon Research & Engineer· 
ing Co., assignee. Fabrication of Heterojunction Solar Cells by 
Improved Tin Oxide Deposition on Insulating Layer. March 18, 1980. 

H igh ly efficient t in oxide-si l icon heterojunction solar cel ls are 
prepared by heating a si licon substrate, having an i nsu lating layer 
thereon, to provide a substrate temperature in the range of about 
300°C to about 400°C and thereafter spraying the so-heated 
substrate with a solution of t in tetrachloride i n  an organic ester 
boi l i ng  below about 250°C. Preferably the insu lating layer is a 
natural ly g rown si l icon oxide layer. 

4,193,974 
Kotval ,  Peshotan S.; Strock, Harold B., i nventors; Union Carbide 
Corporat i o n ,  ass i g nee. Process for Producing Refined 
Metallurgical Silicon Ribbon. March 18, 1980. 

S i l icon platelets essential ly free of i ron are precipitated from a 
solution of metal lurg ical g rade s i l icon in molten aluminum and 
are melted in contact with si l ica slag to produce a refi ned 
metal l u rg ical s i l i con. The s i l icon-slag melt is sol id ified in a 
un id i rectional manner so as to d i rectional ly sol id ify said si l icon. 
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A d i rectional ly sol id ified refi ned metal l urgical s i l icon (DS!RMS) 
ribbon is pu l led from a melt of the thus-refined s i l icon. This 
DS/RMS ribbon is a low-cost product having a substant ial ly h igher 
impurity content level than i n  conventional high purity semicon· 
ductor grade si licon whi le, at the same time, being useful for solar 
cell appl ications. 

4,194,212 
Lindmayer, Joseph, inventor; Solarex Corporation, assignee. 
Semicrystalline Silicon Article and Method of Making Same. 
M arch 18, 1980. 

A semicrysta l l ine si l icon solar energy cell formed from ind ividual 
grains of s i l icon having portions thereof at the l ight-receiving 
surface of the cell. An electrical junction is formed at said l ight· 
receiving surface and extends across and below that surface and 
into and between the boundaries of adjoin ing grains to an extent 
such that the total junction area substantially exceeds the product 
of the l i near d imensions of the wafer surface but does not extend 
completely around the boundaries of the s i l icon grains or to the 
opposed surface of the wafer. 

4,196,041 
Baghdadi ,  Asian; Gurtler, Richard W., i nventors; Motorola, I nc., 
assignee. Self-Seeding Conversion of Polycrystalline Silicon 
Sheets to Macrocrystalline by Zone Melting. April 1, 1980. 

A polycrystal l ine semiconductor sheet may be converted to a 
monocrystal l ine or macrocrystall ine semiconductor sheet through 
use of a geometric restriction in  the sheet. The process requ i res 
formation of a region of the sheet having a smal l  width compared 
to the width of the remainder of the sheet. A molten zone is formed 
in the small width reg ion of the sheet. At least a portion of the 
molten zone is al lowed to sol id ify into a s ingle crystal or crystals 
of large size of the semiconductor material coextensive with the 
small width of the reg ion at the portion of the molten zone so 
sol id ified. The molten zone is then moved from. the small width 
reg ion of the sheet i nto the remainder of the sheet. The sheet is 
al lowed to solid ify successively as the molten zone passes along 
it. As a result, the macrocrystal formed in the narrow width region 
of the sheet propagates into the remainder of the sheet through 
which the molten zone passes. This process al lows formation of 
h igh modified semiconductor material without requir ing use of 
a seed crystal .  

4,196,438 
Carlson, David E., inventor; RCA Corporation, assignee. Article and 
Device Having an Amorphous Silicon Containing a Halogen and 
Method of Fabrication. Apri l 1, 1980. 

An amorphous si l icon capable of the formation of a semiconduc· 
tor junction. The amorphous si l icon can be fabricated by a g low 
discharge in a gas atmosphere including hydrogen and a deposi· 
tion gas. The deposition gas has therein the elements s i l icon and 
a halogen selected from the group consisting of chlorine, bromine 
and iodine. 

4,197,141 
Bozler, Carl 0.; Fan, John C. C., inventors; Massachusetts Institute 
of Technology, assignee. Method for Passivating Imperfections 
in Semiconductor Ma terials. April 8, 1980. 

A method of passivating imperfect ions, such as grain boundaries 
and/or dislocations, in  semiconductor materials is d isclosed 
which comprises selectively passing electrical cu rrent along the 
imperfect ions by employing the semiconductor material as an 
electrode in  an electrolytic cell. 



4,197,142 
Bolton, James R.; Janzen, Abram F., i nventors; Canadian Patents 
& Development Ltd., assignee. Photochemical Device for Conver
sion of Visible Light to Electricity. April 8, 1980. 

A photochemical device for conversion of visible light to electricity 
comprising one or more monolayers of dye material such as 
chlorophyll , an electron acceptor monolayer of saturated fd,ty acid 
between su itable electrode layers, all formed or mounted on a 
suitable substrate sheet. 

4,198,246 
Wu, Chung P., i nventor; RCA Corporation, assignee. Pulsed Laser 
Irradia tion for Reducing Resistivity of a Doped Po/ycrystalline 
Silicon Film. Apri l 15, 1980. 

A method of reducing the resistivity of a doped polycrystal l ine 
s i l icon fi l m  deposited on a substrate comprises the step of  i rra
d iat ing the f i lm with a laser pulse having an energy density of 
less than about 1 .5 jou les per square centimeter. 

4,198,262 
Gay, Charles F., inventor; Atlantic R ichfield Company, assignee. 
Solar Cell Manufacture. April 15, 1980. 

A method for manufacturing solar cells from a si l icon wafer having 
a p-n junction therein and front and back contacts thereon, the 
improvement comprising washing said wafer with a buffered 
hydrofluoric acid solution having a pH of from about 3.5 to about 
6.5 and contain ing from about 2 to about 10 weight percent 
hydrofluoric acid based on the total weight of the solution. 

4,199,376 
Si l l ,  Richard C., i nventor; Atlantic Richfield Company, assignee. 
Luminescent Solar Collector. April 22, 1980. 

A luminescent sheet having two essentially paral lel opposed large 
area surfaces separated by one or more thin edge faces, the sheet 
being penetrated by one or more tapered, asymmetrically disposed 
cavities extending from one such surface at least partially through 
such sheet toward the opposite surface and a corresponding 
number of photovoltaic cel ls positioned on such opposite surface 
in respective concentric al ignment with such cavities so that l ight 
internally reflected from the convergent side walls of such cavities 
toward such opposite surface is concentrated onto such cel l s. 

4,199,377 
Corwin, Rudolph E.; Riemer, Dietrich E., i nventors; The Boeing 
Company, assignee. Solar Cell. April 22, 1980. 

A solar cell including a d ielectric isolation member to electrical ly 
isolate an active region of the cell from the unfin ished edge thereof 
and to protect the p-n j unction from surface contaminants. The 
isolation member is fabricated on top of a semiconductor wafer 
before d iffusion. 

4,199,383 
Wittry, David B., i nventor; Un iversity of Southern Cal ifornia, 
assignee. Method of Making a Photovoltaic Cell Employing a 
PbO-SnO Heterojunction. April 22, 1980. 

A photovoltaic cel l  that i ncorporates a PbO-SnO heterojunction 
of graded composition which, among other appl ications, can be 
ut i l ized for the conversion of solar energy to electrical energy. A 
p-i-n junction is formed wh i le PbO and SnO are simu ltaneously 
deposited on a substrate in a varying ratio that is either decreased 
or increased to form the compositions Pb .1 xSnx0 where x varies 
in the range of 0 to 1 .  

4,199,397 
Gu rtler, Richard W., inventor; Motorola, I nc., assignee. Spontane
ous Growth of Large Crystal Semiconductor Material by Controlled 
Melt Perturbation. April 22, 1980. 

A polycrystal l i ne semiconductor sheet may be converted to a 
macrocrystal l i ne or monocrystal l ine semiconductor sheet through 
use of a controlled melt perturbation in the sheet. The process 
is in itiated by formation of a small melt area generally in the center 
of the sheet of polycrystal l ine material and then by contro l led 
sweeping motions a molten zone is u lt imately formed across the 
entire width of the sheet. As the molten zone is al lowed to solid ify, 
crystals of large size are formed and, with proper control of th is 
crystal, can grow across the entire width of the polycrysta l l ine 
sheet, or at least crystals of sufficiently large size for production 
of semiconductor activity may be produced. Fol lowing formation 
of macrocrystal l i ne material across the width of the sheet the per
turbation may be continued throughout the process to sweep any 
d islocations or crystal boundaries to the edge of the sheet where 
they may be tr immed from ·the remainder of the material as 
desired. This process al lows formation of a h igh ly modified 
macrocrystal l ine semiconductor material without requ i ri ng use 
of a seed crystal .  

4,199,894 
Fischer, Artur, i nventor. Toy Model Kit Including a Solar Collector. 
April 29, 1980. 

A solar col lector, particularly as a power source for a toy model 
assembled from structural elements of a kit, has a support ing 
member, at least one solar cel l  mounted on the supporting 
member, mechanical connect ing elements arranged on the sup
port ing member for mechanica l ly connecting the latter with 
another structural element of the toy model, and electrical con
necting elements also arranged on the support ing member for 
electrically connecting the solar cell with other solar cel ls. The 
electrical connect ing elements may connect the solar cells with 
one another i n  paral lel and/or i n  series. The supporting member 
may be platel i ke. The ell!ctrical connecting elements may be 
arranged on two opposite side faces of the support ing member 
and may include two pairs of plugs and/or so.ckets. 

4,200,472 
Chappel l ,  Terry 1 . ;  White, Richard M. ,  i nventors; The Regents of 
the University of Cal i.forn ia, assignee. Solar Power System and 
High Efficlf}ncy Photovoltaic Cells Used Therein. April 29, 1980. 

A solar power system including a movable platform for t racking 
the sun, a rad iat ion concentrator, and a p lural ity of photovoltaic 
cel l modules positioned on the platform for receiving concentrated 
solar radiat ion. The module includes a heat d iss ipation housing 
which supports a s i l icon c�U across an open end of the housing. 
A heat transfer block physically engages the s i l icon cel l  and a 
metal l ic sponge and wick is attached to the heat transfer block 
and depends therefrom into the housing. The housing is  part ial ly 
f i l led with l iqu id to fac i l itate heat removal. The s i l icon cel ls are 
processed by preferential etching to form V grooves which define 
a p lural ity of diode elements having general ly trapezoidal cross
sections. The elements may be serially i nterconnected by 
m�tallization on the V groove surfaces. The physical configura
t ions of the elements and the use of antireflective coatings on 
surfaces of the elements result in h igh efficiency cel ls. 

4,200,473 
Carlson, David E., i nventor; RCA Corporation, assignee. Amor
phous Silicon Schottky Barrier Solar Cells Incorporating a Thin 
Insulating Layer and a Thin Doped Layer. Apri l 29, 1980. 

Amorphous s i l icon Schottky barrier solar cells which incorprate 
a. th in insulating layer and a thin doped layer adjacent to the junc
tion form ing metal layer exh ibit increased open c i rcu it voltages 
compared to standard rectifying junction metal devices, i.e., Schot
tky barrier devices, and rectifying junction metal insulating s i l icon 
devices, i.e., M IS  devices. 
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4,200,833 
Wilkerson, Alan W., inventor. Pbwer Maximization Circuit. Apri l 29, 
1980. 

A power maxim ization c i rcuit  period ically samples the output 
power of a power supply to regu late output voltage or current . toward that result ing in maximum output power. Power mcreas
ing variat ions in voltage or current are conti �ued unt i l maximum _ ; _power is  reached and exceeded, at wh1ch t1me the d 1rect1on of 
variation is reversed unti l  operation becomes stabi ized at max
imum power conditions. The c i rcu it incl udes a sampl �ng means 
for periodically sampl ing the output powe�. :he sampl ing �eans 
is connected to a comparison means prov1d1ng an output s1gnal, 
the condition of which is i nd icative of whether the power at any 
given sampl ing period is g�eater or less than the p�evi?us sampli �g 
period. Means are provided for detecting on a coincidence bas1s, 
the condition of the comparison means output signal and for alter
ing the magn itude of the current or voltage of the power supply 
toward that which obtains maximum power. 

4,200,904 
Doan, Due, i nventor. Solar Powered Street Lighting System. 
Apri l  29, 1980. 

A solar powered street l ight ing system that is totally i ndependent 
of any external power supply. Solar panels are connected in such 
a manner to charge a maintenance-free storage battery with suf
ficient capacity to l ight street l ights and/or traffic signals. An auxil
Iary generator may also be provided having a wind driven vane 
for also charging the battery if sufficient sun l ight is not available. 

4,201,622 
Salama, Amal M. ,  inventor; The Un ited States of America as 
represented by The Administrator of the National Aeronautics and 
Space Admin istration, assignee. Method of Mitigating Titanium 
Impurities Effects in P-Type Silicon Material for Solar Cells. May 
6, 1980. 

M icrostructural evaluation tests performed on Cu-doped, Ti,doped, 
and Cu/Ti doped p-type s i l icon single crystal wafers, before and 
after the solar cell fabrication, and evaluation of both dark forward 
and reverse 1-V characteristic records for the solar cel ls  produced 
from the corresponding si l icon wafers, show that Cu mitigates 
the unfavorable effects of Ti ,  and thus provdes for higher conver
sion efficiency, thereby providing an economical way to reduce 
the deleterious effects of t itan ium, one of the i mpurities present 
in meta l lu rgical g rade s i l icon material. 

4,201,798 
Lindmayer, Joseph, i nventor; Solarex Corporation, assignee. 
Method of Applying an A ntireflective Coating to a Solar Cell. 
May 6, 1980. 

A tantalum oxide anti reflective coating is appl ied to a su rface of 
a solar energy cell by depositing a layer of a suboxide of tantalum 
on the surface and then oxidizing the layer to an oxide approaching 
Ta205. 

4,202,004 
Andersen, David C., inventor. Energy Conversion Unit. May 6, 1980. 

A crystal of a semiconductor material has an electrically conduct
ing loom assembly embedded therein,  whereby the crystal and 
loom assembly define a un it which converts l ight or other elec
tromagnetic radiation into an electrical current for flow �o an 
external electrical c i rcuit. The loom assembly has a p lural ity of 
electrodes coated with another semiconductor material so that 
the semiconductor materials define a p lu ral ity of n-p junctions 
within the crystal .  Radiation absorbed by the crystal wi l l  l i berate 
electrons which wil l  flow across the junctions and along electrical 
paths formed in the loom assembly to conductor means which 
can be connected to an external electrical c i rcuit .  The loom 
assembly comprises a plural ity of very small loom units comprised 
of pairs of spaced electrodes, one of the electrodes of each loom 
unit having a coating of a semiconductor material in contact with 
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the semiconductor material of the crystal . The loom assembly can 
be made by laser cut tool ing and the crystal can be grown on the 
loom assembly. The crystal can be mounted in any su itable man
ner to receive solar energy, such as in optical a l ignment with a 
lens system or at the focus of a cu rved mi rror. 

4,202,704 
Hodgson, Rodney T. ; Hovel ,  Harold J . ;  Woodal l ,  Jerry M. ,  inven
tors; International Business Machines Corporat ion, assignee. 
Optical Energy Conversion. May 13, 1980. 

Enhanced efficiency can be ach ieved in the construction of 
semiconductor optical energy conversion devices such as solar 
cel ls by providing a transl ucent frequency sh ifting support ing 

3member with appropriate doping such as Al203:cr+ (Ruby) that 
is capable of sh ifting the wavelength of incident l ight energy in  
the d i rection of  g reatest efficiency of  the semiconductor device. 
The efficiency can be further enhanced by provid ing a crystal 
perfection accomodation region between the active region of the 
device and the l ight frequency shift ing substrate. 

4,203,646 
Desso, Jerome A.; Ritch ie, Leon T.; Yeager, Marvin L., i nventors; 
AMP Incorporated, assignee. Clip for Electrically Connecting 
Planar Elements Such as Solar Cells, and the Like, in Series. 
May 20, 1980. 

A c l ip  is disclosed for interconnecting planar elements, such as 
solar cells, and the l i ke, in series. The cel ls are connected by the 
c l ip  to electri cally interconnect a top c i rcu it of one element to 
a bottom c i rcuit of an adjacent element. The c l ips are manufac
tured from stock which includes a metal l ic str ip with at least one 
insulating web secured along one surface covering approximately 
half the area thereof. At least two canti lever beams are stamped 
from the strip extending toward each end of the c l ip  and lying 
spaced above a portion of the cl ip. The first arm presents an insu
lated surface to an uninsulated portion of the clip while the second 
arm presents an un insu lated surface to an insu lation portion of 
the c l ip. 

4,203,785 
H awrylo, Frank Z., inventor; RCA Corporat ion, assignee. Method 
of Epitaxially Depositing Cadmium Sulfide. M ay 20, 1980. 

A single crystal layer of either cadmium sulfide or an al loy of 
cadmium su lfide and ind ium phosphide is epitaxial ly deposited 
on a substrate of cadmium su lfide by l iqu id phase epitaxy using 
indium as the solvent. 

4,204,147 
Larrabee, Robert D., i nventor; RCA Corporat ion, assignee. Power 
Transfer Apparatus. May 20, 1980. 

A power transfer apparatus includes an impedance matching 
system coupled between a variable voltage source, e.g . ,  a solar 
cel l  array, and a load. A parameter of the load indicative of the 
power being del ivered to the load is sensed and the control signal 
thereby derived is employed to adjust the impedance matching 
system. The adjustment is  such as to maxim ize the value of the 
parameter. 

4,204,216 
Heeger, Alan J. ;  MacDiarm id, Alan G. ;  Chiang, Chwan K.; Gau, 
Shek-Chung, inventors; Un iversity Patents, I nc., assignee. Elec
trically Conducting Doped Po/yacetylene Film Exhibiting N-Type 
Electrical Conductivity and Method of Preparing Same. May 20, 
1980. 

Electrically conducting organic polymeric f i lm material exh ibiting 
a preselected room temperature n-type electrical conductivity 
ranging from that characteristic of semiconductor behavior to that 
characteristic of metal l ic behavior, is prepared by controlled elec
tron donor doping of a polycrystal l i ne f i lm of polyacetylene with 
a metal dopant whose Pauling electronegat ivity value is no greater 



than 1.6. Preferred metal dopants are the alkali metals. The proce
dure may be employed in preparing polyacetylene f i lm with a p-n 
junction formed by two adjacent portions of the f i lm respectively 
provided with p-type and n-type electrical conductivit ies. 

4,204,881 
McGrew, Stephen P., i nventor. Solar Power System. May 27, 1980. 

A system for generat ing electrical power from sun l ight, compris
ing a focussing d i ffraction grating or other focussing, spectral ly 
d ispersive means and a photocell array. The d iffraction grat ing 
focuses sunl ight into a spectrally dispersed band. The photocel l  
array is composed o f  cel ls with different spectral sensitivities, 
located in posit ions in the d ispersed band corresponding to the 
cel l  spectral sensitivit ies so that the net conversion eff iciency of 
sunl ight to electricity exceeds the conversion eficiency attainable 
with nondispersive collectors and single material photocells. Alter
nate embodiments of the i nvention provide sun tracking means, 
reflective or transmissive d iffraction grat ings, flat or curved d i f
fraction grat ing surfaces, on- or off-axis focus, and optical 
coatings on the photoce l l  su rfaces. 

4,204,933 
Barlow, Wi l l iam A.; Rhodes, Maurice; Sherl iker, Francis R. ;  
Wi l l iams, Edward W., inventors; Imperial Chemical Industries 
Limited, assignee. Electrocoating Process for Producing a 
Semiconducting Film. May 27, 1980. 

Appl ication of heat preferentially to one surface of a f i lm of a 
semiconduct ing sulphide, sulphoselenide, selenide or tel lu ride 
to establ ish a temperature differential between the surfaces of 
the f i lm improves the electrical <;�.nd photochemical properties of 
the f i lm.  The f i lm may be employed in solar cel ls. Preferably the 
fi lm is  prepared by electrophoresis of a colloidal suspension of 
the semiconductor i n  an aqueous medium. 

4,205,265 
Staebler, David L., inventor; RCA Corporat ion, assignee. Laser 
Beam Appara tus and Method for Analyzing Solar Cells. M ay 27, 
1980. 

A laser beam apparatus and method for analyzing, i nter a l ia, the 
current versus voltage curve at the point of i l l umination on a solar 
cel l  and the open c i rcuit voltage of a solar cel l .  The apparatus 
i ncorporates a lock- in ampl i fier, and a laser beam l ight chopper 
which permits the measurement of the AC current of the solar 
cell at an applied DC voltage at the position on the solar cell where 
the cell is i l l um inated and a feedback scheme which permits the 
d i rect scanning measurements of the open c i rcuit voltage. The 
accuracy of the measurement is a function of the intensity and 
wavelength of the laser l ight with respect to the intensity and 
wavelength d istributiqn of sunl ight and the percentage the dark 
current is at the open c i rcuit voltage to the short c i rcuit current 
of the solar cel l .  

Re. 30,292 
Dominguez, Ramon, inventor; Solarex Corporation, assignee. Solar 
Panel with Mat Base Member. June 3, 1980. 

A solar panel including photovoltaic cel l  encapsulated in a si l icone 
resin ,  in which the base member to which the s i l icone resin  
adheres is a g lass mat polyester i n  lam inate or molded form. 

4,205,657 
Kel ly, Donald A., inventor. Convertible Modular Tri-M ode Solar Con
version System. June 3, 1980. 

The convertible, modular tri-mode solar conversion system pro
vides two primary heating modes, both hot water and hot air for 
winter time operation, with conversion to one secondary mode 
for electric power generation and air-conditioning during summer
t ime operation. The tri-mode solar conversion system util izes l inear 
parabol ic concentrators for convert ing so!a.r energy to hot 
water/steam, hot ai r, and heat engine/electric power generation 

for nearly a l l  year round operation with i mproved overal l  cost
effectiveness. Wintert ime hot water is provided with in  a conven
tional focal piping l ine with hot air produc·ed through a th in plastic 
duct which is concentric to the focal piping. The thin plastic duct 
is  supported by thin,  spiral ly wound wire coi ls with un iform ly 
located, radial  struts fastened to both the focal p ip ing and the 
wire coils. Summertime air conditioning and electric power are 
provided from both the focal p ip ing steam and the hot air flow 
by way of a simple Rankine cycle heat engine loop. 

4,206,002 
Sabnis, Anant G.; Butera, Richard A.; Meiksin, Zvi H . ;  Narasimhan, 
K. S. V. L., i nventors; University of Pittsburgh, assignee. Graded 
Band Gap Multi-Junction Solar Energy Cell. June 3, 1980. 

The specification discloses a solar cell having a graded band gap 
and a plural ity of alternately active and inactive p-n junctions. The 
cell has a gradually changing monocrysta l l ine structure of I I lA-VA 
compounds. The g raded band gaps of the cell are the result of 
the gradually changing chemical composition of the cel l 's 
monocrystal l ine structure. The junctions are produced by conven
tional doping techniques. 

4,207,119 
Tyan, Yuan-Sheng, i nventor; Eastman Kodak Company, assignee. 
Polycrystalline Thin Film CdS/CdTe Photovoltaic Cell. J u ne 10, 
1980. 

A photovoltaic cel l and a process of making and using it are 
disclosed wherein extremely th in  semiconductor layers are pro
vided through the use of polycrysta l l ine CdS and CdTe. The cell 
has conversion efficiencies as high as 6% or more when exposed 
to AM2 l ight. 

4,209,346 
King, Roger A., i nventor. Solar Energy Recharger. June 24, 1980. 

A portable power supply including a rechargeable battery, an array 
of solar cel ls, a heat s ink thermally engag ing the cel ls and the 
batteries for transmission from the former to the latter, and a cover 
pivotal between a f irst position in which it protects the solar ce l ls 
and a second position i n  which it  supports the unit with the cel ls  
i n  opt imum orientation for insu lation. 

4,209,347 
Klein, Norman S., inventor; RCA Corporation, assignee. Mounting 
for Solar Cell. June 24, 1980. 

A mounting for a s i l icon solar cel l  comprises a layer of molyb
denum on the back surface of the cell and a molybdenum wire 
along the peripheral edge of the radiation receiving surface of the 
cell. An electrode formed with an aperture aligned with the radia
t ion receiving surface abuts and is secured along the border of 
the aperture to the wire and a heat s ink is in conduct ive contact 
with the molybaenum layer. The coefficients of expansion of the 
molybdenum and si l icon are s imi lar and this protects the relatively 
brittle cell from damage when its temperature is changed. 

4,209,735 
Yoshida, Yosh isaburo, inventor; Sharp Kabushiki Kaisha, assignee. 
Solar Battery Powered Electronic Calcula tor. June 24, 1980. 

A solar battery panel is i nstal led on an electronic calcu lator 
through an arrangement formed on a rear casing of the electronic 
calcu lator or on a g lass substrate support ing a display unit, a 
semiconductor ch ip, and wir ing leads. The solar battery panel is 
exposed to l ight through a w indow formed on the rear casing or 
a rear casing over the g lass substrate. A wallet is  provided for 
protecting and supporting the electronic calculator. The solar bat
tery panel is exposed to the outside through a window in the wallet 
even when the wallet is surrounding the electronic calcu lator. 
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4,210,121 
Stark, Virg i l ,  i nventor. Solar Energy Collection. Ju ly 1 ,  1980. 

Apparatus and methods for concentrat ing and col lect ing solar 
energy and for lowering the cost and i ncreasing the efficiency of 
solar energy systems are disclosed. Solar energy is concentrated 
by economical refri ngent lenses or lens systems inc luding f lu id 
lenses and/or Fresnel-type lenses. The lenses concentrate the 
solar energy preferably along l i nes in  continuous l i near foci or 
i n  discrete foci at an elongated col lector com prising one or more 
f lu id-carrying condu its and one or more fluids th ierein .  In one 
embodiment, a p lural ity of photovoltaic cells is located i n  or on 
the col lector along the l i near foci or at the discrete foci and 
operates at increased efficiency with heat being removed by the 
col lector. Heating at the photoelectric cells is reduced by uti l iz
ing a fluid lens in which the lens fluid and lens plates absorb heat
producing i nfrared rays which otherwise would be converted to 
heat at the cel ls whi le permitting the electricity-producing 
luminous rays to pass to the cel ls with l ittle absorption by the 
lens f lu id and p lates. A fi rst f lu id i n  the col lector is heated by the 
concentrated solar energy and in  a disclosed embodiment is used 
to heat a second fluid cont iguous to the f i rst f lu id ,  the fi rst f luid 
having a boi l ing point exceed ing that of the second f luid. The first 
f lu id is carried i n  an i nner conduit whi le the second f lu id is car
ried by an outer conduit which encloses the inner conduit and 
first f lu id .  Thus, the two f lu ids can be heated to different 
temperatures by a s ingle concentrating system and used for dif
ferent purposes. Energy is stored using two fl uids of different boi l
ing points. Also disclosed are methods and fixed and portable 
aparatus for d ist i l l ing l iqu ids inc luding water containing salt or 
other substances by evaporation of the water and condensation 
of the water vapor wherein preferably the heat of condensation 
is recovered and heat in the condensate and brine is also 
preferably recovered. The i nvention also provides for assemblies 
of i ndividual systems and subsystems to form larger and/or com
posite systems. 

4,210,462 
Tourneux, M ichel ,  i nventor; U.S. Ph i l i ps Corporation, assignee. 
Generator Panel Having Solar Cells Incorporated in a Laminated 
Assembly. J u ly 1, 1980. 

A photovoltaic generator panel comprising a plurality of solar cel ls 
i ncorporated in a laminated assembly, each of the external faces 
of which is formed of a glass plate. The laminated assembly com
prises an inset plate formed of a transparent synthetic resin stable 
at elevated temperatures and provided with a recess tor each solar 
cel l .  Optional ly, an inset f i lm preferably formed of the same 
transparent synthetic resin  can be positioned between the i nset 
plate and one or both g lass plates. Assembly of these several 
lamellar elements is effected by the use of a transparent adhesive 
polymerized at a temperature below 70°C. 

4,210,463 
Escher, Wi l l iam J. D., i nventor. Multi mode Solar Energy Collector 
and Process. Ju ly  1, 1980. 

A solar energy col lector provid ing both concentrat ing-tracking 
functions and non-concentrating d iffuse absorption functions in 
a single unit. The solar energy col lector and process may provide 
both a h igher temperature heat transfer f lu id and a lower temper
ature beat transfer f luid for uti l ization in various processes, such 
as environmental conditioning, which may advantageously uti l ize 
thermal energy of two d ifferent temperatures. The solar energy 
thermal col lector and process of th is i nvention provides a h igh 
temperature thermal output in combination with a simplified track
ing capabi l ity. 

4,211,581 
Vasi l in i na, Olga V.; Kidyashev, Jury K.; Potapov, Valery N .; Ryabikov, 
Stanislav V. ; Stepanov, Anatoly M . ;  Strebkov, Dmitry S., i nventors. 
Solar Photoelectric Conversion Apparatus with Cooling Means. 
Ju ly 8, 1980. 
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A solar photoelectric conversion apparatus comprises a l ight con
verter immersed in a transparent l iquid heat carrier which occupies 
the lower part of the cavity of a hol low hermetical ly sealed reser
voi r. The apparatus also includes a solar rad iation concentrator 
inserted in a beam of a solar radiation incident on an active 
surface of the l ight converter. During operation of the apparatus, 
vapors of the heat carrier condense on the inner wal ls of the reser
voi r  and return by gravity to the l iqu id in the lower portion of the 
cavity, thereby cool ing the l iquid and the l ight converter immersed 
therein by "thermal s iphon" action. 

4,212,932 
Calgari, Seba; S irtori, Vittorio; Bel lobono, lgnazio R., i nventors; 
Societa' Nazionale Industria Appl icationi Viscosa s.p.a. (Sn ia 
Viscosa), assignee. Device for the Direct Conversion o f  Radiant 
Energy to Electrical Energy. Ju ly 15, 1980. 

A cell for the d i rect conversion of radiant energy to electrical 
energy for carrying the process is characterized in that it com
prises two layer- l ike zones each comprising a transparent material 
and at least one photochromic compound, electrical conduction 
means between said two zones, and two electrodes. The two layer
l ike zones may be constituted by different portions of a same layer. 
The photochromic compounds used are preferably sp iro-2H
pyranes and the electrodes are metals having a standard oxida
tion potent ial h igher than-2.5V or their oxides or photoactive 
semi-conductors. 

4,213,798 
Wi l l iams, Richard; Arie, Yehuda, inventors; RCA Corporation, 
assignee. Tellurium Schottky Barrier Contact for Amorphous 
Silicon Solar Cells. Ju ly 22, 1980. 

A Schottky barrier amorphous s i l icon solar cel l. incorporates a 
tel l u rium layer as the Schottky barrier. 

4,213,801 
Johnston, Wi lbur D., J r. , inventor; Bell Telephone Laboratories, 
Incorporated, assignee. Ohmic Contact of N-GaAs to Electrical 
Conductive Substra tes by Controlled Growth of N-GaAs 
Po/ycrystalline Layers. Ju ly 22, 1980. 

Thin layers of polycrysta l l i ne n-type GaAs have been deposited 
on a conducting substrate such as graphite. These contacted 
GaAs layers exhibit desirable properties for device appl ications, 
i.e., adequate cohesion between the GaAs and the substrate, good
electrical contact to the conducting substrate, and good nuclea
tion of the GaAs on the substrate yielding pinhole free or near 
pinhole free GaAs layers composed of large grains. These prop
erties are obtained by first depositing a very thin coating, a coating 
with a nominal thickness between 1000 A and 250 A, of a Group 
IV element, Ge, Si ,  or Sn, onto the conducting substrate and then 
depositing the GaAs over this thin layer. 

4,214,916 
Felsher, Hal C.; Pol lak, Fred H .; Bradley, Arthur, i nventors. Thin Film 
Photovoltaic Converter and Method of Preparing Same. Ju ly 29, 
1980. 

The photovoltaic converter of the present invention comprises a 
th in f i lm consist ing essent ial ly of a lattice of stacked carbon 
chains comprising alternating single and double bonds deposited 
on the surface of an electrode transparent to sunl ight. The carbon 
lattice is P,[epared in s itu by deposit ing and exposing a plastic 
film compris ing a highly oriented polymer system to heat or other 
types of radiation for controlled degradation. The exposed source 
of the degraded f i lm is then covered with a vapor-deposited 
coating of aluminum, and is finally compressed with a metal elec
trode cover. I l lumination d irected onto the f i lm induces an elec
tromotive force at the interface of the degraded polymer and the 
transparent electrode, which constitutes a "Schottky barrier." A 



particular feature is the addition of the preformed polymer coating 
before degradat ion of electron-attracting molecules which serve 
as conduct ive bridges between the carbon layers in the residue. 

4,214,920 
Amick, J ames A.; M i lewski, John V. ; Wright, Frankl i n  J. ,  inventors; 
Exxon Research & Engineering Co., assignee. Method for Produc
ing Solar Cell-Grade Silicon from Rice Hulls. Ju ly 29, 1980. 

The present invention relates to the production of high purity solar 
grade si l icon from common rice hu l ls. A unique process for 
material purification and reduction includes leaching the rice hul ls 
i n  acid followed by treatment with h igh purity water, coking the 
acid-cleaned hulls i n  a non-oxidizing ambient, compensating the 
carbon or s i l ica content of the coked hu l ls to obtain a desired 
carbon to si l ica ratio and reducing the si l ica to produce high purity 
s i l icon. 

4,215,185 
Wil l iams, Richard, inventor; RCA Corporation, assignee. Liquid 
Junction Schottky Barrier Solar Cell. J u ly 29, 1980. 

4 3A m ixture of eerie ions (Ce + ) and cerous ions (Ce + ) in an 
aqueous electrolyte solution forms a Schottky barrier at the inter
face between an active reg ion of s i l icon and the electrolyte solu
t ion. The barrier height obtained for hydrogenated amorphous 4 3 s i l icon using the ce + Jce + redox couple is  about 1.7 eV. 

4,217,147 
Ziemba, Georg, inventor. Facility for Genera ting Technically 
Useable Energy by Conversion of Solar Energy. August 12, 1980. 

A fac i l ity for generating technically useable energy by converting 
solar energy i n  which a single large concave mi rror i s  disposed 
i n  a depression in the ground and has supported thereabove a 
supporting structure, on a support arm of which an elongated 
energy col lector is provided extending from the theoret ical focal 
point for rays on the axis  to the periphery of the spherical mi rror, 
said supporting structure supporting the energy col lector for rota
tion about the center of the mi rror to fol low the changing posi
tion of the sun.  Also disclosed is a method for making such a 
m i rror. 

4,217,148 
Carlson, David E., inventor; RCA Corporat ion, assignee. Compen
sated Amorphous Silicon Solar Cell. August 12, 1980. 

_
An amorphous s i l i con solar cel l  i ncorporates a region of i ntr in
sic hydrogenated amorphous s i l icon fabricated by a g low d is
charge wherein said intr insic region is compensated by P-type 
dopants i n  an amount sufficient to reduce the space c!:large den
sity of said region under i l l um ination to about zero. 

4,217,374 
Ovshinsky, Stanford R.; lzu, Masatsugu, i nventors; Energy Con
version Devices, I nc., assignee. Amorphous Semiconductors 
Equivalent to Crystalline Semiconductors. August 12, 1980. 

A method of making an amorphous semiconductor f i lm or the l i ke 
having desirable photoconduct ive and/or other properties com
prises forming an amorphous semiconductor f i lm,  preferably by 
vaporizing s i l icon or the l i ke in an evacuated space and con
densing the same on a substrate in such space, and preferably 
at the same time, introducing at least two or three compensating 
or altering agents i nto the f i lm,  l i ke activated hydrogen and 
fl uorine, in  amounts which substantial ly reduce or e l iminate the 
localized states in the energy gap thereof so that greatly increased 
d i ffusion lengths for solar cel l  appl icat ions is obtained and 
dopants can be effectively added to produce 
semic

p or n amorphous 
onductor fi lms so that the films function l i ke s imi lar 

crystal l i ne materials. 

4,217,633 
Evans, John C., Jr. ,  inventor; The United States of America as 
represented by the Adm inistrator of the National Aeronautics and 
Space Admin istration, assignee. Solar Cell System Having Alter
na ting Current Output. August 12, 1980. 

A monol ithic m ult ijunction solar cell is modif ied by fabricating  
an i ntegrated c i rcuit i nverter on the back of the ce l l  to  produce 
a device capable of generat ing an alternating current output. I n  
another embodi ment, i ntegrated circuit power condit ioning elec
tronics is i ncorporated in a modu le conta in ing a solar cell power 
supply. 

4,219,368 
David, Gerard R. ,  i nventor; U.S. Ph i l i ps Corporation,  assignee. 
Semiconductor Device Having a Number of Series-Arranged 
Photosensitive Cells. August 26, 1980. 

A semiconductor device having a number of series-arranged 
photosensit ive cel ls which are provided on a common substrate 
of a f irst conductivity type and which are separated by g rooves 
extending down to the substrate. The cel ls  consist of first regions 
of a f irst conductivity type which form planar photosensitive junc
t ions with second reg ions of the second conductivity type. 
Accord ing to the invention, a h igh ly doped layer of the second 
conductivity type is present between the substrate and the second 
reg ion and each photosensitive cell is provided, along at least a 
part of its c i rcumference, with a h ighly doped semiconductor zone 
of the second conductivity type which extends along the wall of 
the groove down to the h igh ly doped layer and is separated from 
the adjacent cel l  by the substrate. 

4,219,448 
Ross, Bernd, inventor. Screenable Contact Structure and Method 
for Semiconductor Devices. August 26, 1980. 

An ink composition for deposition upon the surface of a semicon
ductor device to provide a contact area for connection to exter
nal c i rcu itry is disclosed, the composition compris ing an i nk  
system contain i ng a metal powder, a binder and vehic le, and  a 
metal frit. The ink is screened onto the semiconductor surface 
in the desi red pattern and i s  heated to a temperature sufficient 
to cause the metal frit to become l iqu id. The metal frit dissolves 
some of the metal powder and densities the structure by trans
port ing the d issolved metal powder in a l iqu id sinteri ng process. 
The sinteri nQ_ process typically may be carried out in any type of 
atmosphere. A small amount of dopant or semiconductor material 
may be added to the i nk  systems to ach ieve particular results i f  
des i red. 

4,219,830 
Gibbons, James F., i nventor. Semiconductor Solar Cell. August 26, 
1980. 

There is described a semiconductor solar cell of improved effi
ciency. The cel l has a bu i lt-i n  electric field which extends from 
the surface of the cel l  to the i nterior to keep m inority carriers away 
from the surface whereby recombination at the surface is reduced. 
I nterior contacts are provided whereby current flow along the sur
face:· of the device to contacts is avoided to reduce surface 
resistance and recombination. 

4,219,926 
Bloch, Joseph T. ; H anger, Randolph T.; N ichols, Frank W., i nven
tors; The Un ited States of America as represented by the Ad
min istrator of the National Aeronautics and Space Adm in istra
t ion, assignee. Method and Apparatus for Fabricating Improved 
Solar Cell Modules. September 2, 1 980. 

The invention is embodied i n  a method and apparatus for fabri
cat ing an i nproved solar cell module. The apparatus includes a 
supply drum for feeding a f lexible strip having deposited thereon 
etched electrical c i rcuitry, a supp ly drum for feeding i nto overly
ing engagement with the flexible strip a flexible tape having a pair 
of exposed tacky surfaces, and a p lural ity of rams for receiving 
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and deposit ing a p lural ity of solar cells in siCle-by-s ide relation 
on an exposed tacky surface of the tape in electrical contact ing 
engagement with the etched circuitry. 

4,222,371 
Heath, George F., inventor. Solar Energy Collector. September 16, 
1980. 

A solar energy collector that inc l udes a number of elongated, 
hol low, metal l ic, tubular members of such transverse cross sec
tion that when disposed side-by-side they define a number of 
spaced longitudinal apertu res through which solar energy rays 
are di rected by lens systems into a number of elongate cavities 
having dark or black surfaces. The hollow members have the ends 
so connected to one another that water or other f lu id flowing to 
the col lector sequent ial ly traverses the longitudinal passages in  
the tubular members prior'to d ischarg ing from the col lector. Dur
ing the flow through the passages heat is transferred to the water 
or other f lu id f lowng therethrough from the heated cavities. The 
solar rays d i rected by the lens system into the cavities may, if 
des i red, be used to activate photoelectric cel ls, and the l ight be 
transformed d i rectly into electricity. 

4,223,174 
Moel ler, Douglas E., inventor; Sun Trac Corporation, assignee. Sun
Tracking Solar Energy Conversion System. September 16, 1980. 

A number of solar energy converter assembl ies are carried by a 
support frame which is mounted for i ndependent rotation about 
a horizontal and a vertical axis. Sensors detect the position of 
the sun; and control circuitry positions the support frame in eleva
tion and azimuth so that the converter assemblies track and face 
the sun whenever the sun i ncident energy is greater than a 
threshold level of about 25 percent of normal. Each converter 
assembly includes a solar cel l  and a mult iangular con ical con
centrator shell for collecting, concentrating and d irecting incident 
solar energy onto the solar cel l .  The converter assembl ies, the 
support frame and its mount, and the drive mechanism for the 
support frame are all located within a transparent stat ionary hous
ing or enclosure, which provides complete environmental protec
tion for a l l  elements mounted with in  the enclosure. 

4,223,214 
Dorian, Mark E.; Nelson, David H . ,  inventors; American Solar 
Systems, I nc., assignee. Solar Tracking Device. September 16, 1980. 

An improved solar tracking arrangement i s  provided for d i recting 
a solar energy collector to face the sun. An electrical control 
mechanism is provided to detect misal ignment of the col lector 
as the sun traverses in relative movement across the sky. When 
the misal ignment exceeds an adjustable l im it of tolerance, the 
tracking system moves the col lector to an orientation sl ightly i n  
advance o f  t h e  current posit ion of the s u n  by a n  amount equal 
to the l im it of tolerance. A threshold l ight level is requ i red to 
activate the tracking system,  and differential photosensors are 
employed, the composite signals of which compensate for varia
tions in ambient l ight level so that the amount of su rrounding 
i l l uminat ion of the environment does not effect the preset l im it 
of tolerance. The tracking system includes east and west l im it 
switches, which reorient the collector to an eastward facing d irec
tion at the end of each day. A h igh temperature cut off is provided 
to d i rect the col lector away from the sun when the operating 
temperature of the col lector exceeds a predetermined l imit of 
safety. For self-contained operation, photovoltaic cells are 
mounted on the col lector to provide electricity for the tracking 
system.  

4,224,081 
Kawamura, Koich i ;  Honda, J un ich i ;  H isatomi ,  J u n ich irou;  
Sh igemasa, J unichiro, i nventors; Sharp Kabush ik i  Kaisha, 
assignee. Solar Cell Sealed by Glass Laminations. September 23, 
1980. 

One or more solar cel ls are sandwiched by a pair of g lass lamina
tions substantial ly transparent to (i.e., essentially transmissive of) 
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the impinging l ight, thereby avoiding output drop which may occur 
due to temperature increase by passing of the impinging l ight 
therethrough. A thermoplastic or thermosett ing type f i l ler, for 
example, polyvinylbutyral or a si l icone resin is used to f i l l  the cavity 
surrounded by the glass laminations for accommodating the solar 
cel ls therein, whi le serving as an embedding and pott ing com
pound to provide res i l ient environmental protection for the solar 
cel ls. Any room temperature vulcanizi ng type f i l ler may be used. 

4,224,082 
Jacobson, J. Merritt, inventor; Independent Power Company, Inc., 
assignee. Multi-Functional Solar Collector Pole. September 23, 
1980. 

A plural ity of solar col lectors including at least a solar energy to 
electrical energy transducer and a solar energy to heat transducer 
positioned on a single pole. The electrical energy transducer com
prises a p lural ity of solar cel ls  arranged with their faces paral le l  
to the longitudinal  axis of the pole and pointed in  a pl urality of 
d i rections. A reflector is positioned to the north of the pole and 
the cel ls which reflects sun l ight to the northerly facing cells. The 
heat transducer comprises tubing hel ically arranged about the 
pole encased in a transparent ambient air screen. A reflector is 
attached to the north side of the ambient air  screen. The wires 
from the solar cells and the p ipes connected to the hel ical tubing 
run down through the center of the pole. A wind energy to elec
trical energy transducer may also be pos itioned at the top of the 
pole. 

4,224,084 
Pankove, Jacques 1 . ,  inventor; RCA Corporation, assignee. Method 
and Structure for Passivating a Semiconductor Device. Septem
ber 23, 1980. 

A method of passivating a s i l icon semiconductor device having 
at least one active component disposed in a crysta l l ine reg ion 
thereof comprises the steps of bombarding a surface of the 
crysta l l i ne reg ion with ions to convert a part of the reg ion adja
cent the surface into an amorphous layer of graded crysta l l i n ity, 
and then exposing the amorphous layer of atomic hydrogen, 
whereby an i ntegral layer of hydrogenated amorphous s i l icon is 
formed adjacent the crysta l l i ne region. 

4,224,355 
Lampkin, Curtis M . ;  Roderick, Guy A.; Locke, Peter, i nventors; 
Photon Power, Inc., assignee. Method for Quality Film Formation. 
September 23, 1980. 

Methods and apparatus are provided for form ing fi lms of materials 
which are component layers of solar energy conversion devices, 
e.g. photovoltaic cells and heat col lector panels. A selected 
substrate, generally glass, is heated whi le being sprayed with solu
tions which react on the heated surface to form a particular f i lm.  
Fi lms of SnOx and CdS are part icularly produced. Accord ing to 
the present invention, a thermal energy input gradient is provided 
to approximate the energy loss gradient during the spray process. 
Radiative heaters provide a rapid resupply of energy to the 
substrate and, in some instances, directly to the film form ing 
surface. Temperature detectors, such as thermocouples, mon itor 
substrate temperature to provide the radiative energy input needed 
for substantial temperature un iform ity. 

4,225,367 
Anglerot, Didier, i nventor; Rhone-Poulenc Industries, assignee. 
Production of Thin Layers of Polycrystalline Silicon on a Liquid 
Layer Containing a Reducing Agent. September 30, 1980. 

Th in  layers of polycrystal l i ne si l icon are formed atop a metal 
substrate, by reducing a gaseous s i l icon contain ing compound 
with metal l ic zi nc, in  l iqu id state, and i n  the presence of at least 
one other metal which is also in l iqu id state, same bei ng either 
tin, lead, gold, si lver, antimony and/or bismuth. The reaction is 
conducted under conditions such that the zinc compound pro
duct of reduction is also in gaseous state. 



4,225,408 
Barlow, Wi l l i am A.; Rhodes, Maurice; Sher l iker, Francis R. ;  
Wi l l iams, Edward W., i nventors; Imperial Chemical Industries 
Lim ited, assignee. Process for Electrolytically Preparing a 
Semiconducting Film on a Flexible Substrate. September 30, 1980. 

Electrophoresis of a col loidal suspension of a semiconducting 
sulph ide, su lphoselenide, selenide or tel lu ride i n  an aqueous 
medium produces a th in  p in-hole-free film on a surface of a 
substrate. The f i lm may be employed in solar cel ls. 

Re. 30,412 
Raychaudhuri, Pranab K., i nventor; Eastman Kodak Company, 
assignee. CdTe Barrier Type Photovoltaic Cells with Enhanced 
Open-Circuit Voltage, and Process of Manufacture. October 7, 
1980. 

A cadmium tel luride photovoltaic cel l  is produced with increased 
conversion efficiency arising from enhanced open-circuit voltage. 
Such voltage is ach ieved by altering the surface of the crystal l i ne 
cadmium tel luride that contacts the barrier metal by heating the 
cadmium tel luride i n  the presence of oxygen prior to deposit ing 
the barrier metal. 

4,226,017 
Lindmayer, Joseph, i nventor; Solarex Corporation, assignee. 
Method for Making A Semiconductor Device. October 7, 1980. 

A method for use in making semiconductor type electrical devices 
such as solar cel l s. In the method, a wafer of semiconductor 
material having two major surfaces is provided, the wafer being 
doped with an impurity of one conductivity type. A layer of a metal· 
containing compositions such as a luminum, is p laced on one of 
the major surfaces of the wafer, and the wafer is then heated i n  
the  presence of  an  impurity of  the  opposite conductivity type to 
a temperature such that a high-low junction is formed by the metal 
at one major surface whi le the impurity of the opposite conduc· 
t ivity type diffuses or penetrates the other major surface to form 
a p-n junction thereat. 

4,226,256 
Hawley, Wilbur W., i nventor; Atlantic Richfield Company, assignee. 
Solar Panel Assembly and Support Pad. October 7, 1980. 

A solar panel assembly comprising at least one solar panel ,  
supoport means for carrying said panel, and at  least one support 
pad having a base plate, upstanding longitudinal sides, and 
spaced apart flange means for connection to said support means, 
said upstanding sides and opposed flange means defin ing an 
interior vo lume for receiving and holding weight ing material. 

4,226,643 
Carlson, David E., i nventor; RCA Corporation, assignee. Method 
of Enhancing the Electronic Properties of an Undoped and/or 
N-Type Hydrogenated Amorphous Silicon Film. October 7, 1980. 

The dark conductivity and photoconductivity of an N-type and/or 
undoped hydrogenated amorphous s i l icon layer fabricated by an 
AC or DC proxim ity g low discharge in si lane can be increased 
through the i ncorporation of argon in an amount from 10 to about 
90 percent by volume of the g low discharge atmosphere which 
contains a s i l icon-hydrogen contain ing compound in an amou nt 
of from about 90 to about 10 volume percent. 

4,227,291 
Schumacher, John C., i nventor; J;C. Schumacher Co., assignee. 
Energy Efficient Process for Continuous Production of Thin 
Semiconductor Films on Metallic Substrates. October 14, 1980. 

An energy efficient process is disclosed for the conti n uous pro
duction of semiconductor matrices formed from depositing doped 
s i i icon or germanium f i lms on metal l ic sheet substrates. The 
energy released from such deposition can then be used to 
regenerate the anode material used in the deposition. 

4,227,298 
Keel ing, M ichael C.; Bai ley, Wi l l iam L.; Coleman; M ichael G. ;  L.esk, 
Israel A.; Pryor, Robert A., i nventors; Motorola, I nc., assignee. 
Method for Interconnecting Photovoltaic Devices. October 14, 
1980. 

An interconnection system for i nterconnecting a p lural i ty of 
photovoltaic devices. The photovoltaic devices each have a f irst 
and a second side and the i nterconnect system is located on the 
second side of the photovoltaic devices. A sheet of dielectric 
material and a sheet of electrically conductive material are bonded 
together and positioned so that the dielectric material is next to 
the photovoltaic devices. A plural ity of patterns are formed in the 
sheet of electrically conductive material. The patterns each have 
ang led tabs punched therein so that the ang led tabs are punch
ed through both the electrically conductive material and the d ielec
tric material .  When a photovoltaic device is positioned with in a 
group of ang led tabs, the ang led tabs can be brought i nto con
tact with electrical contacts on the f irst side of the photovoltaic 
device. The group of ang led tabs are electrically common to a part 
of the pattern which has an extended portion which extends 
beneath an adjacent photovoltaic device. Some of the d ie lectric 
material is removed from the extended portion so that this por
t ion then makes contact with the second side of an adjacent 
photovoltaic device. The patterns can be formed in predetermined 
configurations to provide series or series-parallel interconnections 
for photovoltaic devices with in  an array of photovoltaic devices. 
The interconnect system,  in turn, provides for substant ia l ly al l  
possible series, paral le l ,  or series-paral le l  i nterconnections of a 
p lural ity of arrays. 

4,227,327 
Thompson, Marion E., i nventor. Solar Sign Assembly. October 14, 
1980. 

A display assembly is  provided inc luding a base, d.c. motor 
mounted completely with in  the base, a solar cell operatively 
mounted to the base, and a s ign member rotated by the motor. 
A sleeve is provided on an e longated shaft connected to the s ign 
member, and that sleeve s l ips over the motor shaft to provide an 
i nterference f i t ,  but not a press f i t .  The s ign has sufficient cross
sectional area to provide enough air-resistance so that, in com
bination with the interference fit between the shafts, the sign wi l l  
turn at an appropriate speed for  easy reading even though the 
motor shaft is turn ing much more qu ickly. 

4,227,939 
Zewail ,  Ahmed H; Batchelder, J. Samuel, inventors; California I nsti
tute of Technology, assignee. Luminescent Solar Energy Concen
trator Devices. October 14, 1980. 

I ncreased l ight output is achieved from solar energy concentrator 
l ight piping device by rendering the top surface of the device con
cave, and/or form ing the device into a close-packing hexagonal 
shape and/or curving and applying a mi rror coating to the output 
edge of the device. 

4,227,940 
Ling, Ku Sun; Khemthong, Seksan, i nventors; Optical Coating 
Laboratory, I nc., assignee. Solar Cell for Use in Concentrator. Octo
ber 14, 1980. 

Solar cell for use in a concentrator having a body formed essen
t ia l ly of s i l icon doped with a P-type impurity and having a base 
resistivity ranging from 0.5 to 1.5 ohm-centimeter and having back 
and front side planar surfaces. A layer of a luminum is formed on 
the back side surface and is a l loyed into the s i l icon body to form 
a P-plus layer extending through the back side surface. An N + 
layer is formed in the s i l icon body and extends through the front 
side surface. A mu lt i- layer metal contact structure is secured by 
the backside and makes a P-type contact. A m ulti-layer metal con
tact structure is carried by the front side surface and makes an 
N-type contact. The mu lt i - layer contact structure carried by the 
front side surface is  formed into a grid l ine pattern with the grid 
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l i ne pattern being characterized by fi rst and second common bus 
bars extending substantial ly through 360° on said surface and 
being spaced at different distances from the center of the front 
side surfaces. 

4,227,941 
Bozler, Carl 0.; Chapman, Ralph L.; Fan, John C. C.; McClel land, 
Robert W., i nventors; Massachusetts Institute of Technology, 
assignee. Shallow-Homojunction Solar Cells. October 14, 1980. 

Improvements in shal low-homojunction solar cel ls  based Upon 
a plural ity of layers of a d i rect gap semiconductor material such 
as GaAs, as wel l  as their fabrication, are disclosed. The shal low
homojunction solar cel ls have a n + /pip + structure in which the 
n + top layer is l im ited to a thickness which permits sign ificant 
carrier generation to occur i n  a lower semiconductor layer. An 
anodic anti reflection coating is applied over the n + top layer, and 
a part icularly preferred method for applyi ng the ant i reflection 
coat ing is  by anodization. These solar cells can be grown on 
relatively inexpensive substrates, if desired, such as si l icon or 
german ium.  

4,227,942 
Hal l ,  Robert N . ,  inventor; General Electric Company, assignee. 
Photovoltaic Semiconductor Devices and Methods of Making 
Same. October 14, 1980. 

A solar cell which has high efficiency and which can be fabricated 
at low cost is described. The cell incl udes a semiconductor wafer 
with a front radiation-receiving surface which is entirely open and 
free of current conducting grids and also includes an array of inter
connection paths which carry photocurrent from the front surface 
through the cell to metal electrodes on the rear surface of the cell. 

4,227,943 
Cohen, Marshall J.; Harris, James S., J r. , inventors; Rockwell I nter
national Corporation, assignee. Schottky Barrier Solar Cell. Octo
ber 14, 1980. 

A solar cell is constructed by coat ing an n-type conductivity 
semiconductor with a th in layer of bromine doped, polymeric 
su lfur-n itride, (SNBr .0 4)x. Metal deposits are provided on both 
materials for making electrical contact to the cel l .  In a preferred 
embodiment, the semiconductor is s i l icon. In a second preferred 
embodiment, the semiconductor is GaAs on an n + -type conduc
t ivity GaAs substrate. 

4,228,315 
Napol i ,  Louis S., i nventor; RCA Corporation, assignee. Solar Cell 
Grid Patterns. October 14, 1980. 

A grid pattern for a solar cell of the type including a base layer 
of one conductivity type and an emitter layer of opposite conduc
tivity type. The solar cell may have a square face and in this case 
the grid pattern is in the form of four symmetrical sub-patterns, 
each in a different quadrant of the square. Each such sub-pattern 
comprises a set of nested V shaped grid conductors, the apices 
of which lie on a common diagonal of the square and the ends 
of which connect to a common bus conductor at the peripheral 
edge of the square. Within each quadrant, the sub-pattern com
prises a symmetrical pattern relative to a d iagonal of the square. 
The pattern reduces the effect of l i ne and sheet resistance and 
thereby permits more of the photon induced charge carriers to 
be col lected and also permits a relatively large part of the cel l  
face area to be avai lable for the reception of photons. 

4,228,570 
Chamberl in ,  Rhodes R.; Bigham, Herbert L., i nventors; Photon 
Power, I nc., assignee. Electroding Preparation Apparatus. Octo
ber 21, 1980. 

An apparatus is provided for forming a large area photovoltaic cell 
i nto a plurality of photovoltaic cells on a common substrate and 
preparing the ind ividual cel ls for an overlying layer of conductive 
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material. A tool bit is urged against the polycrysta l l ine materials 
form ing the heterojunction to remove a preselected pattern and 
expose a layer of conductive material, tin oxide, on a supporting 
g lass substrate. Tool bit pressure causes fracturing of the crystals 
to produce defined edges along the tool bit furrow. An electrical 
arc is  produced to vaporize a portion of the exposed tin oxide to 
electrical ly isolate the ind ividual photovoltaic cel ls. Appl icator 
pens coat the edges of the polycrystal l ine material with pre
selected insulating f i lms. Final ly, a buffer wheel abrades a 
preselected metal onto the remain ing exposed surface of the t in  
oxide to obtain an improved metal lurgical and/or electrical con
tact between the tin oxide and the subsequent conductor layer. 
I ndexing mechanisms are provided for posit ioning the large area 
cell relative to the various tools for providing a plural ity of 
preparatory passes along the large area cel l .  

4,228,789 
Kay, James C., inventor. Solar Energy Collector. October 21,  1980. 

A solar energy collector is provided with a transparent, corrugated 
cover. An internal system of curved m i rrors concentrates the 
radiant energy toward a thermally insulated chamber which 
houses either a set of heat exchanger tubes with a heat exchange 
fluid flowing through them or a photovoltaic device for convert
ing thermal energy to electricity. 

4,229,231 
Witt, August F.; Raman, Ramaswamy V., i nventors; Massachusetts 
I nstitute of Technology, assignee. Method of Forming a Laminated 
Ribbon Structure. October 21, 1980. 

A method of forming, by melt-spinn ing techniques, a laminated 
ribbon structure consisting, for example, of a semiconductor 
disposed on a metal ribbon substrate. The substrate may be 10-100 
1-1m thick and the semiconductor may be 10-100 1-1m thick, for ex
ample; typically the ribbon width is about one mi l l imeter to several 
centimeters. 

4,229,233 
Hansen, Thomas A.; Johnson, Claude, J r. ;  Wi lbarg, Robert R. ,  in
ventors; International Business Machines Corporat ion, assignee. 
Method for Fabrica ting Non-Reflective Semiconductor Surfaces 
by Anisotropic Reactive /on Etching. October 21, 1980. 

A differential reactive ion etching process sign ificantly reduces 
the reflectivity of s i l icon. The process takes place in a reactive 
ion etching tool ,  typically a diode-configured system employing 
ambient gases which react with the s i l icon. 

4,230,508 
Lindmayer, Joseph, inventor; Solarex Corporation, assignee. 
Method of Making Semicrystalline Silicon Article. October 28, 
1980. 

A semicrysta l l ine s i l icon solar energy cell formed from i ndividual 
grains of s i l icon having port ions thereof at the l ight-receiving sur
face of the cel l .  An electrical junction i s  formed at said l ight
receiving surface and extends across and below that surface and 
i nto and between the boundaries of adjoin ing grains to an extent 
such that the total junction area substantial ly exceeds the product 
of the l i near d imensions of the wafer surface .but does not extend 
completely around the boundaries of the s i l icon grains or to the 
opposed surface of the wafer. 

4,231,807 
Keel ing,  M ichael C.; Doss, Dwight E. ,  inventors; Motorola, I nc., 
assignee. Enclosure for a Solar Cell Array. November 4, 1980. 

An enclosed solar cel l array. The array is enclosed between a metal 
back plate and a cover g lass. The edges of the enclosure are 
sealed by a pl iable sealant material and a spring loaded bezel 
that is riveted or welded in place. The in�erior of the enclosure 
is f i l led with a pott ing material which surrounds and cush ions 



the solar cell array. During the module fabrication a fixture sup
ports the enclosure parts and provides a temporary edge seal to 
faci l itate the potti ng procedure. Controlled flexure of the enclosure 
back p late and controlled spacing of the cover glass ensure a com
pressive loading of the potting material which el iminates possible 
delamination of the potting material in its subsequent usage. 

4,231,808 
Tabei, Masatoshi ;  Kawazi ri, Kazuhi ro; Nakaj ima, Yosuke, inventors; 
Fuji Photo Fi lm Co., Ltd . ,  assignee. Thin Film Photovoltaic Cell 
and a Method of Manufacturing the Same. November 4, 1980. 

An improved type of th in f i lm p�otovoltaic cel l  can be produced 
by forming a th in layer of n-type CdTe up to 2 micron thick on a 
conductive support, heat-treat ing the CdTe layer at 80° to 210°C 
for 20 to 180 minutes, and providing on the free surface of the heat· 
treated CdTe layer a transparent electrode. 

4,233,085 
Roderick, Guy A.; Locke, Peter, i nventors; Photon Power, I nc., 
assignee. Solar Panel Module. November 1 1 ,  1980. 

A solar panel module is provided, wherein a plurality of solar panel 
units are electrical ly interconnected and supported within a low 
cost frame assembly, which may conveniently be formed from 
wood products. Each solar panel unit  is provided with extending 
conductors for electrical connections with adjacent solar panels. 
Each solar panel unit is formed in a back-wal l  configuration where 
solar radiation is incident on a transparent vitreous substrate. The 
panel surface opposite the substrate is sealed, preferably with 
a bituminous material, to min imize permeation of the solar panel 
by environmental elements� The seal ing material cooperates with 
the frame to provide an insu lated exposed surface. In one embodi· 
ment, the completed modu le is formed to external d imensions 
generally standard i n  the bui ld ing industry for easy instal lation. 

4,233,338 
Ricard, Jean; Excoffon, Charles, i nventors; Produ its Ch imiques 
Ugine Kuhlmann, assignee. Processes for Deposition of Thin Films 
of Crystalline Silicon on Graphite. November 1 1 ,  1980. 

Processes for the continuous deposition of crystal l ine s i l icon on 
graphite substrates, the s i l icon being ,undoped or N· or P-doped 
and the substrates being useful for photovoltaic cel ls and other 
electronic devices, the processes comprising placing crystal l ine 
s i l icon in at least one crucible having a capi l lary port with a ver
tical axis in its lower part; bringing the si l icon to its melting point; 
br inging a graphite substrate i nto contact with the pendant drop 
formed at the lower mouth of the capi l lary; moving the substrate 
at a selected speed in a constant predetermined direction; and 
removing the substrate coated with the crystal l ine substance at 
chosen time intervals. 

4,233,613 
Morimoto, Kiyoshi ,  inventor; Futaba Densh i Kegyo K.K., assignee. 
Compound Semiconductor Wafer. November 1 1 ,  1980. 

A compound semiconductor wafer having a substrate of a IV-group 
element semiconductor of a predeterm ined conductivity type, an 
epitaxial layer formed by epitaxial ly growing on the substrate a 
compound semiconductor having the same conductivity type as 
the substrate by an ion beam deposition process or a cluster ion 
beam deposition process, and a compound semiconductor layer 
of a conductivity type opposite to that of the epitaxial layer and 
formed on the epitaxial layer so as to form a PN junction with 
the epitaxial layer. ··· 

4,233,961 
Kel ly, Donald A., i nventor. Suspended, Hot-Box Solar Collectors. 
November 18, 1980. 

The suspended, hot box solar col lector is designed to provide 
approximately double area solar insolation on to a closed, trun· 
cated triangular structure which is double-g lazed and insulated 
to col lect and store solar heat energy for hot air space heating. 

D i rect solar radiation i s  col lected through sloped front, bottom 
and top double-glazed windows, with reflected solar rays received 
through the same windows by means of fixed, h igh ly reflective 
surfaces of about the same corresponding total surface area. Solar 
radiation col lection in three planes, both direct and reflected, wi l l  
produce very h igh temperatu res with the storage of a portion of 
this heat energy with in  thermal storage compartments with in the 
unit. The suspended, hot box unit is designed for both winter-time 
space hec;ting and summer-time photovoltaiclelectric power gen
eration, for both back yard and flat roof-top instal lations. 

4,234,351 
Deminet, Czeslaw; Oettel, Richard E., i nventors; The Boeing Com
pany, assignee. Process for Fabricating Glass-Encapsulated Solar 
Cell Arrays and the Product Produced Thereby. November 18, 1980. 

The process includes the steps of (1) form ing a pattern of i nden· 
tations and adjacent boundary ridges i n  a base layer of g lass 
which is heated to a temperature where it is formable but not flow
ing, (2) deposit ing electrical ly conduct ing fi rst connecting 
elements on the upper surface of the base g lass layer, with  each 
fi rst connecting element extending from an i ndentation to a point 
on an adjacent ridge, (3) posit ioning a solar cel l  i nto each i nden
tation i n  the base g lass layer in such a manner that the lower 
surface of the solar cell comes in  electrical contact with one end 
of a first connecting element, (4) depositing electrically conduct· 
ing second connecting elements which extend between the end 
of the fi rst connecting elements on a ridge to the top surface of 
a solar cell i n  an adjacent indentation, and (5) form ing a top g lass 
layer which is i n  int imate contact with the product of steps 1·4. 
The product produced thereby is an array of g lass-encapsu lated 
solar cel ls which are e lectrical ly connected together by means 
of the f irst and second connecting elements but are otherwise 
physically i solated from each other by the g lass-encapsu lation. 

4,234,352 
Swanson, Richard M. ,  i nventor; Electric Power Research Institute, 
Inc., assignee. Thermophotovoltaic Converter and Cell for Use 
Therein. November 18, 1980. 

Disclosed is a thermophotovollaic converter which i nc ludes a 
parabol ic cone radiation concentrator portion and a processor por
tion including a radiator which absorbs concentrated radiation 
and generates i ncandescent radiation. A photovoltaic cell i n  close 
proximity to the radiator receives the incandescent radiat ion and 
generates an electrical voltage. The cell incl udes an i ntri nsic or 
l ightly doped s i l icon substrate having a top surface for receivi ng 
rad iation and a bottom surface having a plural ity of diffused N 
and P conductivity regions arranged in rows. A titanium-si lver layer 
overlays the bottom surface and conductively i nterconnects 
regions of one conductivity type and provides a reflective surface 
to photons which pass through the substrate. 

4,234,353 
Donaghey, Lee F., inventor; Chevron Research Company, assignee. 
Process for Preparing Photovoltaic Cells Having Increased Ad he· 
sion of the Semi-Conducting Layer and Produced Thereby to the 
Conducting Layer. November 18, 1980. 

Improved adhesion of the semi-conduct ing layer to the conduct· 
ing layer in a th in f i lm photovoltaic cel l is obtained by incorpor
at ing a m inor amount of the element or elements of the 
conduct ing layer in the semi-conducting l ayer. 

4,234,354 
Lidorenko, N i kolai S.; Litsenko, Tatyana A.; Potapov, Valery N. ;  
Ryabikov, Stanislav V. ; Strebkov, Dmitry S. ,  i nventors. Solar Power 
Unit. November 18, 1980. 

The hereinproposed solar power un it comprises a solar energy 
col lector made up of mi rror facets and a solar energy receiver. 
A sun- l ight-sensitive surface of the receiver is exposed to a radia· 
tion flux reflected by the col lector. Each facet of the col lector is 
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hermetically enclosed in a radiation-transparent convex shell f i l led 
with a reducing agent. The shel ls have a rad ius of cu rvature of 
20 to 200 mm. 

4,234,947 
Matsumoto, Masataka, inventor; Citizen Watch Co., Ltd., assignee. 
Solar Battery Powered Timepiece. November 18, 1980. 

A solar battery powered electronic t imepiece of the type wherein 
a watch g lass and a base plate supporting a solar battery are 
secured in an annular recess in a watch case. The base plate is 
positioned on a bottom surface of the recess and secured in posi
tion by a resi l ient packing which is preferably made from a resin 
material. The packing extends around the base plate and has a 
portion which overli nes the the outer periphery of the base plate 
and on which is positioned the watch g lass. Another portion of 
the packing extends betwe.en the outer periphery of the watch 
g lass and a side wal l of the recess to secure the watch g lass in 
position. A structure of this type is particularly su itable for secur
ing a base plate of a material such as epoxy resin to which 
fasten ing legs cannot easi ly be attached. 

4,235,221 
Murphy, Gerald G.,  inventor. Solar Energy System and Apparatus. 
November 25, 1980. 

The present i nvention relates to solar energy col lection and 
distribution systems and more part icularly to such systems 
wherein the solar energy col lect ing elements, arrays or sect ions 
are disposed over or floated on a body of water whi le having 
associated control, d istribution and auxi l iary means largely 
disposed or contained on a land mass adjacent or nearby the body 
of water. The col lecting elements or sections may also be sup
ported on frames, structures or platforms sl ightly above the 
surface of the body of water to clear wave or tidal action and the 
l i ke. 

The invention also relates to associated mea11s and apparatus for 
energy col lection, conversion, conservation and distribution with 
which to economical ly and efficiently implement the purposes 
of the invent ion and extend its ut i l ity over a broad area. 

4,235,643 
Amick, James A., inventor; Exxon Research & Engineering Co., 
assignee. Solar Cell Module. November 25, 1980. 

A solar cell module is provided having a plurality of circular solar 
cel ls arrayed on a support , structure in which at least the land 
areas between the cells have facets with l ight reflect ing surfaces. 
An optical cover med ium couples the facets and the cel ls. Impor
tantly the angular relationship of the facet surfaces is such that 
l ight impinging thereon wi l l  be reflected upwardly i nto the optical 
medium and then internally reflected downwardly toward an active 
cel l  area thereby effectively increasing the output of the modu le. 

4,235,644 
Needes, Christopher R. S., inventor; E. I. Du Pont de Nemours and 
Company, assignee. Thick Film Silver Metallizations for Silicon 
Solar Cells. November 25, 1980. 

Thick f i lm conductor compositions containing si lver powder and 
lead bismuthate g lass frit powder and an organ ic vehicle/solvent 
system are p resented for use as g rid metallizations to the n-type 
layers of n- on p-si l icon solar cel ls. 

4,235,651 
Kamath, G. Sanjiv; Anderson, Carl L., inventors; H ughes Ai rcraft 
Company, assignee. Fabrica tion of GaAs-GaA/As Solar Cells. 
November 25, 1980. 

The specification describes an improved 1 1 1-V compound solar cell 
structure and fabrication process therefor wherein a P-type layer 
of gal l i um aluminum arsenide is epitaxial ly grown on an N-type 
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gal l ium arsenide substrate to form a P-type region and a PN junc
tion in the substrate. Controlled amounts of bery l l ium are intro
duced into both the epitaxial layer and the substrate, either dur
ing epitaxial g rowth or by using beryl l ium ion implantation techni
ques subsequent to the P-type epitaxial growth step. The 
homojunction-heterostructure device thus formed exh ibits 
improved power conversion efficiencies i n  excess of 17%. 

4,235,662 
Reitz, Norman E., i nventor; Sotec Corporation, assignee. Layer of 
Crystalline Silicon Having (111) Orientation on (111) Surface of 
Lithium Aluminum. November 25, 1980. 

Low strain heteroepitaxy of (1 1 1) s i l icon on (1 1 1) l i th ium aluminum 
between the reconstructed 7x7 surface of (1 1 1) s i l icon and a 6 x 6  
array o f  a luminum atoms o n  the surface o f  the (1 1 1) l i th ium 
aluminum. The 7x7 reconstructed (1 1 1) s i l icon su rface contains 
36 s i l icon atoms and 13 vacancies for every 49 surface sites. The 
36 s i l icon atoms on an area averaged basis match the 36 
aluminum atoms in the 6 x 6  aluminum diamond structure (zero 
vacancies) present at the (111) surface of l i th ium a luminum to 
within about 1% .  

4,235,955 
Sammel ls, Anthony F.; Ang, Peter G. P., inventors; Institute of Gas 
Technology, assignee. Solid State Photoelectrochemical Cell. 
November 25, 1980. 

A solid state photoelectrochemical cel l  providing i n-situ elec
trochemical energy storage having a homogeneous solid elec
trolyte matrix and associated ionic conductors with a central 
electrolyte separator portion providing ionic conductance and an 
oxidant portion on one side and a reductant portion on the other 
side each having redox couples in fixed lattice positions and 
possessing ionic and electronic conductivity. At least one 
photosensitive photoelectrode is in ionic communication with the 
oxidant and/or reductant portion(s) whereby electrons or electron 
holes are t ransmitted to that portion whi le the photoelectrode is 
i l luminated causing oxidation or reduction of the redox couple. 
The apparatus and process provide conversion of solar to elec
trical energy using a solid state photoelectrochemical cel l .  

4,236,937 
Wihl ,  Manfred G.,  i nventor; Solarex Corporat ion, assignee. Solar 
Collector Device. December 2, 1980. 

A solar col lector device such as a solar receiver or solar panel, 
the device including a substrate comprising a base member having 
a major su rface including a p lural ity of generally p lanar platform 
areas, each platform area being in a different plane than adjacent 
platform areas, and at least one photovoltaic cell mounted on each 
of the platform areas, a portion of each of the cel ls extending 
beyond the platform area upon which it is mounted. The col lec
tor device tends to maxim ize the uti l izat ion of l ight received by 
the device. 

4,236,938 
Brody, Phi l ip  S., inventor; The Un ited States of America as 
represented by the Secretary of the Army, assignee. Efficient High 
Voltage Photovoltaic Cells. December 2, 1980. 

A photovoltaic cell comprised of a p lural ity of single crystal, 
remanently polarized, ferroelectric layers in a stack with electrodes 
affixed to each end. Additional ly, electrodes are disposed between 
adjacent layers or conductive or semi-conductive reg ions are 
formed at and near the i nterfaces between layers by chemical 
reduction or doping. The cel l  has a higher conversion efficiency 
than ferroelectric cells heretofore known. 



4,237,150 
Wiesmann, Harold J., i nventor; The United States of America as 
represented by the Un ited States Department of Energy, assignee. 
Method of Producing Hydrogenated Amorphous Silicon Film. 
December 2, 1980. 

This invention relates to hydrogenated amorphous s i l icon pro
duced by thermally decomposing s i lane (Si H4) or other gases 
compris ing H and Si, from a tungsten or carbon foi l heated to a 
temperature of about 1400°-1600°C, in a vacuum of about 10-6 
to 10 -4 torr, to form a gaseous m ixtu re of atomic hydrogen and 
atomic s i l icon, and deposit ing said gaseous m ixtu re onto a 
substrate independent of and outside said source of thermal 
decomposition, to form hydrogenated amorphous s i l icon. The 
presence of an ammonia atmosphere i n  the vacuum chamber 
enhances the photoconductivity of the hydrogenated amorphous 
s i l icon fi lm. 

4,237,151 
Strongin,  Myron; Ghosh, Arup K.; Wiesmann, Harold J. ;  Rock, 
Edward B.; Lutz, Harry A., I l l ,  i nventors; The United States of 
America as represented by the Un ited States Department of 
Energy, assignee. Thermal Decomposition of Silane to Form 
Hydrogenated Amorphous Si Film. December 2, 1980. 

This invention relates to hydrogenated amorphous s i l icon pro
duced by thermally decomposing s i lane (Si H4) or other gases 
comprising H and Si, at elevated temperatu res of about 4 1700°-2300°C, and preferably in  a vacuum of about 10 -8 to 10 -
torr, to form a gaseous m ixtu re of atomic hydrogen and atomic 
s i l icon, and deposit ing said gaseous mixtu re onto a substrate 
outside said source of thermal decomposition to form hydrogen
ated amorphous s i l icon. 

4,237,332 
Winston, Roland, i nventor; The Un ited States of America as 
represented by the United States Department of Energy, assignee. 
Nonimaging Radiant Energy Direction Device. December 2, 1980. 

A radiant energy nonimag ing l ight d i rection device is provided. 
The device includes an energy transducer and a reflect ive wall 
whose contour  i s  part icu larly determ ined with respect to the 
geometrical vector f lux of a field associated with the transducer. 

4,238,246 
Genequand, Pierre; Stark, V i rg i l ,  inventors; North American Uti l 
ity Construction Corp., assignee. Solar Energy System with 
Composite Concentrating Lenses. December 9, 1980. 

In order to improve the efficiency of a solar energy system uti l iz
ing a Fresnel lens for concentrating solar rays on a conduit system 
or the l i ke, only the central portion of a Fresnel lens, otherwise 
of large width, is  ut i l ized and sl ide assemblies, each contain ing 
a p lural ity of s lats with a reflective coating and d isposed at an 
angle such as to reflect solar energy to the same focal point as 
the Fresnel lens, are d isposed on each side of the lens thereby 
effectively increasing the aperture of the lens and increasing effi
c iency of concentration. 

4,238,247 
Oster, Eugene A., J r., inventor; Owens- I l l inois, Inc., assignee. Struc
ture for Conversion of Solar Radiation to Electricity and Heat. 
December 9, 1980. 

Disclosed is a structure which in  one apparatus converts a part 
of incident solar energy to electrical energy by the use of 
photocel ls mounted on a l um inescent solar col lector of tubular 
design whi le another portion of such incident energy is converted 
to thermal energy. 

4,238,436 
Hi l l, Lawrence R.; Garbis, Dennis; Hel ler, Robert, inventors; General 
I nstrument Corporat ion,  assi gn ee. Method of Ob taining 
Polycrysta/line Silicon. December 9, 1980. 

Polycrystal l i ne si l icon is obtained by provid ing a s i l icon wafer 
having disposed over at least one face thereof a base coating of 
oxide, n itride or oxyn itride composition, forming a substantial ly 
p inhole-free and scratch-free layer of carbon on said base coating 
over at least the face, form ing on the face of the carbon layer a 
layer of polycrystal l ine si licon, and removing the s i l icon layer from 
the protective coat ing. Any of the carbon layer adhering to the 
s i l icon layer is eas i ly removable to provide the s i l icon layer 
separate from the substrate. The wafer/coating  un it is reusable 
in the procedure. The wafer/coating/carbon layer un it comprises 
a workpiece usefu l in the practice of the i nvention. 

4,239,553 
Barnett, Allen M. ;  Masi, James V.; Hal l ,  Robert B., inventors; Univer
sity of Delaware, assignee. Thin Film Photovoltaic Cells Having 
Increased Durability and Operating Life and Method for Making 
Same. December 16, 1980. 

A solar cell having a copper-bearing absorber is provided with a 
composite transparent encapsulat ing layer specifically designed 
to p revent oxidation of the copper su lfide. I n  a preferred embodi
ment, the absorber is a layer of copper sulfide and the composite 
layer comprises a thin layer of copper oxide formed on the copper 
sulfide and a layer of encapsu lating g lass formed on the oxide. 
It is anticipated that such devices when exposed to normal 
operat ing condit ions of various terrestrial appl ications, can be 
maintained at energy conversion efficiences g reater than one-half 
the orig i nal conversion effic iency for periods as long as th i r!y 
years. 

4,239,554 
Yamazaki , Shunpei , i nventor. Semiconductor Photoelectric Con
version Device. December 16, 1980. 

A semiconductor photoelectric conversion device employing a 
semiconductor layer which has at least one i nter-semiconductor 
heteroju nction. The semiconductor layer is composed of at least 
a f i rst non-single-crystal semiconductor reg ion having a f i rst 
energy· gap and a th i rd non-s ing le-crystal semiconductor region 
serving as the heteroju nction formed to extend between the first 
and second semiconductor regions and having an energy gap con
t inuously changing from the f irst energy gap on the side of the 
f i rst semiconductor reg ion to the second energy gap on the side 
of the second semiconductor reg ion. The semiconductor layer is 
doped with a recombination center neutra l izer and a conductive 
materia l .  The non-single-crystal semiconductor layer doped with 
the conductive material is formed on a substrate by a low pressure 
chemical vapor deposit ion or g low d ischarge method. Then, the 
non-sing le-crystal semiconductor layer is exposed to a hydrogen 
gas or a mixture thereof with a smal l  amount of halogen so that 
the non-single-crystal semiconductor layer is doped with hydrogen 
or halogen as .a recombination center neutral izer, whereby to 
obtain the semiconductor photoelectric conversion device. 

4,239,555 
Scharlack, Ronald S. ;  Tornstrom, Eric, inventors; Mobi l  Tyco Solar 
Energy Corporat ion, assignee. Encapsulated Solar Cell Array. 
December 16, 1980. 

Solar cell array and method for manufactur ing same wherein the 
i ndividual cel ls of the array are sandwiched and held resi l iently 
captive between and electrical ly isolated from a transparent pro
tective front cover and a protective rear substrate by an encapsu
lating transparent s i l icone elastomer cast in situ in the interstices 
between the cover, the cel ls, and the substrate, the elastomer 
being introduced, while f lu id, i nto the sandwich through the same 
terminals used for the electrical connection of the array to its elec
trical load. 
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4,239,583 
H atch,  Arthur E. ;  Yates, Douglas A., i nventors; Mobi l  Tyco Solar 
Energy Corporation, assignee. Method and Apparatus for Crystal 
Growth Control. December 16, 1980. 

A system for and method of g rowing a crysta l l i ne body of a 
selected material is described, whereby the body grown is of a 
selected cross-sectional shape. The system and method are used 
in accordance with known capi l lary die techn iques and further 
inc ludes observi ng opposite edge port ions of the g rowing body, 
preferably just above the meniscus (of melt material from which 
the body is  being pul led). The cross-sect ional size of the grow
i ng crysta l l ine body can be controlled by determin i ng when 
horizontal shifts occur in the edge portions relative to each other 
as wel l  as the same predetermined reference position. 

4,239,585 
Koh l ,  Franz, i nventor; Wacker-Chemitronic Gesel lschaft fOr  
Elektronik-Grundstoffe mbH, assignee. Process for the Produc
tion of High Purity Silicon Monocrystals Having a low Oxygen Con
tent. December 16, 1980. 

The i nvention provides a process accord ing to which the oxygen 
content in crucible-drawn s i l icon crystals can be lowered and kept 
substant ia l ly constant throughout the length of the rod. This is 
ach ieved in that, after applying the seed crystal to the melt pool ,  
the  s i l icon rod being drawn from the  melt pool is  in ital ly rotated 
at a speed from 3 to 6 rev/mi n  and this rotational speed is 
preferably increased to higher values during the drawing process. 

4,239,734 
Ciszek, Theodore F., inventor; I nternational Business Machines 
Corporat ion, assignee. Method and Apparatus for Forming Silicon 
Crystalline Bodies. December 16, 1980. 

Apparatus for forming an elongated s i l icon crystal l ine body using 
a special ly designed capi l lary die. The apparatus uses a higher 
melt men iscus i n  the central reg ion of the g rowth front than at 
the edges of the front. The edges of the top surface of the die 
are not concentric with the ribbon cross-sect ion. 

4,239,809 
Lampkin,  Curt is  M. ;  Roderick, Guy A.; N i kodem, Robert B., i nven
tors; Photon Power, I nc., assignee. Method for Quality Film For
mation. December 16, 1980. 

Methods and apparatus are provided for forming fi lms of materials 
which are component layers of solar energy conversion devices, 
e.g. photovoltaic cel ls and heat col lector panels. A selected 
substrate is heated whi le being sprayed with solutions which react 
on the heated surface to form a particu lar f i lm. Fi lms of SnOx and 
CdS are particu larly produced. According to the present i nven
t ion, 'the spray is projected at an angle to control upstream flow 
and confine f i lm formation to the substrate panel portions most 
suitable for forming the selected fi lm .  Various waste products are 
removed to m in imize defects i n  the result ing f i lm.  Baffles are 
located to shield the substrate surface at selected areas and 
preclude the spray from impact ing on the sh ielded areas. 

4,239,810 
Alameddine, Oussama; Briska, Marian; Thiel ,  Klaus P., inventors; 
I nternational Business Machines Corporation, assignee. Method 
of Making Silicon Photovoltaic Cells. December 16, 1980. 

A method•of making si l icon solar cel ls and other s i l icon photo
voltaic cel ls. The method includes the steps of form ing a s i l icon 
e lement having a metal l ic  electrode coat ing on one surface of 
the element, applying to the other surface of the element a coating 
contain ing aluminum and s i l icon and heating the coated element 
at a temperature below the eutectic temperature of a luminum- ·  
s i icon to form an antireflective coat ing of a f ine matrix of  s i l icon 
pyramids doped with a luminum. The matrix formed on the sur
face of the s i l icon has an overlying a luminum coating. A portion 
of the a luminum coating is removed to expose the matrix for use 
as a photovoltaic cel l .  
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4,240,842 
Lindmayer, Joseph, inventor; Solarex Corporation, assignee. Solar 
Cell Having Contacts and Antiref/ective Coating. December 23, 
1980. 

A photovoltaic cell is formed by applying e lectrical contact 
material through an antireflective coating on the l ight receiving 
surface of the cell by f lame, arc or plasma spraying. The cell so 
formed has a metal contact spaced portions of which are in elec
trical contact With the l ight-receiving surface of the cel l .  

4,240,882 
Ang, Peter G. P.; Sammel ls, Anthony F., inventors; Institute of Gas 
Technology, assignee. Gas Fixation Solar Cell Using Gas Diffu
sion Semiconductor Electrode. December 23, 1980. 

A gas diffusion semiconductor electrode and solar cell and a pro- . 
cess for gaseous fixation, such as nitrogen photoreduction, C02 
photoreduction and fuel gas photo-oxidation. The gas d i ffusion 
photosensit ive electrode has a central electrolyte-porous matrix 
with an activated semiconductor material on one side adapted 
to be in contact with an electrolyte and a hydrophobic gas diffu
sion reg ion on the opposite side adapted to be in contact with 
a supply of molecu lar gas. 

4,241,108 
Tracy, Chester E.; Kern, Werner; Vibronek, Robert D., inventors; RCA 
Corporat ion ,  ass ignee. Sprayable Titanium Composition. 
December 23, 1980. 

The addit ion of 2-ethyl-1-hexanol to an organometal l ic  t itanium 
compound dissolved in a di luent and optionally containing a lower 
al i phatic alcohol spreading modifier, produces a solution that can 
be sprayed onto a substrate and cured to form an ant i reflection 
titan ium oxide coating having a refractive index of from about 2.0 
to 2.2. 

4,241,493 
Andrul it is, Wi l l iam B.; M i les, Steven G. ;  Kurth, Wi l l iam T. , i nven
tors. Method of Fabricating Solar Cell Modules. December 30, 1980. 

The solar cell module of th is i nvention is fabricated by placing 
an array of solar cel ls in a suitable mold having a bottom surface, 
an entry port and an exit port. A l ight transparent superstrate ef
fectively serves as the top for the mold and is placed over the ar
ray of solar cel ls in the mold. The superstrate is spaced from the 
array such that the superstrate does not come in contact with the 
top surface of any of the cel l s  or i nterconnectors of the solar cell 
array. Clamp means are provided to hold the superstrate i n  posi
tion whi le encapsulant is  pumped into the mold under pressure 
through the i n let port in an amount sufficient to f i l l  the mold. 
Thereafter the assembly can be placed in  an oven and heated for 
a time sufficient to cure the encapsulant and bond the materials 
to each other. 

4,242,147 
DeToia, Vincent D., i nventor. Device for Converting Waste Nuclear 
Energy to Electricity. December 30, 1980. 

A device for converting waste nuclear energy to electricity com
prising a shielded casing housing, a plurality of holders of radioac
tive materials surrounded by tubes of phosphorescent material 
to convert the radiation to electricity in adjacent photocells such 
as photoelectric or photovoltaic cells. The walls of the casing have 
mi rrored top and bottom surfaces. Shade-type control means ad
justably cover the photocells so as to regulate the amount of elec
tricity produced. 



4,242,374 
Sansregret, Joseph L., i nventor; Exxon Research & Engineering  
Co., assignee. Process tor Thin Film Deposition o f  Metal and Mixed 
Metal Chalcogenides Displaying Semi-Conductor Properties. 
December 30, 1980. 

A low cost chemical spray deposition of metal and m ixed metal 
chalcogenides is accompl ished by spray depositing an oxide f i lm 
from a mixture of a salt of the metal i n  solution with a water solu
ble hydrocarbon and water solvent. Th is oxide fi lm is subjected 
to a heat treatment in the presence of a chalcogenide gas to in
duce an ion exchange process transform ing the metal oxide or 
mixed metal oxide i nto the chalcogenide films of the present 
i nvention. The deposition process is used to provide efficient 
selective absorbing surfaces for a solar thermal energy converter. 
The process may further be employed to produce a thin fi l m  
photovoltaic device for convert ing l ight energy i nto electric ity. 

4,242,580 
Kaplow, Roy; Frank, Robert 1 . ,  i nventors; Massachusetts I nstitute 
of Technology, assignee. Solar-Radiation Collection Apparatus. 
December 30, 1980. 

The i nvention contemplates improved apparatus for use in a self
tracking optical system for d i recting highly concentrated solar 
radiation upon uti l ization means such as a photovoltaic cel l ,  
wherein the  fu l l  image of  the  sun covers the exposure surface 
substantial ly only when the axis of the optical system is a l igned 
with the sun_ Certain structural features associated with the op
tical system in the vincin ity of cell support effectively enlarge the 
marg in  of off-axls m isal ignment within which self-tracking is 
ach ievable_ At the same time, certai n  aspects of these features 
inherently prevent thermal losses which would otherwise be 
attributable to convection currents of air in the region of heat 
concentration. 

4,242,696 
Diguet, Danie l ;  David, Gerard A.; Aubri l ,  Pierre, inventors; U.S
Phi l i ps Corporation, assignee. Method of Forming a Contact on 
the Surface of a Semiconductor Body by Serigraphy and Body 
Obtained by Means of this Method. December 30, 1980. 

A method of forming a contact on the surface of a semiconduc
tor by a serigraphy treatment in which a doped conductive paste 
is provided in a f i rst deposition, and then a second deposition 
containing no dopant is provided at least partly on the first deposi
tion_ Devices made in accordance with the i nvention are particu
larly suited for use as photovoltaic converters for solar radiation. 

1981 
4,243,432 
Jordan, John F.; Lampkin, Curtis M., i nventors; Photon Power, Inc., 
assignee. Solar Cell Array. January 6, 1981-

An array of photovoltaic cel ls in a back wal l-type configuration 
supported by a rigid transparent vitreous substrate, such as g lass, 
for admitt ing incident radiation to the cel ls_ A p lural ity of cel ls 
are interconnected i nto a desired electrical configuration by one 
or more layers of electrically conducting materials which overl ie 
substantial ly the entire heterojunction of each cel l  to min imize 
the i nternal resistance of the cell and may conven iently protect 
the heterojunctibn from degrading environmental conditions_ The 
conducting layer interconnects an exposed electrode region of 
one cell with the heterojunction forming material of the adjacent 
cell while remaining insulated from any i ntervening cell structure. 
In one embodiment, the uppermost conducting layer is lead, which 
seals the underlying materials from atmospheric constituents, 
such as oxygen and water vapor, whi le remaining relatively inert 
to such constituents. 

4,243,471 
Ciszek, Theodore F. ;  Schwuttke, Guenter H. ,  inventors; Interna
tional Business M ach ines Corporation, assignee. Method for 
Directional Solidification of Silicon. January 6, 1981. 

A method for growing s i l icon crystall ine material by the directional 
sol id ification method without cracking the growth container. The 
container material m ust have an average thermal expansion coef1 ficient of between about 3_0 to 4.3x1o-soc - between about 20° 
and 650°C_ The molten si l icon is provided in the container and 
solidified seq uential ly from the enclosed regions to the open 
region of the container to form the crack-free s i l icon crysta l l ine 
material .  

4,243,928 
Nazimek, Kenneth, i nventor; Exxon Research & Engineering Co., 
ass ignee. Voltage Regulator for Variant Light Intensity 
Photovoltaic Recharging of Secondary Batteries. January 6, 1981_ 

A s impl ified voltage regu lator c ircuit permits varient l ight i nten
sity photovoltaic recharging of secondary batteries. The regulator 
circuit electronically shunts serially connected regions of a photo
voltaic recharger array to avoid overcharging during periods of high 
l ight intensity or fu l l  battery charge conditions. The regu lator c i r
cuitry provides m inimal series resistance to the photovoltaic array 
and requ i res nominal d riving power_ The photovoltaic array and 
the regu lator circuitry may comprise discrete components or may 
share a common substrate body. 

4,244,750 
Chenevas-Paule, Andre; Meln ick, Igor; Vieux-Rochaz, Line, i nven
tors; Commissariat a I'Energ ie  Atomique, assignee_ Photovoltaic 
Generator. January 13, 1981 .  

A basic photovoltaic stack i s  constituted by a semiconducting 
layer interposed between a layer forming an ohmic contact and 
a layer forming a Schottky contact. A second photovoltaic stack 
having the same structure as the basic stack is formed on this 
latter and i ncludes one of the layers forming an ohmic or Schottky 
contact. The layer or layers forming an ohmic contact are con
nected together so as to constitute a first output term inal of the 
photovoltaic generator. The l ayer or layers forming a Schottky con
tact are connected together so as to constitute a second output 
term inal of the generator. 

4,245,386 
Kausche, Helmold; M ayer, Gerhard; Stein, Kari-Uirich, i nventors; 
Siemens Aktiengesel lschaft, assignee_ Method of Manufacturing 
a Solar Cell Battery. January 20, 1981. 

Solar cells are constructed as a pl urality of spaced strips formed 
along the length of synthetic foi l s. They are connected in series 
along their entire length in a s imple manner_ Therefore, the con
nections are formed by means of vapor-deposited metal layers 
and the solar cells lying next to one another are connected i n  
series by  means of  vapor-deposited metal layers, whereby these 
vapor-deposited metal layers respectively connect the upper 
semiconductor layer or, respectively, a Schottky contact metal 
layer, as the case may be, of one solar cell with the lower metal 
layer of the neighboring solar cel l .  Sections of any desired l ength 
may be cut off from the elongated battery by cutting transversely 
to the length thereof. The series-connected sections thus formed 
may be employed without re-wi ring. 

4,246,042 
Knasel, Thomas M. ;  Houghton, Alexander J . ,  inventors; Science 
Appl ications, I nc., assignee_ Fixed Solar Energy Concentrator. 
J anuary 20, 1981. 

An apparatus for the concentration of solar energy upon a fixed 
array of solar cel l s. A transparent material is overlayed upon the 
cel l  array, and a d iffuse reflective coating is appl ied to the sur
face area of the transparent med i um in between cells. Radiant 
l ight, which reflects through the transparent layer and does not 
fall d i rectly incident to a cell s urface is reflected by the coating 
l ayer i n  an approximate cos ine pattern_ Thereafter, such l ight 
undergoes i nternal reflection and rediffusion unti l  subsequently 
it either strikes a solar cell surface or is lost through the upper 
surface of the transparent material. 
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4,246,043 
Lind mayer, Joseph, i nventor; , Sola rex Corporat ion, assignee. 
Yttrium Oxide Anti reflective Coa ting for Solar Cells. January 20, 
1981. 

Yttri um oxide is  used as an ant i rerlective coating for photovoltaic 
cel ls. 

4,246,050 
Moon, Ronald L. ,  i nventor; Varian Associates, I nc., assignee. 
Lattice Constant Grading in the AI Ga1 . Y .;.s1.xSbx Alloy System. 
January 20, 1981. 

Liquid phase epitaxy is employed to grow a lattice matched layer 
of GaAsSb on GaAs substrates through the compositional i n· 
termediary of the I I I·V al loy system AIGaAsSb which acts as a 
g rading layer. The AI constituent reaches a peak atomic concen· 
tration of about 6% within the f i rst 2.5 J.tm of the transit ion layer, 
then decreases smoothly to about 1% to obtain a lattice constant 
of 5.74 A. In the same interval the equi l ibri um concentration of 
Sb smoothly i ncreases from 0 to about 9 atomic percent to form 
a su rface on which a GaAsSb layer having the desi red energy 
bandgap of 1 .1 eV for one junction of an optim ized dual ju nction 
photovoltaic device. The l iquid phase epitaxy is accomplished with 
a step cool ing  procedure whereby dis location defects are more 
un i formly d istributed over the surface of the growing layer. 

4,247,528 
Dosaj, Vishu D.; H unt, Lee P., inventors; Dow Corn ing Corporation, 
assignee. Method for Producing Solar-Cell-Grade Silicon. Janu· 
ary 27, 1981. 

S i l ica is  reduced in  a d i rect arc reactor by activated carbon or car· 
bon black having relatively low boron (B) and phosphorous (P) con· 
tents to produce si l icon having s imi larly low B and P contents 
and suitable for use in photovoltaic cel ls f9r convert ing solar 
energy d i rect ly to electrical energy. 

Re. 30,504 
Jordan, John F.; Lampkin, Curtis M., inventors; Photon Power, Inc., 
assignee. Photovoltaic Cell. February 3, 1981. 

A photovoltaic cell having an electrically conductive substrate, 
which may be g lass having a f i lm of conductive t in oxide; a f i rst 
layer contain ing a suitable semiconductor, which layer has a f i rst 
component f i lm with an amorphous structure and a second com
ponent f i lm with a polycrystal l i ne structure; a second layer form
ing a heterojunction with the f i rst layer; and su itable electrodes 
where the heterojunction is formed from a solution contain ing 
copper, the amorphous f i lm component i s  superposed above an 
electrically conductive substrate to resist permeation of the 
copper-containing material to shorting electrical contact with the 
substrate. The penetration resistant amorphous layer permits a 
variety of processes to be used in forming the heterojunction with 
even very thin layers (1-6/-( thick) of underlying polycrystal l ine semi
conductor materials. In some embod iments, the amorphous- l ike 
structure may be formed by the addition of a luminum or zirconium 
compounds to a solution of cadmium salts sprayed over a heated 
substrate. 

4,248,643 
Peters, Melvi l l e  F. , inventor; Walter Todd Peters, Margot El izabeth 
Peters, Albert F. Kronman, Arthur H. Stel ler, Grace B. Steller, 
assignee. Solar Energy Conversion Panel. February 3, 1981. 

A solar energy conversion panel is  provided by means of which 
solar energy i s  recovered as converted electrical energy and also 
thermal energy. An array of solar energy col lectors d i rect solar 
energy received from the sun u pon photovoltaic cells with in  the 
collectors. The photovoltaic cel ls convert a portion of this energy 
into electrical energy. The balance of the solar energy is recovered 
as thermal energy which is carried from the panel by a c i rcu lating 
f lu id .  Specific shapes and arrangements of energy col lectors are 

d isclosed by means of wh ich the energy recovered may be maxi
mized. A means for protecting the panel from wind damage is also 
d isclosed. 

4,248,675 
Bozler, Carl 0.; Chapman, Ralph L.; Fan, John C. C.; McClelland, 
Robert W., inventors; Massachusetts Institute of Technology, 
assignee. Method of Forming Electrical Contact and Antireflec
tion Layer on Solar Cells. February 3, 1981. 

A method of applying an electrical contact and an anodic reflec
tion coating to an n + layer of a d i rect gap semiconductor device, 
comprising applying an anodizable metal contact to the n +  layer 
and thereafter anodizing the n + layer whereby its thickness is  
reduced and an ant i reflection layer is  formed thereover. 

4,249,516 
Stark, Virg i l ,  i nventor; North American Uti l ity Construction Corp,, 
assignee. Solar Energy Collection. February 10, 1981. 

Apparatus and methods for concentrating and collecting solar 
energy and for lowering the cost and increasing the efficiency of 
solar energy systems are d isclosed. Solar energy is concentrated 
by economical refringent lenses or lens systems including f lu id 
lenses and/or Fresnel-type lenses. The lenses concentrate the 
solar energy preferably along l i nes in  continuous l i near foci or 
i n  discrete foci at an elongated collector comprising one or more 
f lu id-carrying condu its and one or more f lu ids therein. According 
to one aspect of the invention, lower reflectors are disposed below 
a central reflector and positioned to reflect and preferably con
centrate solar energy toward the central reflector. The central 
reflector reflects and preferably concentrates the solar energy from 
the reflectors towards the collector means, also d ispo�ed below 
the central reflector. A lens, preferably a f lu id lens, is d isposed 
in the path of reflected solar energy between the lower reflectors 
and the collector. The lens(es) is positioned in the path between 
the lower reflectors and the central reflector and/or in the path 
between the central reflector and the collector, the reflected solar 
energy being focused in or on the col lector by the lens or central 
reflector. The central reflector, the lower reflectors, the lens and 
the collector may be movable to track the sun seasonally and pref
erably also dai ly (hourly). 

4,249,957 
Koliwad, Krishna M. ;  Daud, Taher, inventors; The Un ited States of 
America as represented by the Admin istrator of the N ational 
Aeronautics and Space Admin istration, assignee. Copper Doped 
Polycrystalline Silicon Solar Cell. February 10, 1981. 

Photovoltaic cel ls having improved performance are fabricated 
from polycrysta l l i ne s i l icon containing copper segregated at the 
g rain boundaries. 

4,249,958 
Baudin,  Pol ;  Leger, Lucien; Col l ignon, Pierre, i nventors; BFG 
Glassgroup, assignee. Panel Comprising a t  Least One Photo
Voltaic Cell and Method of Manufacturing Same. February 10, 1981. 

In order to reduce or prevent absorption of water in the adhesive 
of a panel comprising at least one photovoltaic cell located 
between a transparent sheet and a second sheet bonded together 
using an adhesive material , the i nvention provides that another 
material is  appl ied at least in part between the sheets to form 
a moisture barrier which surrounds the cel l(s) and the adhesive. 
The preferred adhesive material is polyvinyl butyral, and the pre
ferred barrier form ing material is selected from neoprene based 
adhesives, polysu lph ide adhesives and polyvinylidene chloride. 
When the latter is used a second barrier form ing material such 
as polysulphide adhesive is  preferably interposed between the 
adhesive and the polyvinyl idene chloride. 
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4,249,959 
Jebens, Robert W., inventor; RCA Corporation, assignee. Solar Cell 
Construction. February 10, 1981 .  

A p lurality of l i ke solar cel l  generators, each i n  the form of a s?g· 
ment of a c ircle, are spaced in a c ircular array on a f�ce of a d 1sc 
of insu lati ng base material. They are formed by cuttmg a p lur.al· 
ity of diagonal sl its through a solar cel l  disc on the base material . 
A metal l ized grid structure is on the active cel l  face of each 
generator and an electrode in the form of a l i ke c ircu lar segment 
juxtaposed with each generator is connected between the 
generator, on a side opposite the grid structure, and the base layer 
disc. The electrode has a term inal portion extending beyond the 
generator region. The sl its electrically isolate the cel ls from each 
other. 

4,250,148 
Cota, Mario E.; Gurt ler, Richard W., inventors; Motorola, I nc., 
assignee. Apparatus and Method tor Producing Polycrystalline 
Ribbon. February 10, 1981. 

A method for the substant ial ly continuous growth of polycrystal
l i ne  s i l icon ribbon. The polycrystal l ine si l icon is chemically vapor 
deposited on elongated foi ls Which move slowly through a resist· 
ance heated furnace chamber. Vapor seal ing entrance and exit 
ports are provided which al low the continuous transfer of the oi ls 
and polycrystal l ine ribbon between the chamber and the amb1ent.

�
 

The foi ls are positioned with in  the chamber so as to mask the 
chamber walls and to restrict the deposition to the foils. All deposi
t ion of polycrysta l l i ne s i l icon takes place on one side of each of 
the foi l pieces; deposition on the edges or backs of the foils is 
prevented by the posit ioning of the foi ls  relative to each other. 
Adhesion of the foi ls to each other is prevented by insuring that 
all foi ls are in relative motion. The process is highly efficient and 
cost effective because it employs efficient resistance heating, 
because the on ly surfaces which the reactant gases can contact 
are hot and are regions of desired deposition, and because the 
length of the reaction zone can be made long enough to obtain 
an optimum amount of gas reaction. 

4,251,284 
Oster, Eugene A., J r. ,  i nventor; Owens- I l l inois, I nc., assignee. 
Tubular Luminescent Solar Col/ector-Photocell Structure. Febru
ary 17, 1981. 

Disclosed is a tubu lar luminescent solar col lector structure con
tain ing semiconductor photocel ls  bonded to the surface thereof 
along the length of said tube. 

4,251,285 
Yoldas Bulent E.; Yoldas, Lubomyra A., inventors; Westinghouse 
Electri� Corp., assignee. Diffusion of Dopant from Optical Coating 
and Single Step Formation of PN Junction in Silicon Solar Cell 
and Coating Thereon. February 17, 1981 .  

The PN j uncture i n  a s i l icon chip and an oxide coat ing on i ts 
su rface are s imu ltaneously formed from clear solution derived 
from titan ium alkoxides, water, alcohol, a su itable acid, and a P 
or N dopant compound by partial hydrolysis and polymerization. 
The solution is appl ied to the surface of a s i l icon ch ip. The ch ip  
is then heated which converts the solution to a sol id oxide coating 
which meets the anti reflective optical f i lm requ i rements and 
induces the migration of the dopants i nto the chip, form ing a PN 
junction in the ch ip. The method also provides deep and un i form 
junction formation or d iffusion without result ing in excessive car· 
rier concentration. 

4,251,286 
Barnett, Al len M. ,  i nventor; The University of Delaware, assignee. 
Thin Film Photovoltaic Cells Having Blocking Layers. February 17, 
1981. 

Electrical path fai lu res i n  thin fi lm photovoltaic cel ls  are avoided 
by disposing at least one blocking layer in the cell to prevent 
undesired electrical contact which might otherwise occur  between 

the transparent and opaque electrical contacts as well as between 
one of the contacts and the semiconductor .which is remote 
from it. 

4,251,287 
Dalal, Vikram L., inventor; The Un iversity of Delaware, assignee. 
Amorphous Semiconductor Solar Cell. February 17, 1981. 

A solar cel l  comprising a back electrical contact, amorphous 
s i l icon semiconductor base and j unction layers and a top elec
trical contact includes in its manufacture the step of heat treating 
the physical junction between the base layer and junction layer 
to diffuse the dopant species at the physical junction into the base 
layer. 

4,251,288 
Yerkes, John W., inventor; Atlantic R ichfield Company, assignee. 
Photovoltaic Device with Specially A rranged Luminescent Collec
tor and Cell. February 17, 1981. 

A photovoltaic device for col lect ing solar rad iation and conver
t ing it to electrical energy has a luminescent col lector shaped 
in a way that maintains col lecti ng area efficiency whi le a l lowing  
the  photovoltaic cel l  to  be  entirely shadowed or protected from 
the d i rect rays of solar en.ergy. The shape of the luminescent col
lector is also especial ly su ited to air  cool i ng and to p lacement 
of insu lation between the col lector surface and the cell. The col
lector has a f irst extension which receives and absorbs the l ight 
energy and at least one side extension which extends away from 
the sun col lecting part of the col lector. The side extension or 
extensions conduct the col lected l ight energy to the protected 
cell or cel ls. For example, the l um inescent col lector may have an 
i nverted U-shape or L:shape. A photovoltaic cell is coupled to the 
side extension, preferably at the end surface of the s ide exten
sion. Each cell is p laced entirely away from surfaces d i rectly 
heated by the rays of the sun and is entirely shadowed from radiant 
heat ing by a part of the photovoltaic device. The underside of the 
col lector may be shaped to form a channel .  The channel may be 
used for air cool ing,  thermal insulation, or a combination of a ir  
coo l ing and thermal insu lation of the sun-receiving part of the 
collector. The u pper outer surface of the coll ector may be pro
tected by a protective radiation transmissive cover. Light emissive 
areas of the edge and lower surfaces of the col lector not covered 
by photovoltaic cel ls may also be covered by a reflective material. 

4,251,289 ' 
Moustakas, Theodore D.; Friedman, Robert A. ;  Wronski ,  
Christopher R., inventors; Exxon Research & Engineering Co., 
assignee. Gradient Doping in Amorphous Silicon. February 17, 
1981. 

An amorphous s i licon semiconductor having a gradient doping 
profi le i s  produced by thermo-electrical ly d iffusing an ionizable 
deposit material such as antimony or a luminum,  for example, in
to the amorphous si l icon layer. Embodied in a photovoltaic device, 
the g rad ient doping profi le increases the width of the depletion 
or barrier region and concurrently ensures an ohmic contact 
between amorphous s i l icon and current carrying electrodes. 

4,251,327 
Grenon, Lawrence A., inventor; Motorola, I nc., assignee. Electro
plating Method. February 17, 1981. 

A method for electroplating a metal l ic  layer onto the surface of 
a photovoltaic device absent any external electrical contacts to 
the surface. The photovoltaic device is placed in an electrolytic 
p lat ing bath where it is i l lum inated with electromagnetic radia
t ion to which the device is photovoltaically responsive. Plat ing 
from the electrolytic bath resu lts from current f low generated i n  
the  device itself. 
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4,251,679 
Zwan, Bryan J. , i nventor; E-Cel Corporation, assignee. Electromag
netic Radiation Transducer. February 17, 1981. 

Electromagnetic radiation is converted to usable power in the form 
of electrical current by means of a plurality of transducing cavities 
having a wall structure that is inc l i ned i nwardly to receive 
imp ing ing radiation and includes potential barrier strips each 
having different conduction electron densit ies which are also d if
ferent from the conduction electron density of the material con
stitut ing the wal l structure of each cavity; each potential barrier 
stri p extends from the mouth of the cavity to the base thereof and, 
at the mouth, is connected to a conductor having a preselected 
conduction electron density whereby radiat ion imping ing on a 
cavity w i l l  induce current flow which w i l l  be rectified across the 
potential barriers; the cavities are connected in  paral lel so that 
current can be del ivered to a load connected across the 
conductors. 

4,252,573 
Boer, Karl W.; Freedman, Norman S.; Hadley, Henry C., J r. ;  Phi l l i ps, 
James; Ru iz-Urbieta, Manuel ,  inventors; University of Delaware, 
assig nee. Collector Grid for CdS/CuS Photovoltaic Cells. Febru
ary 24, 1981. 

By increasing the l ine spacing and the width of the grid w i res of 
cadmium sulf ide/copper su lfide photovoltaic cel l s, an easier to 
manufacture, low cost cell having a higher conversion efficiency 
is obtained. Seven to eight g rid wires per i nch have been found 
to be part icu larly desirable in  ach ieving these end results. 

4,252,861 
Heaps, J. Don; Zook, J. David, inventors; Honeywel l ,  I nc., assignee. 
Growth Technique for Silicon-On-Ceramic. February 24, 1981. 

The present i nvention is an improvement to the method of grow
ing s i l icon f i lms on a substrate by bringing the substrate i n  contact 
with molten s i l icon. The improved growth technique may be clas' 
sified as an asymmetric mode of growth of s i l icon on the substrate 
and is characterized by the substrate being maintained at a higher 
temperature than the sol id ification of s i l icon in the area of the 
substrate where the si l icon layer-growth is taking place, that is 
i n  the area of the l iqu id-sol id i nterface. The higher temperature 
of the substrate causes the l iqu id-sol id interface to be ti lted to 
be nearly paral le l  to the substrate surface but inc l ined at a reen
trant angle, so that the leading edge of the crystal l izat ion front 
is away from the substrate. This provides several advantages 
i ncluding i ncreased growth speed, a nonhomogeneous doping of 
the si l icon layer, that is an impurity concentration g radient and 
results in a h igh-low junction at the back surface and g ives the 
back surface field effect. 

4,252,865 
Gi lbert, Laurence R.; Messier, Russel l  F.; Roy, Rustum, i nventors; 
National Patent Development Corporation, assignee. Highly Solar
Energy Absorbing Device and Method of Making the Same. 
February 24, 1981 .  

The invention contemplates a highly solar-energy absorbing device 
wherein the surface exposed to incident solar energy is a par
ticularly characterized roughness of an amorphous semiconductor 
material, the particu lar characterizat ion being that of an array of 
outwardly project ing structural elements of relatively high aspect 
ratio and at effective lateral spacings which are or i nc lude those 
in the order of magn itude of wavelengths within the solar-energy 
spectrum. 

4,253,880 
Bel l ugue, Jacques, inventor; U.S. Phi l i ps Corporat ion, assignee. 
Device for the Conversion of Solar Energy into Electrical Energy. 
March 3, 1981. 

A device is  described for the conversion of solar energy i nto elec
trical energy with the aid of a photovoltaic cel l .  A central lens 
forms a round radiation spot on the radiation-sensitive area of 
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the cell, whi le a toric m i rror arranged round the lens forms an 
annu lar radiation spot. Thus, it is  ensured that the entire area of 
the cell remains i l l uminated, i ndependent of the movement of the 
sun relative to the cel l .  Owing to the selected intensity d istribu
tion i n  the radiation spots a satisfactory efficiency of the cell can 
be maintained even at a high concentrat ion of the solar energy. 

4,253,881 
Hezel, Rudolf, i nventor. Solar Cells Composed of Semiconductive 
Materials. March 3, 1981. 

A solar cel l  is composed of a semiconductive material having an 
active zone in  which charge carriers are produced by photons 
which strike and penetrate into the solar cell. The cel l  is comprised 
of a semiconductive body having an electrically insu lating lam
inate with metal contacts therein positioned on the semiconduc
tor body in the active zone thereof. The insu lati ng laminate is 
composed of a double layer of i nsulating material, with the layer 
in direct contact with the semiconductive surface being composed 
of Si0 which is either natural or i s  produced at temperatures 2. below tl00°C and the layer superimposed above the SiO layer 
being composed of a different insulating material, such as p asma
produced Si N4• In certain embodiments of the invention, 

f
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whole-area pn-junction is provided paral lel to the semi conductive 
su rface. The solar cel ls of the i nvention exhibit a higher degree 
of efficiency due to a h igher fixed interface charged density, and 
low surface recombination velocity, an increased UV sensitivity, 
improved surface protection and passivation and improved anti
reflect ion characteristics relative to prior art solar cel l  devices. 

4,253,882 
Dalal, Vikram L., i nventor; Un iversity of Delaware, assignee. Multi
ple Gap Photovoltaic Device. March 3, 1981. 

A multiple gap photovoltaic device having a transparent electrical 
contact adjacent a f i rst cel l  which in turn is adjacer)t a second 
cell on an opaque electrical contact, inc l udes uti l izing an amor
phous semiconductor as the f i rst cel l  and a crystal l i ne semicon
ductor as the second cel l .  

4,253,919 
Hal l ,  Dale E.; Clark, Wi l l iam D. K., i nventors; The Internat ional 
N ickel Company, I nc., assignee. E/ectrodeposition of Cadmium
Selenium Semiconducting Photoe/ectrodes from an Acid Citrate 
Bath. March 3, 1981. 

A process for electrodeposit ing cadmium and selen ium onto a 
material su itable for use as a photoelectrode in a photovoltaic 
cel l .  The plat i ng electrolyte, i n  one embodiment, consists essen
tially of an acid citrate bath including hydrated citric acid, hydrated 
sodium citrate, hydrated cadmium ch loride and selenious acid. 
The deposit may be subsequently heat treated. 

4,254,093 
Faria, Sixdeniel ;  Chiola, Vincent, inventors; GTE Products Corpora
tion, assignee. Solar Energy Grade Cadmium Sulfide. March 3, 
1981 . 

A composition consisti ng essentia l ly of d iscrete particles of 
cadmium sulf ide that are relatively free of anionic, cationic and 
volatile impurities has an average particle size of from about 8 
to about 25 m icrometers and a bulk density of from about 1 .7 to 
about 1 .9 grams per cubic centimeter and has superior proper
ties for use in solar energy appl ications. The composition is 
prepared by forming a f inely-divided impure cadmium sulfide by 
chemical precipitation, heating the resulting precipitate to an inter
mediate temperature in a flow of an inert gas, heating the material 
at an elevated temperature in a flowing sulfide atmosphere 
selected from hydrogen su lfide and carbon disu lfide and cool ing 
the heated material in  a su lf ide atmosphere to about the i nter
med iate temperature and cool ing to ambient temperature in an 
inert gas. 



4,254,426 
Pankove, Jacques 1 . ,  i nventor; RCA Corporation, assignee. Method 
and Structure for Passivating Semiconductor Ma terial. M arch 3, 
1981 .  

A structure for passivat ing semiconductor material comprises a 
substrate of crysta l l ine semiconductor material, a relatively th in 
f i lm of carbon disposed on a surface of the crystal l i ne material, 
and a layer of hydrogenated amorphous s i l icon deposited on the 
carbon f i lm.  

4,254,429 
Yamazaki, Shunpei, inventor. Hetero Junction Semiconductor 
Device. March 3, 1981. 

A hetero junction semiconductor device having at least one inter
semiconductor hetero junction, which has at least a f i rst non
sing le-crystal semiconductor region having a f irst energy gap, a 
second non-sing le-crystal semiconductor reg ion having a second 
energy gap d ifferent from the fi rst energy gap and a th i rd non
sing le-crystal semiconductor region serving as the hetero junc
t ion formed to extend between the f irst and second semiconduc
tor regions and having an energy gap continuously chang ing from 
the fi rst energy gap on the side of the first semiconductor reg ion 
to the second energy gap on the side of the second semiconduc
tor reg ion, and in which the first, second and third semiconduc
tor regions are doped with recombination center neutra l izers. 

4,254,546 
U l lery, Lee R.,  J r. ,  i nventor; SES, I ncorporated, assignee. 
Photovoltaic Cell Array. March 10, 1981. 

I n  a photovoltaic cel l  which comprises: a substrate, a bottom elec
trode, a first layer of cadmium su lfide, a second layer of cuprous 
su lfide forming a barrier junction with said fi rst layer and a top 
electrode, the improvement wherein said substrate is an insulative 
ceramic material and the bottom electrode is a conductive ceramic 
layer fused to said substrate. Said conductive layer is optionally 
coated with a metal having a high electrical conductivity. 

4,255,206 
Endler, Wolfgang; Zschauer, Karl-Heinz, i nventors; Siemens Ak
tiengesel lschaft, assignee. Method for Manufacturing a Semicon
ductor Structure. M arch 10, 1981. 

A method for manufacturing a semiconductor structure, especially 
for optoelectronic components, in which, at least one layer of a 
further semiconductor compound is deposited epitaxial ly on a 
substrate of a semiconductor compound. The surface of the 
substrate is provided with a mult ip l ic ity of bevelled structures of 
the further semiconductor compound. Prior to deposition, the 
surface of the substrate is provided with a mu lt ip l ic ity of mesas 
in a predeterm i ned distribution, from each of which a bevel led 
structure is then generated. The plane and fault-free crystal 
surface of the bevels is preserved when further layers are 
deposited. The method is especially wel l  su ited for the manufac
ture of optoelectronic and microwave components. 

4,255,208 
Deutscher, Siegfried G. ;  Grunbaum, Enrique, inventors; Ramot 
University Authority for Appl ied Research and Industrial Develop
ment Ltd. ,  assignee. Method of Producing Monocrystalline 
Semiconductor Films Utilizing an Intermediate Water Dissolvable 
Salt Layer. March 10, 1981. 

A method is described for producing semiconductor f i lms, par
t icularly monocrystal l ine si l icon and germanium fi lms, character
ized by the steps of: epitaxial ly growing on a substrate, such as 
si l icon or sapphire, a layer of dissolvable material, such as sodium 
f luoride, sodium ch loride, or s i lver; epitaxially growing on the 
dissolvable layer a layer of the semiconductor; and d issolving the 
d issolvable layer, thereby separating the semiconductor from the 
substrate. The substrate may thus be reused as a matrix for grow
ing many such f i lms. Also a plurality of semiconductor layers may 
be epitaxial ly g rown on a common substrate, each separated by 

a dissolvable layer, al l the latter layers being dissolved at one t ime 
to produce a plural ity of the semiconductor f i lms. 

4,255,211 
Fraas, Lewis  M., inventor; Chevron Research Company, assignee. 
Multilayer Photovoltaic Solar Cell with Semiconductor Layer a t  
Shorting Junction Interface. M arch 10 ,  1981 .  

A new h igh efficiency, mu ltijunction photovoltaic solar cel l  for use 
with a concentration lens. This cell comprises an elemental s ingle 
crystal substrate without an i nternal l ight sensitive junction, upon 
which are two or more successive homogenous layers of semicon
ductor materials, each layer contain ing with in  it a l ight sensit ive 
pin junction of a s imi l iar polarity, each layer having essential ly 
the same lattice constant as the single crystal substrate, each 
layer having a shorting junction contact with the layer immediately 
above and below it, each successive layer adsorbing l ight energy 
at a shorter wavelength, and each layer being of sufficient 
thickness and appropriate composition to develop essentially the 
same current as the other layers. At the junction, between the suc
cessive layers of the m ult i layer cel l ,  a thin pseudo transparent 
low bandgap semiconductor layer is provided at the shorting junc
tion interface. The outer surfaces of the top layer and the substrate 
are provided with electrical contacts for d istribution of the elec
tric current. The top contact comprises a layer of a transparent 
conductive material with electrical connections and the whole 
structure is completed with an antireflection coating over the top. 

4,255,212 
Chappell, Terry 1.; White, Richard M. ,  i nventors; The Regents of 
the University of Cal i fornia, assignee. Method of Fabricating 
Photovoltaic Cells. March 10, 1 981. 

A solar power system including a movable platform for tracking 
the sun, a rad iation concentrator, and a plural ity of photovoltaic 
cell modules positioned on the platform for receiving concentrated 
solar radiation. The module inc ludes a heat d iss ipation housing 
which supports a si l icon cel l  across an open end of the housing. 
A heat transfer block physical ly engages the si l icon cel l  and a 
metal l ic  sponge and wick is attached to the heat transfer block 
and depends therefrom into the housing. The housing is partial ly 
f i l led with l iqu id to faci l itate heat removal .  The si l icon cel ls are 
processed by preferential etchi ng to form V grooves which define 
a p lural ity of d iode elements having general ly trapezoidal cross
sections. The elements may be serial ly i nterconnected by 
metall ization on the V groove surfaces. The physical configura
tions of the elements and the use of ant i reflective coat ings on 
surfaces of the elements result i n  h igh efficiency cel ls. 

4,255,501 
Osa, Tetsuo; Fuj ih i ra, M asamichi ,  i nventors; President of Tohoku 
University, assignee. Internally Reflective, Dye Sensitized, Wet-Type 
Photocell. March 10, 1 981. 

An internally reflect ive, dye sensitized, wet-type photocell suitably 
adaptable as a photosensitive element or a solar cell, compris
ing anodes and cathodes immersed in an e lectrolyte solution con
tain ing a reduction-oxidation agent and dye sensit izers. Each of 
the anodes is provided with a l i ght in let end adapted for the i ntro
duction of light into the interior thereof, and a surface layer portion 
of an n-type semiconductive substance so that l ight introduced 
through the l ight i n let end to the i nterior of the anode is reflected 
a p lural ity of t imes so as to absorb the energy of the l ight to 
generate a voltage. Thus, s ince the dye sensitizing effect is effi
c iently uti l ized, the photocell enables the conversion effic iency 
of photo energy to electric energy to improve sufficiently for prac
tical uses. 

4,256,513 
Yoshida, Manabu; Fukuchi, J un; Takayanagi, Shigetoshi, i nventors; 
Matsushita Electric I ndust rial Co., Ltd., assignee. Photoelectric 
Conversion Device. March 17, 1981. 

A photoelectric conversion device such as a solar cel l  i n  which 
electrodes formed from a conductive paste make ohmic  contact 
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with the surfaces of impurity d iffused layers respectively formed 
in a semiconductor substrate. The conductive paste contains 
ultrafine part ic les of si lver and gold as its pr incipal sol id com
ponents. The conductive paste further contains, as its additional 
pri ncipal solid components, u ltrafine partic les of a metal having 
a eutectic temperature lower than that of si lver when alloyed with 
the semiconductor and a powdery glass material not contain ing 
any lead oxide g lass component. The electrodes provided by the 
conductive paste exhibit excel lent electrical properties when the 
conductive paste is subjected to firing treatment at a temperature 
of about 600°C. Thus, when, for example, the semiconductor 
substrate is of n-type s i l icon and a p + -type diffused layer is  
formed in  one of i ts  major su rfaces to form a p + /n  junction of 
relatively smal l  depth, the electrode making ohmic contact with 
the p + -type d iffused layer does not penetrate through the p + In 
junction and has a low contact resistance. The photoelectric con
version device such as the solar cell thus obtained can operate 
with a higher conversion efficiency than h itherto and can be 
manufactured at a lower cost than hitherto. 

4,256,544 
Kazacos, M aria S.; M i l ler, Barry, i nventors; Bell Telephone 
Laboratories, I ncorporated, assignee. Method of Making Metai
Chalcogenide Photosensitive Devices. March 17, 1"981 .  

We have found that a photoactive metal selenide f i lm ,  such as 
CdSe, may be formed by cathodic eletrodeposition from a selena-
su lfite (SeS0 23 - )  solution without the need for a subsequent 
heat treating step which, it is hypothesized, was requ i red by the 
s imu ltaneous deposition of elemental selenium.  

4,256,681 
Lindmayer, Joseph, inventor; Semix Incorporated, assignee. 
Method of Producing Semicrystalline Silicon. March 17, 1981. 

A method of producing semicrystal l ine s i l icon by heating the 
s i l icon to a molten state and gradual ly cool ing the s i l icon to 
mit igate d isruptions in  the s i l icon cont inuum and promote 
semicrystal l ine g rowth. The product formed is a s i l icon body, 
which may be sl iced i nto wafers having h igh ly ordered grains of 
a mean d iameter of at least about 1 mm. 

4,257,676 
Greubel, Waldemar; Quella, Ferd inand, inventors; Siemens Aktien
gesellschaft, assignee. Device for Collecting Light. March 24, 1981. 

A l ight-col lect ing device in  the form of, for example, a 
rectangularly-shaped body having a so-called "fluorescent plate" 
with at least one l i ght-exit window is comprised of a sol id carrier 
material having an i ndex of refraction greater than one, such as 
a polar, water-contain ing amorphous material based on a 
polys i l icate or a polyphosphate and conta in ing organic or inor
ganic f luorescent particles therein,  which have f in ite d ipole 
moments with d ifferent values i n  the basic and the excited state, 
with the f luorescent particles being substantial ly un i form ly 
distributed throughout the carrier material. In embodiments where 
the fluorescent particles are organic, an amphiphil ic additive, such 
as a soap, is col loidal ly d issolved in the carrier material in such 
a manner that the f luorescent particles are each surrounded by 
a col loid particle. The disclosed device is useful as a solar col
lector, an optical indicia transmitter or an image brightener for 
passive displays. 

4,257,821 
Kel ly, Frankl in  G.; Bash in, Saul; Kennedy, Robert E., inventors; TRW 
Inc., assignee. Universal Solar Cell/Conductor Junction Element 
and Solar Panel Embodying Same. March 24, 1981 .  

A solar electric power generating panel (solar panel) includes one 
or more universal electrical junction elements of approximately 
the same size and shape as conventional solar cel ls mounted 
along with the cells on a solar array substrate at any selected cell 
position or positions of the cell array. Each junction element has 
term inals which may be electrically connected to i nterconnects 
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of the solar cells and electrical conductors such as lead wi res 
of the cell array in  such a way as to condit ion the element to serve 
as a series stri ng term ination with or without blocking diodes, 
an electrical voltage tap with or without blocking diodes or a 
mounting for cell shunting diodes. Automatic assembly tool ing 
may be ut i l ized to assemble and electrical ly connect the solar 
cel ls, conductors, and junction elements into a completed solar 
array. 

4,258,647 
Pohl ,  Dieter W.; Scheel ,  Hansjoerg, inventors; International 
Business Mach ines Corporation, assignee. Apparatus for 
Manufacturing Multilayered Semiconductor Elements by Means 
of Liquid-Phase Epitaxy. March 31, 1981 .  

In a crucible or reactor for making mu lti- layered semiconductor 
devices by means of l iquid-phase epitaxy, different supersaturated 
solutions are brought into contact with semiconductor substrates 
for short times. Transport of the solutions occurs by alternating 
acceleration. Either gravity alternates with centrifugal force, or 
a positive rotational acceleration alternates with a negative one. 
Chambers with in  the reactor are interconnected by channels so 
that the alternating forces acting upon the solutions cause these 
to flow in a preferred d i rect ion without m ixing with each other. 

4,259,122 
Purwin, Pau l  E.; Shaw, Robert F., i nventors; Exxon Research & 
Engineering Co., assignee. Selenium Photovoltaic Device. 
March 31 ,  1981. 

A high efficiency selen ium photovoltaic solar cel l  comprises a 
transparent base: a pel l ucid layer of conductive oxide; a layer of 
polycrystal l i ne selenium form ing a heterojunction to the under
lying oxide; a th in layer of tel l ur ium interposed between the oxide 
and selenium layers providing a metal lurgical bond therebetween; 
a layer of h igh work function metal forming an ohmic contact to 
the selenium layer. A process of opt im izing the optical and elec
trical characteristic of each component of the solar cel l resu lts 
in i ncreased sunl ight engineering efficiencies in excess of about 
3.5%. 

4,260,219 
Greubel, Waldemar; Quell a, Ferdinand, inventors; Siemens Aktien
gesel lschaft, assignee. Device for Collecting Light and Method 
of Manufacturing Such Device. April 7, 1981 .  

A l ight-col lect ing device i n  the form of, for example, a 
rectangularly-shaped body having a so-called "fluorescent plate" 
with at least one l ight-exit window is comprised of a sol id 
polymerized synthetic carrier materia l ,  such as a polyacrylate, a 
polymethacrylate, polystyrene or copolymer of a methacrylate and 
a styrene, contain ing fluorescing particles therin which have fin ite 
d ipole moments with different values in the basic and in the 
excited state and contain ing an amphiph i l ic additive, such as an 
ionoic or non-ionoic or polymeric soap, with such amph iph i l ic  
additive being colloidally dissolved i n  the synthetic carrier in  such 
a manner that the fluorescing part icles are each surrounded by 
one of the colloid particles and an environment with an orienta
t ion polarization is attained whereby the environment can re
orientate so quickly that it achieves its thermodynamic equi l ibrium 
substantially completely during the existence of the excited state 
in the f luorescing part icles and tends to suppress the disruptive 
self-absorpt ion of a l ight with in the f l uorescent plate. Such self
absorpt ion orig inates from a partial overlap of the emission 
spectrum with the absorpt ion spectrum of the f luorescing par
ticles. In certain embodiments of the invention, an additional polar 
solvent for the fluorescing particles is  also enclosed in the colloid 
particles. The amphiph i l ic additive and/or polar solvents can be 
admixed in  the synthetic carrier material and the so-attained 
system can be cast i nto a desired body form. The disclosed device 
is useful  as a solar col lector, an optical indic ia transmitter of an 
image brightener for passive displays. 



4,260,427 
Fulop, Gabor F.; Betz, J acob F.; Meyers, Peter V. ; Doty, M itchel l  
E., inventors; Ametek, I nc., assignee. CdTe Schottky Barrier 
Photovoltaic Cell. April 7, 1981. 

Photovoltaic cel l comprises thin f i lm cadmium tel l u ride i n  ohmic 
contact with a smooth conductive substrate, preferably compris
ing a cadmium surface, through a cadmium-rich layer at the inter
face with the substrate, the cel l  further including a rectifying 
barrier layer. Preferably, the f i lm is electrodeposited on the 
substrate surface with specific materials and process conditions. 
Preferably also, the film or cell is subsequently treated to enhance 
its barrier layer i nterface function. 

4,260,428 
Roy, Pradip  K., inventor; SES, I ncorporated, assignee. Photovoltaic 
Cell. Apri l 7, 1981. 

A photovoltaic cell having improved stabi l ity and l ifetime com
prising a cadmium su lfide fi lm, an overlying copper su lfide f i lm 
and deposited on the coopper sulfide f i lm,  a fi lm selected from 
the group consisting of a f i lm of chromium, a f i lm of chromium 
having deposited thereon a f i lm of  copper, a f i lm of  copper having 
deposited thereon a f i lm of chromium and a f i lm of an adm ixture 
of chromium and copper. A method for making such a photovoltaic 
cel l  is also disclosed. 

4,260,429 
Moyer, Richard L., inventor; SES, Incorporated, assignee. Electrode 
for Photovoltaic Cell. April 7, 1981. 

I n  a photovoltaic cell which comprises a first electrode, a first layer 
of cadmium su lfide, a second layer of cuprous sulf ide forming 
a barrier junction with said first layer, and a second electrode, the 
i mprovement wherein said second electrode is formed by coating 
a conducting metal wire with a sol id polymer contain ing elec
trically conductive particles, and attach ing the coated wire to the 
cuprous su lfide layer by the application of moderate heat and/or 
pressure. 

4,261,802 
Fu lop, Gabor F.; Betz, Jacob F.; Meyers, Peter V. ; Doty, M itchel l  
E . ,  i nventors; Ametek, I nc., assignee. Method o f  Making a 
Photovoltaic Cell. Apri l 14, 1981. 

Photovoltaic cel l  comprises th in f i lm cadmium tel luride i n  ohmic 
contact with a smooth conductive substrate, preferably compris
ing a cadmium surface, through a cadmium-rich layer at the i n
terface with the substrate, the cell further including a rectifying 
barrier layer. Preferably, the f i lm is electrodeposited on the 
substrate surface with specific materials and process conditions. 
Preferably also, the film or cel l  is subsequently treated to enhance 
its barrier layer interface function. 

4,262,161 
Carey, James E., i nventor; Shell Oi l  Company, assignee. Covered 
Solar Cell Assembly. Apri l 14, 1981. 

A covered solar cell having improved l ight reception characteristic 
comprises a layer of a semiconductor material ,  an electrical con
tact, a transparent cover plate and a transparent fi lm interposed 
between the cover plate and the layer of semiconductor material 
wherein the transparent f i lm contains a block copolymer having 
at least two monoalkenyl arene polymer end blocks A and at least 
one polymer mid block B selected from the group consist ing of 
substantially completely hydrogenated conjugated diene polymer 
blocks, ethylene-propylene polymer blocks and ethylenebutene 
polymer blocks. Also d isclosed and claimed are novel methods 
for making the covered solar cel l .  

4,262,206 
Viehmann, Walter, i nventor; The United States of America as 
represented by the Admin istrator of the Nationc>.l Aeronautics and 
Space Administration, assignee. Fluorescent Radiation Converter. 
April 14, 1981. 

A f luorescent radiation converter having a substantially u ndoped 
optical ly  transparent substrate and a waveshi fter coat ing 
deposited on at least one portion of the substrate for absorption 
of radiation and conversion thereof to f luorescent radiation. Such 
coating is formed of substantial ly 1000 grams/liter of a solvent, 
70 to 200 grams/liter of an organic polymer, and 0.2 to 25 
grams/l iter of at least one organic f luorescent dye. The i ncoming 
incident radiation impinges on said coat ing and enters therein. 
Radiation i s  absorbed by the fluorescent dye and is re-emitted 
as a longer wave-length radiation. This radiation is trapped within 
the substrate and i s  totally i nternally reflected by two boundary 
surfaces towards ends of the converter. Emitted radiation leaves 
said ends to be detected. 

Re. 30,584 
Russel l ,  Charles R., i nventor; Owens- I l l i nois, assignee. Optical 
Concentrator and Cooling System for Photovo/taic Cells. April 21 ,  
1981 .  

An optical concentrator and cool ing system in which a photovol
taic cel l array is immersed in  a l iqu id i nside an elongated tube 
having a curved transparent wall for incident radiation, said l iquid 
having a refractive i ndex su itable for concentrating the incident 
rad iation onto the photovoltaic cell array. 

4,262,411 
Jordan, John F.; Lampkin,  Curtis M., inventors; Photon Power, I nc., 
ass ignee. Method of Making a Solar Cell Array. Apri l 21, 1981. 

A method of producing an array of photovoltaic cel ls  responsive 
to i ncident radiation by form ing heterojunction-forming material 
layers over a transparent substrate panel having a transparent 
electrically conductive coating and thereafter removing selected 
portions of the materials to form a plural ity of cel ls ona common 
substrate. The cells are then electrically i nterconnected by depos
iting electrcally conducting materials over substantially the entire 
panel and removing only those portions of the deposited materials 
requ i red to form series electrical connections. 

4,263,064 
Clawson, Arthur R.; Lum, Wing Y. ; McWi l l i ams, Gerald E., i nven
tors; The United States of America as represented by the Secretary 
of the Navy, assignee. Method of Liquid Phase Epitaxial Growth. 
April 21 ,  1981. 

An improved method of l iquid phase epitaxial growth of 1 1 1-V com
pound on an l n P  substrate by growing the epitaxial layer in an 5 4 atmosphere of H2 with 10 - to 10 - mole fraction PH3. 

4,264,124 
Greubel, Waldemar; Quella, Ferdinand, i nventors; Siemens Aktien
gesellschaft, assignee. Device for Collecting Light and Method 
of Manufacturing Such Device. April 28, 1 981. 

A l ight-col lecting device i n  the form of, for example, a 
rectangu larly-shaped body having a so-cal led "fluorescent plate" 
with at least one l ight-exit window is comprised of a sol id 
polymerized synthetic carrier material, such as a polyacrylate, a 
polymethacrylate, a polystyrene or copolymers thereof, contain
ing fluorescing particles therein which have finite dipole moments 
with d ifferent values in the basic and in the excited state and con
tai n ing a polar organic addit ive, such as a h igh-bo i l i ng polar 
solvent, for example, an ali phatic or aromatic alcohol, a n itr i le or 
an ionogenic or non-ionogenic soap, with the f luorescing particles 
and additive being substantially uniformly distributed throughout 
such carrier material. The additive creates an environment with 
an orientating polarization about the fluorescent particles whereby 
the environment can re-orientate so q u ickly that it achieves its 
thermodynamic equ i l i br ium substantial ly completely during the 
existence of the excited state in the fluorescing particles and tends 
to suppress the d isruptive self-absorpt ion of l ight within the 
f luorescent plate. Such self-absorption orig inates from a partial 
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overlap of the emission spectrum with the absorption spectrum 
of the fl uorescing particles. The additive can be dissolved in  the 
synthetic carrier material or can be chemical ly l i nked therewith 
and the so-attained system can be injection mou lded, extruded 
or cast into a des i red body form. The disclosed device is useful 
as a solar col lector, an optical indicia transmitter or an image 
brightener for passive displays. 

· 

' 4,264,962 
Kodai ra, H itosh i ,  i nventor; Beam Engineering Kabushiki  Kaisha, 
assignee. Small-Sized Electronic Calculator. April 28, 1981. 

A smal l -sized electronic calculator, which comprises a power 
source in the form of a solar battery having a fi lm of polycrystal l ine 
photoconductive material, such as selen ium.  The solar battery 
is connected for angular movement to the calcu lator body by 
su itable connection means, such as a hinge and a foldable metal 
spring . The calculator body includes a display section of l iqu id 
crystal elements. The solar battery may inc lude an overvoltage 
prevent ing c i rcuit and a reset switch. The output of the solar 
battery may be converted to a dig ital value to indicate the lumines
cent by the display section. 

4,265,422 
Van Leeuwen, Matthew J., i nventor; At lantic Richfield Company, 
assignee. Pole Mounting Solar Panel Assembly. May 5, 1981. 

A single pole mounting solar panel assembly comprising at least 
one solar panel and upper and lower brackets fixed to the panel 
and to the pole, the upper bracket having a f i rst flange means for 
mat ing with the pole and a first base plate fixed to the panel, the 
lower bracket means having a second flange means fixed to and 
encompassing a substantial portion of the c i rcumference of the 
pole and a plane surface which extends out to the panel, the width 
of the plane surface varying from about the width of the pole to 
the width of the panel, the flange means for the lower bracket 
having upstand ing side means extending longitudinal ly of the 
plane surface for about the fu l l  length of the plane surface, the 
side means and plane surface terminat ing at a second base plate 
fixed to the panel. 

4,265,933 
Jordan, John P.; Lampkin, Curtis, i nventors; Photon Power, I nc., 
assignee. Photovoltaic Cell. May 5, 1981. 

A large area photovoltaic cel l  comprising a layer of polycrystal l i ne 
cadmium sulfide, about 1 or 2 microns th ick, formed by simultan
eously spraying two su itably selected compounds on a uniform ly 
heated plate of Mesa g lass and i rrad iati ng the layer of polycrys
tal l i ne cadmium sulf ide with intense u ltra-violet l ight during the 
spraying.  

4,266,178 
Asakawa, Tatsushi ,  inventor; Kabush iki Kaisha Suwa Seikosha, 
assignee. Charge Control Circuit. May 5, 1981. 

A charge control c i rcuit  for regu lat ing the current appl ied to a 
secondary. battery uti l ized as a power supply in an electronic 
i nstrument is provided. The secondary battery is adapted to be 
charged to a predeterm ined voltage level in response to a charg
ing current being appl ied thereto. A charging current is produced 
by a charg ing device, such as a solar battery. Voltage regu lat ing 
c i rcuitry i s  d isposed i ntermediate the charg ing device and the 
secondary battery for detecting the voltage level of the secondary 
battery and, in response thereto, selectively regulating the appl ica
tion of the charg ing current to the voltage supply. 

4,266,984 
Wronski, Christopher R.; Myers, Bruce P., i nventors; Exxon 
Research & Eng ineering Co., assignee. Enhanced Open Circuit 
Voltage in Amorphous Silicon Photovoltaic Devices. May 12, 1981. 

An amorphous s i l icon photovoltaic device having enhanced 
photovoltage and increased longevity is produced by treatment 
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of a barrier form ing reg ion of the amorphous s i l icon in the 
presence of a partial pressure of sulfur diox ide. 

4,267,003 
Mesch, Hans G. ;  Debenham, Col in  H. ;  Yasui ,  Robert K., inventors; 
TRW, Inc., assignee. Automatic Solar Cell Glassing Machine and 
Method. May 12, 1981. 

Solar cel ls are g lassed mechanical ly to form solar cell stacks, 
each having a protective covers l ide adhesively bonded to the 
active face of a solar cel l ,  by relative movement of assembly fix
tures past a solar cell dispenser which places a solar cel l  on each 
fixture, a following adhesive d ispenser which applies adhesive 
to the active face of each cel l ,  and a f inal coversl ide dispenser 
which appl ies a coversl ide to each cell to form an adhesively 
bonded cell stack. The preferred adhesive is a l iqu id adhesive 
which is  applied to a central reg ion only of each active cell face, 
then spreads over the entire cel l face by capi l lary flow fol lowing 
appl ication of the cel l  covers l ide, and is f inal ly cured by relative 
movement of the cell stack through an oven or the l i ke. 

4,267,398 
Rothwarf, Allen, i nventor; Un iversity of Delaware, assignee. Thin 
Film Photovoltaic Cells. M ay 12, 1981. 

A solar cell has as its transparent electrical contact a g rid made 
from a non-noble metal by provid ing a layer of copper oxide 
between the t ransparent e lectr ica l  contact and the  
absorber-generator. 

4,268,347 
Stephens, Richard B., inventor; Exxon Research & Engineering Co., 
assignee. Low Reflectivity Surface Formed by Particle Track 
Etching. May 19, 1981. 

Low reflectivity surfaces are formed by particle track etching of 
a dielectric material such that the horizontal scale of surface tex-· 
ture is less than the wavelength of incident radiation and the depth 
of texture is equal to or greater than said wavelength. As a con
sequence, the reflection coefficient is thereby reduced by a fac
tor of at least two, and l ight is more efficiently transmitted i nto 
the material. For solar cells encapsulated in transparent material, 
efficiency of absorption of solar radi at ion may be improved by 
at least about two times per etched surface, or to less than about 
2% for the air/transparent material interface and to less than about 
15% for the transparent material/solar cell interface. 

4,268,709 
Boling, Norman L., i nventor; Owens-I l l inois, I nc., assignee. Genera
tion of Electrical Energy from Sunlight, and Apparatus. May 19, 
1981. 

Disclosed is concentrating sunl ight optically and impinging the 
concentrated light on at least one luminescent solar collector 
coupled to a f i rst photoce l l ,  passing residual concentrated 
sunl ight to at least one other luminescent solar col lector in one 
embodiment, coupled to a d ifferent photocell and f inal ly pass
ing the remain ing concentrated sunl ight d i rectly to a sti l l  d ifferent 
photocel l .  

4,268,711 
Gurev, Harold S., inventor; Optical Coating Laboratory, I nc., 
assignee. Method and Apparatus for Forming Films from Vapors 
Using A Contained Plasma Source. May 19, 1981 .  

Method for form ing mixed oxide and/or n itride f i lms upon the sur
face of an article by the use of a partia l ly confined plasma
activated source. The plasma-activated source has a cavity in 
which an RF field is formed within the cavity to create a gas 
p lasma in  the cavity as gas is introduced into the cavity. The gas 
plasma is  caused to exit from the cavity to impinge upon the sur
face of the article to be coated. At least one of the constituents 
of the f i lm is selected as a compound vapor and is chemically 
reacted with at least one other constituent by uti l ization of the 



gas plasma to form the thin f i lm on the surface of the article whi le 
the art ic le is maintained at a low temperature. A chemical reac
tion takes place within the cavity itself and/or alternatively at the 
surface to be coated for the formation of the f i lms. 

4,269,168 
Johnson, Steven A., inventor. Focusing Reflector Solar Energy Col· 
lector Appara tus and Method. May 26, 1981 .  

A solar energy col lector apparatus and method, the apparatus 
i ncluding an open-top shel l - l ike structure with a reflective optical 
system in the shell structure for d i recting solar energy toward a 
solar energy absorber apparatus inside the shel l  structure. The 
shel l  structure is mounted upon a hollow axle for rotation about 
its longitudinal axis and may be mounted for vertical movement 
to fol low north-south changes in the apparent seasonal position 
of the sun. The so lar energy absorber apparatus i s  nonrotatably 
mounted i nside the shell structure in f lu id commun ication with 
heat transfer condu its that pass through the hol low axle thereby 
avoiding rotatable coupl ings in the condu its. Photovoltaic appa· 
ratus for convert ing at least a portion of the solar spectrum to 
electrical energy may also be i ncluded in the shell structure. Thi s  
combination o f  features provides h igher solar efficiencies and 
h igher temperatures i n  the heat transfer fluid. The method 
includes tracking the sun with the solar energy col lector apparatus 
thereby maxim izing the amount of solar energy col lected whi le 
e l im inating coupl ing fai lures i n  the heat transfer conduits. 

4,270,018 
Gibbons, James F., inventor. Amorphous Solar Cells. May 26, 1981. 

A solar cell having single crystal or polycrysta l l ine n-type and 
p-type layers separated by an amorphous layer. 

4,270,972 
Crouse, Allen G. ,  inventor; Rockwel l  I nternational Corporation, 
assignee. Method for Controlled Doping Semiconductor Material 
with Highly Vola tile Dopant. June 2, 1981. 

I n  conjunction with the use of a f loat-zone crystal grower for 
doping s i l icon, a holder for temporarily stori ng pel lets of sol id 
dopant is d isposed outside the housing of the crystal grower. A 
rotatable cyl i nder . i n  the holder is provided with a p lural ity of 
chambers i nto which charges of varying amounts of dopant may 
be stored. A separate charge of dopant is propel led by i nert gas 
under pressure i nto the melt zone of a s i l icon rod in  the crystal 
grower upon the occurrence of a specified event such as passage 
of time or translation of the si l icon rod. The apparatus and method 
are particu larly appl icable to doping with a highly volati le dopant 
such as ind ium. 

4,271,328 
Hamakawa, Yoshihiro; Okamoto, H i roaki; Nitta. Yoshiteru; Adach i ,  
Toshio, i nventors; Yoshih iro Hamakawa, assi gnee. Photovoltaic 
Device. June 2, 1981. 

A photovoltaic device including a plura l ity of amorphous s i l icon 
unit  cells each having a p-i·n structure layered in  succession on 
a substrate made of stainless steel .  A transparent electrically con· 
ductive layer, for withdrawing a photoelectromotive force i n  
cooperation with the electrically conductive substrate, is formed 
on the uppermost unit  cel l ,  so that rays of l ight may be incident 
upon the photovoltaic device from the uppermost unit cel l .  Pref
erably, the thickness of the unit cel ls closer to the l ight incidence 
surface is  selected to be less than the thickness of the unit  cel ls 
farther from the l ight i ncident surface. Each of the unit  cel ls is 
structured such that the n type, i type and p type layers are 
disposed in the above described order from the l ight inc idence 
surface in terms of the impurity type. 

4,272,641 
H anak, Joseph J. ,  i nventor; RCA Corporation, assignee. Tandem 
Junction Amorphous Silicon. Solar Cells. June 9, 1981. 

An amorphous s i l icon solar cell has an active body with two or 
a series of layers of hydrogenated amorphous s i l icon arranged 
in a tandem stacked configuration with one optical path and elec
trically i nterconnected by a tunnel j unct ion. The layers of hydro
genated amorphous s i l icon arranged in tandem configuration can 
have the same bandgap or d i fferi ng bandgaps. 

4,273,421 
Gurtler, Richard W., i nventor; Motorola, I nc., assignee. Semicon
ductor Lifetime Measurement Method. June 16, 1981. 

A method for the measurement of m inority carrier l ifetime i n  
semiconductor wafers, sheets and ribbons by purely optical 
means. The method does not requ i re electrical or MOS contacts 
to the wafer, nor does it require any specific processing to faci l itate 
measurement. The technique is non-destructive, and is appl icable 
to any semiconductor wafer, with or without surfcace d ielectric 
f i lms (e.g. ,  Si02, Si3N4, Ta20 ) as long as it has no metal f i lms. 5
This technique is fast, accurate, and of reasonable high resolu
t ion, so that it may be appl ied to evaluate the effects of specific 
process steps (e.g., ribbon growth, diffusion, oxidation, ion implan
tation, d ielectric deposit ion, anneal ing) in real time and hence 
serve as a production control technique as wel l  as a research tool. 
By uti l izing reasonable equi pment sophistication, this tec hn ique 
should enable the measurement of l i fetime over a wide range of 
values, covering the scale from high-speed bipolar devices and 
i ntegrated c ircu its (1"V1Q -9s) to power transistors and solar cel ls 

3(1"V1Q- s). 

4,273,594 
Hel ler, Adam; Leamy, H arry J. ;  M i l l er, Barry; Nelson, Ronald J. ;  
Parkinson, Bruce A., inventors; Bell Telephone Laboratories, Incor
porated, assignee. Gallium Arsenide Devices Having Reduced Sur
face Recombina tion Velocity. J une 16, 1981. 

Semiconductor devices using chemically treated n-type GaAs have 
greatly reduced surface recombination velocit ies. A p referred 
embodiment uses fractional monolayers of ruthenium on the GaAs 
surface. 

4,273,608 
Kerl in ,  Al len L., inventor. Method of Forming a Sheet of Single 
Crystal Semiconductor Ma terial. J une 16, 1981 .  

Apparatus for form ing thin layers of material such as s ing le 
crystal l i ne s i l icon includes a container having a generally cyl i n· 
drical i nterior surface. The container is rotatably mounted and 
movable through a heater. In forming the layer of material, the · 
material is heated i n  the container to a temperature above the 
material melt ing point. The container is rotated whereby the l iquid 
material adheres to the interior surface of the container by cen· 
trifugal force. The container is slowly cooled beg inning at one end 
thereof whereby the iayer of material sol id ifies. 

4,273,950 
Chitre, Sanjiv R., inventor; Photowatt I nternational, Inc., assignee. 
Solar Cell and Fabrica tion Thereof Using Microwaves. J une 16, 
1981 .  

Solar cel ls are fabricated by spraying a dopant coat ing onto a 
semiconductor wafer and heat ing the surface of the wafer using 
unipolar microwaves. The resu ltant controlled heat ing drives 
dopant atoms from the coating into the wafer to produce a shallow 
junction at a selectable depth .  Advantageously, metal l ic conduc· 
tors are predeposited atop the dopant coating and then s intered 
to the semiconductor by the same un ipolar microwave field con
currently with dopant drive- in.  Efficient solar cells can be made 
with this process using polycrystal l ine s i l icon, s ince with unipolar 
m icrowave surface heat ing the g rain boundaries do not become 
so deeply doped as to short circuit the junctions formed in the 
individual grains. Un ipo lar m icrowave heating also may be used 
to anneal ion implanted semiconductor devices. 
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4,274,044 ' 
Barre, Claude, i nventor; U.S. Phi l ips Corporation, assignee. DC-DC 
Converter for Charging a Battery by Means of a Solar Cell. June 16, 
1981. 

A DC-DC converter is described of the blocking osc i l lator type, 
for charg ing a battery from a solar cel l .  The use of a field effect 
transistor enables the oscillation to be started by the voltage from 
a single solar cel l ,  even if the battery is ful ly exhausted. The overal l  
efficiency of the c i rcu it is improved by the use of the base-emitter 
j unction of the switch ing transistor of the converter as rectifying 
element for the battery charg ing cu rrent. 

4,274,890 
Varon, Jacques J. ,  inventor; U.S. Phi l i ps Corporation, assignee. 
Method for the Epitaxial Manufacture of a Semiconductor Device 
Having a Multi-Layer Structure. J une 23, 1981. 

A method is provided of manufacturing, on a substrate of a binary 
compound, layers of ternary or quaternary compounds in  which 
epitaxial i ntermediate layers separate the substrate from the end 
layer, wherein the relative increase of the dimensions of the crystal 
lattices i n  the successive epitaxial i ntermediate layers increases. 

4,275,525 
Geisler, Diether; Eckert, Joachim, inventors; Beiersdorf AG, 
assignee. Housing with Motor and Solar Cell. J une 30, 1981. 

The present i nvention relates to a housing for a solar cel l driven 
motor su itable for use in model toys. The housing typical ly has 
an inc l i ned su rface to which the solar cel ls may be applied. The 
housing may be used to energize a toy mi l l ,  radar tower, conveyor, 
or lever conductor. 

4,276,137 
Hovel, H arold J.; Woodall, Jerry M. ,  inventors; I nternational 
Business M achines Corporation, assignee. Control of Surface 
Recombination Loss in Solar Cells. J une 30, 1981. 

Su rface recombination i n  solar cells that .is produced by band 
bending at the su rface of the semiconductor which is in turn 
caused by defect states which p in the Fermi level at the su rface, 
may be improved by applying a surface layer which may be a 
plasma oxide that has been hydrogen annealed and this layer may 
also be useful as an ant i reflecting coating. 

4,278,473 
Borden, Peter G. ,  i nventor; Varian Associates, I nc., assignee. 
Monolithic Series-Connected Solar Cell. Ju ly 14, 1981. 

A monol ith ic series-connected solar cel l comprises a series of 
cel ls each having a mesa-like structure which is  electrically inter
connected from the top of each cell to a contact ledge formed 
in the base region of the adjoin ing cel l .  The i ndividual cel ls are 
supported on an insu lating substrate. The monolithic series
connected solar cell is fabricated from a fu l ly formed single junc
tion solar cell by forming a series of breaks down to an i nsu lating 
substrate, form ing a contact ledge in the base region on one side 
of the mesa defined by each break, applying a layer of insu lating 
material along the opposite side of each mesa and forming a con
ductive lead between the top reg ion of i ndividual cel ls and the 
contact ledge of the adjoin ing cel l .  

4,278,474 
Blakeslee, A. Eugene; M itchel l ,  Kim W., inventors; The Un ited 
States of America as represented by the Un ited States Depart
ment of Energy, assignee. Device for Conversion of Elec
tromagnetic Radiation into Electrical Current. Ju ly 14, 1981. 

Electromagnetic energy may be converted d i rectly i nto electrical 
energy by a device comprising a sandwich of at least two semicon
ductor portions, each portion having a p-n j unction with a 
characteristic energy gap, and the portions lattice matched to one 
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another by an intervening superlattice structure. This superlat
t ice acts to block propagation into the next deposited portion of 
those dis location defects which can form due to lattice mismatch 
between adjacent portions. 

4,278,704 
Wi l l iams, Brown F., i nventor; RCA Corporat ion, assignee. Method 
for Forming an Electrical Contact to a Solar Cell. Ju ly 14, 1981. 

A method of forming an e lectrical contact to a shal low junction 
si l icon semiconductor ·device such as a solar cell comprises 
evaporat ing a sufficient amount of a metal which upon heating 
wi l l  form a s i l icide with the s i l icon to a predetermined depth and 
thereafter oxidizing the su rface of the s i l icon so as to form a 
shal lower junction in the unoxid ized portions of said s i l icon. The 
portion of the s i l icon device which has formed the si l icide does 
not oxidize and forms an electrical contact to the s i l icon. In addi
tion, the metal s i l icide can have add itional metal plated thereto 
to lower the sheet resistivity and resistance of the electrical 
contact. 

4,278,829 
Powel l , Roger A., inventor. Solar Energy Conversion Apparatus. 
J u ly 14, 1981. 

Apparatus is disclosed for converting solar energy to more useful 
forms, i.e., thermal and electrical energy. Such apparatus includes 
a photoelectric transducer (e.g . ,  an array of photovoltaic cel ls), 
means for concentrating solar energy on the transducer, and 
means for c i rculating a l iqu id between the transducer and the 
solar energy concentrator. The spectral properties of the l iqu id 
are such that the l iqu id functions as a bandpass f i lter, transmit
ting solar energy to which the transducer is  responsive and 
absorbing solar energy to which the transducer is non-responsive. 
The transmitted solar energy is converted to electrical energy by 
the transducer, and the absorbed solar energy is converted to heat 
by the l iqu id. Preferably, the l iqu id is c ircu lated through a con
tainer which, in  the vicin ity of the transducer, is  constructed so 
as to provide optical gain to the system and to integrate incident 
solar energy for the purpose of e l iminat ing "hot spots" which 
could overheat, and thereby damage, the transducer. 

4,278,830 
Stirn, Richard J. ;  Yeh, Yea-Chuan M. ,  inventors; The Un ited States 
of America as represented by the Admin istrator of the National 
Aeronautics and Space Admin istration, assignee. Schottky Bar
rier Solar Cell. Ju ly 14, 1981. 

A Schottky barrier solar cel l  consists of a thin substrate of low 
cost material with at least the top surface of the substrate being 
electrically conductive. A thin layer of heavily doped n-type 
polycrystal l ine germanium, with crystal l ine sizes in the submicron 
range, is  deposited on the substrate. But f i rst a passivat ion layer 
may be deposited on the substrate to prevent migration of impur
ities into the polycrystal l ine germanium on a substrate of low-cost 
conductive material. Then the polycrystal l ine germanium is recrys
tall ized to increase the crystal sizes i n  the german ium layer to 
not less than 5 microns, and preferably considerably more. It 
serves as a base layer on which a th in layer of gal l i um arsenide 
is vapor-epitaxial ly g rown to a selected th ickness. Then, a 
thermal ly-grown oxide layer of a th ickness of several tens of 
angstroms is formed on the gal l ium arsenide layer. Ametal layer, 
of not more than about 100 angstroms th ick, is deposited on the 
oxide layer, and a grid electrode is deposited to be in  electrical 
contact with the top su rface of the metal layer. An anti reflection 
coating may be deposited on the exposed top surface of the metal 
layer. In another embodiment, the recrystall ized germanium layer 
serves as the substrate for a Schottky barrier solar cell with more 
than one active semiconductor layer. The techn iques of form ing 
an oxide layer are also appl icable i n  form ing an oxide layer 
between a metal layer and a semiconductor material which 
together form a Schottky barrier junction i n  any solar cel l .  



4,278,831 
Riemer, Dietrich E.; Corwin, Rudolph E., i nventors; The Boeing 
Company, assignee. Process tor Fabricating Solar Cells and the 
Product Produced Thereby. J uly 14, 1981. 

An electrica l ly conductive, anti-reflective coating is formed on a 
base layer of prepared s i l icon in such a manner as to form a good 
ohmic contact therewith. If doped, the coating can serve as an 
impurity source during a fol lowing d iffusion step, in which a PN 
junction is formed in the s i l icon. Undoped coatings may be used 
when the PN junction has previously been formed in the s i l icon. 
Thick film electrical contacts are then formed by screen printing 
on the top su rface of the anti-reflective coat ing and then fi red at 
h igh temperatu re, i.e. 500°-1000°C. The material comprising the 
coating is such that it acts as a barrier to the diffusion of the metal 
forming the electrical contacts i nto the s i l icon base layer dur ing 
the firing of the thick fi lm contacts. Since the coating is electrically 
conduct ive, a conductive path between the contacts and the 
s i l icon is establ ished. 

4,280,853 
Palazzetti, Mario; Ponti, Cesare; Tenci, Pier L., inventors; Centro 
Ricerche Fiat S.p.A., assignee. Solar Energy Conversion Unit. 
Ju ly  28, 1981 .  

A solar energy converter is provided in the form of a un it for 
assembly together with other s imi lar u nits to bui ld up a solar
energy conversion installation. Each unit i ncludes a fixed support 
structure, a mounting element art iculated on the support struc
ture, and an optical concentrator carried by the mounting element. 
The optical concentrator consists of a p lu ral ity of coplanar, 
spherical lenses, the centers of which are located at the vertices 
of a polygon. The center of the polygon l ies on a l ine extending 
perpendicularly to the p lane of the lenses through the point of 
art icu lation of the mounting element on the support structure. 
Each unit further includes a plurality of converter modules located 
at the foci of respective ones of the spherical lenses and carried 
by respective connecting legs which extend from the mounting 
element. Each converter modu le includes a photovoltaic cell and 
means for transferring the heat dissipated in the photovoltaic cell 
to a l iqu id .  

4,281,053 
Tang, Ching W., inventor; Eastman Kodak Company, assignee. 
Multilayer Organic Photovoltaic Elements. Ju ly 28, 1981. 

A photoconduct ive laminate and its use are disclosed, the 
laminate compris ing two layers of comp9unds, each layer being 
a s ingle phase and at least one of the compounds having a 
general ly planar polycycl ic nucleus. 

4,281,208 
Kuwano, Yukinori ; lmai, Terutoyo; Umetani, Masakazu, inventors; 
Sanyo Electric Co., Ltd., assignee. Photovoltaic Device and Method 
of Manufacturing Thereof. Ju ly 28, 1981. 

A photovoltaic device comprises a l ight tran(>missive i nsu lating 
substrate, on which a p lural ity of isolated transparent electrodes 
are formed. An amorphous s i l icon layer of a PIN structure, for 
example, is formed on the substrate continuously and in common 
to the respective transparent electrodes. Aluminum electrodes are 
formed on the surface of the amorphous s i l icon layer so as to 
correspond to the respective transparent electrodes. The 
transparent electrodes and the a luminum electrodes are elec
trically connected to the adjacent opponent electrodes to 
withdraw in a series fashion photovoltaic power generated at the 
respective photoelectric conversion reg ions. 

4,281,278 
Bi lsky, Herbert W.; Callen, Patrick J., i nventors; RCA Corporation, 
assignee. Redundant Battery Protection System. J u ly 28, 1981. 

A satel l i te power system in which solar cells provide power to a 
load dur ing sunl ight hours and also charge, through regu lators, 
rechargeable batteries which provide power during dark periods. 

In order to prevent the batteries from being overcharged by solar 
cell current bypassing the regu lators (through the load connec
tion) each battery is protected by a redundant protect ion system 
including a pair of d iodes and switch means normally connec
t ing one of the diodes between the battery and the load. If  the 
one diode fai ls  or shorts, the switch means connects the other 
diode between the battery and the load; the voltage across the 
one diode and current therethrough are sensed to determine if  
the diode has failed .  

4,281,369 
Batte, Christopher L., inventor. Method and Appara tus for Solar 
Power Lighting. Ju ly 28, 1981. 

Solar powered and/or augmented l ight ing systems embodied 
with in conventional hol low l ight pole configuration i ncorporating 
a solar power lamp cel l .  A p lural ity of solar cel ls are d isposed 
in an array about an upstanding l ight pole of conventional design 
of the type having a hol low interior and lateral ly extending l ighting 
elements. The l ighting element itself is provided in a configura
tion i ncorporating a solar cel l  atop a storage battery atop a l ight 
source, such as a bu lb, operable from said l ight power system.  
The l ight ing cel l  is selectively powered by either a storage bat
tery system operable in conjunction with the solar panel array 
and/or the solar power network i ncorporated therein .  A network 
of electrical storage cel ls is d isposed with in the hol low configura
tion of the l ight pole and supported upon an elevator system for 
fac i l itat ing access thereto. In this manner, the overal l  consump
tion of energy from conventional power l i nes may be reduced 
and/or e l iminated. The commercial l ines may remain connected 
to said l ight poles for augmented power during periods of low solar 
energization and for purposes of orig inal solar col lector 
orientation. 

4,283,589 
Kaplow, Roy; Frank, Robert 1 . ,  inventors; Massachusetts Institute 
of Technology, assignee. High-Intensity, Solid:state Solar Cell. 
August 1 1 ,  1981. 

A semiconductor solar cel l  capable of convert ing i ncident radia
tion to electrical energy at h igh efficiency i ncludes a p l u ral ity of 
series-connected un it solar cel ls formed from a common wafer 
of semiconductor material. The unit  solar cel ls  each inc lude a 
semiconductor substrate of one conductivity type and a p-n j unc
tion formed in the substrate. The l ight-receiving surface of the cel l  
may have a n  opaque member �hereon, and i nc ident l ight i s  
directed onto the portion of that surface not covered by the opaque 
member. A variety of embodiments i l l ustrates the invention. 

4,283,590 
Bi lger, Gerhard; Hewig, Gert; Pfisterer, Fritz; Schock, Hans-Werner, 
inventors; Werner H .  Bloss, assignee. Method for Production of 
Solar Cells and Solar Cells Produced Thereby. August 1 1 , 1981. 

A method for the production of solar cel ls with a th in- layer PN 
heteroj unction, having a cadmium su lfide layer vapor deposited 
on an electrically conductive support and a cuprous sulfide layer 
chemically produced on the cadmium sulfide layer, and having 
an electrically conductive g rid  in contact with the cuprous su lfide 
layer, wherein the two layers and the conductive support are 
formed into one structural part, and the conduct ive g rid  is formed 
into a second structu ral part including a covering g lass member, 
and the two structural parts are adhesively joined to form a closed 
encapsu lated cel l .  

4,283,591 
Boer, Karl W., inventor; SES, I ncorporated, assignee. Photovoltaic 
Cell. August 1 1 ,  1981. 

A process for i mproving the stabi l ity of a cadmium chalco
genide/copper chalcogenide photovoltaic cell is d isc losed. The 
improvement comprises positioning a layer of a polymer composi
tion containing electrical ly conductive particles between the 
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copper chalcogenide layer and the metal electrode such that the 
metal electrode does not make physical contact with the copper 
chalcogenide layer. 

4,285,762 
Moustakas, Theodore D., inventor; Exxon Research & Eng ineer
ing  Co., assignee. Plasma Etching of Amorphous Silicon (SE-35). 
August 25, 1981 .  

Amorphous s i l icon is  selectively etched by concurrently expos
ing the s i l icon to an ionized plasma contain ing hydrogen and 
heating the s i l icon to a temperatu re of between about 150°C to 
about 350°C. In one embodiment the selective etch ing technique 
is ut i l ized to texture the surface of the amorphous s i l icon reduc
ing the reflectivity thereof to less than about 5%. 

4,287,382 
French, Hol l is  E. ,  i nventor; Exxon Research & Eng ineering Co., 
assignee. Solar Cell Assembly and Fabrication of Solar Cell Panels 
Utilizing Same. September 1 ,  1981. 

An assembly comprising a p lural ity of solar cel ls arrayed on and 
adhesively bonded to a sheet of non-woven heat-actuatable fabric 
is provided which offers sign ificant advantages in the fabrication 
of solar cell panels, particu larly fabrication of panels by vacuum 
lamination techniques. 

4,287,383 
Peterson, Terry M. ,  inventor; Chevron Research Company, assignee. 
Cadmium Sulfide Photovoltaic Cell of Improved Efficiency. 
September 1 ,  1981. 

· 

Cadmium sulf ide photovoltaic cel ls of improved efficiency com
prising transparent metal conducting electrode layer, fi rst 
cadmium semi-conductor layer, short-barrier layer, second cad
m ium su lfide semi-conductor layer, barrier layer and col lecting 
metal electrode layer. 

4,287,473 
Sawyer, David E., inventor; The United States of America as 
represented by the United States Department of Energy, assignee. 
Nondestructive Method for Detecting Defects in Photodetector 
and Solar Cell Devices. September 1, 1981. 

The invention described herein is a method for locating semicon
ductor device defects and for measuring the internal resistance 
of such devices by making use of the i ntrinsic d istributed resist
ance nature of the devices. The method provides for forward
biasing a solar cell or other device wh i le it is scanning with an 
optical spot. The forward-biasing is achieved with either an i l lu
m inator l ight source or an external cu rrent source. 

4,287,485 
Hsieh, Jaw J. ,  i nventor; Massachusetts I nstitute of Technology, 
assignee. GalnAsP/InP Double-Heterostructure Lasers. Septem
ber 1, 1981 .  

Double-heterostructure (DH) diode lasers based upon very th in  
epitaxial layers of Gaxln1_xAsYPl·Y g rown on and lattice-matched 
to oriented l nP  substrates are d isclosed. A preferred method for 
fabricating such lasers involves the successive growth, on an l nP  
substrate, o f  an l nP  buffer layer, the  GalnAsP active layer and an  
lnP top barrier layer using l iquid phase epitaxy techniques to  g row 
these layers from supercooled solutions. Stripe geometry lasers 
can be fabricated from these materials which emit in the 1 .1-1 .3 
J-Lm range and are capable of cw operat ion for extended periods 
at room temperatu re. 

4,287,848 
Leibenzeder, Siegfried; Heindl ,  Christi ne, inventors; Siemens 
Aktiengesellschaft, assignee. Apparatus for the Manufacture of 
Epitaxial Ga1.,;- lxAs:Si Film. September 8, 1981. 
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Apparatus for manufactur ing epitaxial Ga1.xAixAs:Si films via 
l iquid-phase epitaxy, using a boat in a quartz tube. The Ga, which 
is contained i n  a graphite boat, open at the long side, is  baked 
out first. The Ga-melt is al lowed to run onto GaAs substrate wafers, 
on which Si is deposited, and to be drawn into the gap between 
the GaAs-substrate wafers and the p lane g raph ite su rfaces. The 
th in Ga-melt formed above the GaAs substrate wafers is then 
brought i nto contact with the melted AI and is a l lowed to cool .  

4,289,112 
Roseen, Rutger A., i nventor; Studsvik Energ itekn ik  AB, assignee. 
Heat Storing Solar Collector Device. September 15, 1981. 

A solar col lector device is p laced on a floating insu lati ng l id of 
a reservoir  containing a heat storing l iqu id .  The solar collector 
device comprises lens means which concentrate incident solar 
radiat ion to focal points or focal l i nes rear or at the l id, and the 
l id has apertures through which the focus portions of the radia
tion beams pass with snug c learance. Transparent evaporation 
preventing diaphragms seal the appertures. Electricity generating 
semi-transparent solar cel ls may be arranged in  the apertures, 
whereby incident solar radiation partly produces electricity, partly 
heats the l iquid, and whereby the l iquid cools the cells. In the case 
the lens means comprise axial ly elongated lenses i n  para l le l  with 
the l id and the apertures are slots, al igned with the lens axes, the 
lid is rotatable whereby to maintain the lens axes, the slots and 
the sun rad iation in one and the same plane during day time. 

4,289,118 
Stark, Virgi l ,  i nventor; North American Uti l ity Construction Corp., 
assignee. Solar Energy System with Pivoting Lens and Collector 
and Conduit System Therefor. September 15, 1981. 

A system in  wh ich solar energy is concentrated by an elongated 
lens in an elongated focus and col lected in an elongated col lec
tor is disclosed. The lens is supported above the col lector for 
pivotal movement with respect to the conduit about a f irst axis 
thereof to track the sun with the condu i t  remain ing stationary. 
The col lector further inc ludes a container having an elongated 
solar energy transmitting aperture facing the lens along and adja
cent to which the conduit extends, the container and lens being 
interconnected for pivotal movement with respect to the conduit 
about the f i rst axis to maintain the aperture facing the lens with 
the conduit remaining stationary whi le the interconnected lens 
and container are pivoted. In one embodiment, the interconnected 
lens, container and conduit  are also pivoted about a second axis 
t ransverse to the f i rst axis. One embod i ment of a conduit system 
includes an inner metal conduit having darkened outer surfaces 
to absorb solar energy and transmit heat to a f lu id in the metal 
conduit. The metal conduit is enclosed by an enclosure and a dead 
space is provided around the inner metal conduit. In one embodi
ment, photovoltaic cells are installed in an inner transparent con
duit  in which the elongated focus of a Fresnel lens is located. 
The inner conduit is enclosed by an outer transparent conduit of 
at least about 3 t imes larger diameter and a f lu id is c i rcu lated 
in the outer conduit which wi l l  substantially transmit therethrough 
the lum inous solar energy whi le absorbing substantial amounts 
of the infrared solar energy. 

4,289,571 
Jewett, David N., inventor; Energy Materials Corporation, assignee. 
Method and Appara tus for Producing Crystalline Ribbons. 
September 15, 1981.  

A method and associated apparatus are d isclosed for the con
t inuous formation of single crystal s i l icon ribbons. A seed crystal 
is placed on the surface of a pool of molten s i l icon and pul led 
at a s l ight angle above the horizontal over the edge of a men iscus 
attachment member at a rate commensurate with the rate of 
growth of the ribbon. The formation of the ribbon is controlled 
in part by a submerged stabi l izer d isposed u nder the molten 
s i l icon below the advancing edge of the ribbon at the surface of 
the s i l icon. A thermal impedance is provided below the su rface 
of the molten s i l icon to provide stab i l ity in the formation of the 



ribbon and to provide the proper temperature gradients conducive 
to the efficient formation of the ribbon from the molten material. 

4,289,602 
Sansregret, Joseph L., i nventor; Exxon Research & Engineering 
Co., assignee. Electrochemical Oxida tion of Amorphous Silicon. 
September 15, 1981. 

The invention teaches an electrochemical process for electrolysis 
g rowth of an oxide layer on hydrogenated amorphous s i l icon. 
Embodied in  a photovoltaic device, the oxide layer increases the 
open circuit voltage of the device and enhances the longevity of 
the photovoltaic characteristics of the device. 

4,289,920 
H ovel, Harold J. ,  inventor; I nternat ional Business Mach ines Cor· 
poration, assignee. Multiple Bandgap Solar Cell on Transparent 
Substrate. September 15, 1981. 

The d isclosure provides a highly efficient, e.g., up to 40% effi· 
ciency, solar cel l  for solar energy concentrator use. Two solar cell 
layers comprised of different semiconductor materials are grown 
upon a transparent, i nsulating substrate. A metal layer covering 
the bottom serves to reflect l ight back through the structu re, and 
can serve as a wrap-around electrical contact to both materials. 
As an example, a structure of Si and GaAIAs is produced on a 
substrate from the g roup consisting of A l203, Spinel ,  Quartz, 
and BeO. 

4,290,411 
Russel l ,  George F., i nventor. Solar Energy Collector Sun-Tracking 
Apparatus and Method. September 22, 1981. 

A solar energy collector is mounted for adjustable azimuth rota· 
t ion about a vertical axis and adjustable elevation t i l t ing about 
a horizontal axis for pointing toward the sun. The col lector is  driven 
for rotation about the vertical axis and for ti lting about the horizon
tal axis by drive mechanism controlled by the angle of incidence 
of the sun's rays to the col lector when the insolation is above a 
predeterm ined i ntensity. When the i nsolation is below such 
predetermined value, the drive mechanism is control led by a stored 
computerized program. Control responsive to the sun's rays i s  
effected by a t  least one l ight sensitive photoelectric cel l .  
Preferably one pair of cells is arranged in  a horizontal axi s  and 
another pair is arranged in a plane perpendicular to such horizon
tal axis. The photoelectric cel ls are buried in shield tubes to shield 
the cells from stray l ight. However, the outer end of the tubes are 
canted to increase the field from which d i rect rays from the sun 
w i l l  activate the photoelectric cel ls. Switching between control 
responsive to sun's rays and control by a computerized program 
is affected by a l ight level sensitive photoelectric cel l .  Further, 
the col lector rotating and t i lt ing drive mechanism is responsive 
to a stored computerized program that w i l l  effect return of the 
col lector from a terminal position at sunset to an i n it ial position 
for reactivation at sunrise of the fol lowing day. 

4,291,191 
Dahlberg, Reinhard, inventor; Licent ia Patent-Verwaltungs GmbH, 
assignee. Solar Cell A rrangement. September 22, 1981 .  

A solar ce l l  arrangement comprises a f irst plate or d isc  of  l ight 
transmissive material, one side 'of the fi rst p late or d isc having 
a structure of l ight transmissive elevat ions tapering parabol ically 
and cut off paral le l  to the surface of the plate or disc at the level 
of their focal points or l ines, the structure having a layer of at least 
partially l ight transmissive electrically conductive material on the 
surface of the elevations and a second plate or disc of sem icon
ductor or metal l ically conducting material, the plate or d iscs being 
assembled together to provide photovoltaic and electrical contacts 
between the said cut off surfaces, of one plate or d isc and the 
surface of the other p late or d isc such that l ight passing through 
the first plate is concentrated at the contacts. 

4,291,318 
Sansregret, Joseph L., i nventor; Exxon Research & Engineering 
Co., assignee. Amorphous Silicon MIS Device. September 22, 1981. 

The present invention relates to an amorphous s i l icon M IS  device 
having an insulating oxide formed by the chemical oxidation of 
the si l icon surface. A process comprising etchng the s i l icon sur
face fol lowed by a treatment of the etched surface in a sulfur 
based oxidant forms a controlled thickness oxide layer, usefu l i n  
modifying the  junct ion form ing characteristics of  the  semicon
ductor and additionally stabi l izing the semiconductor properties 
of the photoconductive amorphous s i l icon. 

4,291,323 
Bachmann, Klaus J., inventor; Bel l  Telephone Laboratories, Incor
porated, assignee. Indium Phosphide Arsenide Based Devices. 
September 22, 1981 . 

Devices based on l nAs _1 xpx where 0.85�x<1 show advantageous 
properties. An exemplary device is a recti fying diode formed from 
indium tin oxide deposited on the subject l nAs _1 xPx. 

4,292,092 
Hanak, Joseph J., inventor; RCA Corporation, assignee. Laser Pro
cessing Technique for Fabricating Series-Connected and Tandem 
Junction Series-Connected Solar Cells into a Solar Battery. 
September 29, 1981. 

A method of fabricat ing series-connected and tandem j unction 
series-connected solar cells i nto a solar battery with laser scribing. 

4,292,093 
Ownby, Gary W.; Wh ite, Clark W.; Zehner, David M. ,  i nventors; The 
Un ited States of America as represented by the United States 
Department of Energy, assignee. Method Using Laser Irradiation 
for the Production of Atomically Clean Crystalline Silicon and Ger
manium Surfaces. September 29, 1981. 

This invention relates to a new method for removing surface impur
ities from crysta l l ine si l icon or german ium art icles, such as off
the-shelf p- or n-type wafers to be doped for use as junction 
devices. The pri ncipal contaminants on such wafers are oxygen 
and carbon. The new method comprises laser-i rradiating the con
taminated surface in a non-reactive atmosphere, using one or more 
of Q-switched laser pulses whose parameters are selected to 
effect melt ing of the surface without substantial vaporization 
thereof. In a typical appl ication, a p lural ity of pulses is used to 
convert a surface region of an off-the-shelf s i l icon wafer to an 
automatical ly clean region. This can be accompl ished in a system 
at a pressure below 10-8 Torr, using Q-switched ruby-laser pulses 2having an energy density in the range of from 60 to 190 MWicm • 

4,292,342 
�arma, Kal l u ri R.; Rice, M. John,  J r. ;  Lesk, I. Arnold, inventors; 
Motorola, Inc., assignee. High Pressure Plasma Deposition of 
Silicon. September 29, 1981 .  

Polycrystal l ine s i l icon i s  deposited on the i nterior surface of a 
shaped container. The s i l icon is deposited by reacting hydrogen 
and a s i l icon bearing gas in the presence of a h igh pressure 
plasma. The s i l icon body is separated from the shaped container 
by uti l izing thermal expansion shear stress. 

4,292,343 
Plaettner, Rolf; Krueh ler, Wolfgang; Grabmaier, Josef, i nventors; 
Siemens Aktiengesel lschaft, assignee. Method of Manufacturing 
Semiconductor Bodies Composed of Amorphous Silicon. 
September 29, 1981. 

Semiconductor bodies comprised of amorphous s i l icon are pro
duced by sequentially deposit ing a plural ity of amorphous si licon 
layers on a heat-resistant substrate by g low discharge in a s i l icon 
hal ide atmosphere at low pressures and low substrate tempera
tures, with each layer being hydrogenated with atomic hydrogen 
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before deposition of the next subsequent layer. The semiconductor 
bodies thus produced are useful as basic or raw materials for 
fabricat ing solar cel ls. 

4,292,461 
Hovel ,  Harold J . ,  i nventor; I nternational Business Machi nes Cor
poration·, assignee. Amorphous-Crystalline Tandem Solar Cell. 
September 29, 1981. 

A h igh efficiency tandem solar cel l may be fabricated wherein a 
layer of transparent conducting material is placed over a 
crysta l l i ne substrate and under an amorphous reg ion. Light inci 
dent on the u pper surface has higher energy photons absorbed 
in the h igher bandgap amorphous material and lower energy 
photons pass through the transparent conductor to a point of 
absorption in the lower energy gap crysta l l i ne material. 

4,292,959 
Coburn, John F., J r. ,  i nventor; Exxon Research & Engineering Co., 
assignee. Solar Energy Collection System. October 6, 1981. 

A system is  p rovided for the col lect ion of electromagnetic radia
tion and the transmission of that radiation to a point of ut i l iza
tion in the form of l ight. Basical ly, the system employs a f i rst solar 
concentrator for the collection and concentrat ion of solar radia
t ion. Optically coupled to the f i rst solar concentrator is at least 
one additional solar concentrator for further concentrat ing the 
col lected solar radiation for efficient coupl ing with a l ight pipe. 
Thus, the l ight p ipe d i rects the col lected and concentrated l ight 
to a point of ut i l izat ion. Preferably, the solar concentrators are 
planar f luorescent solar concentrators having d ifferent f luores
cent materials in each concentrator. 

4,293,732 
Rancourt, James D.; Seddon, Richard 1 . ,  inventors; Optical Coating 
Laboratory, I nc., assignee. Silicon Solar Cell and 350 Nanometer 
Cut-On Filter for Use Therein. October 6, ·1981 .  

Solar cell construction having a body formed essential ly of si l icon 
and having a su rface with a photovoltaic junction appl ied thereon. 
An anti-reflection coating is formed on the surface. A transparent 
protective cover is provided. A cut-on fi lter is carried by the cover 
for reflect ing solar energy below approximately 350 nanometers. 
A layer of substantial ly transparent cement is used for securing 
the protective cover to the body so that it overl ies the junction 
and the anti-reflection coating.  The cut-on fi lter includes a stack 
of high and low index layers for reflecting solar energy in the ultra
violet reg ion of 350 nanometers and below, and also may i nc lude 
at least one additional layer of material of absorbing u ltraviolet 
energy below 350 nanometers which passes through the h igh and 
low index layers above it. 

4,293,808 
Varadi ,  Peter F. ; Dominguez, Ramon, inventors; Solarex Corpora
t ion, assignee. Ba ttery Charging Device Employing Solar Cells. 
October 6, 1981 .  

A device uti l izing solar energy cells to charge a battery or a p lural
ity of batteries. An array of solar cells is d isposed on a container 
having l id and tray parts. The parts are electrically interconnected 
to the solar cel l  array so that in container closed position the c i r
cuit including the solar cel l  array and the battery is closed to effect 
charg ing of the battery, and in container open position the cir
cuit  including the solar cel l  array and the battery is open with no 
f low of solar cel l  electrical output to the battery. 

4,294,602 
Horne, Wi l l iam E., inventor; The Boeing Company, assignee. 
Electro-Optically Assisted Bonding. October 13, 1981. 

A method of bonding a cover g lass to a semiconductor substrate 
having conductors thereon. The cover glass and the semiconduc
tor substrate are placed in a relatively high voltage field and heated 
to induce ion drift in the g lass and improved conductivity in the 
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substrate. Additional localized heating softens the cover glass in 
the vicinity of the conductors perm itt ing the cover g lass to flow 
around the conductors and to be drawn into contact and bonded 
with the substrate. 

4,294,811 
Aul ich, Hubert; Grabmaier, Josef, i nventors; Siemens Aktien· 
gesel lschaft, assignee. Process for Manufacturing Si Useful for 
Semiconductor Components from Quartz Sand. October 13, 1981. 

Relatively pure Si (having less than about 1 ppm of detrimental 
impurit ies therein) is obtained from ord inary quartz sand by 
u niform ly admixing such sand with suitable glass-forming 
materials, such as boron oxide and a lkal i-metal carbonates or 
oxides, melt ing such admixture to form a glass, anneal ing the 
g lass so as to obtain a phase separat ion comprised of an 
Si0 -rich phase and an impurity-rich phase, extracting the 2
impurity-rich phase via strong acid, such as n itric acid, washing 
and drying the remain ing g lass and reducing such g lass with 
carbon-containing compounds, such as graph ite, sucrose, statch, 
etc., in an electric arc. The so-obtained relatively pure s i l icon is 
suitable for fabrication into semiconductor components, such as 
solar cel ls. 

4,295,002 
Chappel l ,  Terry 1 . ;  Woodal l ,  Jerry M. ,  inventors; International 
Business Mach ines Corporat ion,  assignee. Heterojunction 
V-Groove Multijunction Solar Cell. October 13, 1981.  

r 

A solar cell i s  disclosed with V-grooves which are series con
nected, but electrically isolated, indirect bandgap solar cells which 
are responsive to different l ight frequencies on both sides of a 
semi- insu lati ng optically transparent substrate. The device has 
a very h igh conversion efficiency of approximately 40% and h igh 
open circuit voltage and low series resistance. An exemplary struc
ture in accordance with th is d isclosure has a series of si l icon 
V-groove cells on one side and another series of GaAIAs V-groove 
cel ls on the other side. The cel ls are of generally trapezoidal cross
section. The difference between the characteristics of the Si Cel l  
and the GaAIAs ce l l  is matched by control  of  the n umber of 
V-grooves. 

4,296,188 
Hodes, Gary; Cahen, David;  Manassen, Joost, inventors; Veda 
Research and Development Company Ltd. ,  assignee. Cd(Se,Te) 
Alloy Photovoltaic Materials. October 20, 1981 .  

A photovoltaic system comprising a Cd(Se,Te) al loy junction form
ing material .  A process of prepari ng a th in  layer of the al loy by 
electrodeposition and by appl ication of a s lurry of the al loy to a 
substrate which is then annealed at an elevated temperature. The 
junction forming material finds particular application in photoelec
t rochemical ce l l  system s, part icu lar ly those conta i n i ng 
SIS = electrolytes. Electrodes formed of the inventive materials 
exhibit  increased efficiency and improved stabi l ity. 

4,296,270 
Kohler, Kranz, i nventor; Messerschmitt-Bolkow-Biohm GmbH, 
assignee. Array o f  Solar Cells. October 20, 1981. 

An arrangement or array of solar cel ls comprises a p lural ity of 
cells each having contact ing connectors which establ ish an elec
trical ly conducting connection between the individual solar cel ls. 
Each solar cell has a connector which projects s l ightly from the 
edge thereof and is o{ a selected prof i le or shape such that the 
contact ing connectors of adjacent cel ls may be overlapped and 
connected to each other for electrical connection in an arrange
ment in which they do not come in contact with each other adja
cent the solar cel ls. 



4,296,731 
Cluff, C. Brent, inventor. Tracking Booster and Multiple Mirror Con
centrator Floa ting Collector. October 27, 1981. 

"A water-borne tracking solar energy col lect ing and converting 
system employing booster and mult ip le mi rror concentrator col
lectors for concentrating sunl ight on photovoltaic cel ls and/or flat 
plate col lectors. 

4,297,391 
Lindmayer, Joseph, inventor; Solarex Corporation, assignee. 
Method of Applying Electrical Contacts to a Photovoltaic Cell. 
October 27, 1981. 

A method of forming an electrical contact on the surface of a 
photovoltaic cell in which particles of electrical ly conduct ive 
material are formed at a temperature in excess of the al loying 
temperature of the material and si l icon, and thereafter spraying, 
e.g., flame spraying, arc spraying, or plasma spraying, the particles 
to one or both major surfaces of the cell so that the particles al loy 
with the s i l icon and adhere to the surface of the cel l .  

4,297,521 
Johnson, Steven A., i nventor. Focusing Cover Solar Energy Col
lector Apparatus. October 27, 1981. 

A solar energy col lector apparatus and method, the apparatus 
inc luding an open-top she l l  structure configured with either an 
enclosed or lattice configuration and having a Fresnel lens system 
covering the open top of the shel l  structu re. A mi rror system and 
solar energy absorber apparatus are placed inside the shell struc
ture. The shel l  structure is mounted upon a hol low axle for rota
tion about its longitudinal axis. The shell structure is also mounted 
for vertical movement of one end of the longitudinal axis to adapt 
the shell structure for following north-south changes in the sun's 
seasonal position. The hol low axle supports the solar energy 
absorber apparatus nonrotatably i nside the shel l  structure and 
in f lu id communication with insulated heat transfer condu its that 
pass nonrotatably through the hol low axle. A photovoltaic appa
ratus may be i ncluded in the shell structure for converting at least 
a portion of the solar f lux to electrical energy whi le the heat 
transfer conduits supply any necessary cooling to the photovoltaic 
apparatus. This combination of features provides h igher solar effi
c iencies and h igher temperatures in the heat transfer f lu id .  The 
method includes tracking the sun with the solar energy col lector 
apparatus thereby maximizing the amount of solar energy col
lected whi le e l iminating twisting and thereby coupl ing fai lures 
in the heat transfer conduits. 

4,297,717 
Li, Chou H. ,  i nventor. Semiconductor Device. October 27, 1981. 

A method of making hybrid solar cel l comprising eutectically form
ing a vertical mu lti-junction solar cell having vertical photovoltaic 
junctions in the form of Schottky barriers and/or PN junctions and 
comprising a plural ity of vertically elongated bodies of a fi rst 
semiconductor material and a plural ity of s imi larly elongated 
metal bodies which contact the semiconductor material bodies 
and space them from each other. All the bodies terminate at a 
common termination surface. The method also includes providing 
a horizontal solar cel l compris ing a layer of a second semicon
ductor layer deposited on the common, horizontal termination sur
face. The horizontal semiconductor layer has photovoltaic junc
tions either located at the common term ination surface, or 
separating it i nto two horizontal sublayers, or both. The vertical 
and horizontal solar cel ls are so electrical ly interconnected that 
the output voltage of the hybrid cel l is the sum of the output 
voltages of the two cells making it up. The material of the horizon
tal layer has a band gap different from that of the vertical semicon
ductor material bodies, and the solar cell with the wider band gap 
semiconductor material faces the sun. Structures of hybrid solar 
cel ls are also d isclosed. 

4,298,410 
Nakaj ima, Koichiro; Watanabe, Masaharu, inventors; Tokyo Shi
baura Denki Kabushiki  Kaisha, assignee. Method for Growing a 
Liquid Phase Epitaxial Layer on a Semiconductor Substra te. 
November 3, 1981. 

A method for selectively growing a l iqu id phase epitaxial layer 
on a semiconductor substrate comprises a f irst step of supply
ing a l iquid phase epitaxial solution in a chamber of an upper body 
and supplying a semiconductor substrate on which is selectively 
coated an insulating layer in a recess in an under body, the upper 
surface of which constituting the bottom of said chamber; a 
second step of heat ing said semiconductor substrate and said 
solution to a predetermined temperature and s l id ing said upper 
body and said under body relative to each other so as to posit ion 
said chamber above said recess, thereby effect ing contact 
between said solution and said semiconductor substrate; a th i rd 
step of effecting said s l id ing again so as to separate said recess 
and said chamber so that said solution remains on the reg ions 
of said semiconductor substrate surface on wh ich said i nsulating 
layer is not coated; and a fourth step of cool ing said solution and 
said semiconductor substrate at a constant coo l ing rate so as 
to grow a l iqu id phase epitaxial layer. 

4,298,423 
Lindmayer, Joseph, i nventor; Semix Incorporated, assignee. 
Method of Purifying Silicon. November 3, 1981. 

A method of purifying si l icon, i n  which the s i l icon is heated to 
a molten state, contacted with a gas i nert to s i l icon to remove 
impurities, and thereafter cooled to a sol id state. 

4,298,587 
Kapur, Vijay K., inventor; Atlantic Richfield Company, assignee. 
Silicon Purifica tion. November 3, 1981. 

A method for purifying s i l icon which employs an electrolytic step 
using a metal fl uoride electrolysis to generate si l icon fl uoride 
fol lowed by a chemical reaction step which produces e lemental 
s i l icon in a h igh ly pure form. 

4,298,802 
Quel la, Ferd i nand;  Pape, Hei nz, i nventors;  S iemens Ak
tiengesellschaft, assignee. Method and Device for Collecting Light 
Utilizing a Light Trap. November 3, 1981. 

A method and a device for collecting l ight characterized by a body 
which acts as a l ight trap, contains at least two different g roups 
of f luorescent particles with each group having an absorption 
range and l ight emitting range which are d ifferent from the other 
groups, and has at least one light decoup l ing window to emit the 
f luorescent l ight therefrom. 

4,299,648 
Ciszek, Theodore F. ; Schwuttke, Guenter H. ,  inventors; The United 
States of America as represented by the United States Depart
ment of Energy, assignee. Method and Apparatus for Drawing 
Monocrystalline Ribbon from a Melt. November 10, 1 981 .  

A method and apparatus for drawing a monocrystal l i ne ribbon or 
web from a melt  comprising ut i l izing a shaping die including at 
least two elements spaced one from the other, each having a por
t ion thereof located below the level of the melt and another por
t ion located above the level of the melt a d istance sufficient to 
form a raised meniscus of melt about the corresponding element. 

4,301,321 
Bartels, Frederick T. C., inventor; Spectro lab, assignee. Two-Axis 
Focusing Energy Concentrator. November 17, 1981. 

A focusing mu lti-point h igh-concentrator optical system is d is
closed. The system is usefu l  for concentrating energy such as 
solar rad iat ion for use in solar energy conversion systems. The 
configuration of the optical system incorporates th in  metall ized 
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Fresnel reflector elements appl ied to panels formed into focus
ing surfaces having a common axis. The Fresnel elements are 
oriented axial ly to the axis of the focusing surfaces. The optical 
configuration produces a substant ia l ly rectangular focal zone 
centered over' each panel. For a plurality of panels of a given width, 
there wi l l  be a p lural ity of focal zones, each separated by a 
d istance equ ivalent to the panel width. At least one energy 
absorber is maintained substantial ly at each focal zone and may 
comprise a photovoltaic cel l ,  thermal absorber, etc. and combina
t ions thereof. 

4,301,322 
Amick, James A., i nventor; Exxon Research & Engineering Co., 
assignee. Solar Cell with Corrugated Bus. November 17, 1981 . 

The i nvention teaches an improved bus for current col lect ion i n  
photovoltaic solar cells. The bus is prefabricated from a h igh ly 
conductive metal and is corrugated to compensate for d ifferences 
in thermal coefficients of expansion between the bus and the solar 
cel l  body. 

4,301,323 
Schink, Norbert, inventor; Siemens Aktiengesel lschaft, assignee. 
Lead-Doped Silicon with Enhanced Semiconductor Properties. 
November 17, 1981. 

Si l icon having semiconductor properties, adapted for use as an 
optoelectronic component, i n  particu lar solar cel ls, has its opto
electronic properties improved by adding to the s i l icon an agent, 
preferably lead, which increases the carrier l i fetime. 

4,301,409 
Mi l ler, Emmett L.; Shumka, Alex; Gauthier, M ichael K., i nventors; 
Cal i forn ia I nst itute of Technology, assignee. Solar Cell Anomaly 
Detection Method and Apparatus. November 17, 1981. 

A method is provided for detecting cracks and other imperfections 
in a solar cel l ,  which includes scann ing a narrow l ight beam back 
and forth across the cell in a raster pattern, whi le monitoring the 
electrical output of the cel l  to f ind locations where the electrical 
output varies significantly. The electrical output can be mon itored 
on a television type screen contain ing a raster pattern with each 
point on the screen corresponding to a point on the solar cell sur
face, and with the brightness of each point on the screen corres
ponding to the electrical output from the cell which was produced 
when the l ight beam was at the correspond ing point on the cel l .  
The technique can be uti l ized to scan a large array of i ntercon
nected solar cel ls to determ ine which ones are defective. 

4,301,592 
Lin ,  H ung Chang, i nventor. Method of Fabricating Semiconduc
tor Junction Device Employing Separate Metallization. Novem
ber 24, 1981. 

A method of fabricating a p-n junction device such as solar cells 
using metal contacts for p regions and n reg ion heat-treated at 
two d ifferent temperatures. A metal with low work functions is 
heated fi rst to a high temperature for making ohmic contact to 
a p-type semiconductor substrate, and then at low temperature 
for contacting  the n-type reg ion. A metal with h igh work function 
is heated f irst to a high temperature for contacting an n-type 
semiconductor substrate and then at low temperature for contact
ing the p-type region. 

4,303,463 
Cook, Melvin S., inventor. Method of Peeling Thin Films Using 
Directional Heat Flow. December 1 ,  1981.  

A method is disclosed for pee l ing th in layers of crystal from the 
substrates on wh ich they have been grown. A thin layer of sing le
crystal material is grown on a s ingle-crystal substrate having a 
lower melting point temperature than the layer. The layer and 
substrate are then brought to the melt ing point temperature of 
the substrate material, and the layer is contacted to a hot object 
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so that heat f lows through the layer to the substrate for l iqu i fy
ing the substrate material contiguous to the layer. The layer is 
peeled from the substrate where such l iquification has occurred. 

4,304,607 
Jordan, John F.; Lampkin, Curtis M. ,  inventors; Photon Power, Inc., 
assignee. Photovoltaic Cell. December 8, 1981. 

A photovoltaic cel l  having an elctrically conductive substrate, 
which may be g lass having a f i lm of conductive t in oxide; a f irst 
layer contain ing a suitable semiconductor, which layer has a f irst 
component f i lm with an amorphous structure and a second com
ponent f i lm with a polycrysta l l ine structu re; a second layer form
ing a heterojunction with the f irst layer; and su itable electrodes 
where the heterojunction is formed from a solution contain ing 
copper, the amorphous f i lm component is superposed above an 
electrically conductive substrate to resi st permeation of the 
copper-contain ing material to shorting electrical contact with the 
substrate. The penetration resistant amorphous layer permits a 
variety of processes to be used in forming the heterojunction with 
even very th in layers (1-6!-1 th ick) of underlyi ng polycrystal l ine 
semiconductor materials. In some embodiments, the amorphous
l i ke structure may be formed by the addit ion of a luminum or 
zircon ium compounds to a solution of cadmium salts sprayed over 
a heated substrate. 

4,304,763 
Diet l ,  Josef; Wohlsch lager, M ichael, inventors; Consort ium fur 
Elektrochemische lndustrie GmbH, assignee. Process for Purify
ing Metallurgical-Grade Silicon. December 8, 1981. 

A process is provided for purifyi ng meta l lurgical-grade si l icon for 
the manufacture of solar cel ls, wherein the acid treatment of the 
si l icon, known per se, is combined with vacuum evaporat ion. This 
may be optional ly combined with slag extraction and d i rectional 
sol idif icat ion. 

4,304,955 
Meckler, Gershon, inventor; Energy I ntegrated Systems, I nc., 
assignee. Solar Energy Collector. December 8, 1981. 

A solar energy col lector is  disclosed. The col lector includes a 
photo-voltaic cel l ,  a reflector for d i rect ing solar energy from the 
sun to the photo-voltaic cell, a mount for the reflector, vacuum 
means and positioning means for the reflector. The vacuum means 
separates the photo-voltaic cell and the reflector from the atmo
sphere to prevent conduction and convection heat losses 
therefrom and corrosion of the reflector. The mounting means sup
ports the reflector within the vacuum means for rotat ion about 
an axis  along wh ich the photo-vo ltaic ce l l  extends. The posit ion
ing means is operable to produce a magnet ic field which attracts 
a ferromagnetic portion of the reflector, and to rotate the magnetic 
field about the axis to cause rotat ion of the reflector and maxi
m izing the amount of solar energy d i rected to the photo-voltaic 
cel l .  

4,305,776 
Grabmaier, Josef, inventor; Siemens Aktiengesellschaft, assignee. 
Method for Producing Disc or Band-Shaped Si Crystals with 
Columnar Structure for Solar Cells. December 15, 1981. 

Si-crystals with columnar structures are produced by contact ing 
a si l icon melt with a melt-resistant carrier body having periodically 
spaced crystal l ization-seed centers on a surface thereof facing 
the melt,  establ ish ing a controlled temperature grad ient at the 
interface between the carrier body surface and the melt so that 
crystal l izat ion of the melt onto the seed centers occurs and then 
removing the body with the adheri ng crystal layer from the melt. 
I n  a preferred embodiment, an elongated travel ing web having a 
select hole pattern therein function ing as the seed centers is uti l
ized as a carrier body. 



4,306,183 ' 
Wright, Maurice J., i nventor; Lucas Industries Limited, assignee. 
Voltage Regulation Circuit for a Solar Cell Charging System. 
December 15, 1981. 

A voltage regu lation c ircuit includes an active i ntegrator c ircuit  
which generates an output signal representing the t ime integral 
of the error between the voltage across a load and a reference 
voltage. The integrator circuit output is connected to a series of 
voltage comparators (each having hysteresis), each of which con
trols one of a series of separate switch elements each control l ing 
a proportion of the total current flow from a source to the load. 

4,307,680 
Haigh, John; Faktor, Marc M. ;  Moss, Rodney H.,  inventors; London 
Post Office, assignee. Growth of Semiconductor Compounds. 
December 29, 1981. 

Semiconductor compounds which are al loys of group 1 1 1-V com
pounds are grown by a l iqu id phase epitaxy method which 
includes heating growth apparatus in a reducing atmosphere while 
maintain ing a solvent for the compound, a source of the group 
1 1 1-V compound and another element of the al loy separate from 
each other. After heating to reduce oxides, the element is added 
to the solvent, the source is brought into contact with the solvent 
and the resulting solution is brought into contact with a substrate 
to effect growth of the compound. Apparatus for carrying out the 
method is  also described. 

4,307,681 
Lampkin,  Curtis M . ;  Roderick, Guy A.; Locke, Peter, i nventors; 
Photon Power, I nc., assignee. Apparatus for Quality Film Forma
tion. December 29, 1981.  

Methods and apparatus are provided for forming Ji lms of materials 
which are component layers of solar energy convers ion devices, 
e.g. photovoltaic cells and heat col lector panels. A selected 
substrate, generally glass, is heated while being sprayed with solu
tions which react on the heated surface to form a particu lar f i lm.  
F i lms of SnOx and CdS are particu larly produced. Accord ing to 
the present i nvention, a thermal energy i nput gradient is provided 
to apoproximate the energy loss grad ient during the spray pro
cess. Radiative heaters provide a rapid resupply of energy to the 
substrate and, i n  some instances, d i rectly to the fi lm form ing sur
face·. Temperature detectors, such as thermocouples, mon itor 
substrate temperature to provide the radiative energy input needed 
for substantial temperature uniform ity. 

4,308,245 
Dietl, Josef; Holm, Claus, inventors; Hel iotronic Forschungs- und 
Entwicklungsgesel lschaft fur Solarzel len-Grundstoffe mbH,  
assignee. Method o f  Purifying Metallurgical-Grade Silicon. 
December 29, 1981. 

A method of purifying metal lurg ical-grade s i l icon for the produc
tion of si l icon solar cells is provided, in which metal lurgical-grade 
s i l icon is d issolved in aluminum and brought i nto contact with 
an a luminum su lphide extraction melt. Thereafter, the s i l icon is 
crystal l ized out and separated off by cool ing the melt to a 
min imum temperature of 600°C. The aluminum melt remaining 
can then be recharged with s i l icon, heated, brought i nto contact 
with the extraction melt, so that addit ional s i l icon can be crys
tal l ized out. 

1982 
4,309,225 
Fan, John C. C.; Zieger, Herbert J. ,  inventors; Massachusetts I nsti
tute of Technology, assignee. Method of Crystallizing Amorphous 
Material with a Moving Energy Beam. January 5, 1982. 

An improved method for crystal l izing amorphous material with 
a moving beam of energy is disclosed. I n  this method, the energy 
beam is scanned in a manner to provide control led, continuous -
motion of the crystall izat ion front. 

4,309,239 
Rodot nee Fumeton, H uquette, i nventor; Agence Nationale de 
Valorisation de Ia  Recherche, assignee. Method and Means for 
Manufacturing Mono-Crystalline Silicon in Tape Form. January 5, 
1982. 

Th i s  invent ion rel ates to a process for manu factur ing  
monocrystal l ine si l icon. According to  this process, the fused zone 
is formed on a cyl i nder of polycrysta l l ine s i l icon and a f i lm i s  
"drawn" by means of  a seed-plate. The fused zone is  obtained by 
resorting to heating means, notably one or several electron guns 
whose beam is situated in a plane. By means of this process, 
monocrystal l i ne s i l icon is manufactured in the form of tape. 

4,309,241 
Garavaglia, Paul M . ;  Gutsche, Henry W., i nventors; Monsanto Com
pany, assignee. Gas Curtain Continuous Chemical Vapor Deposi
tion Production of Semiconductor Bodies. J anuary 5, 1982. 

Apparatus and process for producing electronic-grade semicon
ductor bodies are disclosed wherein continuously-pulled slim rod, 
which can be formed in situ from the reaction of a seed crystal 
and a molten semiconductor material  source, is pul led i nto and 
through a chemical vapor deposition chamber, having a gas cur
tain along the i nner wal l ,  the s l im  rod surface being preheated 
before entry i nto the deposit ion chamber where it is s imu ltan
eously exposed to focused heating and thermally decomposable 
gaseous compounds in order to provide suitable surface reaction 
conditions on the s l im rod for the decomposition of the gaseous 
compounds which results in deposition g rowth upon the surface 
of the rod. Single crystal semiconductor bodies are produced 
accord ing to the process by avoid ing poly-growth conditions 
through the in situ continuously pulled virgin sl im rod, preheating 
of the sl im rod for entry i nto the chemical vapor deposition 
chamber wherein the rod is s imultaneously heated or maintained 
at reaction temperatu re conditions whi le being exposed or con
tacted with elected thermally decomposable gaseous compounds 
and cont inuously drawn through the chemical vapor deposition 
chamber reaction zone result ing i n  an enlarged single crystal 
semiconductor body which is withdrawn conti nuously from the 
chemical vapor deposition chamber. 

4,309,460 
Singh, Shobha; Van Uitert, LeG rand G . ;  Zydzik, George J. ,  i nven
tors; Bell Telephone Laboratories, I ncorporated, assignee. Process 
for Producing Gold Films. January 5, 1982. 

A process is described for producing devices and articles with 
gold fi lms made by gold evaporation i n  which certain fluoride com
pounds are used to insure good adhesion of the gold f i lm to the 
substrate. The process is part icularly appl icable to the produc
t ion of gold f i lms on non-metal l ic  surfaces such as ceramic and 
g lass surfaces. This procedu re not only insures better adhesion 
of the gold fi lm to the surface, but also perm its greater process
ing variations without adversely affecting  f i lm adhesion. 

4,310,211 
Bunnel l ,  Edward D.; Sotolongo, Thomas J. ,  i nventors; AMP Incor
porated, ass ignee. High Current Contact System for Solar 
Modules. January 12, 1982. 

A high current connector system is d isclosed for use with 
photovoltaic mod ules of the type employed by the solar energy 
i ndustry. The connector provides quick and positive means of con
necting an array of solar cells in a module to a common bus and 
with a harness connector. The connector is configured to protect 
against inadvertent electrical shock during mating or unmating 
of the connector. The connector plug member has a two stage 
assembly which in the f irst stage al lows for free passage for a 
conductor through the p lug housing and i n  the second assembly 
stage provides an envi ronmentally sealed condition for the p lug 
with the seal a lso serving  as a strain relief for the conductor. 
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4,310,405 
Hel ler, Adam, i nventor; Bell Telephone Laboratories, I ncorporated, 
assignee. Device for the Photoelectrochemical Generation of 
Hydrogen a t P-Type Semiconductor Electrodes. January 12, 1982. 

A device having a p-type electrode comprising l nP  or Si and an 
electrolyte comprising a redox couple and a hydrogen catalyst 
evolves hydrogen at the p-type electrode when i l l um inated. 

4,310,987 
Chieffo, Joseph M. ,  inventor. Amusement Device. January 19, 1982. 

A rol l i ng amusement device powered by l ight fal l i ng on solar cells 
wherein the solar cells constantly face the l ight source. 

4,311,728 
Sansregret, J oseph L., i nventor; Exxon Research & Engineering 
Co., assignee. Method for Depositing Photoconductive Zinc Tin 
Phosphide. January 19, 1982. 

I nvention teaches a combined chemical vapor deposition/thermal 
ion exchange method for producing photoconductive th in f i lms 
of zinc t in  phosph ide. A layer of t in  oxide is  converted to zinc t in 
phosphide by anneal ing in  the presence of gaseous phosph ine 
and zinc metal vapor or zinc chloride vapor. The th in f i lm zinc t in  
phosphide taught by the present i nvention is  amenable to use i n  
large area appl ications such a s  solar cel ls and t h e  l i ke. 

4,311,869 
Kurth, Wi l l iam T. ; Andrulitis, Wil l iam B., inventors; Exxon Research 
& Eng ineering Co., assignee. Solar Cell Modules. January 19, 1982. 

Solar cel l  modules having l ight scattering surfaces at least in the 
land areas between a plural ity of arrayed solar cel ls and optically 
coupled to the cells by means of an i nternally reflective plate 
having a planar surface of incidence and an opposed textured 
s'urface provide increased module output. Insolation impinging 
on the l ight scattering surfaces is d i ffused upwarEIIy through the 
optical coupling medium and then downwardly toward a solar cell ,  
thereby increasing the output of the modu le. 

4,311,870 
Salama, Amal M. ,  i nventor; The United States of America as 
represented by the Administrator of the National Aeronautics and 

· Space Admin istrat ion, assignee. Efficiency of Silicon Solar Cells 
Containing Chromium. January 19, 1982. 

3 Efficiency of s i l icon solar cells contain ing about 1015 atoms/cm
of chromium is improved about 26% by thermal annealing of the 
s i l icon wafer at a temperature of 200°C to form chromium 
preci pitates having a d iameter of  less than 1 Angstrom. Further 
improvement in efficiency is achieved by scribing laser l i nes onto 
the back surface of the wafer at a spacing of at least 0.5 mm and 
at a depth of less than 13 micrometers to preferentia l ly precipitate 
chromium near the back surface and away from the junction region 
of the device. Th is  provides an economical way to improve the 
deleterious effects of chromium,  one of the impurities present 
in metal lurgical g rade s i l icon material. 

4,311,953 
Fukuda, H iroaki ; Sasaki, Takehiko; Mori, H i roshi ,  inventors; Sharp 
Kabushiki Kaisha, assignee. Charger Using One or More Solar Bat
teries. January 19, 1982. 

A charger, which is useful to power a variety of compact type elec
tron ic appliances such as an electronic wristwatch, i ncludes one 
or more solar batteries as a primary battery, and a sealed type 
si lver oxide battery as a secondary battery. Both the amount of 
charg ing current ampl itude and of charging voltage are l im ited 
to protect the sealed s i lver oxide battery from its own expanse 
phenomenon. 
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4,312,330 
Holdridge, David W., i �ventor; Swedlow, I nc., assignee. Focusing 
Device for Concentrating Radiation. January 26, 1982. 

A focusing device for concentrating rad iation, such as sun l ight, 
and producing a prescribed distribution of energy over a target 
su rface. The pr inciples of the device have both photovoltaic and 
photothermal appl ications, and can be embod ied in either a lens 
or a m i rror, having a pl ural ity of discrete focusing surfaces for 
red i rect ing radiation onto a target surface. The ang le for each of 
the respective focusing su rfaces, relative to the d i rection of the 
rad iation being received, is selected to redi rect an increment of 
such radiation to a unique portion of the target surface, whereby 
a superposition of the rad iation increments red i rected by al l  of 
the focusing surfaces produces the prescribed d istribution of 
energy on the target. In one embodiment, a p lural ity of focusing 
segments is provided each having a p lural i ty of the focusing sur
faces for i rradiating the target surface with a prescribed energy 
d istribution. Apparatus is provided for selectively masking 
predetermined ones of the focusing segments for contro l lably 
adjusting the magnitude of l ight energy concentrated upon the 
target su rface in a p lural ity of known and discrete steps. 

4,312,700 
Helm reich, Dieter; Sirtl, Erhard; Zol lner, Theo, inventors; Helictronic 
Forschungs- und Entwicklungs- Gesel lschaft fur Solarzel len
Grundstoffe mbH,  assignee. Method for Making Silicon Rods. 
January 26, 1982. 

To make solar energy competitive, as compared against other 
sources of energy, inexpensive solar cells are required. To accomp
l ish 'this goal, a method is provided which enables one to produce 
s i l icon rods having a columnar structure made of monocrystal l ine 
zones with p referential crystal lograph ic  orientation. Th is  is 
effected by feed ing a s i l icon melt i nto a crystal l ization chamber 
having a vertically movable cooled bottom face under the i nflu
ence of a temperature grad ient d i rected paral lel to the rod axis, 
so that the rods can be made cont inuously or semicontinuously 
with h igh drawing speeds. 

4,313,022 
Jordan, John F.; Lampkin, Curtis M. ,  i nventors; Photon Power, Inc., 
assignee. Solar Cell Array. January 26, 1982. 

An array of photovoltaic cel ls in a back wall-type configuration 
supported by a rigid transparent vitreous substrate, such as glass, 
for admitting incident rad iation to the cel ls. A plural ity of cel ls 
are interconnected into a desired electrical conf igurat ion by one 
or more layers of electrically conducting materials which overl ie 
the entire heterojunction of each cell to m in im ize the i nternal 
resistance of the cell and may conveniently protect the hetero
j unction form degrading environmental conditions. Various com
ponent layers form ing the photovoltaic cel ls are selectively 
removed and strips of insulating material are appl ied prior to form
ing the heterojunction. The electrical ly conductive material is 
thereafter applied and separated at areas protected by insulating 
material. The resu lt ing series array contains no exposed hetero
junction areas, thereby obtaining improved operating stabi l ity and 
performance. 

4,313,023 
Stephens, Richard B., inventor; Exxon Research & Engineering Co., 
assig nee. Solar Cell Module. January 26, 1982. 

A solar cell module is provided in which a p lural ity of solar cel ls 
is l i nearly arrayed on a support structu re, preferably in  a close 
packed conf iguration. Adjacent the l i nearly arrayed cells is  a 
lengthwise land area having facets w ith l ight reflective su rfaces, 
the grooves defined by the facets running the length of the l inearly 
arrayed cel ls. A l ight transparent optical med ium couples the 
facets and the solar cel ls. Importantly the facet surfaces are 
angularly disposed at a predetermined angle such that solar radia
tion incident on the facet su rface wi l l  be reflected upwardly into 
the optical medium where it will be internally reflected downwardly 
onto a solar cell thereby enhancing the output of the modu le. 



4,313,024 
Horne, Wi l l iam E., i nventor. Conversion of Solar to Electrical 
Energy. January 26, 1982. 

Solar energy is col lected by a concave mi rror and d irected onto 
a body located within a container which is l i ned with solar cel ls. 
The heated body radiates energy to the solar cel ls. The solar cel ls 
convert a portion of such radiated energy to electric ity. Another 
portion is converted to heat which is removed by a heat exchanger. 
A th i rd portion of the rad iated energy which is not absorbed by 
the solar cel ls or their support structure is reflected back to the 
radiating body to help maintain its temperature. 

4,313,078 
Bi lsky, Herbert W.; Cal len, Patrick J. , inventors; RCA Corporation, 
assignee. Battery Charging System. January 26, 1982. 

A h igh ly efficient battery charging system in which the ampere
hour discharge of the battery is sensed for control l ing the battery 
charg ing rate. The battery is charged at a relatively h igh charge 
rate during a fi rst time period proportional to the extent of battery 
discharge and at a second lower rate thereafter. 

4,313,254 
Feldman, Charles; Charles, Harry K.; Satkiewicz, Frank G., i nven
tors; The Johns Hopkins University, assignee. Thin-Film Silicon 
Solar Cell with Metal Boride Bottom Electrode. February 2, 1982. 

The invention relates to an improved thin f i lm semiconductor p-n 
junction device and its method of fabrication, ut i l izing vacuum 
deposition techniques, whereby continuous/batch processing may 
be uti l ized, capable of mass producing p-n junction devices, e.g .  
solar cells, with large surface areas and good operating efficiency 
and at low cost. A novel feature of the proposed device and its 
method of fabrication is the formation of the bottom electrode 
of the device, located between the nonconducting substrate and 
the overlying si l icon semiconductor layer, as a metal boride region 
which possesses several characteristics particularly necessary 
to the fabrication of thin f i lm si l icon solar cel ls for example, having 
improved structural and operating properties, as wel l  as good 
operating efficiency. 

4,314,128 
Chitre, Sanjeev R., inventor; Photowatt International, I nc., assignee. 
Silicon Growth Technique and Apparatus Using Controlled 
Microwave Hea ting. February 2, 1982. 

Control of thermal gradients in a crystal being pu l led from a melt 
is achieved using stratified microwave coupling. Plural m icrowave 
radiators are arranged along the crystal path. The radiators are 
d riven by power sources having stepped energy levels so that the 
radiated microwave energy heats successive regions of the crystal 
to progressively decreasing temperature levels. Each power source 
is swept in frequency, thereby contro l l ing the depth of heating 
so as to achieve at each region a selected lateral temperature 
distribution (e.g., constant temperature across the crystal). Advan
tageously, the shape of each cavity conforms to the cross
sectional geometry of the crystal being pul led, which may be non
c i rcular. This faci l itates the growth of crystals having rectangular, 
trapezoidal or other shapes. I n  such embodiment, the frequency .
sweep range, and possibly power, is separately controlled at dif
ferent locations about the crystal so as to achieve the des i red 
lateral temperature distribution. 

4,314,192 
Caro, Charles R., i nventor; CWM Corporation, assignee. Electrical 
Power Generation Apparatus and Method Utilizing Electron Beam 
Discharge. February 2, 1982. 

An apparatus and a method for generating electrical . current i n  
which electron beams are d ischarged through a succession of 
elongate electron beam channels arranged in a paral lel array while 
a magnetic field is imposed on the array with flux d i rected perpen
dicu larly to the longitudinal axes of the channels. Beams are 
d irected successively through channels spaced one from another 

in a d i rection generally perpend icu larly to both the axes of the 
channels and the magnetic flux. Electrical energy for operating 
the apparatus is derived from a su itable low current source such 
as a photovoltaic or  solar cel l .  

4,314,198 
Rogers, Wi l l iam E., i nventor; Solar Physics, I nc., assignee. Solar 
Power Source for a Lighting System. February 2, 1982. 

A solar recharged power supply circuit for a l ighting system which 
c i rcuit includes a rechargeable power source, a solar powered 
recharger connected to that rechargeable power source and which 
c i rcuit p revents discharge of that rechargeable power source 
through the solar powered recharger during times when the 
recharger is inactive; prevents overcharging of that power source; 
prevents d ischarging that power source below a predetermined 
level; and automatical ly  connects and disconnects the l ighting 
system to and from the rechargeable power source. 

4,314,525 
Hsu, George C.; Levin, H arry; Hogle, Richard A.; Praturi , Ananda; 
Lutwack, Ralph, inventors; Cal ifornia I nstitute of Technology, 
assignee. Fluidized Bed Silicon Deposition from Silane. Febru
ary 9, 1982. 

A process and apparatus for thermally decomposing s i l icon con
taining gas for deposition on fluid ized nucleating si l icon seed par
ticles is disclosed. Si l icon seed particles are produced in a secon
dary f lu id ized reactor by thermal decomposition of a s i l icon con
taining gas. The thermally produced s i l icon seed particles are then 
i ntroduced into a primary f lu id ized bed reactor to form a f lu id iz
ed bed. Si licon containing gas is i ntroduced into the primary reac
tor where it is thermally decomposed and deposited on the f luidiz
ed si l icon seed particles. Si l icon seed particles having the desired 
amount of thermal ly  decomposed s i l icon product thereon are· 
removed from the primary f lu id ized reactor as u ltra pure s i l icon 
product. An apparatus for carrying out this process i s  also 
d isclosed. 

4,315,096 
Tyan, Yuan-Sheng; Perez-Aibuerne, Evel io A., i nventors; Eastman 
Kodak Company, assignee. Integrated Array of Photovoltaic Cells 
Having Minimized Shorting Losses. February 9, 1982. 

There are disclosed an i ntegrated array of photovoltaic cel ls each 
compris ing, on a support, a fi rst electrode segment, a semicon
ductor segment, and a second elect'rode segment; and a process 
for making it, where in  no insulating material need be appl ied to 
exposed semiconductor materials before applying the second 
electrode segment. The array is composed of sub-cel ls, g roups 
of which are series-connected to form sub-arrays. The sub-arrays 
are in turn connected in parallel so that a short in any one sub
cell only min imally affects the output of the enti re array. 

4,315,097 
Solomon, Al len L., i nventor; McDonnell Doug las Corporation, 
assignee. Back Contacted MIS Photovoltaic Cell. February 9, 1982. 

This photovoltaic cel l  in a principal embodiment comprises a 
P-type substrate having an unshadowed first surface adapted to 
receiving incident radiation and a second surface which contains 
at least one ohmic contact and at least one metal- insulator
semiconductor contact, this structure thereby forming a back con
tacted m inority carrier  M IS cel l .  

4,315,973 
Manassen, Joost; Hodes, Gary; Cahen, David, inventors; Veda 
Research and Development Co., assignee. Photoelectrochemical 
Cell Assembly Having Electrolyte Contacts between Semiconduc-
tor Surfaces. February 16, 1982. 

· 

An assembly compris ing at least two semiconductor electrodes, 
each of the semiconductor electrodes having a positive and 
negative surface, and an electrolyte for electrically connecting 
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the surfaces of opposite polarity of said semiconductor elec
trodes, the electrolyte compris ing at least one redox couple 
capable of a revers ible redox reaction with one of said surfaces 
of opposite polarity of said semiconductor electrodes whereby 
the composition of said electrolyte remains substant ial ly 
unchanged as charge is passed between said electrodes. 

An electrolysis assembly for electrolyzing a l iquid comprising an 
electrolysis compartment connected with the above assembly. 

4,316,048 
Woodall ,  Jerry M., i nventor; International Business Machines Cor
poration, assignee. Energy Conversion. February 16, 1982. 

Energy conversion capable of receiving input energy in thermal 
or radiant form at a variable rate and releasing energy i n  thermal, 
radiant or electrical form independent of rate is accomplished by 
providing a buffer member of a material that has three criteria, 
a melti ng temperature above 1300°K, a thermal conductance 
greater than 0.1 in calories per square centimeter per centimeter 
per degree per second, and a latent heat of fusion on the order 
of 1 ki localorie per mole. The converter can absorb energy of multi
ple types, store it and then release it in a form compatible with 
the prospective use. Sun l ight of day l ight duration and varying 
i ntensity is converted to steady 24 hour a day electrical output. 

4,316,049 
H anak, Joseph J., i nventor; RCA Corporation, assignee. High 
Voltage Series Connected Tandem Junction Solar Battery. 
February 16, 1982. 

A high voltage series connected tandem junction solar battery 
which comprises a plurality of strips of tandem junction solar cells 
of hydrogenated amorphous s i l icon having one optical path and 
electrically i nterconnected by a tunnel junction. The layers of 
hydrogenated amorphous si l icon, arranged in a tandem configura
tion, .can have the same bandgap or d iffering bandgaps. The 
tandem junction strip solar cells are series connected to produce 
a solar battery of any desired voltage. 

4,316,448 
Dodge, Robert J. , i nventor; Pennwalt Corporation, assignee. Solar 
Energy Concentra tor System. February 23, 1982. 

Solar energy concentrator system employs structure permitti ng 
ready adjustabi l ity of f lexible sheet concentrators to maximize 
solar radiation reflectabi l ity therefrom in accordance with 
seasonal posture of the sun. The invention util izes structural com
ponents which represent various parameters of an e l l ipse. Thus, 
the concentrators are shaped in the form of an inverted-V and their 
apexes shiftable, by means of a pivotable rod, along a curve of 
substantial ly constant radius when the free ends of the concen
trators are substantial ly secured at points forming the foci of the 
el l i pse to thereby vary the ang les the faces of the concentrators 
make with the sun. 

4,317,689 
Bowers, John E. ;  Schmit ,  Joseph L., i nventors; Honeywel l ,  I nc., 
assignee. Mercury Containment for Liquid Phase Growth of Mer
cury Cadmium Telluride from Tellurium-Rich Solution. March 2, 
1982. 

Hg _xCdxTe is an important semiconductor for use in photovoltaic 1
and photoconductive infrared photon detectors. Hg _xCdxTe can 1
be grown by l iqu id phase epitaxy at atmospheric pressure from 
a Te-rich solutiqn in which case the Hg vapor pressure is below 
0.1 atm at 500°C. This low vapor pressure makes possible the use 
of open-tube, s l ider growth techniques. The present invention 
describes a covered graphite slider system which provides an addi
tional source of Hg,  min imizes loss of Hg from the source wafer 
and virtually prevents loss of Hg from the (Hg1_xCdx)1_YTeY growth 
solution. 
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4,318,938 
Barnett, Al len M. ;  Baron, B i l l  N . ;  Masi, J ames V. ; Russel l ,  T. W. 
Fraser, i nventors; The Un iversity of Delaware, assignee. Method 
for the Continuous Manufacture of Thin Film Solar Cells. March 9, 
1982. 

A technique for manufacturing durable, rel iable solar cel ls by a 
continuous process suitable for large-scale manufacture involves, 
in substance, providing a reel of thin metal foil substrate and form
ing on the substrate a series of layers operative to form a 
photovoltaic junction, short prevention blocking layers, contacts 
and i ntegral encapsulation. The foil substrate is processed as a 
continuous reel substantial ly unt i l  f inal testing at which point, 
if desired, it can be cut i nto i ndividual cells for deployment. In 
comparison with a batch process, the cont inuous technique can 
reduce manufacturing cost by as much as a factor of two. 

4,318,942 
Woerner, Lloyd M. ;  Moore, Edward B., i nventors; J. C. Schumacher 
Company, assignee. Process for Producing Polycrystalline Silicon. 
March 9, 1982. 

An economical, low temperature, closed loop, thermal decomposi
tion process is provided for producing a control lable mixture of 
heterogeneously and homogeneously nucleated ultrah igh purity 
polycrystal l ine s i l icon suitable for use in the manufacture of 
semiconductor devices and photovoltaic solar cells. The process 
manipulates the equ i l ibrium expressed by the chemical reaction 
Si + 2H2 + 3SiBr4 650°C - 4Si HBr3. 

-750°C 

4,319,069 
Tyan, Yuan-Sheng, i nventor; Eastman Kodak Company, assignee. 
Semiconductor Devices Having Improved Low-Resistance Con
tacts to p-Type CdTe, and Method of Prepara tion. March 9, 1982. 

There are disclosed a semiconductor device comprising a layer 
of polycrystal l i ne p-type CdTe and a variety of metals in low
resistance contact, and a process and preferred etch ant for obtain
ing the contact. A layer comprising tel lurium is provided between 
the metal contact and the layer of p-type CdTe. lhe surface por
tion of the CdTe layer adjacent to the tel l u ri um-containing layer 
is cadmium-deficient, and the grain boundaries of the CdTe layer 
are preserved intact. 

4,319,187 
Crandal l ,  Richard S., inventor; RCA Corporation, assignee. Method 
for Measuring the Drift Mobility in Doped Semiconductors. 
March 9, 1982. 

A method for measuring the drift mobil ity of majority carriers i n  
semiconductors consists of measuring the  current transient i n  
a Schottky-barrier device following the  term ination of  a forward 
bias pu lse. An example is g iven using an amorphous si l icon 
hydrogenated material doped with 0.2% phosphorous. The method 
is particularly useful  with material in which the dielectric relaxa
tion time is shorter than the carrier transit t ime. It is particu larly 
useful  in material used in solar cel ls. 

4,319,310 
Kingsley, Vernon T., i nventor. Solar Signs. March 9, 1982. 

Self-contained solar signs uti l izing i ncident solar energy employ
ing solar cel ls or thermal absorbers for generating electricity 
which is stored and later used for energ izing sign i l l um inating 
lamp or lamps. 

Des. 263,393 
Lindmayer, Joseph, inventor; Solarex Corporation, assignee. Solar 
Cell. March 16, 1982. 

The ornamental design for a solar cel l ,  as shown and described. 



4,319,953 
Grabmaier, Josef, inventor; Siemens Aktiengesellschaft, assignee. � 

Method for Producing Disc or Band-Shaped Si Crystals with Col
umnar Structure for Solar Cells. March 16, 1982. 

Si-crystals with columnar structures are produced by casting a 
si l icon melt through a gap provided in a crucible onto a melt
resistant carrier body having periodically spaced crystal l ization
seed centers on a surface thereof facing the melt, and a l lowing 
the so-cast molten s i l icon to cool so that crystall ization of the 
melt onto the seed centers occurs. I n  a preferred embodiment, 
an elongated travel ing band-shaped substrate having a select hole 
pattern therein functioning as the seed centers, is uti l ized as the 
carrier body. 

4,320,154 
Biter, Wil l iam J., inventor; Westinghouse Electric Corp., assignee. 
Method of Forming Solar Cells by Grid Contact Isolation. March 16, 
1982. 

A solar cell structure is produced by a method comprising bak
ing the solar cel l ,  containing a gridded top layer of cuprous sulfide 
formed on a base of cadmium su lfide, for 20 minutes to 10 hours, 
to produce a copper doped CdS electrically insulating region in 
the cadmium sulfide base near the interface of the cuprous sulfide 
and the cadmium su lfide; removing the cuprous sulfide, and the 
copper doped CdS insulating region not covered by the grid, to 
provide a bare cadmium sulfide area; and then forming a cuprous 
su lfide layer on the exposed areas not covered by the grid. 

4,320,168 
Lindmayer, Joseph, i nventor; Solarex Corporation, assignee. 
Method of Forming Semicrystalline Silicon Article and Product 
Produced Thereby. March 16, 1982. 

A method of forming a semicrystal l ine s i l icon solar energy cell 
having i ndividual grains of s i l icon at the l ight-receiving surface 
of the cel l .  Impurities in the si licon concentrated in the grain boun
daries are removed by etching away at least substantial portions 
of the boundaries at the wafer surface and between adjoining 
grains so that, upon subsequent diffusion, a photovoltaic junc
tion wi l l  be formed at the l ight-receiving surface and wi l l  extend 
i nto the interior of the wafer between adjoin ing grains. 

4,320,246 
Russel l ,  George F., i nventor. Uniform Surface Temperature Heat 
Pipe and Method of Using the Same. M arch 16, 1982. 

A heat pipe includes an elongated, heat conductive shell contain
ing heat transfer flu id which is vaporizable and condensable, arid 
cool ing means with in  the shel l  to condense the heat transfer fluid 
from the vapor form to the l iquid form and thereby to cool the shel l 
to approximately the same temperature throughout its length. The 
cool ing means can i nclude a conduit or condu its runn ing 
long itudinal ly i nside the shel l  of the heat pipe and carrying a c ir
culating coolant which can be a l iquid or a gas. The substantially 
un iform cool surface temperature of the heat p ipe adapts it for 
use as an efficient solar energy col lector with the c ircu lating 
coolant serving as a heat extracting medium.  Alternatively, a row 
of photovoltaic cel ls  may be mounted on the uniformly cool heat 
pipe shell and an elongated lens used to refract solar rays to 
impinge concentrated or high intensity solar energy onto the 
targets of such cel ls. 

4,320,247 
Gatos, Harry C.; Chi, J im-Yang, inventors; Massachusetts I nstitute 
of Technology, assignee. Solar Cell Having Multiple P-N Junctions 
and Process for Producing Same. March 16, 1982. 

A solar cel l with improved energy conversion characteristics is 
formed from ord inary Czochralski or other types of si l icon crystals 
that are sl iced paral lel to the growth axis or pul l ing d i rection. The 
sl ices are heat treated at a sufficiently h igh temperature and for 
a sufficiently long period of time to activate oxygen donor states 
in the s l ices. The heat treatment is of sufficient duration that at 

periodic maxima of oxygen concentration in the crystal it produces 
n-type regions where a background p-type dopant is overcompen
sated. Each n-type region thus formed is adjacent to a p-type 
region with a p-n junction therebetween. Col lector contacts are 
appl ied at the faces of the s l ices to permit col lection of carriers. 

4,320,248 
Yamazaki, Shunpei, i nventor. Semiconductor Photoelectric Con
version Device. March 16, 1 982. 

An MIS type semiconductor photoelectric conversion device which 
comprises a semiconductor l ayer, a l ight-transparent, current
permeable, insulating or semi-i nsulat ing layer disposed on the 
semiconductor layer, a first conductive layer disposed on the l ight
transparent, current-permeable, insulating or semi-insulating layer, 
and a second conductive layer disposed on the semiconductor 
layer on the opposite side from the l ight-transparent, current
permeable, insulating or semi-insu lating layer, and in which when 
light is incident to the semiconductor layer from the outside of 
the fi rst conductive layer, a photoelectric conversion function is 
obtained by the presence of a barrier set up by the l ight
transparent, current-permeable, insulating or semi-insulating layer. 
In such an M IS  type semiconductor photoelectric conversion 
device, the light-transparent, current-permeable, insulating or semi
insulat ing layer is formed of a n itride. The n itride layer is formed 
of s i l icon n itride or s i l icon nitride and a conductive metal n itride. 
In the M IS type semiconductor photoelectric conversion device, 
the first conductive layer has a comb- or g rid-l i ke pattern and an 
anti-reflection layer is formed to cover the first conductive layer. 
The l ight-transparent, current-permeable, insulating or semi
insu lating layer and the anti-reflecting layer are both formed of 
a n itride. 

4,320,249 
Yamazaki, Shunpei, inventor. Heterojunction Type Semiconduc
tor Photoelectric Conversion Device. M arch 1 6, 1982. 

A heterojunction type semiconductor photoelectric conversion 
device which comprises a semiconductor layer, a l ight-transparent, 
conductive layer d isposed on the semiconductor layer to form 
therebetween a heterojunction, and a conductive layer d isposed 
on the semiconductor layer on the opposite s ide from the l ight
transparent, conductive layer, and in which when l ight is incident 
to the semiconductor layer from the outside of the · l ight
transparent, conductive layer, a photoelectric conversion function 
is obtained by the presence of the barrier of the heterojunction 
formed between the semiconductor layer and the l ight-transparent, 
conductive layer. In such a heterojunction type semiconductor 
photoelectric conversion device, a l ight-transparent, current
permeable nitride layer is artificial ly formed i n  the barrier of the 
heterojunction formed between the semiconductor layer and the 
l ight-transparent, conductive layer. The l ight-transparent, current
permeable nitride layer is an i nsu lat ing, semi- insulating,  or con
ductive layer. The i nsu lati ng  n itride layer is made of a si l icon 
nitride. The semi-insulating n itride layer is made of a si l icon nitride 
and a conductive metal n itride. The conductive n itride layer is 
made of a conductive metal n itride. In the abovesaid heterojunc
tion type semiconductor photoelectric conversion device, the l ight
transparent, conductive layer is made of a l ight-transparent, con
ductive nitride, which is a conductive metal n itride. 

4,320,250 
Corwin,· Rudolph  E. ;  Riemer, Dietrich E.; Stanbery, B i l ly J . ,  i nven
tors; The Boeing Company, assignee. Electrodes for Concentrator 
Solar Cells, and Methods for Manufacture Thereof. March 16, 1982. 

An improved l ight transducer such as a solar cell and, especial ly, 
a concentrator solar cel l ,  together with processes for forming the 
same which permit the ·formation of l ight transducers character
ized by their improved efficiency, especially at concentration ratios 
on the order of 100 Suns and g reater; and, more particularly, an 
improved process for forming concentrator solar cell electrodes, 
and improved concentrator solar cel ls produced thereby, charac
terized in that the electrodes comprise a mult ip l icity of closely 
spaced, fi ne-l ine-i.e., preferably on the order of less than about 
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1.0 mi ls in width-electroplated electrodes which are on the order 
of as least as thick as they are wide and, preferably which are 
at least 0.7 mi ls  in th ickness yet, which are characterized by their 
relatively sharp, vertical edge profiles and which are essent ial ly 
devoid of lateral "spread" of the electroplated electrode materials. 

4,320,251 
Narasimhan, M andayam C.; Roessler, Barton; Loferski, Joseph J. , 
i nventors; Solamat I nc., assignee. Ohmic Contacts for Solar Cells 
by Arc Plasma Spraying. March 16, 1982. 

The method of applying ohmic contacts to a semiconductor, such 
as a s i l icon body or wafer used in solar cel ls, by the use of arc 
plasma spraying, and sola� cells result ing therefrom. 

4,321,099 
Stirn, Richard J . ;  Yeh,  Yea-Chuan M. ,  inventors; The Un ited States 
of America as represented by the Admin istrator of the National 
Aeronautics and Space Admin istration, assignee. Method of 
Fabrica ting Schottky Barrier Solar Cell. March 23, 1982. 

A Schottky barrier solar cell consists of a thin substrate of low 
cost material with at least the top su rface of the substrate being 
electrical ly conductive. A thin layer of heavily doped n-type 
polycrystal l ine germanium, with crystal l ine sizes in the submicron 
range, is  deposited on the substrate. But f irst a passivation layer 
may be deposited on the substrate to prevent migration of impur
ities i nto the polycrystal l ine german ium on a substrate of low-cost 
conductive material. Then the polycrystal l ine germanium is recrys
tall ized to increase the crystal sizes in the german ium layer to 
not less than 5 microns, and preferably considerably more. It 
serves as a base layer on which a thin layer of gal l ium arsenide 
i s  vapor-epitax ia l ly grown to a selected thickness. Then, a 
thermal ly-grown oxide layer of a thickness of several tens of 
angstroms is formed on the gal l ium arsenide layer. A metal layer, 
of not more than about 100 angstroms th ick, is deposited on the 
oxide layer, and a grid electrode is deposited to be i n  electrical 
contact with the top surface of the metal layer. An antireflection 
coating may be deposited on the exposed top swface of the metal 
layer. In another embodiment, the recrystal l ized germanium layer 
serves as the substrate for a Schottky barrier solar cell with more 
than one active semiconductor layer. The techniques of form ing 
the oxide layer are also appl icable i n  forming an oxide layer 
between a metal layer and a semiconductor material which 
together form a Schottky barrier junction i n  any solar cel l .  

4,321,246 
Surma, Kal lu ri R.; R ice, M. John, J r. ;  Lesk, I. Arnold; N ikirk, Roger 
G., i nventors; Motorola, I nc., assignee. Polycrystalline Silicon Pro
duction. M arch 23, 1982. 

Polycrysta l l i ne s i l icon is produced by a h igh pressure plasma pro
cess. A s i l icon hal ide or halosi lane is reacted with hydrogen in 
the presence of a h igh pressure plasma to deposit s i l icon on a 
heated substrate. The effluent from this react ion is collected, the 
si l icon-bearing compounds separated out and re-introduced to the 
deposition reaction. The init ial s i l icon bearing compound can be 
inexpensive s i l icon tetrachloride. Maximum util ization of all s i l icon 
beari ng reaction products maxim izes polycrysta l l i ne s i l icon pro
duction efficiency. 

4,321,283 
Patel ,  Kirit B.; Gonsiorawski , Ronald, inventors; Mobi l  Tyco Solar 
Energy Corporation, assignee. Nickel Plating Method. March 23, 
1982. 

A simple method for plati ng nickel onto s i l icon which renders 
u nnecessary any catalyzing pretreatment of. the s i l icon surface 
which is to receive the nickel .  The method comprises the immer
sion of a s i l icon substrate in a su itable n ickel bath in order that 
n ickel ions in the bath wil l  be reduced to solid n ickel and deposited 
onto the substrate so as to form an adhering layer thereon. The 
method is especial ly advantageous in plating n ickel onto s i l icon 
shal low junction devices for the purpose of providing ohmic 
contacts. 
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4,321,416 
Tennant, Robert J . ,  inventor; AMP Incorporated, assignee. 
Photovoltaic Power Generation. March 23, 1982. 

A photovoltaic module is disclosed in the form of a shingle having 
an active portion contain ing photovoltaic cel ls  and an inactive 
mounting portion. Flat flexible ribbon-l i ke positive and negative 
leads extend from the term i nals in the active portion. The i ndi
vidual modules are mounted on a surface by means of fasteners 
extending through the i nactive portions of the modu les. At the 
time of i nstal lation, the flexible leads are folded to provide a ser
vicing loop and the ends of the leads are then connected i nto the 
electrical network of the system. I nd ividual modules can be 
removed from the system by moving the modu les in their own 
p lanes away from the array of modu les with accompanying 
straightening of the loops so that modu les can be replaced. 
Improved circuit arrangements for connecting modules in an array 
and improved i nstallation methods are d isclosed which take 
advantage of the flat flexible conductors extend ing from the 
modules. 

4,321,417 
Kurth, Wi l l iam T.; Andru l itis, Wil l iam B., inventors; Exxon Research 
& Engineering Co., assignee. Solar Cell Modules. March 23, 1982. 

Solar cell modu les having l ight scattering surfaces at least in the 
land areas between a plural ity of arrayed solar cells and optically 
coupled to the cel ls provide increased module output over 
modu les not provided with l i ght scattering land areas. Insolation 
imping ing on the light scattering surfaces is d iffused u pward ly 
through the optical coupling medium and then downwardly toward 
a solar cel l ,  thereby increasing the output of the module. 

4,321,418 
Dran, Maurice; Dages, Dan iel ;  Le Gravier, Serge, i nventors; Saint 
Gobain Vitrage, assignee. Process for Manufacture of Solar 
Photocell Panels and Panels Obtained Thereby. March 23, 1982. 

A panel of a pl urality of electrically connected photocells wherein 
each photocel l  has a lower face, a side face, and a radiation receiv
ing face, is produced by (a) embedding at least the lower faces 
and side faces of the photocel ls and the i r  electrical connectors 
in a thermoplastic resin  in particulate form which resi n  becomes 
transparent upon fusion; (b) enclosing the photocel ls embedded 
in step (a) between two rig id  sheets to form a sandwich-type 
assembly, with at least the rigid sheet enclosing the receiving 
faces of the photocel ls being optical ly transparent; (c) d isposing 
the stacked assembly formed i n  step (b) with in a flexible bag; (d) 
subjecting the interior of the flexible bag to a vacuum whi le apply· 
ing relatively h igh pressure to the outside of the bag , and raising 
the temperature with i n  the bag to fuse the thermoplastic resin 
partic les; and (e) cool ing the contents of the bag to sol id ify the 
resin and form thereby the panel comprising the photocells adhes
ively embedded in the sol id if ied resin between the r igid sheets, 
and restoring atmospheric pressure to the i nterior of the bag. 

4,321,419 
Hanafin,  Maurice C., inventor. Solar Panel Cover Assembly. 
March 23, 1982. 

The invention provides a transparent protective cover for a solar 
panel. The cover provides for the positioning of lengths of clean 
covering fi lm over the solar panel thereby removing dust and other 
accumu lations. A pai r of rol lers on opposite s ides of the solar 
panel support a supply of f i lm material which extends over the 
panel surface. Clean fi lm material is advanced at a predetermined 
rate across the solar panel thereby continuously replacing the 
panel cover and preventing excessive dust accumulation. 



4,321,420 
Kaplan, Daniel; Sol, N icole; Landouar, Pierre, i nventors; Thomson
CSF, assignee. Process for Producing a Layer Containing Silicon 
and Photoelectric Conversion Device Utilizing this Process. 
M arch 23, 1982. 

Process for p roducing layers of s i l icon or one of its al loys in pure 
or doped form and able to absorb optical rad iation, the layers 
being of l imited thickness, it comprising a first stage of depositing 
the layer by chemical decomposition of a gaseous mixture con
tain ing si lane at a temperature close to the crystal l ization 
temperature and a second stage of treating in a hydrogen plasma 
at a lower temperature. 

4,322,253 
Pankove, Jacques 1 . ;  Wu, Chung P., i nventors; RCA Corporation, 
assignee. Method of Making Selective Crystalline Silicon Regions 
Containing Entrapped Hydrogen by Laser Treatment. March 30, 
1982. 

A novel hydrogen rich single crystal l i ne s i l icon material having 
a band gap energy greater than 1 .1 eV can be fabricated by form
ing an amorphous region of graded crystal l in ity in a body of single 
crystal line si l icon and thereafter contacting the reg ion with atomic 
hydrogen fol lowed by pulsed laser annealing at a sufficient power 
and for a sufficient duration to recrystal lize the region i nto single 
c rystal l ine s i l icon without out-gasing the hydrogen. The new 
material can be used to fabricate semi-conductor devices such 
as single crystal l ine s i l icon solar cells with su rface window 
regions having a greater band gap energy than that of single 
c rystal l ine s i l icon without hydrogen. 

4,322,261 
Dubois, Pierre, i nventor; Societe Anonyme dite: Compagnie 
Generale d'Eiectricite, assignee. Method of Manufacturing a Solar 
Cell Panel. M arch 30, 1982. 

The photovoltaic cells are retained and protected by a transparent 
elastomer layer extruded when hot prior to vulcan ization and 
appl ied against the cel ls with a s l ight pressure to cause it to go 
i nto the spaces between cells, and vulcanized by heating, for 
example at 1 10°C or at 180°C, thanks to the presence of i ncor
porated peroxides. Appl ication in the production of electricity from 
solar energy. 

4,322,379 
Ki lby, Jack S.; McKee, Wil liam R.; Porter, Wilbur A., i nventors; Texas 
I nstruments I ncorporated, assignee. Fabrication Prqcess for 
Semiconductor Bodies. March 30, 1982. 

A system and method is provided for form ing semiconductor tear
d rop shaped bodies having min imal g rain boundaries. Semicon
d uctor material is melted i n  a capi l lary tube at the top of a tower 
and forced under gas pressure through a nozzle. Separate semi
conductor bodies are formed. They are passed through a free fal l 
path over which a predetermined temperature g radient controls 
sol id ification of the bodies. The resu ltant bodies are tear-drop 
semiconductor bodies of near un iform s ize with min imal grain 
boundaries. 

4,322,571 
Stanbery, Bi l ly J. ,  inventor; The Boeing Company, assignee. Solar 
Cells and Methods for Manufacture Thereof. March 30, 1982. 

An improved l ight transducer such as a solar cel l  and, especial ly, 
a concentrator solar cel l ,  together with processes for forming the 
same which permit the formation of improved l ight transducers 
characterized by their h igh thermal stabi l ity and by optimized 
impurity atom d ispersion zones at the surface of either a p-type 
or an n-type substrate-such, for example, as a si l icon substrate
defin ing: (i) a thermally stable deep junction wi�h relatively high 
surface concentrations of dopant dispersed i n  those areas where 
metal l ic electrodes are to be formed, thus providing excellent 
ohmic contact characteristics in such areas; and (ii), an efficient 
energy conversion shal low junction with relatively lower surface 

concentrations of dopant in the i nter-electrode photoactive 
reg ions preferably being texturized, thereby optim izing current 
generation per unit of i ncident radiation and min im izing reflec
tion losses. More particu lar ly, a deep junction (on the order of 0.5 
J..tm or greater) is f irst formed throughout the substrate's entire near
surface area which is to be exposed to incident rad iation; such 
deep junction i s  then entirely removed in  the i nter-electrode 
regions of the substrate by subject ing such reg ions to an acid 
etch, preferably with a texturizing etchant but, in some instances, 
with a pol ish etchant; and a relatively un iform shal low j unction 
(on the order of 0.3 J..tm ± or-0.1 J..tm) is then formed in  the etched 
inter-electrode near-surface regions either (i) by subjection of the 
substrate to a gas diffusion dopant process, or (ii) by conventional 
ion implantation techniques. 

4,322,908 
McCrory, Roy E., inventor. Animated Wildfowl Decoy. April 6, 1982. 

An improved animated wi ldfowl decoy with self-contained power 
and control systems featuring selectable solar energy power or 
alternative battery power, continuous solar energy re-charge of 
battery, unique new h igh ly efficient capstan type torque conver
sion system,  positive movement back and forth across the water, 
automatic d i rection reversal, sporatic movements, and is unaf
fected by wind, currents or shal low water. 

4,323,052 
Stark, Virg i l ,  i nventor. Solar Energy System. Apri l 6, 1982. 

Disclosed are solar energy systems which provide for the disti l la
tion of l iquids and/or the production of electricity using 
photovoltaic cells. Apparatus are disclosed which i nclude an undu
lated system for conducting the l iquid to be dist i l led, a l i near lens 
disposed to concentrate solar energy on or below the undulated 
system, and a conduit transparent to visible l ight interposed 
between the undulated system and the l i near lens. A cool ing f lu id 
is supp l ied to the conduit for assisting condensation of l iqu id 
evaporated from the undulated system on the lower wall of the 
conduit. The condensed liquid, the condensate and a concentrate 
of the l iqu id being d isti l led are col lected. An array of photovoltaic 
cel ls may be d isposed in the undu lated system at a location of 
the concentration of solar energy to thereby provide for both 
disti l lation of the l iqu id and generation of electricity. I nstead of 
an undu lated system for conducting th.e l iqu id to be disti l led, i n  
one embodiment, a fi rst transparent tube is disposed in  a second 
transparent tube. The l iqu id to be d isti l led evaporates in the f irst 
transparent tube and is condensed on the upper wall thereof which 
has an outer surface i n  contact with the cool ing fluid. I f  des i red, 
photovoltaic cel ls may also be disposed in the fi rst transparent 
tube. In another disclosed embodiment, a col lector comprises 
tubes one disposed in the other with a f lu id being c i rculated 
through each tube and insulation surrounding the lower portion 
of the tubes. Photovoltaic cells may be d isposed in the i nnermost 
tube which is transparent. 

4,323,417 
Lam, Hon W., i nventor; Texas I nstruments I ncorporated, assignee. 
Method of Producing Monocrystal on Insulator. April 6, 1982. 

A method for p roducing monocrystal on insulator is disclosed. 
In itial ly, an epitaxial layer is created on the single crystal substrate. 
This epitaxial layer may be formed by d i rect deposition of the 
monocrystal layer, or through epitaxial monocrystal g rowth 
induced after a polycrystal or amorphous layer has been deposited 
upon the substrate. By appropriately scanning a laser or other 
focused energy source beginning at some point within  the epitax
ial l ayer, and moving  i nto the polycrystal l ine or amorphous layer 
over the insulator region, the polycrystal l ine or amorphous l ayer 
wi l l  melt, then upon resolid ifying it wi l l  be monocrystal in struc
ture due to its monocrystal neighbor, the epitaxial layer. 
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4,323,419 
Wakefield, G. Felix, inventor; At lantic Richfield Company, assignee. 
Method for Ribbon Solar Cell Fabrication. April 6, 1982. 

A method and apparatus for casting material into a ribbon shape 
in which molten material to be cast is extruded in a thin ribbon 
onto a moving sheet of foi l of a metal having a sufficiently lower 
melting point or which forms an al loy with the molten material 
which has a sufficiently lower melting pont than the molten 
materia l ,  to cause almost immediate melting of at least a portion 
of the foil which comes in contact with the ribbon of molten 
cast ing material ,  with crystal l izat ion of the cast material occur
ing on a layer of l iqu ified foil or foi l-cast material al loy. Also 
d isclosed is the disposing of the metal foil, in the vicinity of the 
contact with the ribbon of molten cast ing material , on a cooled 
surface which is moving past the region of extrusion of the molten 
materia l .  The method and apparatus are d isclosed to be particu
larly useful  in making cast ribbon of semiconductor material with 
a foi l backing and desi rable properties for photovoltaic solar cel l 
appl ications. In addition, it is disclosed to add dopant to the sol idi
fying semiconductor material after extrusion onto the metal foi l  
and/or to  add dopant to  the  surface of  the  metal foi l  prior to  con
tact with the molten material, and also to thermally control the 
rate of crystal l izat ion of the molten material . 

4,323,719 
Green, Martin A., inventor; Unisearch Limited, assignee. Integrated 
Solar Cells and Shunting Diodes. April 6, 1982. 

A method of connecting a shunting d iode in paral lel with a solar 
. ce l l  for the purpose of i mproving the tolerance of an array of solar 
cells to mismatch in cell output, whether caused by physical dif
ferences in the cel ls, cell breakage, or the effect of stiading, is 
disclosed. Also disclosed is a method of forming a p lural ity of 
interconnected solar cel ls on a s ingle sheet of semiconductor 
material, wherein if requ i red, each cell in the array of cel ls may 
be shunted by a d iode. 

4,324,946 
Gravisse, Phi l ippe, inventor. Solar Radiation Concentrator. April 13, 
1982. 

A luminescent solar radiation concentrator is disclosed. Incident 
rad iation of flux <1>1 , and wavelength .\ , impinges enclosure wal l  1V having a double i ndex of  refraction n ,n1 1 2(where n >n ) and 1
then is absorbed by cascade fluorescent concentratorTconveder 
CL, which isotropical ly re-em its fluorescent radiation at wave2 2 length .\ and f lux <1> (where .\2>.\ , and <1>1 2>.\1) which then is 
absorbed by a solar photovoltaic cel l .  The double index of refrac
tion wall prevents escape of f luorescence rad iation from the 
enclosure. 

4,325,986 
Baron, B i l l  N. ;  Rocheleau, Richard E.; Russel l ,  T. W. Fraser, inven
tors; Un iversity of Delaware, assignee. Method for Continuous 
Deposition by Vacuum Evapora tion. April 20, 1982. 

An apparatus to deposit material on a substrate, such as in the 
making  of thin fi lm solar cel ls, consists of two chambers. A 
man ifold chamber having a pl ural ity of spaced nozzles assures 
efficient and uniform deposition on a substrate. The rate of deposi
tions is control led by an orifice in a passageway connecting the 
man ifold chamber to an evaporat ion chamber. 

4,326,012 
Charlton, Walter T. , inventor. Solar Power Building Block. Apri l 20, 
1982. 

A bui lding unit for exterior wal ls and the l ike comprising a molded 
block of g lass having a recess in the side face which is to face 
the exterior, the recess having a side wall and an open outer end 
on which a Fresnel lens is d isposed, the inner end of the recess 
having a solar cell d isposed therein so that sun l ight passing 
through the Fresnel lens impinges on the solar cel l  for the genera
tion of electric power together with a battery disposed within a 
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cavity molded in  the block connected by a c i rcuit to the solar cell 
for storing the generated electric power for subsequent use as 
needed in a residence or the l i ke. A further embodiment has at
tached to the i nterior wal l  a black painted duct contai ning ver
tical rad iant fi ns. This unit contains a "window" through which 
the concentrated radiation is di rected by the lens arrangement 
of the side wal ls and front lens to create a highly energetic radiant 
impingement upon the black duct heating it. Air flowing vertically 
i n  the duct is used for heating i nterior air or removal of 
superheated i nterior air  by using the force of the rising air for an 
"air cool ing" effect. 

4,326,013 
J acobi, Edgar F.; Madden, Mark R. ,  inventors. Energy System. 
April 20, 1982. 

A central photovoltaic col lection array is used on a shared basis 
to recharge transportable fuel cel l tra i lers each provided with an 
electrolysis cel l .  The electrolysis cel l  is fed by a container of water 
and when connected to the array the water is broken down into 
the constitutent elements. The result ing oxygen is stored under 
pressure wh i le the hydrogen is fed to a reactive bed to form 
metal l ic hydride. The heat of reaction of the metal l ic  hydride is 
cooled by a heat exchanger immersed in the bed and connected 
between two insu lated containers of water. Thus the water warmed 
up in the course of cooling the metal l ic hydride reaction is returned 
to an insulated chamber and in th is man ner serves as a source 
of heat for the decomposition thereof when hydrogen is desired. 
Once some hydrogen is released the heat of combination with 
oxygen may be used to continue the decomposition and as a 
source of power. 

4,327,119 
Lis, Steven A.; Serreze, Harvey B.; Sienkiewicz, Peter M. ,  inventors; 
Rad iation Monitoring Devices, I nc., assignee. Method to Synthe
size and Produce Thin Films by Spray Pyrolysis. April 27, 1982. 

Forming a f i lm by spraying onto a heated substrate an atomized 
solution contain ing the appropriate salt of a constituent element 
of the film and an agent in sufficient amount to change the oxi
dation state of at least one solute element of the spray sol ution 
after contacting the heated substrate. 

4,327,316 
Fuj ikubo, Yosh itake; Tanaka, Mamoru, inventors; N issan Motor 
Company, Lim ited, assignee. Ba ttery Recharging Solar Cell 
Arrangement for an Automotive Vehicle. Apri l 27, 1982. 

In a battery recharg ing arrangement for an automotive vehicle, 
one or more solar batteries, together with recharging cu rrent con
trol means to charge an automotive vehic le battery, are d isposed 
with supporting metal fixtu res at a p lural ity of different positions 
to which solar energy is appl ied so as to prevent the rechargeable 
batteries mounted in an automotive vehic le body from becoming 
excessively d ischarged. The solar batteries are positioned on the 
roof of a vehicle or mainly within the passenger comartment at 
appropriate elevation ang les, so that as long as the veh icle is in  
the condition wherever solar energy is appl ied, solar energy can 
be obtained at any position of the sun regardless of the d i rection 
the vehicle is moving in or of the place the vehicle is  parked since 
at least one of the disposed solar batteries wi l l  be effectively 
exposed to sun l ight. The solar batteries so d isposed at a p lural
ity of d ifferent positions within the passenger compartment are 
protected from d i rt or splashes of mud to keep the batteries in 
good working conditions at a l l  times. I n  addition, if appropriate 
l ight focusing devices, such as Fresnel lenses, are positioned over 
the solar batteries, the solar energy collecting performance w i l l  
further be enhanced. 



4,327,318 
Kwon, Yiduk; Lawson, Paul, i nventors; Exxon Research & Engineer
ing Co., assignee. Source Shedding Regulator. April 27, 1982. 

A voltage regu lator for contro l l ing the photovoltaic charging of 
storage batteries selectively includes or sheds portions of the 
photovoltaic array i nto or from the charging system. 

4,328,258 
Coleman, John H. ,  inventor; Plasma Physics Corp., assignee. 
Method of Forming Semiconducting Materials and Barriers. May 4, 
1982. 

In a gaseous glow-discharge process for coating a substrate with 
semiconductor material, a variable electric field i n  the reg ion of 
the substrate and the pressure of the gaseous material are 
controlled to produce a un iform coating having usefu l semicon
ducting properties. Electrodes having concave and cylindrical con
f igurations are used to produce a spacial ly varying electric field. 
Twin electrodes are used to enable the use of an AC power supply 
and col lect a substantial part of the coating on the substrate. Solid 
semiconductor material is evaporated and sputtered i nto the glow 
d ischarge to control the d ischarge and improve the coating.  
Schottky barrier and solar cel l  structures are fabricated from the 
semiconductor coating. Activated n itrogen species is used to 
i ncrease the barrier height of Schottky barriers. 

4,328,260 
Whitehouse, Daniel L., i nventor; Solarex Corporation, assignee. 
Method for Applying Antireflective Coating on Solar Cell. May 4, 
1982. 

A method, and the composition, for the appl ication of an anti
reflective coating on solar cells and the subsequent appl ication 
of metal contacts compris ing applying a screerJ to the surface 
of a solar cel l ,  applying a paste compris ing a metal alkoxide over 
the screen, heat treating the cel l and metal alkoxide paste, and 
n ickel plating the resultant cell. 

4,328,389 
Stern, Theodore G. ;  Peterson, David M . ,  inventors; General 
Dynamics Corporation, assignee. Inherent Spectrum-Splitting 
Photovoltaic Concentrator System. May 4, 1982. 

A �olar energy splitting photovoltaic concentrator system that 
inc ludes a f irst reflector that concentrates and d i rects sunl ight 
to a h igh energy bandgap first photovoltaic array that absorbs and 
converts into electric ity h igh energy photons. A second reflector 
formed integral ly with the f i rst photovoltaic array concentrates 
and reflects low energy photons back through the first photovoltaic 
array, which is transparent to the low energy photon, to a low 
energy bandgap second photovoltaic array that absorbs and con
verts the low energy photons. 

4,328,390 
Meakin, John D.; Bragagnolo, Ju l io, inventors; The University of 
Delaware, assignee. Thin Film Photovoltaic Cell. May 4, 1982. 

A thin film photovoltaic cel l  having a transparent electrical contact 
and an opaque electrical contact with a pair of semiconductors 
therebetween includes uti l izing one of the electrical contacts as 
a substrate and wherein the i nner surface thereof is modified by 
m icroroughening whi le being  macro-planar. 

4,328,417 
H imes, Roger, i nventor. Solar Tracking Mechanism. May 4, 1982. 

A mechanism for tracking the sun and positioning a solar energy 
collector, photovoltaic cells being util ized to energize pairs of elec
tric coils rotatably mounted within magnetic rings. Wheh the sun's 
rays fall upon a bank of photovoltaic cel ls a pair of coi ls are 
energ ized, setting up electromotive forces in opposition to the 
force field of the magnetic ring, and rotating the coils and solar 
col lector mounted thereto. 

4,329,189 
Noad, Ju l ian P.; Springthorpe, Anthony J. ;  Look, Christopher M . ,  
i nventors; Northern Telecom Limited, assignee. Channelled 
Substra te Double Heterostructure Lasers. M ay 1 1 ,  1982. 

In fabricating a 1 1 1 -V compound, for example, GaAs, having a 
layered structu re, a first layer is grown on a planar substrate by 
a vapor deposition process adapted to produce differential growth 
whi le a subsequent layer is grown by a deposition process which 
restores planarity. In this way a uniformly thick combination layer 
is produced with a non-planar junction between its composite 
layers. Particularly in the fabrication of channel led substrate 
double heterostructure lasers, a channelled blocking layer is grown 
by organo-metal l ic pyrolys is  {OM P) and a subsequent confin ing 
layer is grown using l iquid phase epitaxy {LPE). The OMP process 
produces a channel with f lanking shoulder portions which permit 
LPE growth of a very th in confin ing layer immediately above the 
shou lder portions thereby improving l i nearity of the device. 

4,329,195 
Kudo, Bosshi, inventor; Mitsubishi Kinzoku Kabushiki Kaisha; Toyo 
Si l icon Co., Ltd., assignee. Lateral Pulling Growth of Crystal 
Ribbons. M ay 1 1 ,  1982. 

The lateral pu l l ing growth of a crystal ribbon is establ ished under 
precise heat control by pu l l i ng  lateral ly the crystal ribbon from 
the melt of a crystal l ine substance having the same crystal struc
ture as that of the crystal ribbon. 

4,329,534 
Hodgson, Rodney T.; Hovel, Harold J . ,  inventors; International 
Business Machines Corporation, assignee. Uniform Incident Light 
High Voltage Solar Cell A rray. May 1 1 ,  1982. 

A fluorescent material member covering a series array of solar 
cel ls that produce a high voltage operates to convert incident l ight 
to a uniform number of photons per cel l .  

4,329,535 
Rapp, Charles F., i nventor; Owens- I l l i no is, I nc., assignee. Solar 
Cells and Collector Structures. M ay 1 1 ,  1982. 

Disclosed is a composite col lector and concentrator structure 
comprising a laminate having a self-supporting layer of solid l ight 
transmitting material of extended area in one plane in optical and 
physical contact with a relatively thin layer of host material con
tain ing at least one species of l uminescent material which ab
sorbs electromagnetic radiation and emits electromagnetic radia
tion of a longer wavelength. Use with photovoltaic solar cel ls is 
also d isclosed. 

4,329,699 
Ish ihara, Shin-ichiro; Mori, Kosh i ro; Tanaka, Tsuneo; Nagata, 
Sei ichi ;  Fukai, Masakazu, inventors; Matsushita Electric Industrial 
Co., Ltd., assignee. Semiconductor Device and Method of 
Manufacturing the Same. M ay 1 1 ,  1982. 

· 

A semiconductor device uti l izing amorphous Si1_xCx{O"'x�1) con
tain ing hydrogen. Through a h igh  frequency glow discharge pro
cess or a h igh frequency sputteri ng process, the composition x 
is varied to form a heterojunction between amorphous Si1_xcx 
layers, and electrodes are mounted to the layers to complete the 
device. The amorphous material is desirably selected to have a 
forbidden band width of 1 .7 to 3.2 eV so that the sensitivity of the 
device can cover the visible range. Because of the amorphous 
layers, freedom of type and shape of the substrate of the device 
is large. The dark resistance of the layers is large to improve the 
photoconductive characteristics of the semiconductor device. 
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4,330,182 
Coleman, John H . ,  inventor; Plasma Physics Corporation, 
assignee. Method of Forming Semiconducting Materials and Bar
riers. May 18, 1982. 

Photovoltaic j unctions useful for solar energy conversion and for 
electrophotographic image formation are fabricated from a layer 
of amorphous boron in contact with a layer of amorphous si l icon. 
The amorphous boron is preferably deposited at a reduced 
temperature on the amorphous s i licon; or, alternatively, the amor
phous s i l icon is deposited on a boron-bearing body previously 
deposited on an opaque metal l ic substrate. 

4,330,358 
Grabmaier, Christa; Otto, Franz; Thomann, Helmut, i nventors; 
Siemens Aktiengesellschaft, assignee. Method of Producing Plate
or Tape-Shaped Silicon Crystal Bodies Having Crystalline Pillar
Like Structures Therein, Equivalent to Crystalline Columnar Struc
tures, tor Large Surface Solar Cells. May 18, 1982. 

Selectively shaped s i l icon crystal bodies, such as plate- or tape
shaped bodies, having crystal l ine p i l lar-l i ke structures therein are 
produced by form ing a s lurry from an admixture of relatively fine 
sized s i l icon part ic les and a l iqu id  binder, extruding such s lurry 
as a relatively th in layer onto a first support member, drying such 
extruded layer unti l it becomes self-supporting and removing such 
support member, and then s intering such dried layer i n  a protec
tive gas atmosphere at temperatures below about 1430°C unti l  
a layer of crystal l ine s i l icon particles are generated or grown 
having an average diameter substant ial ly corresponding to the 
thickness of the dried s lurry layer. 

4,330,359 
Sch l ichta, Pau l  J. ,  i nventor; The Un ited States of America as 
represented by the Administrator of the National Aeronautics and 
Space Admin istration, assignee. Electromigration Process for the 
Purification of Molten Silicon during Crystal Growth. May 18, 1982. 

A process for the purification of molten materials during crystal 
growth by electromigration of impurities to localized d i rty zones. 
The process has particular appl ications for si l icon crystal growth 
according to Czochralski techniques and edge-defined f i lm-fed 
growth (EFG) cond itions. In the Czochralski crystal growing pro
cess, the impurities are electromigrated away from the crystal l iza
tion interface by applying a d i rect electrical current to the molten 
s i l icon for electromigrating the charged impurities away from the 
crystal growth interface. In the EFG crystal growth process, a direct 
electrical current is applied between the two faces which are used 
in form ing the molten s i l i 'con i nto a ribbon. The impurit ies are 
thereby migrated to one side only of the crystal ribbon. The im
purities may be removed or left i n  place. If  left in  place, they wi l l  
not adversely affect the ribbon when used in solar collectors. The 
migration of the impurity to one side only of the s i l icon ribbon 
is especial ly suitable for use with asymmetric dies which preferen
t ial ly crystal l ize uncharged impurit ies along one side or face of 
the ribbon. 

4,330,680 
Goetzberger, Adolf, i nventor; Fraunhofer Gesel lschaft zur 
Forderung der angewandten Forschung e.v., assignee. Integrated 
Series-Connected Solar Cell. May 18, 1982. 

A row of strip-shaped semiconductor junctions is arranged on 
each of the two surfaces of a semiconductor substrate possess
ing a h igh ohmic resistance, these junctions having p + - and 
n + -conduction characteristics in alternation and being paral lel 
to each other and spaced at intervals, i n  such a way that a semi
conductor junction having a p + -conduction characteristic on one 
surface of the semiconductor substrate is, in each case, located 
opposite a semiconductor junction having an n + -conduction 
characteristic on the other surface, and pri nted circuit tracks are 
arranged, in alternation, on one surface and on the other surface 
of the semiconductor substrate, these tracks connecting, in each 
case, one series of solar cell junctions with a neighboring series, 
in series-connection. 
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4,331,492 
Dominguez, Ramon; Anderson, Jack R., inventors; Solarex Cor
poration, assignee. Method of Making a Solar Panel. May 25, 1982. 

A solar panel in which interconnected photovoltaic cel ls are main
tained i n  l ight-receiving position by electrical ly conductive c l ips 
secured to the base of the panel. When the cel ls and c l ips are 
encapsulated i n  a protective resin ,  a vacuum is drawn during 
encapsulat ion to remove air bubbles trapped beneath the cel ls. 

4,331,494 
Duchateau, Jacq ues;  N i co las, Mau ri ce, i nventors; BFG 
Glassgroup, assignee. Solar Panel and Method o f  Manufacturing 
a Solar Panel. May 25, 1982. 

A solar panel comprising at least one solar energy transducer 
lam i nated between a transparent vitreous sheet and a second 
sheet in which the transducer is imbedded in a layer of transparent 
polymeric material which bonds the sheets together. The poly
meric material comprises an acrylic compound. A method of mak
ing the aforesaid solar panel in which the acryl ic compound is 
al lowed to set in  s itu is described. 

4,331,703 
Lindmayer, Joseph, i nventor; Solarex Corporat ion, assignee. 
Method of Forming Solar Cell Having Contacts and Anti reflective 
Coa ting. May 25, 1982. 

A photovoltaic cel l is formed by applying electrical contact 
material through an antireflective coat ing on the l ight receiving 
surface of the cell by flame, arc or plasma spraying.  The cel l so 
formed has a metal contact, spaced portions of which are in  elec
trical contact with the l ight-receiving surface of the cel l .  

4,331,707 
Muruska, H. Pau l ;  Sansregret, Joseph L.; Young,  Archie R., inven
tors; Exxon Research & Engineeri ng Co., assignee. Process for 
Thin Film Deposition of Cadmium Sulfide. May 25, 1982. 

The present i nvent ion teaches a process for deposit ing layers of 
cadmium sulfide. The process includes depositing a layer of cad
mium oxide by spray pyrolysis of a cadmium salt in an aqueous 
or organic solvent. The oxide film is then converted into cadmium 2 sulfide by thermal ion exchange of the 0 - for S -2 by anneal
ing the oxide layer in  gaseous sulfur at elevated temperatures. 

4,331,829 
Palazzett i ,  M ario; Boero, Angioletta; Demichel is, Francesca; 
M inetti -Mezetti ,  Enrica; Ferrari , G iancarlo, i nventors; Centro 
Ricerche Fiat S.p.A.; Pol itecnico di Torino, assignee. Thermopho
tovoltaic Converter. May 25, 1982. 

A thermophotovoltaic converter of the type comprising a concen
trating optical system and a transducer for solar radiation pro
vided with at least one lens and with at least one photovoltaic 

. cell is described. The principal feature of this converter is that 
the aforementioned transducer comprises at least a radiator 
having an i rradiati ng surface substantial ly facing the sensitive 
surface of the photovoltaic cell and a selective fi lter d isposed 
between the photovoltaic cel l  and the aforementioned radiator. 

4,332,838 
Wegrzyn, James E., inventor. Particulate Thin Film Fabrication Pro
cess. June 1 ,  1982. 

A method for the farication of large surface area thin f i lms of 
vaporizable solids upon substrate materials is provided. The 
method is particu larly appl icable to the fabrication of th in  f i lms 
having semiconducting properties useful as solar cells, in  the pro
duction of microelectronic devices, and other s imi lar purposes. 
A solid material is vaporized in a temperature-zoned furnace in  
association with a flowing carrier gas. The vaporized so l id  is  
al lowed to condense to form an aerosol of  disperse sized particles; 
the smal ler of these partic les are again vaporized leaving a lesser 



number of seed aerosol nuclei which are then grown to a larger 
size and diverted through an orifice to impact upon a substrate 
moving beneath the orifice thereby forming a part iculate f i lm on 
the substrate. 

4,332,973 
Sater, Bernard L., inventor. High Intensity Solar Cell. June 1, 1982. 

This i nvention discloses: (1) A high intensity solar.cell; (2) a method 
of making an array of high i ntensity solar cel ls  in an economical 
manner; and (3) a lens system for concentrating incident rad ia
tion onto the most responsive region of its structure. 

4,332,974 
Fraas, Lewis M. ,  i nventor; Chevron Research Company, assignee. 
Multilayer Photovoltaic Cell. June 1, 1982. 

A new high efficiency, mu ltijunction photovoltaic solar cel l for use 
with a concentrating lens. This cell comprises an elemental single 
crystal substrate without an i nternal l ight sensitive junction, upon 
which are two or more successive homogenous layers of semicon
ductor material, each layer contain ing within it a l ight sensit ive 
pin junction of a simi lar polarity, each layer having essent ial ly the 
same lattice constant as the single c rystal substrate, each layer 
having a shorting junction contact with the layer immediately 
above and below it, each successive layer absorbing l ight energy 
at a shorter wavelength, and each layer being of sufficient 
th ickness and appropriate composition to develop essentially the 
same current as the other layers. The outer surfaces of the top 
l ayer and the substrate are provided with electrical contacts for 
d istribution of the electric cu rrent. The top contact comprises a 
l ayer of a transparent conductive material with electrical connec
tions and the whole structure is completed with an antireflection 
coating over the top. 

4,333,136 
Baker, Richard H., inventor. Solar Powered Automatic Turn-On Con
trol (SPA-TOG) Unit and Method. June 1, 1982. 

Orderly control of power appl ied by a photovoltaic solar panel d.c. 
source to a load is attained despite varying long and short term 
solar conditions by coupl ing power from the panel to an i nverter 
in response to the panel voltage exceeding a predetermined level 
and preventing coupl ing of power from the panel to the i nverter 
in response to the panel voltage being less than a predeterm ined 
level. The switching frequency of the i nverter is controlled in 
response to the panel voltage so that approximately maximum 
power which the panel is capable of generating is suppl ied to the 
i nverter for the i ncident solar energy on the panel at a given 
temperature. Power is suppl ied to the inverter by a series switch 
between the panel and inverter. The switch is activated into a con
ducting state in response to the panel voltage exceeding a 
predetermined value. The panel voltage controls the turn-on and 
tu rn-off levels of the series switch by a hysteresis effect, provided 
by connecting a dummy power d issipating load in shunt with the 
panel whi le the series switch is cut off. The dummy load has a 
value causing the panel output voltage to be less than the voltage 
for maximum panel output power. A s imi lar series switch and 
hysteresis control is provided for control circuitry for the inverter. 
The series switch for supplying power to the control c i rcuitry can 
be activated in response to the same voltage which act ivates the 
series switch for the inverter, or in response to a different voltage 
level. 

4,333,262 
Kimura, Aki ra, i nventor. Solar Powered Toy. June 8, 1982. 

A solar powered toy has a p lu ral ity of legs each with angu larly 
related sections connected together. Certain sections are mounted 
for relative turning movement, and electric motors powered by 
solar cells are mounted to turn adjacent sections of the legs, so 
that movements of the legs of the device change the degree of 
exposure of the solar cel l s  to the l i ght source. 

4,334,120 
Yamano, M asaru; Kuwano, Yukinori, inventors; Sanyo Electric Co., 
Ltd. ,  assignee. Sunlight-Into-Energy Conversion Apparatus. June 8, 
1982. 

The present appl ication d iscloses a sun l ight-i nto-energy conver
sion apparatus in whch at least one amorphous si l icon solar cell 
having a th ickness th in enough to perm it the sunlight to pass 
therethrough is formed on the surface of a heat col lecti ng plate 
attached to a heating med ium tube in a thermal conductive 
manner, thereby permitti ng the sunl ight to be effectively converted 
into thermal energy and electrical energy. When a p lurality of such 
amorphous si l icon solar cel ls is formed on the surface of the heat 
col lect ing p late throug h  i nsu lating f i lms, respectively and con
nected in series to each other, h igh electromotive force may be 
obtained. 

4,334,354 
Luft, Werner; Kennedy, Robert E.; Mesch, Hans G.,  inventors; TRW 
Inc., assignee. Method of Fabricating a Solar Array. June 15, 1982. 

A solar array having solar cel ls mounted on a substrate and elec
trically joined by rear connector elements on the substrate and 
front connector elements secured between the cells to the 
substrate i s  fabricated by placing the array components in 
assembled relation and uti l izing induction heating to heat to their 
fusion temperatures a thermoplastic adhesive layer on the 
substrate and contacti ng fusible c ladding on the solar cel ls and 
the connector e lements whi le retain ing the components in f i rm 
contact to effect adhesive bonding of the solar cel ls and front 
connector elements to the substrate and metal l ic bond ing of the 
solar cel ls and connector e lements to one another. 

4,335,266 
Mickelsen, Reid A.; Chen, Wen S., inventors; The Boeing Company, 
assignee. Methods for Forming Thin-Film Heterojunction Solar 
Cells from 1-1/1-VIj Chalcopyrite Compounds, and Solar Cells Pro
duced Thereby. une 15, 1982. 

An improved thin-fi l m, large area solar cell, and methods for form
ing the same, having a relatively high l ight-to-electrical energy con
version efficiency and characterized in that the cel l  comprises 
a p-n type heterojunction formed of: (i) a first semiconductor layer 
comprising a photovoltaic active material selected from the class 
of 1 - 1 1 1-V I  chalcopyrite ternary materials which is vacuum 
deposited i n  a th in  "composition-graded" layer rang ing from on  
the  order of  about 2.5 m icrons to  about 5.0 microns (�2.5!-lm to  
�5.0!-lm) and  wherein the lower reg ion of  the  photovoltaic active 
material preferably comprises a low resistivity reg ion of p-type 
semiconductor material having a superimposed region of relatively 
h igh resistivity, transient n-type semiconductor material defin ing 
a transient p-n homojunction; and ( i i )  a second semiconductor 
layer compris\ng a low resistivity n-type semiconductor material; 
wherein interdiffusion (a) between the elemental constituents of 
the two discrete juxtaposed reg ions of the fi rst semiconductor 
layer defin ing a transient p-n homojunction layer, and (b) between 
the transient n-type material in the f i rst semiconductor l ayer and 
the second n-type sem iconductor layer, causes the transient 
n-type material in the first semiconductor layer to evolve into p-type 
materia l ,  thereby defin i ng a th in layer heterojunction device 
characterized by the absence of voids, vacancies and nodules 
which tend to reduce the energy conversion efficiency of the 
system. 

4,335,503 
Evans, Johh C., J r. ;  Chai, An:fi; Goradia, Chandra P., i nventors; The 
Un ited States of America as represented by the Admin istrator of 
the National Aeronautics and Space Admin istration, assignee. 
Method of Making a High Voltage V-Groove Solar Cell. June 22, 
1982. 

A method is provided for making a high voltage multijunction solar 
cell which comprises a p lural ity of d iscrete voltage generat ing 
reg ions, or unit  cel ls, which are formed in a s ingle semiconduc
tor wafer and are connected together so that the voltages of the 
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individual cel ls are additive. The unit cells comprise doped regions 
of opposite conductivity types separated by a gap. The method 
incl udes form ing V-shaped grooves in the wafer and thereafter 
orienti ng the wafer so that ions of one conductivity type can be 
implanted in one face of the groove whi le the other face is 
shie lded. A metall ization layer is appl ied and selectively etched 
away to provide connections between the unit cel ls. 

4,336,281 
Van Mourik, Jacobus H .  C., inventor; U.S. Ph i l i!'>S Corporation, 
assignee. Method of Manufacturing a Solar Cell. J une 22, 1982. 

A method of manufacturing a solar cell comprising a si l icon disc 
having a region of the n-conductivity type adjoin ing a major 
surface, in which an electrode containing si lver is provided on the 
n-type region by means of a s i lk-screening process, characterized 
in that during the s i lk-screening process a paste is used which, 
i n  addit ion to s i lver, contains an addition i n  an elementary form, 
which addit ion belongs to the g roup of elements consisting of 
bismuth, magnesiu m  and indium, that after providing the elec
trode a thermal treatment in an oxidizing atmosphere is carried 
out, and that the electrode is then subjected to a chemical or 
mechanical treatment to improve the junction resistance with the 
s i l icon. 

4,336,413 
Tourneux, Michel ,  i nventor; R.T.C. La Rad iotechnique Compelec, 
assignee. Solar Panels. June 22, 1982. 

The invention concerns a photovoltaic generating panel easi ly 
adaptable to a roof. The panel is equ ipped with a peripheral frame 
formed by the assembly of straight l ight al loy shapes. The par
t icu lar form of these shapes makes possible the laying Qf adja
cent panels with overlapping of the edges of the latter. · 

4,336,648 
Pschunder, Wi l l i ;  Steinmetz, Gerhard, i nventors; Licentia Patent
Verwaltungs-GmbH, assignee. Method of Contacting a Solar Cell. 
J une 29, 1982. 

A solar cell comprises a semiconductor body with a p-n-junction, 
a meta l l ized area on the l ight receiving surface of the semicon
ductor body, a connection or contact area on the l ight receiving 
surface, a reflection reducing layer completely covering the 
metal l ized area and the connection or contact area and a further 
contact on the rear face. A metal connector is fixed to the con
nection or contact area by placing the connector against the 
reflection reducing layer and conductively connecting the con
nector to the connection area whi le concurrently e l iminating the 
ref lection reducing layer from that area. 

4,337,758 
Meine! ,  Aden B.; Meinel ,  Walter B., i nventors. Solar Energy Col
lector and Converter. Ju ly 6, 1982. 

A single reflective afocal optical module col lects and concentrates 
solar energy onto a receiving su rface extending substant ial ly 
paral le l  to the focal axis of the optical system and to the central 
axis of the module. The reflective surface of the col lector is shaped 
to reflect incoming energy and d istribute it uniformly over the ful l  
surface of the receiver, with the reflective surface preferably con
sist ing of a p lural ity of discrete reflective surface portions each 
distributing its portion of reflected energy over the fu l l  receiver 
surfac$! so that the energy portions from the respective reflective 
surface portions are superimposed on one another on the receiver. 
The reflector and receiver are housed in a sealed enclosure having 
a transparent w indow for admitting i ncoming energy, and a heat 
extract ing means removes excess heat from the enclosure. 

4,337,759 
Popovich, John M. ;  Parkyn, Wi l l iam A., J r. ;  Pelka, David G. ,  i nven
tors; John M. Popovich, Wi l l iam A. Parkyn, J r. , David G. Pelka, 
assignees. Radiant Energy Concentration by Optical Total Inter
nal Reflection. J u ly 6, 1982. 
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A radiant energy redirecting system comprises: (a) a radiant energy 
transmitting body means, (b) said means comprising mu lt ip le 
elements, each of which acts as a rad iant energy redi rect ing 
modu le, having on its cross-sect ional perimeter an entry face to 
receive i ncidence of said energy into the interior of said perimeter, 
an exit face to pass said energy to the exterior of said perimeter 
in a d i rection towards the reverse side of the body from the side 
of said i ncidence, and a Totally I nternal ly Reflecting face ang led 
relative to said entry and exit faces to redi rect towards said exit 
face the radiant energy incident from said entry face, (c) said body 
means generally redi recting incident rad iant energy towards a 
predetermined target zone situated apart from and ·on the reverse 
side of said body relative to the side of said incidence. 

4,338,180 
Nakamura, M ich ih i ro, i nventor; Kuraray Co., Ltd. ,  assignee. 
Photoelectrodes for Photoelectrochemical Cells. J u ly 6, 1982. 

The present i nvention provides photoelectrodes for photoelec
trochemical cel ls, which photoelectrodes are essent ia l ly com
posed of a surface-chalcogenated molybdenum or tungsten metal. 
These photoelectrodes have long life, are h ighly efficient in energy 
conversion, and are i nexpensive. 

4,338,362 
Turcotte, Richard L., i nventor; Radiation Monitoring Devices, I nc., 
assignee. Method to Synthesize and Produce Thin Films by Spray 
Pyrolysis. Ju ly 6, 1982. 

Forming a f i lm by spraying onto a heated substrate an atomized 
solution containing the appropriate salt of a constituent element 
of the f i lm and a reducing agent at a concentration g reater than 
1 M and greater tha·n 10 times the stoichiometric amount of reduc
ing agent. 

4,338,480 
Antypas, George A.; Bel l ,  Ronald L.; Moon, Ronal.d L., i nventors; 
Varian Associates, I nc., assignee. Stacked Multijunction Photo
voltaic Converters. Ju ly 6, 1982. 

Solar cel ls with d ifferent bandgaps are stacked to form a mu lti
junction photovoltaic converter with a h igh conversion efficiency. 
By stacking the cel ls mechanically rather than by growing them 
al l  at one time, the most convenient combination of materials may 
be selected for the cel ls. The stacking is completed by means of 
a g lass seal ing layer with moats contain ing i nter-cel l contacts 
which are bonded to the cel ls. 

4,338,481 
Mandelkorn, Joseph, i nventor. Very Thin Silicon Wafer Base Solar 
Cell. J u ly 6, 1982. 

The performance and ruggedness of very th in  s i l icon back sur
face field (BSF) solar cel ls are improved by the formation of a 
relatively thick, epitaxially g rown, h igh ly doped layer at the back 
of the cell and the formation of an arsenic doped layer at the top 
of the cel l  within the phosphorous diffused front region. As a result 
of these modifications and the method used for fabricating the 
modified cell ,  h igh ly effective barriers, which d imin ish mobile 
charge loss by recombination, are created at the front and back 
of the cell base. The cell ,  consist ing of a h igh resistivity, h igh 
m inority carrier l i fetime, very thin base sandwiched between ef
fective barriers, permits achievement of almost ideal performance 
and has improved radiation damage resistance. The ruggedness 
of the very th in  base cel l is due to the addition of the relatively 
thick epitaxial layer in back of the base. 

4,338,482 
Gordon, Roy G. ,  inventor; Gordon, Roy G. ,  assignee. Photovoltaic 
Cell. Ju ly 6, 1982. 

An improved structure for solar cel ls is d isclosed. It incorporates 
a layer of titan ium d ioxide between previously used layers of t in 



oxide and s i l icon. The new cells show increased efficiency and 
i mproved thermal stabi l ity. 

4,339,470 
Carlson, David E. ,  i nventor; RCA Corporation, assignee. 
Fabricating Amorphous Silicon Solar Cells by Varying the 
Temperature of the Substrate During Deposition of the Amorphous 
Silicon Layer. J uly 13, 1982. 

An improved process for fabricating amorphous si l icon solar cells 
i n  which the temperature of the substrate is varied during the 
deposition of the amorphous s i l icon layer is described. Solar cells 
manufactured i n  accordance with this process are shown to have 
increased effic iencies and fi l l  factors when compared to solar 
cel ls manufactured with a constant substrate temperature dur· 
ing deposition of the amorphous si l icon layer. 

4,339,626 
Fisher, Gerald M. ;  Maget, Henri J. R., inventors; Varian Associates, 
I nc., assignee. Solar Pond Power Plant. Ju ly 13, 1982. 

Method of operation and apparatus for a salt gradient solar pond 
employing a novel barge carrying a plural ity of two axis stabi l ized 
h igh temperature concentrator solar cell arrays including means 
to control the flow rate of the concentrator solar cell array cool· 
i ng  f lu id to optim ize power station characteristics. 

4,339,627 
Arnould, Jacques, i nventor; Le S i l ic ium Semiconducteur  SSG, 
assignee. Process for Cooling a Solar Cell and a Combined 
Photovoltaic and Photothermic Solar Device. Ju ly 13, 1982. 

A solar cel l  cool ing process. The device implementing this pro
cess comprises a transparent assembly d isposed in front of a 
photovoltaic cel l .  The transparent assembly, through which flows 
the cool ing f lu id leaving a radiator i ntegral with the cel l ,  absorbs 
the wavelengths greater than 1 .1 micron. Thus, heatlng of the cell 
i s  l imited and the fluid leaving the rad iator is heated by the beam 
stri king the cel l .  

4,340,507 
N aarmann, Herbert; Naegele, Dieter; Penzien, Klaus; Schlag, 
Johannes, i nventors; BASF Aktiengesel lschaft, assignee. Prepara· 
tion of Electrically Conductive Polyaroma tics, and Their Use in 
the Electrical Industry and for Rendering Plastics Antistatic. 
J u ly 20, 1982. 

A process for . the preparat ion of e lectrically conductive 2polyaromatics having conductivities greater than 10 - s/cm., 
wherein from 0.5 to 5% by weight, based on the polyaromatics, 
of sodium, potassium, rubidium, cesium or their" amides, 
preferably in tetrahydrofuran, dimethoxyglycol, anthracene, 
naphthalene or 2-methylstyrene, are incorporated i nto polyaro· 
matics, in the absence of moisture and of oxygen. The conduc· 
tive polyaromatics obtained may be used in the electrical i ndustry 
for the manufacture of solar cel ls, for the conversion of radiation 
and for the manufacture of electrical and magnetic switches, and 
may also be used to render plastics antistatic. 

4,340,627 
Herzog, Heinz; Mohn, Heinrich; Schulke, Karl-Albert; Grzybowski, 
Holger, inventors; Heraeus Quarzschmelze GmbH, assignee. 
Wound and Sintered Vitreous Silica Article and Method of Making. 
J u ly 20, 1982. 

A method is described for the production of porous bodies from 
vitreous si l ica without the use of tools. Vitreous s i l ica wool and/or 
threads are wound in layers on a form. After the coil has attained 
a certain m in imum thickness, the threads of each succeeding 
layer are permanently bonded by heating the threads of  the 
preced ing layer at  the points where the threads cross. The form 
is removed, and then the threads on the i nside of the body are 
bonded together. The bodies are used for the production of high· 
purity blocks of s i l icon for solar cel ls. 

4,340,803 
Coyle, Peter J . ,  inventor; RCA Corporat ion, assignee. Method for 
Interconnecting Solar Cells. Ju ly 20, 1982. 

A method for i nterconnecting the body of a solar cell to an adja· 
cent solar cell to form a solar cell array capable of withstand ing 
high temperatures and rugged terrestrial applications, but min imiz· 
ing the electrical degradation of the peak power output of the solar 
cel ls  comprises the paral lel gap welding of an i nterconnect metal 
layer perpendicu lar to the d i rection of force appl ied on the solar 
cell by the interconnect layer connect ing adjacent solar cel ls  
wherein the width of  the weld perpendicular to the d i rection of 
force is greater than the length of the weld. 

4,341,589 
Grabmaier, Josef, i nventor; Siemens Aktiengesellschaft, assignee. 
Method for Producing Large Surface Plate or Disc-Shaped Si 
Crystals with Columnar Structure. Ju ly 27, 1 982. 

Large surface s i l icon crystal layers with a columnar structure are 
produced by d i rect ing a p lu ral ity of spaced-apart cool ing gas 
streams arranged relative to one another to correspond to a 
des i red columnar structure and positioned a relatively short 
d istance above a free surface of a s i l icon melt surface located 
below such system so that a spontaneous seed crystal formation 
occurs at the regions or areas of the melt immediately below each 
gas stream and thereafter the affected melt surface is sol id ified, 
and then removing the so-formed plate or d isc-shaped si l icon body 
from the melt. Dopant material can be incorporated with in  the so
formed plate or disc-shaped s i l icon crystal so that a pn-junctu re 
paral lel  to the surface of such plate or d isc is attained. 

4,341,607 
Tison, Raymond R., inventor; E:F Technology, Inc., assignee. Solar 
Power System Requiring No Active Control Device. Ju ly 27, 1982. 

A solar power system has a photovoltaic array having a locus of 
peak power points for various insolation levels, a voltage
dependent variable resistance load such as a water electrolysis 
unit electrical ly connected to the array, and a demand-dependent 
variable resistance load such as a DC to AC inverter connected 
in paral lel with the electrolysis unit. The electrolysis un it  or other 
voltage-dependent variable resistance load has a voltage-current 
characteristic in which the operat ing point is displaced from the 
array's peak power point for most insolation levels. The 
characteristic i s  displaced towards h igher voltage-lower current 
operat ing points. The i nverter may move the operating point of 
the photovoltaic array toward its peak power point when the load 
requ i res power. The system may be designed so that the array 
operates with in  about 5 percent of its peak power point over a 
wide range of i nverter power demands. A fuel cell may be con
nected in paral lel with the array to provide power to the i nverter 
at low insolation levels, at night or in low sun l ight. The fuel cell 
may use the hydrogen produced by the electrolysis un it for fuel. 
The total photovoltaic power made avai lable by the system of this 
i nvention is generally g reater than 95 percerit and often g reater 
than 98_ percent of the maximum power which the photovoltaic 
array may produce for many i nsolation levels. 

4,341,918 
Evans, John C., J r.; Chai, An:ri; Goradia, Chandra P., inventors; The 
United States of America as represented by the Admin istrator of 
the N ational Aeronautics and Space Admin istrat ion, assignee. 
High Voltage Planar Multijunction Solar Cell. Ju ly 27, 1982. 

A h igh voltage multijunction solar cell is provided wherein a plural
ity of d iscrete voltage generat ing regions or unit  cel ls are formed 
in a s ingle generally p lanar semiconductor body. The unit  cel ls 
comprise doped regions of opposite conductivity type separated 
by a gap or undiffused region. Metal contacts connect adjacent 
cel ls  together in series so that the output voltages of the individual 
cel l s  are addit ive. In some embod iments, doped field regions 
separated by gaps overl i e  the unit  cel l s  but the cel ls may be 
formed i n  both faces of the wafer. 
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4,342,044 
Ovshinsky, Stanford R. ;  lzu, Masatsugu, i nventors; Energy Con
vers ion Devices, I nc., ass ignee. Method tor Optimizing 
Photoresponsive Amorphous Alloys and Devices. J u ly 27, 1982. 

The production of improved photoresponsive amorphous al loys 
and devices, such as photovoltaic, photoreceptive devices, and 
the l ike; having improved wavelength threshold characteristics is 
made possible by add ing one or more band gap adjusting ele
ments to the al loys and devices. The adjusting element or 
elements are added at least to the active photoresponsive regions 
of amorphous devices contain ing s i l icon and fl uori ne, and 
preferably hydrogen. One adjusting element is german ium, which 
narrows the band gap from that of the materials without the adjust
ing element incorporated therein .  Other adjusting elements can 
be used such as t in .  The s i l icon and adjusting elements are con
currently combined and deposited as amorphous al loys by vapor 
deposition, sputtering or g low discharge decomposition. The ad
dition of fluorine bonding and electronegativity to the al loy acts 
as a compensating or alteri ng element to reduce the density of 
states in the energy gap thereof. The fluorine bond strength allows 
the adjusting element(s) to be added to the al loy to adjust the band 
gap without reducing the electronic qual ities of the al loy. 
Hydrogen also acts as a compensating or altering element to com
p l iment fluorine when uti l ized therewith. The compensating or 
alteri ng element(s) can be added during deposition of the al loy 
or following deposition. The addition of the adjusting element(s) 
to the al loys adjusts the band gap to a selected optimum 
wavelength threshold for a part icular device to increase the 
photoabsorption efficiency to enhance the device photorespon
sive without add ing states in the gap which decrease the effi
ciency of the devices. The adjusting element(s) can be added in  
varying amounts, in discrete layers or  i n  substantially constant 
amounts in the al loys and devices. 

4,342,795 
Marcus, Sanford M. ;  Rel l ick, Joseph R., inventors; E. I. Du Pont 
de Nemours and Company, assignee. Solar Cell Metalliza tions 
Comprising a Nickel-Antimony Alloy. August 3, 1982. 

A s i l icon solar cel l  is metal l ized with a nickel-antimony al loy to 
provide external contacts. 

4,342,879 
Catalano, Anthony W.; Bhushan, Manju l ,  inventors; The Un iversity 
of Delaware, assignee. Thin Film Photovoltaic Device. August 3, 
1982. 

A thin f i lm photovoltaic solar cell which uti l izes a zinc phosphide 
semiconductor is of the homojunction type comprising an n-type 
conductivity region forming an electrical junction with a p-type 
region, both reg ions consisting essential ly of the same semicon
ductor material . The n-type reg ion is formed by treating zinc 
phosphide with an extrinsic dopant such as magnesium.  The 
semiconductor is formed on a multi layer substrate which acts as 
an opaque contact. Various transparent contacts may be used, 
inc lud ing a th in metal f i lm of the same chemical composition as 
the n-type dopant or  conductive oxides or metal grids. 

4,343,829 
Toch ikubo, H i roo; Kanai, Akira, i nventors; H itachi ,  Ltd. ,  assignee. 
Method of Fabricating Single-Crystalline Silicon Films. August 10, 
1982. 

Herein  d isclosed is a method of fabricating a thick single
crysta l l i ne s i l icon fi lm  at a low temperature less than 1000°C. The 
method is characterized in that, s imu ltaneously as s i l icon poly
crystals are g rown on a substrate to form polycrystal l ine si l icon, 
said polycrystals are i rradiated and annealed with a laser or elec
tron beam so that said polycrystal l ine si licon is single-crystall ized 
to fabricate a s ingle-crysta l l i ne s i l icon f i lm.  
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4,343,830 
Sarma, Kal lu ri R. ;  Legge, Ronald N . ,  inventors; Motorola, I nc., 
assignee. Method tor Improving the Efficiency of Solar Cells 
Having Imperfections. August 10, 1982. 

Method and apparatus for min imizing the deleterious effects of 
structural imperfections in polycrystal l ine si l icon solar cells uses 
a high pressure plasma system. The high pressure plasma system 
is used to introduce atomic hydrogen i nto the polycrysta l l i ne 
s i l icon substrates or into polycrystal l ine s i l icon solar cel ls. The 
si l icon can be subjected to the hydrogenation either before or after 
it has a junction. The h igh pressure plasma system includes a 
h igh pressure chamber having a f irst and a second auxi l iary 
chamber coupled to the h igh pressure chamber. 

4,343,870 
Hel ler, Adam; Lewerenz, Hans J. ;  M i l ler, Barry, i nventors; Bell 
Telephone Laboratories, I ncorporated, assignee. Semiconductor 
Liquid Junction Photocell Having a P-Type Photoactive Electrode. 
August 10, 1982. 

A semiconductor l iqu id junction photocell having a photovoltaic 
junction between a p-type photoactive electrode compris ing l nP  
or Si and an electrolyte comprising a redox couple selected from 

2 3 4 3 4the group consisting of v + fV + ,  Nb + 1Nb5+ ,  and Ti + 1Ti + pro
duces a stable photocurrent output. 

4,343,962 
Neugroschel, Arnost; Pao, Shing-Chong; Fossum, Jerry G.,  i nven
tors. Oxide Charge Induced High Low Junction Emitter Solar Cell. 
August JO, 1982. 

A h igh-low junction emitter s i l icon solar cel l  including an elec
tron accumulation layer formed by oxide-charge-induction 

4,343,963 
Thomas, Donald E., inventor; Westinghouse Electric Corp., 
assignee. Substrate tor Silicon Solar Cells. August 10, 1982. 

A substrate is made for s i l icon solar cel ls by heating a sheet of 
large-grained s i l icon steel at a temperature of at least about 
1300°C in an atmosphere of hydrogen and tungsten hexafluoride 
(or hexachloride) at a partial pressure ratio of hydrogen to tungsten 
hexafluoride of about 3 to about 6 to deposit an epitaxial layer 
of tungsten on said sheet of s i l icon steel. Epitaxial s i l icon can 
then be deposited in a conventional manner on the layer of epitax
ial tungsten. 

4,344,984 
Kaplan, Daniel; Landouar, Pierre; Criton, Eric, inventors; Thomson
CSF, assignee. Process tor Producing a Layer Containing Silicon. 
August 17, 1982. 

The process consists of introducing i nto the s i l icon-conta in ing 
layer at the same time as s i l icon deposition, another element of 
column IVa of the period ic classification in a proportion equal 
to or below 5% of the number of s i l icon atoms and greater than 
0.1%.  According to a preferred variant, this element is germanium. 
Deposition takes place at a temperature close to the crystal l iza
tion temperature T. The process can comprise a subsequent phase 
during which the deposited layer undergoes heat treatment in an 
atmosphere of a plasma containing hydrogen or one of its isotopes 
at a temperature below the crystal l ization temperature T of the 
layer. 

4,345,107 
Fu lop, Gabor F.; Betz, Jacob F. ; Meyers, Peter V. ; Doty, M itchell 
E., i nventors; Ametek, I nc., assignee. Cadmium Telluride 
Photovoltaic Cells. August 1 7, 1982. 

Photovoltaic cell comprises thin f i lm cadmium tel lu ride in ohmic 
contact with a conductive substrate, preferably comprising a cad
mium surface, through a cadmium-rich layer at the interface with 
the substrate. The cell further includes a rectifying barrier layer 



which may be a Schottky barrier. The f i lm is electrodeposited on 
the substrate surface and the substrate materials and elec
trodeposition conditions are controlled so as to produce a 
substantial ly stoichiometric deposit. Preferably, the f i lm or cell 
is subsequently treated to enhance its efficiency. 

4,345,582 
Aharon, Naaman B., i nventor. System for the Utiliza tion of Solar 
Energy. August 24, 1982. 

A dynamic system for the util ization of solar energy which is most· 
of the time in the ideal position in relation to the sun. Said deviae 
comprises at least one unit consist ing of a solar cql lector and 
a stand carrying said collector, means for rotating the solar col
lector around its horizontal axis and means for rotat ing the solar 
col lector and/or the stand around the vertical axis; means for 
s imu ltaneous or i ndependent actuation of the rotation means, 
means for the tracking control of said actuation means; and 
means for the transfer of the energy obtained. 

4,345,967 
Cook, Melvin S., inventor. Method of Producing Thin Single-Crystal 
Sheets. August 24, 1982. 

A method of producing thin single-crystal sheets is disclosed. A 
thin single-crystal layer is formed on a substrate, with the material 
of the layer having a different absorption coefficient for laser radia
tion than does the material of the substrate at their interface. The 
laser rad iation is focused i nto a region contiguous to the inter
face and extending the width of the i nterface, and is swept across 
the entire interface region. The energy that is absorbed from the 
laser radiation in the focus reg ion l iquifies material in this reg ion. 
The layer is progressively separated from the substrate as the laser 
radiation is swept across the interface, unt i l  the entire layer is 
separated from the substrate. The method is applicable to the pro· 
duction of thin single-crystal sheets of semiconductor material 
which may be used, for example, in the manufacture of solar cells 
or i ntegrated c i rcuits. 

4,346,131 
Yoldas, Bulent E., inventor; Westinghouse Electric Corp., assignee. 
Polymerized Solutions for Depositing Optical Oxide Coatings. 
August 24, 1982. 

A clear solution is prepared by reacting metal alkoxide with a mix
ture of critical amounts of water and/or acid in an alcohol d i l uted 
medium. Alkoxides may be Ti(OR)4 or Ta(OR) , or another metal 5alkoxide such as Si(OR)4 in admixture with these alkoxides. Acids 
may be HCI or HN03. Quarter wave inorganic optical coatings are 
deposited by applying the a lkoxide solution to a substrate then 
heating the coating at over 350°C. The coatings reduce reflectivity 
on s i l icon solar cel ls. The i ndex of refraction of the coating can 
be varied by several techniques, including altering the proportion 
of titanium and si l icon in the coating fir ing temperature, f iring 
atmosphere. Thicknesses of the coating can be controlled by vary
ing the rpm in spin application, withdrawal rate i n  dipping applica
tion, by concentration of the solution, by the type of solvent or 
the degree of polymerization of the titan ium complexes. 

4,347,262 
M arcus, Sanford M. ,  i nventor; E. I. Du Pont de Nemours and Com
pany, assignee. A luminum-Magnesium A lloys in Low Resistance 
Contacts to Silicon. August 31 ,  1982. 

An AI-Mg al loy is m ixed with a N i-Sb al loy or AI, in powder form, 
to form a thick-fi lm metal l izing paste usefu l for making low 
resistance electrically conductive contacts to a s i l icon solar cell 
coated with Si N3 4. 

4,347,263 
Wh itehouse, Daniel L., i nventor; Solarex Corporation, assignee. 
Method of Applying an Antireflective and/or Dielectric Coa ting. 
August 31 ,  1982. 

A method of applying an anti ref lective and/or d ielectric coat ing 
for solar energy cells by d i recting from different sources (1) a vapor 
comprising a metal hal ide or metal alkoxide and (2) oxygen to the 
heated surface of a s i l icon wafer. The metal is deposited on the 
s i l icon i n  the form of an oxide. 

4,347,264 
Lindmayer, J oseph, i nventor; Solarex Corporation, assignee. 
Method of Applying Contacts to a Silicon Wafer and Product 
Formed Thereby. August 3 1 ,  1982. 

Metal contacts are deposited on a clean surface of a si l icon wafer 
by coating the wafer with a g lass during diffusion to form a junc
tion i nwardly of the surface, applying a photoresist l ayer to the 
g lass, phtographing and developing a pattern for the contacts on 
the photoresist layer, etching out underlying portions of the g lass 
layer, deposit i ng the metal contacts in the voids so created, and 
then removing the entirety of the photoresist and g lass layers. 

4,348,254 
Lindmayer, J oseph, i nventor; Solarex Corporation, assignee. 
Method of Making Solar Cell. September 7, 1982. 

A si l icon solar energy cell having improved anti-reflective proper
t ies and resistance to radiation is composed of a l ight receiving 
surface having spaced indentations i n  the form of i nverted 
pyramids therein. The pyramids, which have their bases in the 
plane of the l ight-receiving surface, are produced by masking the 
surface with a layer resistant to attack by a si l icon etchant, form
ing open reg ions in the mask, then etching the major surface 
through the exposed reg ions. 

4,348,428 
Rockley, M ark G. ;  Mains, G i l bert J. ,  i nventors; Board of Regents 
for Oklahoma Agriculture and Mechanical Colleges acting for and 
on behalf of Oklahoma State University of Agriculture and Appl ied 
Sciences, assignee. Method of Depositing Doped Amorphous 
Semiconductor on a Substra te. September 7, 1982. 

A method of deposit ing a doped amorphous semiconductor on 
a base material inc luding the steps of subjecting the base to an 
environment i nc luding a semiconductor gas such as s i lane or 
germane, a dopant gas such as arsine, phosphine, or d iborane, 
and mercury vapor, and exposing the base in such environment 
to ultraviolet radiation to effect decomposition of the semicon
ductor and dopant materials onto the base. 

4,348,545 
Arnauld, Jacques, i nventor; Le Si l ic ium Semiconducteur SSG, 
assignee. Process for Mounting a Protection Diode on a Vertical 
Mu/tijunction Photovoltaic Cell Structure and Photovoltaic Cells 
Obtained. September 7, 1982. 

In a stack of d iodes forming a vert ical mu lti junction photovoltaic 
cell, an i nversely connected d iode is firm ly secured to this stack 
with possible i nsertion of an i ntermed iate wafer made from a con
ducting material. 

4,348,546 
Little, Roger G ., i nventor; Sp i re Corporation, assignee. Front Sur
face Metallization and Encapsulation of Solar Cells. September 7, 
1982. 

Method and apparatus for the front surface metallization and 
encapsulation of solar cel ls of the type comprising p and n 
semiconductor strata separated by a barrier junction, and front 
and rear conducting strata constitut ing electrical contacts, 
wherein the front conduct ing stratum is a novel metal l ic grid per
m itt ing transmission of solar radiation to the semiconductor 
strata. This metal l ic grid is in the form of a mesh of wires of suf
f iciently h igh tensi le strength to be self-supporting whi le being 
drawn from spools or the l i ke i nto contact with one or more 
components of the solar cel l  before completion of the cel l 's 
fabrication. The method is characterized in that the metal l ic  g rid, 
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in the form of the mesh of wires, is encapsulated between a 
transparent cover p late and the exposed front su rface of the 
semiconductor strata, the mesh forming an electrical contact with 
the front surface of the semiconductor strata simu ltaneously that 
the plate is electrostatical ly bonded thereto. The apparatus is 
preferably automated and conveyorized. 

4,349,691 
Lindmayer, Joseph, i nventor; Solarex Corporation, assignee. 
Method of Making Constant Voltage Solar Cell and Product 
Formed Thereby Utilizing Low-Temperature Aluminum Diffusion. 
September 14, 1982. 

A method of making a s i l icon solar energy cell having a substan
tial ly constant voltage despite sign ificant increases in i l l um ina
tion, in which the back surface junction of the cell is formed by 
a luminum a l loying at relatively low temperatures. 

4,349,775 
Kwon,  Yiduk; Lawson, Paul, inventors; Exxon Research & Engineer
ing Co., assignee. Tempera ture Compensated Voltage Regulator 
for Photovoltaic Charging Systems. September 14, 1982. 

A voltage regu lator for use in photovoltaic charg ing of storage 
batteries i ncludes a temperature compensated reference voltage. 
The c i rcuitry of the i nvention permits fixed temperature coefficient 
and variable temperature coefficient temperature compensated 
regu lation. The voltage regulator comprises an operational 
ampl ifier inc luding a l i nearly temperature dependent current 
source coupled to an input term inal of said operat ional ampl ifier 
and a voltage source having a selectable voltage which is con
nected to another input of said operational ampl ifier, said 
reference voltage c i rcuit being operable to provide a reference 
voltage about equal to a maximum charg ing voltage for said bat
teries; a comparator for comparing said reference voltage with 
an output voltage of said photovoltaic array; and a switch respon
sive to said comparator to inh ib it charging  whenever said array 
output exceeds said reference. voltage. 

4,350,561 
Little, Roger G . ,  i nventor; Spire Corporation, assignee. Single 
Crystal Processes and Products. September 21 ,  1982. 

The surface of a starting s ing le crystal of specified composition 
(e.g. ,  s i l icon) i s  e'tched to produce a relief texture; a stratum of 
release composition (e.g . ,  a luminum) is  deposited on the relief 
texture to acqu i re a repl ica texture and is  released to provide a 
repl ica master; a rep l ica stratum of the specified composition in 
the amorphous or polycrystal l ine state is deposited on the replica 
master i n  order to acqu i re the orig inal re lief textu re. It has been 
found that, when the replica stratum is recrystal l ized, it assumes 
a rep l ica s ing le crystal structure corresponding to the starting 
single crystal structure. 

4,350,836 
Crouthamel, Marvin S.; Coyle, Peter J., inventors; The United States 
of America as represented by the Un ited States Department of 
Energy, assignee. Solar Array Construction. September 21, 1982. 

An interconnect tab on each cel l of a first set of circular solar 
cells connects that cell i n  series with an adjacent cell in  the set. 
This set of cel ls  is arranged in alternate columns and rows of an 
array and a second set of s imi lar cel ls is arranged in the remain
ing alternate columns and rows of the array. Three interconnect 
tabs on 1:lach solar cell of the said second set are employed to . 
connect the cel ls of the second set to one another, in series and 
to connect the cel ls  of the second set to those of the fi rst set 
in paral lel .  Some tabs (making paral le l  connections) connect the 
same surface regions of adjacent cel ls to one another and others 
(making series connections) connect a surface region of one cell 
to the opposite surface region of an adjacent cell; however, the 
tabs are so positioned that the array may be easi ly assembled 
by deposit ing the cel ls in a certain  sequence and in proper 
orientation. 
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4,350,837 
Clark, Stephan R. ,  inventor. Spectrovoltaic Solar Energy Conver-
sion System. September 21 ,  1982. 

· 

A spectrovoltaic energy conversion system is d isclosed having 
a refract ing and wavelength dispersing med ium variably placed 
in the path of photons of paral lel  rays d i rected from a concen
trating and focusing device, causing selective spectral dispersion 
of said photons onto a photovoltaic cel l  array. 

4,352,722 
Ohkawa, Tihi ro, inventor; General Atomic Company, assignee. Inte
grated Photovoltaic Electrolytic Cell. October 5, 1982. 

A photovoltaic-electrolytic unit is provided to produce an electric 
current from solar energy and uti l ize the current to produce 
hydrogen by the electrolysis of water. The unit floats in  an aqueous 
medium so that photoelectric cells are exposed to solar radiation, 
and electrodes submerged in the medium produce oxygen which 
is  vented and hydrogen which is col lected i n  the un it. 

4,352,868 
Skotheim, Terje, i nventor. Double Photoelectrochemical Cell for 
Conversion of Solar Energy to Electricity. October 5, 1982. 

A double photoelectrochemical cel l  for convert ing solar energy 
d i rectly to electricity. The device i n  one embodi ment has two 
semiconductors which are separated from each other by a polymer 
electrolyte. The two semiconductors have a d ifferent band gap, 
for example, one is n-type CdS and the other is p-type CdTe. The 
polymer electrolyte, for example, is a thin film polyethylene oxide 
acting as a polymer matrix containing a polysulfide redox couple, 
for example, Na2S4. The polymer electrolyte is transparent, insu
lat ing,  and capable of transport ing ions. At least one of the 
semiconductors is semi-transparent. The short wavelengths of 
l ight are absorbed by the semi-transparent wide band gap 
semiconductor, and the long wavelengths pass there-through, and 
through the polymer f i lm electrolyte, and are absorbed by the 
narrow band gap semiconductor. The output of the cell is double; 
one from each semiconductor, i .e. they are series-connected. Out
put voltage, for example, is about 0.625 volts. The theoretical ef
f iciencies in the example are about 35% ,  compared with about 
25% for a standard photovoltaic cel l ,  having a single junction. Also 
inc luded is a method of manufacturing such a cel l .  

4,352,948 
Kaplow, Roy; Frank, Robert 1 . ;  Goodrich, Joel, i nventors; 
Massachusetts Institute of Technology, assignee. High-Intensity 
Solid-State Solar-Cell Device. October 5, 1982. 

The invention contemplates a solar-ce l l  construction wherein 
p lura l  spaced elongate unit cel ls  of an array are formed from a 
parallel-grooved single wafer or body of substrate material of a 
fi rst conductivity type, with adjacent sidewal ls of adjacent un its 
at each inter-unit groove formation. Both s idewal ls  at each of a 
succession of g rooves are formed with reg ions of second con
ductivity type, and an electrically conductive coat ing l i nes each 
sidewall having a second conductivity type reg ion. A fi rst output
terminal interconnect extends along one marg in  of the body and 
has ohmic contact with the coatings of the sidewalls having 
regions of the second conductivity type. A second output-termi nal 
connection has ohmic contact to the body in a su rface reg ion of 
f irst conductivity type. Various embodiments are disclosed. 

4,353,160 
Armin i ,  Anthony J. ;  Little, Roger G., inventors; Sp ire Corporation, 
assignee. Solar Cell Junction Processing System. October 12, 
1982. 

An integrated system and process for the continuous formation 
of p-n junctions i n  solar cells in  a cost-effective manner and under 
computer control. The integrated system essent ial ly comprises 



an ion beam implanter, an electron beam annealer and a com
bination vacuum lock-and-wafer transport system, all d isposed 
within a un itary housing maintained under a common vacuum en
vironment. The i ntegrated system employs no wet chemistry opera
tions and is characterized by high reproducibi l ity and narrow solar 
cell performance distribution. 

4,353,161 
Turner, Gary B., i nventor; Atlantic Richfield Company, assignee. 
Process for Fabrica ting Solar to Electrical Energy Conversion 
Units. October 12, 1982. 

A process for fabricating solar to electrical energy conversion 
units, includes the forming of arrays of parallel-connected strings 
of series connected solar cel ls  selected from a number of different 
categories of cells. The categories are defined by different ranges 
of ceWcurrents at a set cel l  voltage, a set level of i ncident cell 
face radiation and a set temperature. Each string of an array con
s ists of cel ls  from the same category; but stri ngs of cel ls from 
different categories are used in the same array. A goal array current 
range for the arrays may be correlated with the average current 
of a group of cel ls at the set conditions, or with the estimated 
average for a group of cells to be manufactured, so that a selected 
number of stri ngs for the arrays mult ip l ied by such average fal ls 
within the range. According to a particular fabricating process, 
n ine solar cell categories covering a total of approximately 0.9 
amperes are establ ished to form arrays of six paral lel-connected 
strings of eleven series-connected solar cel ls having a goal array 
current range of 12.95 amperes plus or minus 2.2 percent. Accord
i ng  to this particular process, h undreds of string combinations 
are possible, including combinations having strings from the 
lowest and highest categories. 

4,355,196 
Chai, An:ri, inventor; The United States of America as represented 
by the Admin istrator of the National Aeronautics and Space 
Admin istration, assignee. Solar Cell Having Improved Back Sur
face Reflector. October 19, 1982. 

This i nvention is concerned with reducing the operating temper
ature and i ncreasing the output of a solar cel l .  A solar cel l  con
structed in accordance with the i nvention carries electrodes in 
a grid finger pattern on its back surface. These electrodes are 
sintered at the proper temperature to provide good ohmic con
tact. After sintering, a reflective material is deposited on the back 
surface by vacuum evaporation. Thus, the appl ication of the back 
surface reflector is separate from the back contact formation. 
Back surface reflectors formed in  conjunction with separate grid 
f inger configuration back contacts are more effective t_han those 
formed by fu l l  back metal l ization of the reflector material. 

4,355,630 
Fattor, Arthur, i nventor. Concentrating Solar Collector with Track
ing Multipurpose Targets. October 26, 1982. 

A parabolic solar concentrator whose focused solar rays impinge 
as a l i ne focus upon one or more daily and seasonably tracking 
target collectors made to move general ly paral lel  along two or 
more tracks through the use of sensor activated motors. 

4,355,896 
Laue, Eric G. ,  i nventor; The United States of America as 
represented by the Administrator of the National Aeronautics and 
Space Administration, assignee. Cloud Cover Sensor. October 26, 
1982. 

An apparatus is described which provides a numerical indication 
of the cloudiness at a particular time of a day. The apparatus 
includes a frame holding several l ight sensors such as photovol
taic cel ls, with a d i rect se-nsor mounted to d i rectly face the sun 
and indirect sensors mounted to face different portions of the sky 
not contain ing the sun. A l ight sh ield shields the direct sensor 
from most of the sky except a small portion containing the sun, 
and also shields each of the i ndirect sensors from direct sunl ight. 

The relative values of the outputs from the direct and indirect sen
sors enables the generation of a numerical indication of the 
degree of c loudiness at a particular time of day. 

4,356,141 
Sanjurjo, Angel; Rowcl iffe, David J.; Bartlett, Robert W., i nventors; 
SRI  I nternational, assignee. Method of Casting Silicon into Thin 
Sheets. October 26, 1982. 

Si l icon (Si) is cast into thin shapes within a flat-bottomed graphite 
crucible by provid ing a melt of molten Si along with a relatively 
small amount of a molten salt, preferably NaF. The Si in the 
resu lt ing melt forms a spherical pool which s inks i nto and i s  
wetted by the  molten salt. Under these conditions the  S i  w i l l  not 
react with any graphite to form SiC. The melt in the crucible is 
pressed to the desired thinness with a graphite tool at which point 
the tool is held unti l  the mass in the crucib le has been cooled 
to temperatures below the Si melting point, at which point the 
Si shape can be removed. 

4,356,341 
Borden, Peter G. ;  Saxena, Ram R., i nventors; Varian Associates, 
Inc., assignee. Cascade Solar Cell Having Conductive Intercon
nects. October 26, 1982. 

D i rect ohmic contact between the cel ls i n  an epitaxial ly grown 
cascade solar cell is obtained by means of conductive i ntercon
nects formed through g rooves etched intermittently in the upper 
cell. The base of the upper cel l  is d i rectly connected by the con
ductive interconnects to the emitter of the bottom cel l .  The con
ductive interconnects preferably terminate on a ledge formed in  
the base of  the upper cel l .  

4,357,179 
Adams, Arthur C.; Aspnes, David E.; Bagley, Brian G. ,  i nventors; 
Bell Telephone Laboratories, I ncorporated, assignee. Method for 
Producing Devices Comprising High Density Amorphous Silicon 
or Germanium Layers by Low Pressure CVD Technique. Novem
ber 2,  1982. 

Layers of control lably dopable amorphous s i l icon and germanium 
can be produced by means of low pressure chemical vapor deposi
tion, at a reaction temperature between about 450°C and about 
630°C, for Si, and between about 350°C and about 400°C for Ge, 
in an atmosphere compris ing a Si-yie ld ing or Ge-yielding precur
sor such as S iH4 or Gel4, at a pressure between about 0.05 Torr 
and about 0. 7 Torr, preferably between about 0.2 and 0.4 Torr. For 
undoped Si and P-doped S i ,  the preferred temperature range is 
from about 550°C to about 630°C, for B-doped Si, it is from about 
480°C to about 540°C. The material produced has a density i n  
excess of  0.9 of  the corresponding crystal l ine density, and  con
tains less than 1 atomic percent of hydrogen. An advantageous 
doping method is addition of dopant-forming precursor, e.g., PH3 
or B H , to the atmosphere. The material produced can be 
trans
device 

1 6otmed into h igh q ual ity crysta l l ine m aterial, and has many 
appl ications in amorphous form, e.g., in solar cells, vidicon 

tubes, photocopying, and in i ntegrated c ircuits, either as a con
ductor or nonconductor. The layers produced show conformal step 
coverage. 

4,357,200 
Grabmaier, Christa, i nventor; Siemens Aktiengesel lschaft, 
assignee. Method for Producing Plate-, Tape- or Film-Shaped Si 
Crystal Bodies for Solar Cells. November 2, 1982. 

Large surfaced, pore-free si l icon bodies useful for processing i nto 
solar cel ls are produced by providing at least two layers formed 
from at least two distinct s i l icon materials, each contain ing d i f
ferent amounts of german i u m  therein and thus having d ifferent 
melting points. A laminate is formed of such layers and s intered 
at a temperature at wh ich only one of the s i l icon materials 
becomes molten so that .the resultant molten layer effectively 
seals the pores of the other layers and upon coo l ing a un itary 
s i l icon body is attained. In certain embodiments, a molten si l icon 
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material is appl ied as a l iquified f i lm onto a solid ified layer com
posed of different s i l icon material .  

4,357,201 
Grabmaier, Christa; Holzapfel, Heinz, i nventors; Siemens Aktien
gesellschaft, assignee. Method for Producing Plate-, Tape- or Film.
Shaped Si Crystal Bodies for Solar Cells. November 2, 1982. 

Selectively shaped s i l icon crystal bodies, such as plate-, tape- or 
f i lm-shaped bodies, having crystal l ine pi l larl ike structures therein 
are produced as substantial ly porefree bodies by forming a s lurry 
from an admixture of relatively fine sized si licon particles, optional 
addit ives and a l iquid binder, extruding such slurry as a relatively 
th in layer onto a fi rst support member, drying such extruded layer 
unt i l  it becomes self-supporting and removing such support 
member, applying a substantial ly uniform layer of a gerrpanium 
powder onto a surface of  such self-supporting layer and then 
sintering the resultant structure i n  a protective gas atmosphere 
at temperatures below about 1430°C unt i l  a layer of crysta l l ine 
s i l icon partic les is generated, which particles have an average 
diameter substantially corresponding to the thickness of the dried 
layer. 

4,357,400 
Appleby, Anthony J., i nventor; Electric Power Research Inst itute, 
I nc., assignee. Photoelectrochemical Cell Employing Discrete 
Semiconductor Bodies. November 2, 1982. 

A photovoltaic cel l  includes a substrate having two conductive 
layers thereon and a p lural i ty of discrete semiconductor bodies 
positioned on the conductive layers. In one embodiment discrete 
s i l icon partic les of one conductivity type are positioned on one 
conductive layer and discrete s i l icon particles of opposite con
ductivity type are positioned on the other conductive layer. A redox 
system electrolyte contacts the particles whereby a voltage poten
tial is generated across the two conductive layers in response to 
photons imping ing on the semiconductor -particles. In an alter
native embodiment, a p lural ity of spaced conductive layers are 
provided with both P type and N type s i l icon particles on each 
conductive layer. A redox electrolyte seria l ly connects the bipolar 
cel l s  of each conductive layer thereby provid ing a higher voltage 
potential. In making the devices, electrical potentials are applied 
to the conduct ive layers whereby charged s i l icon particles are 
attracted to selected conductive layers and repulsed by other con
ductive layers. The particles are affixed to the conductive layers 
by su itable finders or adhesives such as s i l icone resins. 

4,357,486 
Bl ieden, Harry R.; Yerkes, John W., i nventors; At lantic Richfield 
Company, assignee. Luminescent Solar Collector. November 2, 
1982. 

A photovoltaic device composed of a luminescent member having 
a p lu ral ity of large area sides connected by an edge face, and at 
Jeast one photovoltaic means carried by at least one of said sides. 

4,358,331 
Schmidt, Eckehard; ROsch, Dieter; Tauber, Manfred, i nventors; 
Licentia Patent-Verwaltungs-G.m.b.H. ,  assignee. Method of Embed
ding Semiconductor Components in Plastics. November 9, 1982. 

A method of embedding semiconductor components in plastics 
comprising insert ing components into the plastics material and 
thereafter hardening the plastics material by irradiation with high 
energy beams. 

4,359,367 
Zukotynski, Stefan; Ma, Ki B.; Perz, John; Szadkowski, Andrzej ; 
Yacobi, Ben-Gur, inventors; Govern ing Counci l  of the University 
of Toronto, assignee. Silicon-Based Semiconductor Devices. 
November 16, 1982. 

A new s i l icon based semiconductor device comprises a layer of 
amorphous s i l icon in which the density of energy states in the 
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energy gap has been reduced by hydrogenation; this layer is 
deposited on a layer of a hydrogen-contain ing substrate material 
that can supply hydrogen in atomic form to the amorphous s i l icon. 
In processes of the invention the si l icon layer and a substrate layer 
are hydrogenated separately to permit opt imum hydrogenation; 
the s i l icon layer may be deposited without hydrogenation and 
hydrogenated subsequently with hydrogen from the substrate 
material. A specific example consists of a layer of hydrogenated 
amorphous s i l icon of about 1 micrometer th ickness deposited on 
a hydrogen-contain ing chromium layer wh ich is itse lf deposited 
on a carrier, the s i l icon then form ing the active element of a 
photovoltaic cell particularly functional as a solar cel l .  

4,359,487 
Schneider, Michael, i nventor; Exxon Research & Engineering Co., 
assignee. Method for Applying an Anti-Reflection Coa ting to a 
Solar Cell. November 16, 1982. 

The present i nvention teaches a method for applying an anti
reflection coat ing to solar cells whereby the coating is inter
d ispersed among the cel l 's electrodes on the cel l 's junction 
surface. The method includes coating the solar cell 's surface with 
an anti-reflection layer, selectively etching a .pattern through the 
anti-reflection layer, which corresponds to the des i red electrode 
pattern and electrolessly p lating a layer of nickel onto the cell 's 
surface. 

4,360,542 
Loeffler, Otto E.; Jain, N i rmal S.; Kauder, Otto S., inventors; Argus 
Chemical Corporation, assignee. Process for the Preparation of 
Thin Films of Cadmium Sulfide and Precursor Solutions of Cad
mium Ammonia Thiocyanate Complex Useful Therein. Novem
ber 23, 1982. 

A process is provided for the preparation of thin fi lms of cadmium 
su lfide by deposition of cadmium su lfide formed in the thermal 
decomposition of an aqueous solution of cadmium ammonia thio
cyanate complex, useful particularly in the preparation of thin cad
mium sulfide f i lms on electrical ly-conductive substrates useful 
in photovoltaic cel ls, and on thermally-conductive substrates 
usefu l in solar energy absorbers, for energy conversion systems. 

4,360,701 
Evans, John C., J r. ,  i nventor; The Un ited States of America as 
represented by the Administrator of the National Aeronautics and 
Space Admin istrat ion, assignee. Heat Transparent High Intensity 
High Efficiency Solar Cell. November 23, 1982. 

A heat transparent high i ntensity solar cell has improved efficien
cy. A su rface of each solar cel l has a pl urality of g rooves. Each 
g roove has a vert ical face and a slanted face that is covered by 
a reflect ing metal. Light rays are reflected from the s lanted face 
through the vertical face where they traverse a photovoltaic junc
t ion. As the l ight rays travel to the slanted face of an adjacent 
groove, they again t raverse the junction. The underside of the 
reflecting coat ing d i rects the l ight rays toward the opposite sur
face of the solar cel l as they traverse the junction again.  When 
the l ight rays travel through the solar cel l and reach the saw tooth
ed g rooves on the under side, the process of reflection and 
repeatedly traversing the junction again takes p lace. The l ight rays 
u ltimately emerge from the solar cel l .  These solar cel ls are par
ticu larly usefu l at very high levels of i nsolation because the in
frared or heat radiation passes through the cel ls without being 
appreciably absorbed to heat the cel l .  

4,360,702 
Feng, Tom; Ghosh, Amal K., inventors; Exxon Research & Engineer
ing Co., assignee. Copper Oxide/N-Silicon Heterojunction Photo
voltaic Device. November 23, 1982. 

A photovoltaic device having characteristics of a h igh efficiency 
solar cell comprising a CuxOin-Si heterojunction. The CuxO layer 
is formed by heating a deposited copper layer in an oxygen con
tain ing ambient. 



4,360,703 
Bolton, James R.; Ho, Te-Fu; Mcintosh, Alan R., inventors; National 
Research Counci l  of Canada, assignee. Photovoltaic Cell Having 
P-N Junction of Organic Ma terials. November 23, 1982. 

A "molecular p-n junction" is formed by an organic compound 
which has a molecular portion susceptible of electron donation 
and another molecular portion susceptible of electron acceptance, 
each of these two portions being within the same compound or 
molecule and interconnected by a l i nkage portion. Thus the com
pound consists of th ree molecu lar parts which may in other 
environments exist as separate molecules. The electron donation 
molecule and electron acceptance molecule are separated by an 
intramolecular l i nkage or chain so that the three form one com
posite molecu le. The donor and acceptor molecu les, if the i nter
molecular l inkage is adequate and generally in the preferred range 
of 15 $.. to 25 $.., or general ly between 10 $.. to 40 $.., is susceptible, 
under the i nfluence of l ight, of donating an electron to the 
acceptor. As such, the compound functions as a "molecular p-n 
junction". 

4,361,295 
Wenzel, Joachim, inventor. Solar Power Station. November 30, 
1982. 

Solar power station with semiconductor solar cells for generating 
electric power, wherein the semiconductor solar cells are provided 
on a member such as a bal loon or a kite which carries the solar 
cel ls i nto the air. The function of the bal loon or kite can also be 
fulf i l led by a g l ider or a irsh ip. The solar power station can be 
operated by al lowing the system to ascend at sunrise and des
cend at sunset or when the wind is going to be too strong in order 
to avoid any damage. 

4,361,529 
H anke, Leopold; Schmelz, Helmut, inventors; Siemens Aktienge
sel lschaft, assignee. Method for Producing Plate or Tape Shaped 
Silicon Crystal Bodies Having Crystalline Pillar-Like Structures, 
Equivalent to Columnar Structures, for Large Surface Solar Cells. 
November 30, 1982. 

The invention provides an improved method for producing plate
shaped or tape-shaped s i l icon crystal bodies having p i l lar- l ike 
structures therein which are equivalent to columnar structures 
comprising conducting the sintering process, for purposes of par
ticle en largement, in a gas atmosphere comrised of argon and 
a m in imum amount of hydrogen. In a preferred embodiment, the 
hydrogen concentration i n  such atmosphere is about 6% by 
volume. The so-produced si l icon bodies are useful for further pro
cessing into large-surface solar cel ls. 

4,361,598 
Yoldas, Bulent E., inventor; Westinghouse Electric Corp., assignee. 
Polymerized Solutions for Depositing Optical Oxide Coatings. 
November 30, 1982. 

A clear solution is prepared by reacting metal alkoxide with a 
m ixture of critical amounts of water and/or acid in an alcohol 
d i luted medium. Alkoxides may be Ti(OR)4 or Ta(OR) , or another 5
metal alkoxide such as Si(OR)4 in admixture with these alkoxides. 
Acids may be HCI or H N03. Quarter wave inorganic optical 
coatings are deposited by applying the a lkoxide solution to a 
substrate then heating the coating at over 350°C. The coatings 
reduce reflectivity on s i l icon solar cel ls. The index of refraction 
of the coating can be varied by several techniques, i nc luding alter
ing the proportion of titan ium and s i l icon in the coating fir ing 
temperature, f ir ing atmosphere. Thickness of the coating can be 
controlled by varying the rpm in  spin appl ication, withdrawal rate 
in dipping application, by concentrat ion of the solution, by the 
type of solvent or the degree of polymerization of the titanium 
complexes. 

4,361,717 
G i lmore, Robert S.; G lascock, Homer H., I I ;  Webster, H arold F., 

inventors; General Electric Company, assignee. Fluid Cooled Solar 
Powered Photovoltaic Cell. November 30, 1982. 

Concentrated sun l ight imp inges on a large area photovoltaic 
device which is bonded to a highly pl iable and thermally and elec
trically conductive structured copper strain relieving member; the 
lower face of the structured copper is sealed to a f lu id cooled 
metal heat sink.  Large power densities of sunl ight are absorbed 
without apprec iable temperatu re rise. The structured copper 
accommodates to the difference in expansion between the metal 
heat sink and the semiconductor wafer. Three embodiments util ize 
a s ingle planar j unction diode, an i nterdigitated diode, and series 
connected isolated junction diodes. 

4,361,718 
Marcus, Sanford M. ;  Rel l ick, Joseph R., i nventors; E. I. Du Pont 
de Nemours and Company, assignee. Silicon Solar Cell N-Region 
Metallizations Comprising a Nickel-Antimony Alloy. November 30, 
1982. 

The n-type region of a si licon solar cell is metall ized with a nickel
antimony al loy to provide an external contact. 

4,361,950 
Amick, James A., i nventor; Exxon Research & Engineering Co., 
assignee. Method of Making Solar Cell with Wrap-Around Elec
trode. December 7, 1982. 

A solar cell is provided which has a front electrode which wraps 
around the edge of the cel l and onto a portion of the back of the 
cel l .  A second electrode is also provided on the back of the cell 
thereby permitt ing a l l  electrical connections to be made on one 
side of the cell . A method for making such a cell also is d isclosed. 

4,362,895 
Gupta, Amitava; Yavrouian, Andre H. ,  inventors; California Institute 
of Technology, assignee. Ultraviolet Absorbing Copolymers. 
December 7, 1982. 

Photostable and weather stable absorbing copolymers have been 
prepared from acry l ic esters such as methyl methacrylate con
taining 0.1 to 5% of a 2-hydroxyal lyl benzophenone, preferably the 
4, 4'dimethoxy derivative thereof. The pendant benzophenone 
chromophores protect the acryl ic backbone and when photo
excited do not degrade the ester side chain, nor abstract hydrogen 
from the backbone. 

4,362,896 
S ingh ,  Vi jay P., i nventor; Photon Power, I nc. ,  assig nee. · Polycrystalline Photovoltaic Cell. December 7, 1982. 

A photovoltaic cell is formed by combining a spray process, form
ing a crystal l ine layer contain ing cadmium and sulfur, and an 
evaporat ion process, deposit ing copper ch loride for converting 
to Cuxs. The crystals conta in ing cadmium and sulfur are heated 
in an atmosphere of cadmium and ch lorides to obtain crystals 
having at least one dimension greater than 0.5 micron and a planar 
layer of Cu S is formed on the large crystals. A layer of Cu� xS 
having a thickness of 0.5-1 .0 m icron is obtained. Electrodes are 
formed from evaporated gold or chromium or a metal l ic paste 
including si lver or copper. ZnxCd1_xS may be substituted for CdS 
through at least part of the crysta l l i ne layer for improved Voc. 

4,364,508 
Lazzery, Angelo G.; Crouthamel, M arvin S.; Coyle, Peter J. ,  i nven
tors; The Un ited States of America as represented by the Un ited 
States Department of Energy, assignee. Method of Fabricating a 
Solar Cell A rray. December 21 ,  1982. 

A fi rst set of pre-tabbed solar cel ls are assembled in a p redeter
mined array with at least part of each tab facing upward, each 
tab being fixed to a bonding pad on one cell and abutting a bond
ing pad on an adjacent cel l .  The cel ls are held in place with a fi rst 
vacuum support. The array is then inverted onto a second vacuum 
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support which holds the tabs f i rmly against the cel l  pads they 
abut. The cel ls are exposed to radiation to melt and reflow the 
solder pads for bonding the tab portions not already fixed to bon
ding pads to these pads. 

4,364,532 
Stark, V i rg i l ,  i nventor; North American Construction Uti l ity Corp., 
assignee. Apparatus for Collecting Solar Energy at High Altitudes 
and On Floating Structures. December 21 ,  1982. 

Disclosed is apparatus for col lecting solar energy with means of 
producing electricity by concentrating solar energy on sets of 
photovoltaic cel ls to be either positioned at h igh altitudes and 
which may be fitted to bal loons or to structures floating on water. 

4,365,107 
Yamauchi ,  Yutaka, i n_ventor; Sharp Kabushiki  Kaisha, assignee. 
Amorphous Film Solar Cell. December 21, 1982. 

An amorphous f i lm solar cel l  of p-i-n heterojunction type, which 
is produced through the combination of g roup 1 1 1 -V compound 
amorphous semiconductor fi lms with a layer of fl uori nated or 
hydrogenated amorphous s i l icon semiconductor material. Selec
tion of the p-i-n layer construction is easier compared to f i lm solar 
cel ls of conventional fl uorinated or hydrogenated amorphous 
s i l icon semiconductor material, efficiency is improved, and there 
is an increased degree of freedom in choice of the apparatus. 

4,366,024 
Ast, Gerhard; D iet l ,  Josef; Helmreich, Dieter; M i l ler� Hans-Dieter; 
Sirtl, Erhard, i nventors; Hel iotronic Forschungs-und Entwicklungs
gesellschaft fur Solarzel len-Grundstoffe mbH, assignee. Process 
for Making Solar Cell Base Material. December 28, 1982. 

Competitive current generation by the exploitation of solar energy 
requ i res cheap solar cel ls. A process is described which makes 
it possible to manufacture from si l icon a base material for solar 
cel ls of this type in an economical manner and in  large quanit ies. 
This is achieved by bring ing s i l icon from a supply container into 
contact with a non-elemental l ubricat ing melt, which is immis
cible with s i l icon but wi l l  not wet s i l icon and has a melting point 
below that of s i l icon, and by 'drawing off a si l icon f i lm,  s l id ing 
on th is lubricating melt, and sol id ifying the s i l icon cont inuously 
by cool ing to below its melting point. 

4,366,334 
de Cremoux, Baudou in ;  Poula in ,  Pierre; Sol, N icole, inventors; 
Thomson-CSF, assignee. Photovoltaic Cell Usable as a Solar Cell. 
December 28, 1982. 

The invention relates to a low cost photovoltaic cel l ,  using a 
m in imum thickness layer of semiconductor compounds able to 
provide the photovoltaic effect and specifically in polycrystal l i ne 
form. On a molybdenum sheet an auxi l iary polycrystal l ine ger
manium layer is deposited in order to facil itate subsequent deposi
tions. This is fol lowed by an i ntermediate polycrystal l ine layer of 
gal l i um a luminum arsenide and an active layer of polycrysta l l i ne 
gal l i um arsenide. The presence of the i ntermediate layer with a 
wider forbidden band than that of the active layer compensates 
the effect on the efficiency of the l imited th ickness of the active 
layer. 

4,366,335 
Feng, Tom; Ghosh, Amal K., inventors; Exxon Research & Engineer
ing Co., assignee. Indium Oxide/n,Silicon Heterojunction Solar 
Cells. December 28, 1982. 

A h igh photo-conversion efficiency indium oxideln-s i l icon hetero
j unction solar cel l  is spray deposited from a solution contain ing 
ind ium trich loride. The solar cel l  exh ib its an Air Mass One solar 
conversion eff iciency i n  excess of about 10%. 
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4,366,336 
Donaghey, Lee F., inventor; Chevron Research Company, assignee. 
Age and Heat Stabilized Photovoltaic Cells. December 28, 1982. 

Improved age and heat stab i l ized photovoltaic solar cel ls com
prising a semiconducting layer, a barrier layer containing the metal 
M1 and a stabi l izing metal electrode conta in ing two or more 
metals, one of which is M 1 , such that the tendency for M1 to d if
fuse between the electrode and the barrier layer is approximately 
zero. 

4,366,337 
Alessandrini ,  Paolo; De Angel is, Lucio; Gal luzzi, Fabrizio; Losciale, 
Francesco; Scate, Ernesto, inventors; E.N. I .  Ente Nazionale ldrocar
buri ,  assignee. p-Si/n-CdS Heterojunction Photovoltaic Cells. 
December 28, 1982. 

The invention provides photovoltaic cel ls of new design in which 
the two semiconductors have lattice parameters which d iffer by 
more than 5%. The n-type semiconductor material is constituted 
by h igh conductivity CdS doped with ind ium in a percentage 
higher than 1%,  and the p-type semiconductor material is con
stituted by Si. The active surface of said cel ls is equal to or greater 
than 1 .5 cm2. 

4,366,338 
Turner, George W.; Fan, John C. C.; Salerno, Jack P., i nventors; 
Massachusetts I nstitute of Technology, assignee. Compensating 
Semiconductor Materials. December 28, 1982. 

A method of compensating grain boundaries or dislocations caus
ing interstices to form particularly in polycrystal l ine semiconduc
tor materials is disclosed which comprises selectively diffusing 
opposite impurity-type donor semiconductor material i nto the 
i nterstice to thereby reduce the conductivity of the interstice. 

1983 
4,366,771 
Bowers, John E.; Schmit, Joseph L., i nventors; Honeywel l ,  I nc., 
assignee. Mercury Containment for Liquid Phase Growth of 
Mercury Cadmium Telluride from Tellurium-Rich Solution. Janu
ary 4, 1983. 

Hg _xCd photov1 xTe is an important semiconductor for use in oltaic 
and photoconductive i nfrared photon detectors. Hg1_xCdx Te can 
be g rown by l iqu id phase epitaxy at atmospheric pressure from 
a Te-rich solution in which case the Hg vapor pressure is  below 
0.1 atm at 500°C. This low vapor pressu re makes possible the use 
of open-tube, s l ider g rowth techniques. The present invention 
describes a covered graphite slider system which provides an addi
tional source of Hg, min im izes loss of Hg from the source wafer 
and virtually prevents loss of Hg from the (Hg1_xCdx)1_YTeY g rowth 
solution. 

4,367,365 
Spencer, Robert M. ,  i nventor; Acurex Solar Corporat ion, assignee. 
Solar Energy Conversion Arrangement Utilizing Photovoltaic 
Members. January 4, 1983. 

An arrangement for convert ing solar energy d i rectly to electrical 
energy is d isclosed herein and uti l izes a g roup of photovoltaic
l i ke panel members, each of which is designed to convert solar 
energy into electrical energy by developing a voltage across oppo
site terminals thereof in response to and dependent upon its col
lection of solar energy. These panel members are electrically inter
connected together in a specific way which combines their vol
tages in order to drive a given load. In addition, i ndividual bypass 
c i rcu itry is electrically connected with each photovoltaic- l ike 
member for d ivert ing cu rrent around the latter i n  the event the 
resistance between its term inals increases above a certain level, 
for example due to an open c i rcuit or undesirable shadowing. In 
th is way, a malfunction of one photovoltaic-l i ke member wi l l  not 
disrupt the operation of the overal l  arrangement. In order to locate 



these malfunctioning members, the circuitry associated with each 
includes means for indicating (preferably visual ly) when its bypass 
c ircu itry is operating in a bypass mode. 

4,367,366 . 
Bloss, Werner H . ;  Hewig, Gert H. ;  Laub, Gerhard; Reinhardt, Erich, 
i nventors; Bloss, Werner H., assignee. Solar Cell Arrangement. 
January 4, 1983. 

A solar cel l  arrangement w ith an associated optical col lecting 
lens system. The lens system focuses a l i ght impingement area 
onto the solar cell to i ntensify incident radiation. The col lecting 
lens system includes an optically active layer provided between 
the light impingement area and the solar cells. The optically active 
layer images and disperses the i ncident l ight in a manner adapted 
to the surface and l ight absorption characteristics of the solar 
cel ls. 

4,367,367 
Reisfeld, Renata; Neuman, Samuel, inventors. Collector for Solar 
Energy. January 4, 1983. 

The present i nvention relates to a col lector adapted to concen
trate solar energy onto a photoelectric cell compris ing in com
bination at least one glass plate doped with a substance resulting 
i n  fluorescence when said plate is i rradiated by sunl ight, a photo
electric cell being attached to a lateral side of the plate, the other 
lateral edges of the plate being provided with a reflective coating, 
said cel l having a high efficiency in  the range of wavelength of 
the fluorescent radiation. A plural ity of such g lass p lates can be 
stacked one upon the other, each doped to absorb at a predeter
m ined region of the spectrum and to f luoresce in a reg ion where 
a certain photocel l  is sensitive. A f luorescent dye in a suitable 
carrier can be appl ied as a surface layer on such glass plates, 
and this improves the overal l  efficiency of the collector. 

4,367,368 
Wolf, Martin., inventor; University Patents, I nc., assignee. Solar Cell. 
January 4, 1983. 

An improved solar cel l structure is described wherein the cel l 's 
front region is provided with a p lural ity of raised structures, each 
structure comprising a mult i layer of a h igh ly doped region and 
a high-low junction. On these raised structures sit the solar cell's 
conductive grid. By emplacing the mu lt i layer structure d i rectly 
underneath the front region meta l l ized conduct ive grid, the effi
ciency losses which would have been present had the h igh ly 
doped region extended entirely or part ial ly across the front layer, 
are avoided and the h igh surface recombination velocity 
associated with the grid is masked. 

4,367,369 
Mizutani, Fumio; Yoshiura, Masahiko; lriyama, Keij i ;  Sasaki, Kanj i ;  
Tsuda, Keish i ro, i nventors; Agency of  Industrial Science and 
Technology; M inistry of I nternational Trade & Industry, assignees. 
Solar Battery. January 4, 1983. 

A solar battery is formed by forming a f i lm of a specific merocya
n ine dye on an n-type semiconductor substrate thereby produc
ing a p-n junction in the interface between the dye fi l m  and the 
semiconductor substrate and connecting electrodes one each to 
the two layers. 

4,367,403 
Mi l ler, Arthur, inventor; RCA Corporation, assignee. Array Position
ing System with Out-of-Focus Solar Cells. January 4, 1983. 

A solar array positioning system includes first l ight sensor means 
facing the same d i rection as the solar array and second l ight 
sensor means facing the opposite d i rection. A th i rd sensor, th is 
one responsive to gravity, i s  employed to indicate the d i rection 
about a d iurnal slew axis that the array is ti lted. These sensors 
are employed to determine the i n it ial array slewing d i rection to 
insure that during slewing and subsequent tracking, the array 

never is rotated through more than a g iven ang le, less than 360°, 
between two fixed l imits. This permits connection to the array by 
hard wiring rather than sl ip rings. The system includes also fourth 
sensor means for provid ing fine tracking signals which assume 
control of the array position during tracking.  A vane structure 
reduces the sensitivity of various of the sensors to obscuration 
by foreign particles. A low cost uncorrected lens may be used with 
the fourth. 

4,367,581 
Kohler, Kranz, i nventor; Messerschmitt-Bolkow-Biohm GmbH, 
assignee. Method of Manufacturing an Array o f  Solar Cells. 
January 1 1 ,  1983. 

An arrangement or array of solar cel l s  comprises a plu ral ity of 
cel ls each having contacting connectors which establish an elec
trically conducting connection between t he individual solar cells. 
Each solar cel l  has a connector which projects s l ightly from the 
edge thereof and is of a selected profi le or shape such that the 
contact ing connectors of adjacent cells may be overlapped and 
connected to each other for electrical connection in an arrange
ment in which they do not come in contact with each other adja
cent the solar cel ls. 

4,367,633 
Strathman, Ronald L., i nventor. Battery and Solar Powered 
Refrigerating System. January 1 1 ,  1 983. 

The system includes a container and a door therefor, each com
prised of i nner and outer shel ls made of a moisture impervious 
material having sealed therebetween an insulating materia l .  A 
holdi ng plate, contain ing a eutectic solution and a refrigerant 
evaporator coi l ,  is d isposed with in  the container. A refrigerating 
circuit is provided including a compressor and condenser coil con
nected to the evaporator coil .  A control un it monitors-the eutec
tic solution temperature and the refrigerant temperature at the 
compressor output. It m in im izes the operat ing t imes of the com
pressor and condenser fan necessary to maintain preferred 
temperatures inside the container in order to m in im ize the drain 
on batteries which are provided for powering the same. I n  addi
tion, an array of solar cells is provided and the control is adapted 
for powering the compressor and condenser fan with their output 
when it is above the predetermi ned min imum operating level. 

4,368,083 
Bruel, Michel ;  Floccari, M ichel, i nventors; Comm issariat a 
I 'Energie Atomique, assignee. Process for Doping Semiconduc
tors. January 1 1 ,  1983. 

The present i nvention relates to a process for doping semicon
ductors, compris ing the sucessive steps of: effecting implanta
t ion by recoi l  consist ing in deposit ing on the surface of the 
substrate a layer of material contain ing dopant particles and i n  
bombarding said layer by means of a beam o f  bombard ing par
ticles,_ wh ich are in particular non-dopant, so as to cause the 
dopant particles to penetrate i n  the substrate; el iminating the layer 
of m.aterial deposited on the surface of the substrate; and effect
ing · transitory annealing. The invention is app l icable to the 
manufacture of solar cel ls. 

4,368,216 
Manassen, Joost; Cahen, David; Hodes, Gary, i nventors; Veda 
Research and Development Co., assignee. Process tor Prepara
tion of Semiconductor and Semiconductor Photoelectrode. Jan
uary 11, 1983. 

Process for form ing a semiconductor f inding use in sol id state 
and PEC cel l s  as a photoelectrode, compris ing preparing a slurry 
of at least one semiconductor start ing material used to form the 
semiconductor, a flux and a l iquid vehicle; apply ing a layer of the 
s lurry to an electrical ly conductive substrate; and anneal ing the 
layer. The semiconductor produced by the process and a photo
electrochem ical cel l including the semiconductor. 
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4,369,099 
Koh l ,  Pau l  A. ;  Ostermayer, frederick W., J r. ,  i nventors; Bel l 
Telephone Laboratories, Incorporated, assignee. Photoelectro
chemical Etching of Semiconductors. January 18, 1983. 

A process is described for etch ing p-type semiconductors using 
a photoetectrochemical etching process. Th is etching process is 
h ighly advantageous because the etching site is h igh ly defined 
by the incident l ight and the etching rate can be controlled in  a 
number of ways including l ight i ntensity and electrode potential. 

4,369,498 
Schulte, Eric F., inventor; Texas Instruments I ncorporated, 
assignee. Photoluminescent Powered Calculator. January 18, 1983. 

A photoluminescent dye is' suspended in a transparent medium.  
When exposed to l ight, the dye re-emits l ight i n  a narrow frequency 
range. Photovoltaic cel ls responsive to the re-emitted l ight are 
arranged around the sides of the col lector medium, and are elec
trically connected to a low power demand device, such as a 
calculator. A reflective surface is p laced next to the col lector 
med ium and kept a sl ight d istance away such that an air gap is 
formed between the col lector and the reflective surface. Th is gap 
i ncreases the efficiency of the collector to the point that the col
lector w i l l  operate a small calcu lator even though exposed to low 
l ight levels such as are normal in an office environment. 

4,369,629 
Lockwood, Lawrence B., i nventor. Natural Energy Extractor. 
January 25, 1983. 

The invention is  a mult ip le-mode energy uti l ization device com
b in ing elements which extract solar energy, those which uti l ize 
wind energy, and those uti l iz ing rising convection currents caused 
by heated air. In one principal embod iment, a wind rotor on a ver
tical axis  is provided with solar cel ls on its su rfaces and a heat 
cond uctive axle  i n  d i rect contact with a hot water tank i n  which 
there are paddle blades for pumping and frictionally stirring water 
or other f lu id ,  and an electric heater in the water to uti l ize extra 
energy from the electric generator run by the shaft as wel l  as the 
solar cells, which electrical energy would ordinarily charge storage 
batteries un less such charge was not needed which would cause 
the water heater to energize. Additional rotational and heat energy 
are generated by a hood disposed beneath the rotor which houses 
a heat s ink which passes therethrough hot updrafts from a flat 
plate col lector on which the rotor is mounted, as wel l  as water 
from the flat p late col lector to provide addit ional heat to the flat 
p late system. 

4,370,175 
Levatter, Jeffrey 1 . ,  inventor; Katz, Bernard B., assignee. Method 
of Annealing Implanted Semiconductors by Lasers. January 25, 
1983. 

A high power excimer laser em its a pulsed output at a high repeti
tion rate in the u ltraviolet wavelength region and a uniform power 
output across the laser beam. By subjecting doped s i l icon wafers 
to the pulsed laser output, epitaxial regrowth of s i l icon crystals 
can be induced to repai r  damage to the s i l icon crystal structure 
which normally occurs during  implantat ion of the dopant 
materials. 

4,370,509 
Dahlberg, Reinhard, inventor; Licentia Patent-Verwaltungs-GmbH, 
assignee. Solar Cell Array. January 25, 1983. 

A solar cel l  array comprising a p lural ity of solar cells connected 
together by electrical contact means comprising amorphous metal 
a l loy conductors. 

4,370,510 
Stirn, Richard J . ,  i nventor; Cal iforn ia Institute of Technology, 
assignee. Gallium Arsenide Single Crystal Solar Cell Structure 
and Method of Making. January 25, 1983. 
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A production method and structure for a th in-fi lm GaAs crystal 
for a solar cel l on a s ingle-crystal s i l icon substrate comprising 
the steps of growing a sing le-crystal interlayer of material having 
a closer match in lattice and thermal expansion with single-crystal 
GaAs than the single-crystal s i l icon of the substrate, and epitax
ial ly growing a s ing le-crystal f i lm on the i nterlayer. The material 
of the interlayer may be germanium or graded germanium-sil icon 
al loy, with low german ium content at the s i l icon substrate inter
face, and h igh germanium content at the upper surface. The 
surface of the interface layer is annealed for recrystall ization by 
a pu lsed beam of energy (laser or electron) prior to growing the 
interlayer. The solar cel l  structure may be grown as a sing4e-crystal 
n + /p shal low homojunction f i lm or as a pin or nip junction f i lm.  
A Ga(AI)As heteroface f i lm may be grown over the GaAs f i lm.  

4,370,974 
Maxey, Donald R. ,  i nventor. Inverted Channel Focusing Solar Col
lector. February 1 ,  1983. 

A solar energy collector in the shape of an inverted geometric cusp 
of the second kind which permits the col lection of d i rect and 
diffuse solar rad iation, and which attenuates losses by thermal 
convection, conduction, and reverse rad iation or re-radiation of 
energy to the cold or n ight sky. The solar col lector when uti l ized 
in a composite unit is compact, has an aesthetically pleasing low 
profi le, and al leviates the need for elaborate sensing and track
ing mechan isms. 

4,371,738 
Staebler, David L., inventor; RCA Corporation, assignee. Method 
of Restoring Degraded Solar Cells. February 1, 1983. 

Amorphous s i l icon solar cel ls have been shown to have efficien
cies which degrade as a result of long exposure to l ight. Anneal
ing such cells in ai r at a temperature of about 200°C for at least 
30 m inutes restores their efficiency. 

4,371,739 
Lewis, Kathy; Avery, James E., i nventors; Atlantic Richfield Com
pany, assignee. Terminal Assembly tor Solar Panels. February 1, 
1983. 

A terminal assembly for providing external electrical connection 
to a solar panel having at least one solar cell and an electrically 
conductive layer located beh ind the cel l .  The term inal assembly 
has a substant ial ly f lat conductive portion between the cel l and 
the conductive layer, and an insulating member of high dielec
tric strength positioned behind the flat portion to electrically 
isolate the flat portion from the conductive layer. A connector por
tion preferab ly extends rearwardly from the f lat portion and 
through an opening in the conductive layer, the insulating member 
extending about the connector portion. · 

4,371,740 
Clem, Katherine V., inventor; Eastman Kodak Company, assignee. 
Conductive Elements tor Photovoltaic Cells. February 1 ,  1983. 

A conductive element such as an electrode useful in photovoltaic 
cel ls comprises a soda-l ime glass support having thereon a layer 
contain ing polycrystal l ine Sn02 and a fluorine dopant, said con
ductive electrode being substantial ly haze-free and having a trans
m ittance of radiation between 400 and 800 nm greater than 70% 
and an electrical resistance less than 30 ohm per square. The 
conductive element is particu larly usefu l in th in f i lm cadmium 
sulf ide/cadmium tel l u ride photovoltaic cel ls. 



4,372,680 
Adams, Richard R.;  M acConochie, ian 0.; Poole, Bordie D., J r., 
i nventors· The United States of America as represented by the 
Admin ist;ator of the National Aeronautics and Space Administra
tion, assignee. Minia ture Spectrally Selective Dosimeter. Febru
ary 8, 1983. 

The present i nvention discloses a min iature spectral ly selective 
dosimeter capable of measuring selected bandwidths of radia
tion exposure on small mobile areas. This is achieved by the . 
combination of photovoltaic detectors, electrochemical i ntegrators 
(E-cel ls) and fi lters in a small compact case which can be easi ly 
attached in  close proximity to and substantial ly paral lel to the 
surface being measured. I n  one embodiment two photovoltaic 
detectors, two E-cells, and three fi lters are packaged in a smal l 
case with attaching means consisting of a safety pin.  I n  another 
embodiment, two detectors, one E-cel l  and three fi lters are pack
aged in a smal l  case with attaching means consisting of a c l ip  
to c l ip  over a side piece of  an eye g lass frame. I n  a further embod
iment the electro-optic elements are packaged in a wristwatch 
case � ith attaching means being a watchband. The fi lters in al l
embodiments al low only selected wavelengths of radiation to be 
detected by the photovoltaic detectors and then i ntegrated by the 
E-cel ls. 

4,372,989 
Menzel, Guenther, inventor; Siemens Aktiengesellschaft, assign�e. 
Process for Producing Coarse-Grain Crystalline/Mono-Crystal/me 
Metal and Alloy Films. February 8, 1983. 

Coarse-grained crystal l i ne or monocrystal l ine metal or ai i?Y 
reg ions are produced on substrates composed of a matenal 
selected from the group consisting of a ceramic, a glass and 
s i l icon and which are provided with a layer of an amorphous or 
disord�red metall ic fi lm, for example tantalum, by control lably i rra
diat ing select regions of the amorphous fi lm with a focused beam 
of thermal-energy and/or l ight-energy, such as obtained from a 
focused laser beam, while substantial ly s imultaneously maintain
ing the temperatu re of such substrate at about the temperature 
uti l ized in deposit ing the amorphous f i lm on the substrate, 

·whereby crystall ization seeds are generated at the point of beam
i rrad iation and function as a starting point for the crysta l l ine or
monocrystal l i ne front on the metall ic surface. Via controlled beam
guidance, as by a computer, over the amorphous metal coated
substrate surface, the crystal l ization front is extended uniformly
in  a desired path along the i rradiated surface. The process is
useful i n  producing metallizations for i ntegrated semiconductor
c i rcu its, manufacture of contact electrodes for s i l icon solar
cel ls, etc.

Re. 31,151 
King, Wi l l iam J. ,  i nventor. Inexpensive Solar Cell and Method 
Therefor. February 15, 1983. 

Solar cel ls are manufactured by a s impl ified method i n  which a 
s ingle protective layer acts as an anti-reflection coating and an 
encapsulation. I n  cases where the junction is formed by ion 
implantation techniques, the same layer also serves as the implan
tation oxide. In addition, this mu lti-pu rpose layer may also serve 
as a mass analyzer, al lowing the des i red species of ions to reach 
the surface of the semiconductor but blocking the heavier 
undesired species. The necessary contacts may be formed prior 
to implantation, and the use of al loyed aluminum contacts with 
a luminum oxide passivation permits a s impl ified contacting pro
cedure. A ful ly automatic contacting method and configuration 
for l i near materials is also d isclosed. 

4,373,308 
Whittaker, Ralph E., i nventor; Atlantic Richfield Company, 
assignee. Housing Structure Utilizing Solar Energy. February 15, 
1983. 

A solar cel l  array consisting of i ndividua l ly rotatable elongated 
segments is flexibly supported beneath a translucent panel in the 
exterior roof of a bui ld ing.  A thermal solar collector is supported 

beneath the solar cell array for maximum ut i l ization of the solar 
energy received through the roof open ing. 

4,373,809 
Gobrecht, Klaus, inventor. Solar Energy Flux Integrator. Febru
ary 15, 1983. 

A solar energy flux i ntegrator i ncludes a semiconducting solar 
cell posit ioned to receive solar rad iation, and a m icro
cou lombmeter connected to receive current from the solar cell . 
The micro-cou lombmeter comprises a g lass capi l lary f i l led with 
a mercury salt electrolyte having an ind icating bubble and two 
mercury electrodes. A series resistor is provided which has a 
resistance value to slow the movement of the bubble when low 
levels of solar energy are incident on the cel l  so that movement 
of the bubble is d i rectly proportional to the i ncident solar flux. 
This series resistor compensates for the spectral shift towards 
blue of the indirectly received solar radiation, which spectral shift 
otherwise causes the measured i ntegrated value of solar f lux to 
be too h igh due to the g reater sensit ivity of the solar cell to l ight 
of shorter wavelengths. A paral lel resistor is provided to scale the 
output of the solar cell to the m icro-cou lombmeter and a revers
i ng switch is connected to permit travel of the indicating bubble 
in opposite d i rections. 

4,374,182 
Gaul ,  John H.;  Weyenberg, Donald R., inventors; Dow Corning Cor
poration, assignee. Preparation of Silicon Metal Through Polymer 
Degradation. February 15, 1983. 

What is disclosed is a method of forming si l icon from the degrada
tion of polychlorosilanes, a method of coating a substrate with 
said s i l icon and a product of said coating method. The method 
of forming s i l icon consists essent ial ly of pyrolyzing said 
polychlorosi lanes in an inert atmosphere or in a vacuum at a 
temperature of 500°C to 1450°C. 

4,374,406 
Hepp, James, inventor. Lightweight Attachment for Solar Cell Array 
Next to a Fluorescent Tube. February 15, 1983. 

A l ightweight attachment for a solar cell array in combination with 
spacing means for spacing the array consisting of a p lural ity of 
solar cel ls  on a support next to a f luorescent tube to provide 
thereby a power package which is fitted with conductors to con
nect the solar cells in series to a remote motor adapted for the 
rotation of a remote display. A holding means is provided for the 
support to hold it close to the tube, which holding means may 
be a magnetic tape. The holding means may be a flexible strap 
having a tooth portion at the s ides of the strap, the tooth sides 
being adapted .to holding the support i n  closely spaced relation 
with the p lural ity of solar cel ls  d i rectly below the fluorescent tube. 
Spacing means is provided to fix the spacing between the sur
face of the cel ls on the support and the tube. Since there is no 
tension from the conductors and no substantial weight to dislodge 
the fluorescent tube due to the cells or support, the power package 
overcomes the safety hazards of the prior art. 

Re. 31,156 . 
Dessert, Richard, i nventor. Energy Efficient Passenger Vehicle. 
February 22, 1983. 

An energy efficient passenger carrying vehicle for road use. The 
veh icle basically comprises a long, narrow body carrying two 
passengers in a back-to-back relationship: The vehicle is basically 
a battery powered electric vehic le that can be charged by all free 
energy sources, namely the sun,  the wind, human muscles and 
momentum. The veh icle comprises four  modu les, namely body, 
solar, and two power modules. An electric power module is located 
w ithin each end of the body modu le. This module i nc ludes elec
tric motors driving the vehicle supporting wheels and rechargeable 
batteries to power the motors. Pedals, s imi lar to those on a bicycle, 
located at each power module, drive generators to help recharge 
the batteries during operation of the vehicle, or d i rectly help drive 
the vehicle wheels. A solar module compris ing a large electricity 
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generating solar cell panel covers most of the vehicle roof to aid 
in charg ing the batteries. Means are provided to ti lt the solar cell 
panel toward the sun about a longitudinal axis. A un ique flexible 
duct below the solar panel serves to cool the cells and, if  desired, 
heat the passenger compartment. Further energy savings are 
obtained by canting the rear wheels wh i le  steeri ng with the front 
wheels, so that the veh icle moves down the road at a crab angle 
which provides a sail effect when wind is from the vehicle beam 
or aft of the beam. Regenerative braking means can be used when 
slowing down, on a long downgrade, when sai l ing speed is greater 
than required, or any other time when vehicle momentum is greater 
than necessary for vehicle operation, to use the excess forward 
momentum to drive generators to charge the batteries. Thus, a 
s ingle battery carge w i l l  be conserved and vehicle operation wi l l  
be assisted i n  a manner giving maximum vehicle range and speed. 

4,374,955 
Gupta, Amitava; I ngham, John D.; Yavrouian, Andre H. ,  inventors; 
Cal ifornia Institute of Technology, assignee. N-Butyl Acryla te 
Polymer Composition for Solar Cell Encapsulation and Method. 
February 22, 1983. 

A polymer syrup for encapsu lating solar cell assemblies. The 
syrup i ncludes uncrossl inked poly(n-butyl)acrylate d issolved in 
n-butyl acrylate monomer. Preparation of the poly(n-butyl)acrylate 
and preparation of the polymer syrup are d isc losed. Methods for 
applying the polymer syrup to solar cell assemblies as an encap
sulating pottant are described. Also included is a method for solar 
cel l construction uti l izing the polymer syrup as a dual pu rpose 
adhesive and encapsu lat ing material. 

4,375,007 
Marcus, Sanford M. ,  inventor; E. l .  DuPont de Nemours & Co., 
assignee. Silicon Solar Cells with Aluminum-Magnesium Alloy Low 
Resistance Contacts. February 22, 1983. 

An AI-M g al loy is mixed with a N i-Sb al loy or AI, in powder form, 
to form a th ick-fi lm meta l l izing paste useful for making low 
resistance electrically conductive contacts to a s i l icon solar cel l 
coated with Si3N4.

102,801 
Hovel, Harold J. ,  inventor. Silicon Solar Cell. March 1, 1983. 

A high efficiency si l icon solar cell may be constructed by providing 
a two-stage drift field emitter with a 1 micron thickness on a drift 
field base region with a back surface field reg ion. The stage of 
the drift field em itter adjacent to the junction is moderately doped1from 10 8 to 1016 atomslcc adjacent to the junction to min imize 
bandgap shr inkage and to maxim ize carrier l i fetime whi le the 
stage of the emitter adjacent the surface i s  h igh ly doped at 1019 
atomslcc to m in imize sheet resistance. The drift field is aiding 
i n  both the emitter and base reg ions. The size of the base is less 
than an effective diffusion length. There is a difference in doping 
level i n  the base depending on the conductivity type of the si l icon. 

13" For n-conductivity type the base is doped 10 atomslcc at the1pn junction, increasing to 10 6 atomslcc in the drift field region.1For p-conductivity type the base is doped 10 6 at the junction,
1increasing to 10 8 atomslcc i n  the drift field. A back surface field

is  provided adjacent the ohmic contact on the part of the base
2 21 remote from the junction by doping to 10 0 to 10 atomslcc. A

passivat ing antireflective layer is added to the l ight incident 
surface. The 1 m icron emitter reg ion contains a 0.1 to 0.2 m icrons 
thick h igt1 conducting region adjacent the anti reflective coating 
on the l ight i nc ident surface and a drift f ield reg ion 0.3 to 0.9 
microns thick. The base reg ion has a drift field reg ion 20 to 100 
microns thick and the overal l  base region is 50 to 450 microns 
th ick. The back surface field region is 1 micron th ick. 

4,375,662, 
Baker, Richard H. ,  i nventor; Exxon Research & Engineering Co., 
assignee. Method of and Apparatus tor Enabling Output Power 
of Solar Panel to be Maximized. March 1 ,  1983. 
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The d.c. power suppl ied by a photovoltaic solar panel to a load 
is controlled by monitori ng the slope of the panel voltage vs. cur
rent characteristic and adjusting the current suppl ied by the panel 
to the load so that the s lope is approximately unity. The s lope 
is mon itored by incrementally changing the panel load and indi
cating whether the result ing change in  current derived from the 
panel is above or below a reference value, indicative of the panel 
voltage. In response to the change in  the monitored current being 
above the reference value, the slope of a voltage vs. current cu rve 
is g reater than un ity and the load is adjusted to Clecrease the cur
rent suppl ied by the panel to the load. Conversely, in response 
to the current being less than the reference value, the slope of 
the voltage vs. cu rrent curve is less than u nity and the load is 
adjusted to increase the current suppl ied by the panel to the load. 

4,376,228 
Fan, John C. C.; Bozl.er, Carl 0., inventors; Massachusetts I nstitute 
of Technology, assignee. Solar Cells Having Ultrathin Active Layers. 
March 8, 1983. 

Improvements in solar cel ls based upon low cost semicond]Jc
tors, such as amorphous si l icon, are disclosed. The improved solar 
cel ls of this invention have ultrath in  active semiconductor layers 
having a th ickness between 0.1 t and a- Lm wherein ta is the solar
spectrum absorption length and Lm is tne diffusion length for 
photogenerated minority charge carriers in the active layer. The 
back su rface reflector has a solar spectrum reflectivity of 70% 
or greater, so that incident energy not absorbed in a d i rect pass 
through the active layer is reflected for another pass. The most 
preferred embodiment of the cel ls described herein are shaped 
to have a l ight-trapping structure so that l ight makes m u ltiple 
passes through the th in semiconductor layers. 

4,376,347 
Thompson, Marion E., i nventor. Light Powered Mobile. March 15, 
1983. 

A display assembly is provided which most desirably comprises 
a lamp mobi le having a base, a d.c. motor mounted within the base 
with a shaft extending outwardly from it, and the mobi le mounted 
to the shaft. The interconnection between the mobile and the shaft 
can be a curved distal end of the shaft engaging an abutment 
surface of a s imi lar rad ius of cu rvature formed within  a body 
member of the mobi le, with the shaft loosely received by the 
mobi le, so that the mobi le wi l l  rotate at a slower speed than the 
shaft. The base is  screw-threaded onto the top of a cylindrical pro
jection from a lamp harp, and a solar cel l which powers the d.c. 
motor is also mounted to the lamp so that it receives l ight from 
the lamp l ight bulb. A pair of p lanar portions, one received by the 
lamp socket and the other mounting the solar cell, and i ntercon
nected by a h inge, may be uti l ized to properly position the cel l 
to receive l ight from the lamp. The mobile i ncludes a rod mounted 
at its central portion to the mobile body member with a weight 
mounted to one end of the rod and a display item, such as an 
airplane model , mounted to the other end of the rod. Cooperating 
magnets d isposed on the rod and base can cause the p lane to 
move u p  and down as it rotates. 

4,376,872 
Evans, John C.; Chai, An:ri; Goradia, Chandra P., i nventors; The 
Un ited States of America as represented by the Admin istrator of 
the National Aeronautics and Space Admin istration, assignee. 
High Voltage V-Groove Solar Cell. March 15, 1983. 

A h igh voltage mu ltijunction solar cell comprises a p lu ral ity of 
discrete voltage generating regions, or unit cells, which are formed 
in a single semiconductor wafer and are connected together so 
that the voltages of the individual cells are addit ive. The un it cel ls 
comprise doped reg ions of opposite conductivity types separated 
by a gap. The method incl udes forming V-shaped grooves in the 
wafer and thereafter orient ing the wafer so that ions of one con
ductivity type can be implanted in one face of the groove whi le 
the other face is sh ielded. A metal l ization layer is appl ied and 
selectively etched away to provide connections between the un it  
cel ls. 



4,377,445 
Grimes, Patrick G., i nventor; Exxon Research and Engineering Co., 
assignee. Shunt Current Elimination tor Series Connected Cells. 
March 22, 1983. 

Electrochemical systems having a p lural ity of cel ls which are 
hydrau l ically and electrically connected in series develop shunt 
cu rrents in the electrolyte of adjacent cel ls. The shunt currents 
are reduced or e l iminated by the placing of an electrical bypass 
across two adjacent i ntercel l  conduits, and applying a protective 
current through the electrical bypass in a d i rection of the shunt 
currents and of a magnitude that can effectively reduce the shunt 
currents. 

4,377,564 
Dah lberg, Reinhard, i nventor; Lk:;entia Patent.Verwaltungs-GmbH, 
assignee. Method of Producing Silicon. March 22, 1983. 

A method of producing s i l icon comprising producing a plasma 
in  a gas flow laden with at least one s i l icon compound so that 
the s i l icon compound is reduced or decomposed to s i l icon and 
transporting the s i l icon which may have reacted with other 
material if present in the plasma and reaction products out of the 
plasma in the gas flow. 

4,377,604 
Schneider, Ronald A., i nventor; Chevron Research Company, 
assignee. Copper Stabilized Dipping Solution for a Photovoltaic 
Device Incorporating a Cu S Layer. March 22, 1983. x

A copper stabiized dipping solution for a photovoltaic device incor
porating a Cu S layer. The dipping solution contains copper 
metal which stab i l izes the solution by'providing a source of copper 
to continuously reduce cu + +  ions to cu + ions. The copper has 
no adverse effect on the topochemical formation of a copper 
su lfide layer on, for example, a semiconductor cadmium sulfide 
l ayer i n  a photovoltaic device. Preferably, the copper stabil ized 
dipping solution has a pH less than about 4.5 and includes counter 
ions such as ch loride or bromide ions. 

4,377,722 
Wested, Jens., inventor; Elektron ikcentralen, assignee. Solar Cell 
Unit and a Panel or Battery Composed of a Plurality of Such Solar 
Cell Units. M arch 22, 1983. 

The effective area of a solar cell unit may be enlarged or increased 
considerably relative to its physical area by provid ing its exposed 
surface layer with a periodic structure or pattern, by which a local 
field is generated, a so-called Hartree harmon ics field. The per
iodic structure is preferably a g rating structure or pattern, and 
by orienting the solar cell edgewise so that the sunl ight is g raz
ing rather than obl ique or d i rectly perpendicu lar to the surface, 
its response factor may be increased up to a factor 11 theoretical ly. 

4,377,723 
Dalal, Vikram L., i nventor; The Un iversity of Delaware, assignee. 
High Efficiency Thin-Film Multiple-Gap Photovoltaic Device. 
March 22, 1983. 

A photovoltaic device includes at least two solar cel ls  made from 
Group IV elements or their al loys in the amorphous state mounted 
on a substrate. The outermost or fi rst cell has a larger bandgap 
than the second cell. Various techn iques are uti l ized to im-prove 
the efficiency of the device. 

4,377,901 
David, Gerard-Robert; Pincon, Daniel M. ,  inventors; U.S. Ph i l i ps 
Corporation, assignee. Method of Manufacturing Solar Cells. 
M arch 29, 1983. 

A method of manufacturing solar cel ls in a semiconductor wafer 
uses a fi rst doped g lassy layer which is spaced apart from the 
edges of the wafer, in combination with a second undoped glassy 
layer, so that, when the dopants are diffused from the first layer 

into the wafer, only that portion of the wafer beneath the first layer 
is doped. This simple and economical method results in solar cells 
having improved leakage characteristics. 

4,378,460 
Wi l l iams, Richard, inventor; RCA Corporation, assignee. Metal 
Electrode tor Amorphous Silicon Solar Cells. March 29, 1983. 

An amorphous s i l icon solar cel l  having an N-type region wherein 
the contact to the N-type reg ion is composed of a material having 
a work function of about 3.7 electron volts or less. Suitable 
materials i nclude strontium, barium and magnesium and rare earth 
metals such as gadol in ium and yttrium.  

4,378,786 
Comeau, Joseph E., Jr. ,  inventor. Apartment Solar Heating Panel. 
April 5, 1983. 

A Solar Heating  Panel that can be placed in a south facing win
dow with the heat col lect ing f ins facing outside, l ight wi l l  then 
hit the photovoltaic cel ls  causing the fan to operate, air is d rawn 
into the top of the panel by the fan which blows the air  down into 
the panel and across the heat absorbing fi ns, as the air  passes 
down across the heat col lect ing fins it w i l l  be heated, and wi l l  
exit the panel at  the bottom of  said panel and i nto the room, thus 
heating it .  

4,379,020 
Glaeser, Andreas M. ;  Haggerty, John S.; Danforth, Stephen C., in
ventors; M assachusetts I nstitute of Technology, assignee. 
Polycrystalline Semiconductor Processing. April 5, 1983. 

A process for forming large-grain polycrystal l i ne fi lms from amor
phous fi lms for use as photovoltaic devices. The process operates 
on the amorphous f i lm and uses the drivi ng force inherent to the 
transition from the amorphous state to the crysta l l ine state as 
the force which drives the grain growth process. The resultant poly
crystal l ine f i lm is characterized by a grain size that is g reater than 
the thickness of the f i lm.  A thin amorphous f i lm is deposited on 
a substrate. The formation of a p lural ity of crysta l l ine embryos 
is induced in the amorphous f i lm  at predetermined spaced apart 
locations and nucleation is i nh ibited elsewhere in the f i lm .  The 
crysta l l ine embryos are caused to grow in the amorphous f i lm, 
without fu rther nucleation occu ring i n  the f i lm,  unt i l  the growth 
of the embryos is halted by impingement on adjacently growing 
embryos. The process i s  appl icable to both batch and continuous 
processing techniques. I n  either type of process, the thin amor
phous f i lm is sequential ly doped with p and n type dopants. Dop
ing is effected either before or after the formation and g rowth of 
the crysta l l ine embryos in the amorphous f i lm,  or during a con
t inuously proceedi ng crystall ization step. 

4,379,202 
Chalmers, Bruce, inventor; Mobi l  Solar Energy Corporation, 
assignee. Solar Cells. April 5, 1983. 

A solar cell having a period ic front su rface electrode is provided 
with a transparent cover chosen and conf igured to provide refrac
tive discontinuities of the same spatial frequency as and aligned 
with the conductive grid. The refractive discontinuities are so con
trolled, through selection of the shape, d isposition, and refrac
tive i ndex of the cover, as to cause a ray i n it ial ly normal to the 
surface of the cell which would  otherwise be intercepted by the 
electrode to m iss the electrode and fall on the photosensitive 
material. 

4,379,324 
Thompson, Marion E., inventor. Bulb Mounting of Solar Cell. 
April 5, 1983. 

An energy converting assembly is provided for parasit ing of l ight 
from a f luorescent l ight bulb uti l izing a solar cel l .  The solar cel l  
is mounted on  a base memeber elongated i n  the  d imension of  
elongation of  the fluorescent bulb, and electrical interconnections 
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to the cell are provided. A flexible sheet of opaque material having 
a flat wh ite i nterior reflective surface surrounds the fluorescent 
bulb and reflects l ight emitted from the bu lb back toward the bulb 
a�d the solar cel l .  The ref lective sheet is t ightly held in contact 
w1th the bottom of the bulb by adhesive a tie strap an external ' ' c l ip, or the l i ke. 

4,379,588 
Speice, Donald G., inventor. Revolving Solar Lounger. April 12, 1983. 

A: solar lounger is disclosed which rotates in response to energiza
tlon from the sun's rays. The solar lounger has a chaise type chair 
which is rotatably supported on a base. Photovoltaic solar cells 
are mounted on said chair and generate electrical energy in 
response to the sun's rays. Sa:id electrical energy is used to power 
a drive motor which causes said chair to rotate relative to said 
base. 

4,379,943 
Yang, Chi C.; Madan, Arun; Ovshinsky, Stanford R. ;  Adler, David, 
i nventors; Energy Conversion Devices, I nc., assignee. Current 
Enhanced Photovoltaic Device. April 12, 1983. 

The d isclosure is d irected to photovoltaic devices having 
enhanced short circu it cu rrents and efficiencies. The devices are 
made by depositing on a previously deposited doped amorphous 
semiconductor alloy layer a body of intrinsic amorphous semicon
ductor al loys including a f irst i ntri nsic layer, adjacent the doped 
layer, formed from the deposition of a non-etching starting material 
and a second intrinsic layer different in composition from the first 
i ntrinsic layer. The second intrinsic layer preferaby includes si l icon 
and fluorine whi le the f irst i ntrinsic amorphous al loy layer does 
not i nclude fl uorine. The fi rst i ntrinsic layer may be formed by the 
g low discharge decomposition of si lane gas alone. The 
thicknesses of the f irst and second i ntrinsic layers are adjusted 
so as to match the respective potent ial drops thereof with the first 
i ntri nsic layer being relatively thin as compared to the second 
intrinsic layer. 

4,379,944 
Borden, Peter G.; Bel l ,  Ronald L.; Hyder, Syed B., inventors· Varian 
Associates, I nc., assignee. Grooved Solar Cell for Deploy�ent a t  
Set Angle. Apr i l  12 ,  1983. 

A g rooved solar cel l  for deployment at a set angle with respect 
to i ncoming radiation has reduced contact obscuration and series 
resistance. A regular array of wal ls formed by grooves in a 
crystal l ine semiconductor substrate is exposed to incoming radia
tion. Metal l ic  contacts are formed on those wal ls  of the grooves 
which are not to be exposed to sunl ight. The solar cell is mounted 
in an apparatus at a set angle with respect to i ncoming radiation. 
The array of walls is exposed to incoming radiation while the walls 
with metal contacts are substantial ly shadowed. In a preferred 
embodiment the grooves are formed by using orientation specific 
etches. 

4,380,112 
Little, Roger G. ,  i nventor; Spire Corporation, assignee. Front Sur
face Metallization and Encapsulation of Solar Cells. Apri l 19, 1983. 

Method and apparatus for the front su rface metall ization and 
enc�psulation of solar cel ls of the type comprising p and n 
semiconductor strata separated by a barrier junction, and front 
and rear conducting strata constituting electrical contacts, 
wherein the front conducting stratum is a novel metal l ic g rid per
mitt ing transmission of solar rad iation to the semiconductor 
strata. This metal l ic grid is in the form of a mesh of wires of suf
ficiently h igh tensi le strength to be self-supporting whi le being 
drawn from spools or the l i ke i nto contact with one or more com
ponents of the solar cel l before completion of the cel l 's fabrica
tion. The method is characterized in that the metal l ic grid, in the 
form of the mesh of wires, is encapsulated between a transparent 
cover plate and the exposed front surface of the semiconductor 
strata, the mesh forming an electrical contact with the front sur
face of the semicond uctor st rata s i m u ltaneously that 
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the p late is electrostatically bonded thereto. The apparatus is 
preferably automated and conveyorized. 

4,381,233 
Adachi ,  Toshio; Arakawa, Tatsumi, i nventors; Asahi Kasei Kogyo 
Kabushiki Kaisha, assignee. Photoelectro/yzer. April 26, 1983. 

There is presented a photoelectrolyzer comprising a number of 
minute solar cell elements suspended in an electrolyte. Each ele
ment is made of, for example, a fi rst thin f i lm of i ntrinsic amor
phous si l icon having specific properties and/or N-type amorphous 
si l icon and a second thin film of a P-type amorphous s i l icon. This 
apparatus is h igh in the sunl ight col lection efficiency and also 
is capable of electrolyzing an electrolyte with h igh electrolysis 
voltage such as water. 

4,381,978 
Gr�tzel ,  M ichael; Kiwi, John;  Kalyanasundaram, Kuppuswamy; 
Ph 1 l p, J ohn ,  i nventors; Engelhard Corporation, assig nee. 
Photoelectrochemical System and a Method of Using the Same. 
May 3, 1983. 

f!- photoelectrochemical system for conducting endoergic chem
Ical processes driven by l ight energy. This system consists essen
tially of an i l l uminated halfcel l  and a darkened halfce l l  joi ned via 
electrodes and an external circuit to allow for the transport of elec
t�ons. Also, the said halfcells are joined by an ion conducting junc
tion so as to al low for the transport of ions. The i l luminated halfcell 
contains a photosensitizer, an electron relay substance and a 
catalyst, and the darkened halfcell may contain a second elec
tron relay and a catalyst. I l l um ination with visible l ight results i n  
the simu ltaneous and separate generation of oxidation and reduc
tion products. 

4,382,099 
Leg�e, Ronald N. ;  Sarma, Kal l u ri R., inventors; Motorola, I nc., 
ass1gnee. Dopant Predeposition from High Pressure Plasma 
Source. May 3, 1983. 

A method is provided for predepositing dopant material pn semi
conductor substrates. The semiconductor substrates are posi
tioned with in  a high pressure plasma reactor apparatus. A h igh 
pressure rf p lasma is generated in the apparatus at a pressure 
of about one atmosphere or greater. Dopant materials such as 
B2H PH3, or AsH3 are i ntroduced to the plasma and form ionized 6� 
spec1es of the dopant. The plasma and the ion ized species are 
directed to the su rface of the semiconductor substrates whereon 
a un iform layer of the dopant is deposited. 

4,382,833 �oyle, P�ter J . ;  Crouthamel, Marvin S., i nventors; RCA Corpora
tion, ass1gnee. Vacuum Lamina tion Fixture. May 1 0, 1983. 

An apparatus for laminating a solar cell structure includes upper 
and lower housing members and an i ntermed iate member which 
includes a flexible membrane. The members form upper and lower 
sealed chambers which can be selectively evacuated. The solar 
cell structure is placed between the membrane and a paral lel rib 
structure in the lower chamber. Heater elements and reflectors 
between the ribs are employed for rad iating heat energy to the 
solar cell structure during the laminating process for melting a 
potting material therein,  while both chambers are evacuated. Then 
air is admitted to the upper chamber to cause the membrane to 
compress the laminated structure against the parallel rib support 
means whi le the laminated structure cools. 

4,382,838 
Authier • .  �ernhard, inventor; Wacker-Chemie GmbH, assignee. 
Novel Silicon Crystals and Process for Their Preparation. May 10 ' 1983. 

A plate-like s i l icon crystal having a columnar structure formed 
along the d i rection of the shortest axis, produced by cool ing 



molten s i l icon, which may contain a doping agent, in a tempera
ture gradient between the two largest boundary surfaces of the 
melt one of which has a maximum temperature of 1200°C, and 
the opposite surface being at least 200° to 1000°C higher, but 
below the melting point of s i l icon. 

4,383,129 
Gupta, Amitava; I ngham, John D.; Yavrouian, Andre H. ,  i nventors; 
California I nstitute of Technology, assignee. Solar Cell Encartsu/a
tion. May 10, 1983. 

A polymer syrup for encapsulating solar cell assemblies. The 
syrup i ncludes uncrossl inked poly(n-butyl)acrylate d issolved i n  
n-butyl acrylate .monomer. Preparation of  the poly(n-butyl)acrylate 
and preparation of the polymer syrup is d isclosed. Methods for 
applying the polymer syrup to solar cell assemblies as an encap
sulating pottant are described. Also i ncluded is a method for solar 
cell construction uti l izing the polymer syrup as a dual purpose 
adhesive and encapsu lating material. 

4,383,130 
Uroshevich, Miroslav, i nventor; Alpha Solarco, Inc., assignee. Solar 
Energy Cell and Method of Manufacture. May 10, 1983. 

The d isclosure i l l ustrates a ribbon l i ke photovoltaic cell that is 
formed by fi rst applying a thin layer of tungsten or other conduc
tive, temperature resistant material on a base rib
temperature resistant, and electrical ly non-conductiv

�on of h �gh 
e matenal. 

A thin coat of s i l icon up to several atoms thick is deposited over 
the ribbon and/or tungsten to enable the ribbon to be drawn 
through a bath of molten s i l icon to g row a layer of s i l icon which 
is subsequently doped with impurities. A conductive grid over the 
s i l icon and a connector through a perforation in the base ribbon 
enable the cell to be connected in an electrical circuit to produce 
a current flow. The use of the base ribbon enables continuous 
flow process techn iques to g reatly reduce the cost of production 
for a photovoltaic cel l .  In addition, the base ribbon may be split 
lengthwise after processing on both sides to enable the produc
tion of two (2) ribbons. 

4,384,259 
Capewel l ,  Maurice J., inventor; Data Beta Lim ited, assignee. Elec
trical Power Supplies. May 17, 1983. 

A power supply suitable for energizing an isolation amplifier requir
ing its i nput section to be isolated electrically from its output sec
tion. The power supply consists of a primary circuit, which, when 
energized by an electrical supply, converts the electrical energy 
to i nfrared rad iation, and a secondary c ircuit which includes a 
solar cell or cel ls arranged to receive the infrared radiation. Elec
trical energy is generated by the solar cell or cells when i rradiated. 
The primary c ircuit of the new power supply i ncludes a p lural ity 
of infrared emitting diodes which are energized electrically to pro
vide infrared radiation. The current produced by the solar cel l  or 
cells in response to the radiation is applied to a regu lating circuit. 

4,385,102 
Fitzky, Hans G; Ebneth, Harold, i nventors; Bayer Aktienge
sellschaft, assignee. Large-Area Photovoltaic Cell. May 24, 1983. 

In a large-area photovoltaic cel l  containing a photoactive semicon
ductor layer which contacts another semiconductor layer, metal 
or an electrolyte to form a depletion layer, and further contain ing 
an electrode and a counter electrode for current col lection, the 
improvement which comprises employing as a substrate for said 
photoactive semiconducting layer a metal l ized text i le  s eet, the 
metal constituting one of the electrodes, the sheet havmg 

�
been 

metall ized by depositing the metal thereon wet-chemically without 
current. The metal thickness may be bui lt  up with or without 
current. Such cells have low internal resistances and are h igh ly 
efficient. 

4,385,198 
Rahi l ly, W. Patrick, i nventor; The United States of America as 
represented by the Secretary of the Air Force, assignee. Gallium 
Arsenide-Germanium Heteroface Junction Device. May 24, 1983. 

Doping with one of the Group Ia elements Li, Na or K near the 
heteroface junction produces p+ conductivity in the gal l ium 
arsenide and N + conductivity in the germanium. The device can 
be used, for example, as a dual bandgap solar cel l .  The fabric�
tion includes implanting the G roup Ia dopant in a Ge wafer. Th1s 
dopant diffuses i nto the GaAs when it i s  subsequently deposited 
on the Ge. 

4,385,199 . Hamakawa, Yoshih iro; Tawada, Yosh ih isa, i nventors. Photovo/ta1c 
Cell Having a Hetero Junction of Amorphorous Silicon Carbide 
and Amorphous Silicon. May 24, 1983. 

A photovoltaic cell having a hetero junction of amorphous s i l icon 
_and amorphous s i l icon carbide has at least one of 1ts p and n 

layers composed of amorphous s i l icon carbide of the general for
mu la a-Si C obtained by g low discharge decomposition of a 
mixture o1"at 
fl

least one gas selected from among s i lane, s i l icon 
uoride and the derivatives thereof, and at least one gas selected 

from among hydrocarbons, alkylsi lanes, the fluorides thereof and 
the derivatives thereof. 

4,385,200 . Hamakawa, Yoshih iro; Tawada, Yoshih isa, i nventors. PhotovoltaJc 
Cell Having a Hetero Junction of Amorphous Silicon Carbide and 
Amorphous Silicon. May 24, 1983. 

A photovoltaic cell having a hetero junction of amorphous s i l icon 
_and amorphous s i l icon carbide has at least one of 1ts p and n 

layers composed of amorphous si licon carbide of the general for
mula a-Si C obtained by g low d ischarge decomposition of a 
mixture otat east one gas selected from among si lane, s i l icon 
fluoride and the 

l
derivatives thereof, and at least one gas selected 

from among hydrocarbons, alkylsi lanes, the fluorides thereof and 
the derivatives thereof. 

4,385,430 
Bartels, Frederick T. C., inventor; Spectrolab, I nc., assignee. Method 
of Forming an Energy Concentrator. May 31 ,  1983. 

A focusing muti-point h igh-concentrator optical system is d is
closed. The system is USE)ful for concentrating energy such as 
solar rad iation for use in solar energy conversion systems. The 
configuration of the optical system incorporates thin metal l ized 
Fresnel reflector elements appl ied to panels formed into focus
ing surfaces having a common axis. The Fresnel elements are 

_oriented axially to the axis of the focusing surfaces. The opt1cal 
configuration produces a substantially rectangular focal zone 
centered over each panel. For a plurality of panels of a given width, ' there wi l l  be a p lural ity of focal zones, each separated by a 
d istance equ ivalent to the panel width. At least one energy 
absorber is maintained substantial ly at each focal zone and may 
comprise a photovoltaic cel l ,  thermal absorber, etc. and combina
tions thereof. 

4,385,971 
Swartz, George A., i nventor; RCA Corporation, assignee. Elec
trolytic Etch for Eliminating Shorts and Shunts in Large Area 
Amorphous Silicon Solar Cells. May 31 ,  1983. 

The present invention relates to a method for removing electrical 
shorts and shunts from solar cel ls, such as amorphous s i l icon 
solar cells. The method involves back-biasing the solar cel ls  whi le 
they are in an electrolytic solution. It has been found that the pro
cess results in the removal of the shorts and shunts present i n  
the  cel l .  
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4,386,142 
Hodes, Gary; Manassen, Joost; Cahen, David, inventors; Veda 
Research and Development Company, assignee. Surface Treat
ment of Semiconductor Ma terials. May 31,  .1983. 

A process for preparing the surface of a metal chalcogenide. The 
metal chalcogenide is immersed in a suitable electrolyte. The elec
trolyte is selected such that the metal chalcogenide is relatively 
stable there in  in the dark, but unstable as a photoelectrode under 
i l l umination. The metal chalcogenide is connected to another elec
trode and the e lectrode is immersed in the electrolyte. The metal 
chalcogenide is i l lumi nated to photo-etch the chalcogenide 
thereby i m proving the su rface electronic properties of the 
semiconductor. A process for the su rface treatment of metal 
chalcogenides includes immersing the metal chalcogenide in an 
aqueous solution containing Zn and/or Cr ions. 

4,387,116 
Bucker, Edward R., inventor; Exxon Research & Engineering Co., 
assig nee. Conditioner for Adherence of Nickel to a Tin Oxide Sur
face. June 7, 1983. 

The present i nvention is a solution and a method for its use i n  
adhering n ickel t o  a ti n-oxide su rface. 

4,387,265 
Dalal,  Vi kram L., i nventor; Un iversity of Delaware, assig nee. 
Tandem Junction Amorphous Semiconductor Photovoltaic Cell. 
J u ne 7, 1983. 

A photovoltaic stack comprising at least two p + i n + cells in 
optical series, said cells separated by a transparent ohmic con
tact layer(s), provides a long optical path for the absorption of 
photons whi le preserving the advantageous field-enhan:ced mi nor
ity carrier col lection arrangement characteristic of p + i n + cells. 

4,387,999 
Shelley, Edwin F., inventor. Electronic Sundial Apparatus. June 14, 
1983. 

An electronic sundial apparatus which signals the passage of 
each hour by a ch i me, bell or other audible indicat ion and which 
requ i res no external source of power other than the sun. I nner and 
outer concentric hemispheres with vertically extending apertures, 
specif ical ly sl i ts, configured so as to diverge at their  uppermost 
ends and h aving a location, length and shaJ')e correspond ing to 
the azi m uths and d istance between the maxi mum and min imum 
altitudes of the sun  i n  the  sky at each hour  throughout the  year 
at predetermi ned latitudes col l imate the sunl ight once each hour. 
The col l imated sunlight is detected by a photoelectric cell coupled 
to a signal ing c i rcuit  powered by a photovoltaic cel l .  

4,388,346 
Bickler, Donald B., inventor; The Un ited States of America as 
represented by the Administrator of the National Aeronautics and 
Space Adm i n i stration, assig nee. Electrodes for Solid State 
Devices. J u ne 14, 1983. 

· 

Contact electrodes on a sem iconductor device such as a photo
voltaic solar cel l  are formed by screening through a mask onto 
a surface, a pattern of ink containing a dispersion of lower melting, 
si nterable metal (tin), coated base metal (copper) particles dis
persed in a l iqu id  vehicle including a vaporizable bi nder polymer 
and a f luorocarbon polymer. On firing the screen coated device · i n an oven,  the bi nder polymer is vaporized; the fluorocarbon 
vapors etch the su rface and the coated metal particles si nter 
without being oxidized to form an adherent, · coherent, contact 
electrode. 

4,388,382 
Bachmann, Klaus J u rgen; Lewerenz, Hans-Joachim;  Menezes, 
Maria T.A.S., i nventors; Bell Telephone Laboratories, Incorporated, 
assignee. Photoelectrochemical Cells. J une 14, 1983. 
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Photovoltaic devices are fabricated by form ing a thin passivating 
layer, for example, an oxide layer on a semiconductor material. 
The passivating layer on the sem iconductor material is then con
tacted with an electrolyte such as an electrolyte contai ning 
vanadium ions.  The result ing electrolyte/passivating layer/semi
conductor (EPLS) structure exhibits excel lent solar conversion effi
ciencies and good stabi l i ty. 

4,388,383 
Heller, Adam, i nventor; Bell Telephone Laboratories, I ncorporated, 
assig nee. Devices Having Chemically Modified p-Type lnP 
Surfaces. J une 14, 1983. 

Semiconductor devices comprising p-type phosphorus contain
ing semicond uctor materials chosen from lnP, GaP and lnGaAsP 
have chemically treated surfaces com prising a monolayer or less 
of a metal chosen from si lver, ruthen ium,  gold, p lati num,  and 
rhodium.  Photoelectrochemical electrodes and Schottky barrier 
photovoltaic cells made from such treated semicond uctors have 
reduced surface or g rain boundary carrier recombi nation. 

4,388,384 
Rauh, R. David; Boudreau, Robert A., inventors; EIC Laboratories, 
Inc., assignee. Photoelectrochemical Cell. June 14, 1983. 

A photoelectrochemical cell comprising a sealed container having 
a l ight-transmitting window for adm itting l ight i nto the container 
across a l ight-admitt ing plane, an electrolyte in the container, a 
photoelectrode in the container havi ng a l ight-absorbing su rface 
arranged to receive l ight from the wi ndow and in contact with the 
electrolyte, the su rface having a pl urality of spaced portions 
oblique to the plane, each portion havi ng d imensions at least an 
order of magnitude larger than the maximum wavelength of inci
dent sunl ight, the total surface area of the su rface bei ng larger 
than the area of the plane bounded by the container, and a counter 
electrode in the container in contact with the electrolyte. 

4,388,481 
Uroshevich, M i roslav, inventor; Alpha Solarco, Inc., assig nee. Con
centra ting Photovoltaic Solar Collector. June 14, 1983. 

The disclosure i l lustrates a concentrat ing photovoltaic col lector 
comprising an elongated deep reflector having a rim angle of close 
to 90° and an elongated series of photovoltaic cells positioned 
in a plant extending paral lel  to and spaced beyond the focal axis 
of the reflector. The cells are mounted in an extrusion that provides 
a passage for a cell coolant fluid and which has a pair of elongated 
opposed reflectors incl ined toward one another at an angle of 70° 
with respect to the plane of the photovo ltaic cel ls. The mirrors 
re-reflect rays to compensate for the shadows cast by the cel ls 
and to provide more un iform distribution of solar energy w h i le at 
the same t ime permitting  a more compact collector. 

4,388,482 
Hamakawa, Yoshih iro; Tawada, Yosh ih isa, inventors. High-Voltage 
Photovoltaic Cell Having a Heterojunction of Amorphous Semicon
ductor and Amorphous Silicon. June 14, 1983. 

A p-i-n amorphous si icon photovoltaic cell of improved conver
sion efficiency is obtained by i ncorporating,  as either the p or n  
type side of the cel l  exposed to the i ncident l ight, an amorphous 
semiconductor which satisfies the req u i rements that the optical 
band gap, Eg.opt, be not less than about 1 .85 eV, the electric con1 
ductivity be not less than about 10 - 8( Q.cm) - the p-i-n junction 
diffusion potential ,  Vd, be not less than about 1 .1 volts, and be 
formed of a substance represented by one of the general formulas, 
a-Si1_xcx and a-Si1_YNY. 



4,388,483 
Basal Bu lent M. ;  Tseng, Eric S.; Rod, Robert L., i nventors; 
M ono�olar, Inc., assignee. Thin Film Heterojunction Photovoltaic 
Cells and Methods of Making the Same. J une 14, 1983. 

A method of fabricat ing a th in  f i lm heteroju nction photovoltaic 
cell which comprises depositing a film of a near intrinsic or n-type 
semiconductor compound formed of at least one of the metal 
elements of Class II B of the Periodic Table of Elements and at 
least tel lur ium and then heating said f i lm  at a temperature 
between about 250°C and 500°C for a t ime sufficient to convert 
said f i lm to a su itably low resistivity p-type semiconductor com
pound. Such f i lm may be deposited i n it ial ly on the surface of an 
n-type semiconductor substrate. Alternatively, there may be 
deposited on the converted f i lm a layer of n-type semiconductor 
compound d ifferent from the f i lm semiconductor compound. The 
resulting photovoltaic cell exhibits a substantial ly increased power 
output over s imi lar cells not subjected to the method of the 
p resent i nvention. 

4,388,487 
Petrossian-Avakian, Edmond, i nventor; S iemens Aktienge
sel lschaft, assignee. Arrangement for Preventing the Forma tion 
of a Foreign Layer on a High-Voltage Insulator. June 14, 1983. 

An arrangement for preventing the formation of a layer of foreign 
material on a high-voltage i nsulator. In  situations where wind and 
rain are not avai lable to clean a high-voltage i nsulator and thereby 
prevent arcing,  th is i nvention provides blowers which moye a 
stream of air  around the insu lator. The blowers may be provided 
with motors which are supp l ied electrical energy from local low
voltage networks, or from a p lural ity of solar cells which are 
disposed on g rounded parts of the support structure of the power 
l ine  network. In some embodi ments, the b lowers may be of a 
motorless type and mou nted d i rectly on a h igh-voltage carrying 
conductor. In such a motorless blower arrangement, the blower 
blade is configured so as to ha:Ve points which generate and repel 
ions in accordance with the known point-effect principle. 

4,389,291 
Kohl, Paul A.; Ostermayer, Frederick W., J r.; Wolowodiuk, Catherine, 
i nventors; Bell  Telephone Laboratories, Incorporated, assignee. 
Photoelectrochemical Processing. of lnP-Type Devices. June 21,  
1983. 

A process is descri bed for photoelectrochemically etching n-type 
indium phosphide and closely related compound semiconductors 
such as ind ium gal l ium arsen ide and ind ium gal l ium arsen ide 
phosphide. Such a process is advantageous because the etching _
is confined to where light is incident to the surface of  the semicon
ductor. In  addition, the shape of the conf iguration etched out of 
the semiconductor can be controlled by the l igh1 i ncident on the 
su rface of the semiconductor. For example, u ndercutting can be 
m i n i m ized by use of parallel rays incident on the surface of the 
semiconductor to be etched. 

4,389,533 
Ames, Douglas A., inventor. Pho tovoltaic Device for Producing 
Electrical and Heat Energy. J une 21,  1983. 

A photovoltaic device including a solar panel and a container 
housing phase change materials positioned together so that heat 
generated during operation of the cells in the panel w i l l  melt the 
phase change materials, thereby storing heat and lowering the 
operating temperatu re of the cel ls. 

4,389,534 
Wi nterl ing,  Gerhard, i nventor; M essersch m itt-Bolkow-Biohm 
GmbH, assignee. Amorphous Silicon Solar Cell Having Improv
ed Antireflection Coating. June 21,  1983. 

A semiconductor solar cell  for the conversion of l ight to electric 
energy comprises at least one layer of amorphous si l icon, a cover 
layer of poly-crystal l ine s i l icon and an anti-reflection layer of 
semiconducting transparent oxide of a refractive index of less than 

2.8. The cover layer of poly-crystal l ine s i l icon has an optical den
sity A. l ight/4 or it may be 3A. l ight/4. The cover layer is arr��ged 
between the anti-friction layer and the layer of amorphous si l icon. 

4,390,743 
Dahl berg, Reinhard, inventor; Licentia Patent Verwaltungs-GmbH, 

_assignee. Silicon Layer Solar Cell and Method of Productng ft. 
J une 28, 1983. 

A si l icon layer solar cell comprises a low resistance s i l icon 
substrate produced by powder metal lurgy, to which an active 
s i l icon layer is appl ied. The i nvention also includes a method of 
producing such a solar cel l .  

4,390,770 
Kohler, Franz; Megg l ,  Albert, i nventors; M essersch m itt-B� I kow
Biohm Gessel lschaft mit beschrankter Haftung, assig nee. 
Automatic Welding Apparatus for Solar Cells. June 28, 1983. 

Automatic welding apparatus is provided for welding contact tabs 
to solar cel ls which are part icularly adapted for use i n  space 
vehicular solar generators. The apparatus com prises a p lu ral ity 
of weld ing el ectrodes arranged to extend across the d i rection of 
movement of a solar cell conveyi ng table. The electrodes are 
movable in two d i rections perpendicular to each other and both 
perpendicular to the d i rection of movement of the conveying table. 
Furthermore, the apparatus is provided with the capacity for con
trol l i ng  the conveying table to effect automatic posit ioning of 
welding points on the solar cel ls beneath the welding electrodes, 
h igh-power current supply for enabl ing control of the welding cur
rent appl ied to the electrode heads, a protective gas l ine for 
feeding each of the electrode heads, an ohmmeter f�r monitor

_ing the effective contact resistance of each of the weldmg pomts, 
a device for enabling i nd ividual visual inspection of the welds pro
duced by each of the electrode heads, and a program c?ntrol for _
monitoring the operational parameters of the apparatus, mcludmg 
the n umber of welds produced, the weld ing period, the voltage 
and current, and other parameters whereby the operation of the 
apparatus may be appropriately managed. 

4,390,940 
Corbefin ,  Rene; Vacelet, Gabriel, i nventors; Societe N ationale 
lnd ustriel le  Aerospatiale, assignee. Process and System for Pro
ducing Photovoltaic Power. J une 28, 1983. 

The i nvention relates to a process and system for obtaining the 
maxi mum power from an assembly of photovoltaic cel ls. Accord
ing  to the i nvention, the D.C. power furn ished by said assembly 
is converted, with the aid of a converter control led by a modulated 
signal,  i nto an A.C. power, and the value of the rate of modu la
tion corresponding constantly to the m aximum power, is  deter
m i ned for example with the aid of a microprocessor. The i nven
tion is appl icable to the generation of solar energy with coup l ing  
on the  network of a converter. 

4,392,006 
Apel ian, Lawrence, i nventor. Solar Cell Activation Sys tem. J u ly 5, 
1983. 

A system for activating solar cells i nvolves the use of phosphores
cent paint, the l ight from which is ampl if ied by a th in magnifying 
lens and used to activate solar cells. In a typical system, a member 
pai nted with phosphorescent paint is  mou nted adjacent a th in  
magnifying lens which focuses the l ight on a predetermi ned array 
of sensitive cells such as selenium, cadmium or s i l icon, mounted 
on a plastic board. A one-sided m i rror is mou nted adjacent the 
cells to reflect the l ight back onto said cel ls for pu rposes of fur
ther i ntensification. The cells may be coupled to rechargeable bat
teries or used to d i rectly power a small  radio or watch. 
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4,392,007 
Barkats, Gerard; G i rard, Alain;  Marchal,  J tian; Morel, Charles, i n
ventors; Societe Nationale l ndustrie l le  Aerospatiale, assignee. 
Solar Genera tor Providing Electricity and Heat. J u ly 5, 1983. 

The i nvention relates to a su pport for at least one photovoltaic 
cel l ,  comprising at least one block made of heat-conducti ng 
material with which said cell is  in close thermal contact. Accord
ing to the invention, this support comprises at least one tube the 
wal l of which may be t raversed by the heat, said tube being 
fastened to said block, in  thermal contact therewith, and closed 
at its end to define a closed cavity i nside which an evaporable 
and condensable fluid is enclosed. The invention is particu larly 
appl icable to a solar generator. 

4,392,008 
Cul l is, H erbert M. ;  Stamminger, Reinhard, i nventors; Monegon, 
Ltd. ,  assig nee. Combined Electrical and Thermal Solar Collector. 
J u ly 5, 1983. 

A solar panel assembly consisting of a shal low rectangular hous
ing with a g lass top cover, the housing enclosing a p lural ity of 
side-by-side metal p late members with depend ing longitudi nal 
webs connect ing the plate members to longitudi nal l iqu id flow 
tubes, the plate members, webs and f low tubes being integrally 
formed by extrusion. Respective enlarged transverse header tubes 
are con nected by coupl ing sleeves to the opposite ends of the 
flow tubes, the header tubes extending through and being secured 
in opposite side wal ls of the housing, so that the metal plate extru
sions are su pported in the housing. The p late members are i nter
locked in coplanar relationship by slidable tongue-and-groove con
nections at their longitudinal edges. Si l icon photovoltaic cells are 
mounted in row-and-column arrays on the plate members. The 
depending webs are relatively deep and thin to l i mit the heat flow 
rate between the solar plate members and the flow tu bes so as 
to prevent excessive tem perature gradients and thermal stresses 
at the plate areas carrying the s i l icon cel ls and to thereby pre
vent the cells from cracking. The housing contains heat-insu lating 
material which covers the flow tubes and covers the major por
t ions of the header tubes. 

4,392,009 
Napoli ,  Josep h D., i nventor; Exxon Research & Engi neering Co., 
assig nee. Solar Power Module. J u ly 5, 1983. 

A solar power module comprising an array of solar cel ls arranged 
on a flat panel, said panel being supported by a substantially rigid, 
easi ly assembled frame comprising spaced apart side channels 
that each i nterlock with adjacent and channels. 

4,392,010 
Lindmayer, Joseph, i nventor; Solarex Corporation, assignee. 
Photovoltaic Cells Having Contacts and Method of Applying Same. 
J u ly 5, 1983. 

Electrically cond uctive contacts contain ing zinc or other solder
able metals, and a luminum are formed on the front and/or back 
surfaces of a solar cel l .  They are deposited by spraying the metals 
onto the cel l  su rfaces, together or as layers, with the a lumin um
contai n ing layer in d i rect contact with the cel l surfaces. 

4,392,011 
Pankove, Jacq ues 1 . ;  Wu, Chung P., i nventors; RCA Corporat ion, 
assignee. Solar Cell Structure Incorporating a Novel Single Crystal 
Silicon Material. Ju ly 5, 1983. 

A novel hydrogen rich single crystal s i l icon material havi ng a band 
gap energy g reater than 1 .1 eV can be fabricated by form ing an 
amorphous reg ion of g raded crysta l l i n ity in a body of single 
crystal l ine si l icon and thereafter contacting the region with atomic 
hydrogen fol lowed by pulsed laser annealing at a sufficient power 
and for a sufficient duration to recrystal l ize the reg ion into single 
crystal si l icon without out-gassing the hydrogen. The new material 
can be used to fabricate semicond uctor devices such as single 
crystal s i l icon solar cel ls with surface window regions having a 

1 42 U .S. Photovoltaic Patents: 1 95 1 - 1 983 

greater band gap energy than that of single crystal si l icon without 
hydrogen. 

4,392,297 
Little, Roger G. ,  i nventor; Spire Corporation, assignee. Process 
of Making Thin Film High Efficiency Solar Cells. J u ly 12 , 1983. 

Process of making thin f i lm materials for high efficiency solar cells 
on low-cost s i l icon su bstrates. The process comprises form ing 
a low-cost s i l icon substrate, form ing a g raded transition region 
on the substrate and epitaxial ly growing a th in  ga l l ium arsenide 
f i lm on the graded transition region. The process further includes 
doping the th in  gal l i u m  arsenide f i lm and forming a junction 
therein .  The graded t ransition reg ion preferably is a zone refined 
mixture of s i l icon and germanium characterized by a h igher per
centage of german ium at the surface of the region than adjacent 
the substrate. The process also incl udes the formation of homo
j unctions in th in  gal l i u m  arsenide f i lms. Solar cel ls made from 
the materials manufactu red accord ing to the process are 
characterized by a h igh conversion efficiency, i m proved stabi l ity 
and relatively low unit cost. 

4,392,451 
M ickelsen, Reid A.; Chen, Wen S., inventors; The Boeing Company, 
assig nee. Apparatus for Forming Thin-Film Heterojunction Solar 
Cells Employing Materials Selected from the Class of /-111-V/2 
Chalcopyrite Compounds. J u ly 12, 1983. 

Apparatus for form ing th in-fi lm,  large area solar cel ls having a 
relatively h igh  l ight-to-electrical energy conversion efficiency and 
characterized in  that the cell comprises a p-n-type heterojunction 
formed of: (i) a f irst semiconductor layer comprising a photovoltaic 
active material selected from the class of I - I I I-V1 chalcopyrite ter2 nary materials which is vacuum deposited in a thin "composition
g raded" layer ranging from on the order of about 2.5 microns to 
about 5.0 microns (�2.5 J-Im to �5.0 J-Im) and wherein  the lower 
region of the photovoltaic active material preferably comprises 
a low resistivity reg ion of p-type sem icond uctor material having 
a superimposed region of relatively high resistivity, transient n-type 
semiconductor material defi n ing  a transient p-n homoj u nction; 
and (i i), a second semiconductor layer comprising a low resistivity 
n-type sem iconductor material wherein i nterdiffusion (a) between 
the elemental constituents of the two discrete juxtaposed regions 
of the fi rst sem iconductor layer defi n ing a transient p-n homo
j unction layer, and (b) between the transient n-type material i n  the 
f i rst semicond uctor layer and the second n-type semiconductor 
layer, causes the transient n-type material in the f i rst semicon
ductor layer to evolve into p-type material, thereby def in ing a th in 
layer heterojunction device characterized by the absence of voids, 
vacancies and nodu les which tend to red uce the energy conver
sion efficiency of the system. 

4,392,931 
Maniv, Shmuel; Westwood, Wi l l iam D., i nventors; Northern Telecom 
Lim ited, assignee. Reactive Deposition Method and Apparatus. 
J u ly 12, 1983. 

Using a sputter deposition system to reactively deposit a material 
such as an oxide, it is relatively easy to ach ieve either an oxygen
doped f i lm with appreciable metal l ic  content or an oxide f i lm.  
However it is d ifficu lt  with known systems to obtain an i nter
mediate f i lm having an accurately controlled resistivity, trans
parency, and composition, such f i lms being of m uch use i n  
semiconductor appl ications, in  displays and in photovoltaic cel ls. 
It is now proposed that an apertured barrier be used to accurately 
fix the flow rate of target material to the substrate and in add i
tion, that reactive gas flow be regu lated and di rected only to the 
im mediate v ic in ity of the substrate. I n  this way the composition 
of the f i lm can be accurately f ixed. By establ ishing an r.f. field 
at the su bstrate, increased d issociation of the reactive gas can 
be ach ieved to render the gas more reactive and so enhance cer
tain f i lm properties such as transparency. 



4,393,267 
Peterson, Terry M.,  inventor; Chevron Research Company, assignee. 
Method for Improving the Efficiency of a Solar Cell and an 
Improved Cadmium Sulfide/Copper Sulfide Photovoltaic Cell. 
J u ly 1 2, 1983. 

A CdSICuxS solar cell and method of fabricating the solar cel l .  
T h e  CdS layer o f  t h e  solar cell  is  fabricated o n  a conductive 
substrate and forms an ohmic contact thereto. Thereafter, a layer 
of Cuxs is fabricated on the CdS layer and the combin�d struc
ture is rinsed in an aq ueous acidic rinse having a pH less than 
about pH3 prior to curing the device i n  hydrogen at an elevated 
temperature and fabricat ing a copper contai n ing electrical con
tact to the CuxS layer. The r insing of the device prior to cur ing 
improves the performance of the f in ished solar cel l .  

4,393,576 
Dahlberg, Rei nhard, inventor; Licentia Patent-Verwaltungs-GmbH, 
assignee. Method of Producing Electrical Contacts on a Silicon 
Solar Cell. J u ly 19, 1983. 

A method of producing electrical contacts on a Sil icon Solar Cell 
comprises stamping contact shapes from a carrier with a metal l ic 
f i lm or foi l  adhered thereto and applying the stamped out f i lm or 
foi l  to the s i l icon su rface to adhere thereto wh i le removing the 
carrier therefrom. 

4,394,529 
Gounder, Raj N. ,  i nventor; RCA Corporation, assignee. Solar Cell 
Array with Lightweight Support Structure. J u ly 19, 1983. 

A panel comprising an aluminum honeycomb core and outer face 
skins of Kevlar, a bi-d i rectional epoxy-reinforced polyparaben
zamide fabric which is a thermal and electrical insulator adher
ing  to the core and forming the opposite flat surfaces of the panel. 
Solar cel ls are g lued d irectly to one face skin wh i le a set of epoxy
rei nforced carbon f iber stiffeners are gl ued to the other face ski n.  
The composite structure has a coefficient of thermal expansion 
closely matching that of the solar cells providing a very l ightweight 
and stiff structure. 

4,395,293 
Knechtl i ,  Ronald C.; Loo, Robert Y.; Kamath, Sanjiv, i nventors; 
H ughes Ai rcraft Company, assignee. Accelerated Annealing of 
Gallium Arsenide Solar Cells. J uly 26, 1983. 

A method is provided for accelerating and i mproving the recovery 
of GaAs solar cel ls from the damage which they experience i n  
space under h igh energy particle i rradiation such a s  electrons, 
protons and neutrons. The method comprises combi n ing thermal 
an neal ing with injection anneal ing.  I njection anneal ing is the 
recovery from radiation damage result ing from mi nority carrier 
i njection i nto the damaged semiconductor, nonradiative m inor
ity carrier com bination of the i nj ected mi nority carriers, transfer 
of the recombination energy to the crystal lattice and ut i l izat ion 
of this energy to remove the defects caused by the high energy 
part icle i rradi ation. The combined anneal ing of th is invention i s  
implemented b y  heating t h e  solar cells t o  a moderate temperature 
(on the order of about 200°C to 300°C or less), whi le at the same 
time i njecting the m inority carriers by either of two methods: cur
rent i njection (by applying an adequate forward bias voltage) or 
photoinjection (by exposing the cel l  to adequate l ight i ntensity). 
Sunlight d i rected onto the solar cells may be employed for heating 
the solar cel ls. Alternatively, energy d issi pation in the solar cel l s  
caused by t h e  flow o f  a forward bias cu rrent may b e  used t o  heat 
the solar cel ls. In  one example, thermal anneal ing at 200°C alone 
was observed to bring the power output up to a level of about 75% 
of its ori g i nal value from a level of about 50%, resu lt ing from 
rad iation-induced damage. Combined anneal ing, employing ther
mal anneal ing at200°C in conjunction with s im ultaneous i njec2
tion of m inority carriers at a current density of 125 mAicm , was 
observed to bring the power output to a level of nearly 90%. 

4,395,497 
Naarmann, Herbert; Naegele, Dieter; Penzien, Klaus; Schlag, 

Johannes, inventors; BASF Aktiengesellschaft, assignee. Prepara
tion of Electrically Conductive Soluble Heteropolyphenylenes. 
J u ly 26, 1983. 

A process for the preparation of electrical ly conductive hetero
polyphenylenes, wherein from 0.5 to 5 per cent by weight of an 
activat ing additive is introduced, in the absence of moisture and 
of oxygen, i nto a heteropolyphenylene of the general form ula 
where X is 0,  S,  Se, SO or S02 and Y has one of the meanings 
given for X or is NH, CH2, CO or C6H4, and n i s  from 2 to 250. The 
activat ing add itive is preferably one of the compounds AsF5, 
SbF5, U F6, HCI04, N O + SbF6 - ,  N02 + sbF6 - ,  N O + PF6 - ,  SbCI , 5
N O + P F6 - ,  N O + B F4 - ,  N O + C I04 - ,  (C F3)2S04, 2,4,  �
6-t n n itrophenol ,  2,4,6-tri n i t ropheny lsu l fon i c  acid and 2,4,  
6-trinitrophenylcarboxylic acid,  or is sodium, potassium, rubidium, 
cesium, calcium or barium or one of their am ides, the latter being 
added, if appropriate, i n  tetrahydrofuran, d imethoxyglycol, anthra
cene, naphthalene or 2-methylstyrene. The conductive heteropoly
phenylenes may be used in the electrical i ndustry for the produc
tion of solar cel ls, for conversion and fixi ng of radiat ion and for 
the production of electrical and mag netic switches, or  may be 
used for the antistatic treatment of plastics. 

4,395,581 
Gi rard, Alain, i nventor; Societa Nationale lndustrielle Aerospatiale, 
assignee. Concave Mirror Constituted by a Plurality of Plane 
Facets and Solar Generator Comprising Such a Mirror. J u ly 26, 
1983. 

The present i nvention relates to a concave m i rror composed of 
a p lural ity of planar facets. Accord ing to the invent ion,  a l l  the 
facets are identical and the two d imensions of said facets are 
such that the square root of their product is at least approximately 
equal to the ratio of the focal distance of the mi rror and of the 
square root of the rate of concentrat ion of the mirror. Th-e i nven
tion f inds appl ication in the concentration of solar energy in solar 
generators. 

4,395,582 
Damsker, Dorel J., inventor; G ibbs & Hi l l ,  Inc.,  assignee. Combined 
Solar Conversion. J u ly 26, 1983. 

A combined solar converter which has a photovoltaic cell for con
vert ing the energy of solar radiation of a particular range of 
wavelengths to electricity and which has a thermal heat absorber 
spaced from the cell which converts solar radiation of longer 
wavelengths passing from the cel l  to useful heat. A method of 
ut i l izing solar energy • com prising the step of subjecting a 
photovoltaic cel l to solar rad iation to convert energy of a particular 
range of wavelengths to which the cell  is  sensitive to electricity 
and transferring long wave radiations passing from a cell to a heat 
absorber spaced from the cel l  where the energy of the long wave 
radiation is transferred to useful heat. 

4,395,583 
Meulenberg, Andrew, J r. ,  inventor; Commun ications Sate l l ite Cor
poration, assignee. Optimized Back Contact for Solar Cells. 
J u ly 26, 1983. 

The surface recombi nation vel ocity at the back portion of a solar 
cell  is reduced in  a f i rst embodiment by reducing the back sur
face metal contact area without i ncreasing series resistance. The 
back su rface is provided with a p + layer deposited on the solar 
cell p layer i n  order to further reduce the surface recombi nation 
velocity and therefore the diffusion current generated i n  the back 
layer of the cel l .  The p + layer is  provided with an oxide coating.  
M icro holes are etched through the oxide layer, and a th in  layer 
of metal is evaporated over the ent i re surface. In a second embod
i ment the surface recombination velocity at the back portion of 
the cell is red uced by deposit ing a th in  n on-conductive coat ing 
on the p + layer. A selected metal coat ing is then deposited on 
the non-conductive coating to thereby form a Mott-Schottky bar
rier, the metal coating retard i ng the transport of m i nority carriers 
through the non-conductive coat ing without i mpeding the flow 
of majority carriers through the non-conductive coating. In a th i rd 
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embodi ment, the surface recombi nation velocity is reduced by 
deposit ing a conductive oxide on the p + layer, and a metal 
coating is further deposited on the conductive oxide coating. The 
conductive oxide coating red uces surface recombi nation at the 
interface of the p+ and conductive oxide layers, and provides 
majority carriers to the p + layer. 

4,396,485 
Gordon, Arnold Z.; Hardee, Ken neth L., i nventors; Diamond 
Shamrock Corporation, assignee. Film Photoelectrodes. August 2, 
1983. 

Photoactive n-type and p-type semiconductor f i lm electrodes util
izable i n  photoassisted reactions i n  photoelectrochem ical cells 
and/or photovoltaic cells comprising a true sol id/solid solution 
of a specific composition of non-oxide metal compounds which 
when fired produce a photoactive true solid/solid solution of mixed 
metal oxides providing an effective band gap and/or optical 
response opti mal ly matched to the part of the energy spectrum 
desi red for a particular ut i l ization. The photoactive semiconduc
tor f i lm electrodes have a f i lm layer of true solid/sol id  solution 
m ixed metal oxide d isposed upon a su itable su bstrate i n  either 
one or more coats. 

4,396,793 
Madan, Arun, i nventor; Chevron Research Com pany, assignee. 
Compensated Amorphous Silicon Solar Cell. August 2, 1983. 

A hydrogenated amorphous si l icon solar cell incorporating a com
pensated photoactive intrinsic region · containing N-type and P-type 
dopants. 

4,398,053 
Ori l l ion, Alfred G., i nventor. Pyramidal Energy Collector. August 9, 
1983. 

A rad iation energy col lector system in which an energy absorber 
is positioned within a pyramidal enclosure of which approximately 
one-half of the side area is radiation energy transmissive, and the 
other side and base area having a reflective inner surface, whereby 
radiation energy passing through the transm issive side area i n  
part d i rectly i m pi nges o n  t h e  absorber, and i n  part is reflected 
onto the absorber. 

4,398,054 
Madan, Arun, i nventor; Chevron Research Company, assignee. 
Compensated Amorphous Silicon Solar Cell Incorporating an Insu
lating Layer. August 9, 1983. 

A P-1-N type compensated amorphous s i l icon solar cel l  which 
i ncorporates an insulating layer adjacent to the com pensated 
i ntr insic amorphous si l icon layer. 

4,398,055 
l jaz, Lubna R.; Burton, Larry C., i nventors. Radiant Energy Con
verter Having Sputtered CdSiAs2 Absorber. August 9, 1983. 

Th i n  f i lm radiant energy converter having a sputtered CdSiAs2 
photovoltaic absorber layer and a thermal ly evaporated CdS top 
layer. The sputtering technique with m u lt ip le targets (Cd, Si, As) 
is used to obtain stoichiometric CdSiAs2 th in  fi lms which are 
poloycrystal l i ne and have large grai n size to thereby reduce g rain 
boundary recombinations of the photogenerated electrons. 

4,398,056 
Sheng, Ping,  i nventor; Exxon Research & Engi neeri ng Co., 
assignee. Solar Cell with Reflecting Grating Substrate. August 9, 
1983. 

A solar cell which includes a th in layer of active material bounded 
on the side toward the i ncident l ight with an antireflection coating 
and bounded on the otlier side by a reflect ing d iffraction g rating 
to i nternally reflect the incident l ight back i nto the active material. 
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4,398,343 
Yamazaki, Shunpei ,  i nventor. Method of Making Semi-Amorphous 
Semiconductor Device. August 16, 1983. 

A semi-amorphous semiconductor device manufacturing method 
in which a non-si ngle crystal semiconductor layer is provided on 
a substrate to form therebetween a PN, P IN,  PI or Nl junction and 
a current is appl ied to the non-si ngle crystal semiconductor layer 
to provide a semi-amorphous semiconductor layer. When the cur
rent is appl ied to the non-single crystal semicond uctor layer, it 
is i rrad iated by l ight and/or heated at the same ti me. 

4,400,221 
Rah i l ly, W. Patrick, inventor; The Un ited States of America as 
represented by the Secretary of the A i r  Force, assignee. Fabrica
tion of Gallium Arsenide-Germanium Heteroface Junction Device. 
August 23, 1983. 

Doping with one of the group Ia elements Li, Na or K near the 
heteroface j u nction produced p +  conductivity in the gal l i um 
arsenide and N + conductivity in the  germanium. The device can 
be used, for exam ple, as a dual bandgap solar cel l .  The fabrica
tion includes i m plant ing the group Ia dopant in a Ge wafer. This 
dopant diffuses i nto the GaAs when it is subsequently deposited 
on the Ge. 

4,400,244 
Kroger, Ferdinand A.; Rod, Robert L.; Panicker, M.P. Ramachandra, 
i nventors; M onosol ar, I nc., ass ignee. Photo-Voltaic Power 
Genera ting Means and Methods. August 23, 1983. 

A photo-voltaic power cell based on a photoelectric semiconductor 
compound and the method of using and making the same. The 
semiconductor compound in the photo-voltaic power cell of the 
present i nvention can be electrolytical ly formed at a cathode in  
an electrolytic solution by causing discharge or decomposition 
of ions or molecules of a non-metalic component with deposition 
of the non-metal l ic component on the cathode and simultaneously 
providing ions of a metal component which d ischarge and com
bine with the non-metal l ic component at the cathode thereby 
forming the semiconductor compound f i lm material thereon. By 
stoich iometrical ly adjusting  the amounts of the components, or 
otherwise by i ntroducing dopants i nto the desired amounts, an 
N-type layer can be formed and thereafter a P-type layer can be 
formed with a junction therebetween. The invention is effective 
in producing homoju nction semiconductor materials and hetero
junction semiconductor materials. The present invention also pro
vides a method of using three electrodes in order to form the 
sem iconductor compound material on one of these electrodes. 
Various examples are g iven for man ufacturing different photo
voltaic cel ls in accordance with the present i nvent ion. 

4,400,409 
lzu, Masatsugu; Cannel la, Vi ncent D.; Ovshinsky, Stanford R.,  
inventors; Energy Conversion Devices, I nc., assignee. Method of 
Making P-Doped Silicon Films. August 23, 1983. 

The production of improved photovoltaic solar cells and the l i ke 
compris ing both p and n type deposited s.i l icon fi lm reg ions is 
made possible by a process which provides more efficient p-doped 
s i l icon f i lms with h igher acceptor concentrations. The process 
uti l izes previously known p-dopant metal or boron gaseous 
materials in unique forms and cond itions in a glow d ischarge 
si l icon preferably hydrogen fluorine C()mpensated deposition pro
cess. Thus, p-dopant (Tletals l i ke a luminum may be used in an 
elemental evaporated form, rather than in a gaseous compound 
form heretofore ineffectively used and deposited with the g low 
discharge deposited si l icon on substrates kept at lower temper
atures where fl uorine and hydrogen compensation is most effec
tive. Preferably boron in a gaseous compound form l i ke di borane 
and other p-dopant metals in a gaseous form are used un iquely 
during the g low discharge deposition of s i l icon by heating the 
substrate to heretofore bel ieved undesirably h igher temperatures, 
l i ke at least about 450°C to 800°C Where at least fl uorine com
pensation, if desired, is st i l l  effective. The i mproved devices, such 



as solar cells can be manufactured in a conti nuous process on 
a web type s�bstrate moved through a plural ity of fi lm deposi
tion chambers. Each of the chambers is dedicated to deposit ing 
a particular type of f i lm layer (p, i or n) and is isolated from the 
other chambers. 

4,400,451 . Gordon, Arnold z., i nventor; Diamond Shamrock Corporation, 
assignee. Solar Energy Converter. August 23, 1983. 

Liquid-junction photoelectrochemical semiconductor cells adapted 
for providing electricity, fuel,  chem icals and/or chemical energy, 
preferably solar cel ls, which ut i l ize a photoactive true sol id/sol id  
solution semiconductor m ixed metal oxide material bulk or f i lm 
electrode. Useful electrolytes i nclude l iquid,  sol ,  gel ,  or  a sol id 
electrolyte system,  e.g.,  a fi lm of an ionomer or of a polymer 
solvated with a l iq uid electrolyte. 

4,400,577 
Spear, Reginald G. ,  i nventor. Thin Solar Cells. August 23, 1983. 

Solar cells and arrays of solar cells are made as thin f i lms on insu
lating substrates. In an exemplary embod i ment, a th i n  conduc
t ive f i lm is  deposited on glass and a semi-conductor f i lm is 
deposited over the metal. The semi-conductor f i lm has a P-N j unc
t ion parallel to the substrate. Another conductive f i lm is deposi�ed 
over the semi-coductor and is insulated from the f i rst conduct1ve 
f i lm.  Contacts made to edges of the conductive f i lms form solar 
cel ls. In an array of such cel ls the edge of the second conductive 
f i lm of one cel l can overlap the· edge of the f i rst conductive f i lm 
of an adjacent f i lm for connect ing the cells i n  series. I n  one aspect 
of the invention the f i lms are th in  enough to be transparent. I n  
another aspect, a p lural ity o f  semi-transparent f i l m s  are stacked 
to absorb selective portions of the spectrum. In another aspect, 
a tech n ique of stacking th in  f i lms using d iagonal d isplacement 
of a mask provides successive layers with exposed and covered 
edges for suitable electrical connections. 

4,400,868 
Antypas, George A. ;  Bel l ,  Ronald L.; Moon, Ronald L., i nventors; 
Varian Associates, Inc., assignee. Method of Making a Transparent 
and Electrically Conductive Bond. August 30, 1983. 

Solar cells with d ifferent bandgaps are stacked to form a mult i 
j unction photovoltaic converter with a high conversion efficiency. 
By stacking the cel ls mechanically rather than by g rowing them 
all  at one time, the most convenient combination of materials may 
be selected for the cel ls. The stacking is completed by means of 
a g lass seal ing layer with moats contai n ing i nter-cell  contacts 
which are bonded to the cel ls. 

4,401,052 
Baron, B i l l  N. ;  Rocheleau, Richard E.; Russel l ,  T. W. Fraser, i nve:n
tors; The U n iversity of Delaware, assignee. Apparatus tor Contm
uous Deposition by Vacuum Evaporation. August 30, 1983. 

An apparatus to deposit material on a substrate, such as in the 
making of thin solar cel ls, consists of two chambers. A man ifold 
chamber havi ng a p lural ity of spaces nozzles assures efficient ' and un i form deposition on a substrate. The rate of depositions 
is controlled by an orifice in a passageway connecting  the mani
fold chamber to an evaporation chamber. 

4,401,545 
Naarmann, Herbert; Naegele, Dieter; Penzien, Klaus; Schlag, 
Johannes; Kiener, Volker; Boehm, Hugo, i nventors; BASF Aktien
gesel lschaft, assi gnee. Electrically Conductive Polypyrrole 
Derivatives. August 30, 1983. 

Electrically conductive complexes of polypyrroles with n itro
aromatic anions are prepared by polymerizing pyrrole, an 
N-alkylpyrrole and/or an N-arylpyrrole by anodic oxidation in a 
polar solvent, i n  the presence of a salt of an acidic n itroaromatic 
compound. 

4,401,839 . 
Pyle, Bruce D., inventor; At lantic Richfield Company, assignee. 
Solar Panel with Hardened Foil Back Layer. August 30, 1 983. 

A solar panel has at least one solar cell  and a sheet of hardened 
alumimum foi l underlying the cell .  The panel preferably has a rigid 
transparent sheet above the cell, the foi l sheet being bonded to 
the cell  and to the transparent sheet. The foil sheet may be 
substantial ly continuous and provide a hermetic seal near the 
lower surface of the panel.  

4,401,840 
Chitre, Sanjeev R., inventor; Photowatt I nternational, Inc., assignee. 
Semicrysta/line Solar Cell. August 30, 1983. 

A solar cel l  is provided which uti l izes a sem icrysta l l i ne sem icon
ductor start ing material. The solar cel l has a metal l ic  layer depos
ited over the grain boundaries between adjacent active g rain areas 
of the material to collect the current generated in the g rain areas. 
The metal l ic layer also sh ields the grain boundaries from i l l um ina
tion, thereby passivating the boundaries. 

4,402,762 
John, Puthenveeti l  K.; Tong, Bok Y. ; Wong, Sau K.; Chik, Kin  P., 
i nventors. Method of Making Highly Stable Modified A morphous 
Silicon and Germanium Films. September 6, 1983. 

A method of modifying amorphous f i lms of G roup IV elements 
such as s i l icon and german ium and al loys thereof with carbon 
by the addit ion of G roup I elements hydrogen and/or G roup V I I  
elements fluorine and chlorine i n  which an  amorphous f i lm of the 
G roup IV elements or a l loys thereof is vacuum deposited on a 
substrate at a temperatu re equal to or s l ightly above room 
temperature, the f i lm is annealed in an i nert gas or in a vacuum 
and the an nealed f i lm is modi fied by bombardment with  an ener
getic current of ions or atoms of the G roup I and/or G roup V I I  
elements by means of  a p lasma gun or ion  gun havi ng character
istics s im i lar to a thetatron. 

4,402,771 
Thomas, Donald E., i nventor; West inghouse Electric Corp., 
assignee. Substrate tor Silicon Solar Cells. September 6, 1983. 

A substrate is made for s i l icon solar cel ls by heat ing a sheet of 
large-grained si l icon steel at a tem perature of at least about 
1300°C in an atmosphere of hydrogen and tungsten hexafl uoride 
(or hexachloride) at a partial pressure ratio of hydrogen to tungsten 
hexafl uoride of about 3 to about 6 to deposit an epitaxial layer 
of tungsten on said sheet of s i l icon steel. Epitaxial s i l icon can 
then be deposited i n  a conventional manner on the layer of epitax
ial tu ngsten. 

4,403,239 
Yamazaki ,  Shunpei ,  i nventor. MIS Type Semiconductor Photo
electric Conversion Device. September 6, 1983. 

A MIS type semiconductor photoelectric conversion device i n  
which a f i rst electrode, a f i rst insulating o r  semi-i nsulating layer, 
a semiconductor layer, a second insulating or semi-insulating layer 
and a second electrode are formed in this order on a support ing 
member. The f i rst electrode, the f i rst i nsulating or semi-insulating 
layer and the semiconductor layer constitute a f i rst M IS structure 
which uses the f i rst insu lating or sem i- insu lat ing l ayer as a f i rst 
barrier. The semiconductor layer, the second i nsulat ing or sem i
insulating layer and the second electrode constitute a second M IS 
structure which uses the second insu lat ing or semi-i nsulating 
layer as a second barrier. The first and second MIS structures are 
formed on the supporti ng member i n  such a manner that they are 
placed one on the other mechanical ly and connected in series 
with each other electrical ly. 
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4,403,398 
Laurie, Alexander S.; Whelan, Robert C., i nventors; Prutec Lim ited, 
assignee. Method of Manufacturing a Cadmium Sulphide Photo
Voltaic Device. September 13, 1983. 

The invention relates to the manufacture of a cadmium sulphide 
photovoltaic device. A substrate such as a g lass is coated with 
successive layers which are made, i n  order, of t in oxide, cadmium 
sulphide, cuprous sulphide and copper to bui ld up a photovoltaic 
junction. In order to achieve a fast deposition rate of the cadmium 
sulph ide whi le  ach ieving a wel l ordered crystal structure the 
cadmium sulphide layer is deposited i n  two stages, the f i rst 
i nvolving spray i ng of a weak precursor solution and the second 
a su bstantial ly more concentrated solution to ach ieve at least a 
five t imes increase in the deposition rate. The i nvention also 
describes improved tech niques for spraying and red ucing the 
effects of the resistivitX of the t in  oxide fi rst electrode. 

4,404,076 
Nakagawa, Katsumi ;  Fukada, Tadaj i ,  inventors; Canon Kabush iki  
Kaisha, assignee. Film Forming Process Utilizing Discharge. 
September 13, 1983. 

A f i lm form ing process comprisi ng introducing gas for form ing 
a f i lm from an in let part for  gas i nto a pressure-reducible deposi
tion chamber wherein  a substrate for forming a f i lm thereon is 
supported by a fixing member, at least one of said substrate and 
f ix ing member are used so as to act as a f i rst e lectrode, at least 
one portion of the wall of said deposition chamber is employed 
so as to act as a second electrode, the surface of said second 
electrode is arranged substantial ly in paral le l  to the su rface for 
form ing a f i lm thereon, of said substrate, and said i n let part for 
gas and an outlet part for gas are arranged substantial ly in the 
posit ional re lationsh ip  of rotat ion symmetry; and generating a 
g low discharge in said deposition chamber, thereby form ing a f i lm 
on said substrate. 

4,404,126 
M uench, Volker; Naarmann, H erbert; Penzien, Klaus, i nventors; 
BASF Aktiengesel lschaft, assig nee. Preparation of Electrically 
Conductive Polymeric Systems. September 13, 1983. 

A process for the preparation of electrically conductive polymers, 2 
having conductivities greater than 10- Slcm, wherein  from 0.1 
to 95% by weight of black phosphorus and from 0.5 to 25% by 
weight of sodium,  potassium, rubidium,  or cesium or of an amide 
of these, p referably i n  tetrahydrofuran ,  d imethoxyg lycol ,  
nitromethane or methylene chloride (the molar ratio of  alkali metal 
or amide to organic compound preferably being from 1 : 1  to 1 :5) 
are added to an organic polymer chosen from the g roup compris
ing the polyphenylenes, heteropolyphenylenes and polyacetyl
enes, in the absence of moisture and of oxygen. The electrically 
conductive polymers obtained can be used in the electrical indus
try for the production of solar cel ls, for conversion and fixing of 
rad iation and for the. prod uction of electrical and magnetic 
switches, and can also be used for the anti static treatment of 
p lastics. 

4,404,421 
Fraas, Lewis M. ,  inventor; Chevron Research Company, assignee. 
Ternary 11/-V Multicolor Solar Cells and Process of Fabrica tion. 
September 13,  1983. 

Ternary 1 1 1 -V multicolor solar cells i ncorporat i ng layers of 
GaAs1_x_ PxSb and an improved process of fabricating multicolorY. Y photovoltaic 1 1 1 -V compound photovoltaic devices. 

4,404,422 
Green, Martin A.; Blakers, Andrew W., inventors; Unisearch Limited, 
assignee. High Efficiency Solar Gel/ Structure. September 13, 1983. 

The i nvention relates to a new-type of solar cel l  structure, and to 
a method of manufactur ing same. The solar cel l  is designated 
as an M I N P  cel l  (Metal- lnsulator-NP junction solar cel l). Essen
tial ly, the M I N P  solar cel l  is an extremely shallow N-P j unction 
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cell with a MIS (Metal-I nsulator-Semiconductor) type contact made 
to the top of the cel l .  Although combin ing featu res of the two 
technologies, no more processing steps are requ i red than for .a  
conventional P-N ju nction cel l .  The advantage of  the M I N P  struc
ture is its substantial ly improved efficiency. 

4,404,465 
Mi l ler, Arthur, i nventor; RCA Corporation, assignee. Array Position
ing System. September 13, 1983. 

A solar array positioning system includes f irst l ight sensor means 
facing the same d i rection as the solar array and second l ight 
sensor means facing the opposite d i rection. A th i rd sensor, th is 
one responsive to gravity, is employed to indicate the d i rection 
about a d i urnal slew axis that the array is t i lted. These sensors 
are employed to determine the i n it ial array slewing d i rect ion to 
insure that during slewing and subsequent tracking, the array 
never is rotated through more than a given angle, less than 360°, 
between two fixed l im its. This permits connection to the array by 
hard wiring rather than sl ip r ings. The system includes also fourth 
sensor means for providing f ine tracking signals which assume 
control of the array position during tracking. A vane structure 
reduces the sensitivity of various of the sensors to obscuration 
by foreign particles. A low cost uncorrected lens may be used with 
the fourth. 

4,404,734 
Singh,  Vijay P., i nventor; Photon Power, I nc., assignee. Method of 
Making a GdS/GuxS Photovoltaic Gel/. September 20, 1983. 

A photovoltaic cel l  is formed by combin ing a spray process, form
ing a crysta l l ine layer contai n ing cadmium and sulfur, and an 
evaporat ion process, depositing copper ch loride for converting 
to Cuxs. The crystals contai n i ng cadmium and sulfur are heated 
in an atmosphere of cadmium and chlorides to obtain crystals 
having at least one dimension greater than 0.5 micron and a planar 
layer of Cuxs is formed on the large crystals. A layer of CuxS 
having a th ickness of 0.5 - 1 .0 micron is obtai ned. Electrodes are 
formed from evaporated gold or chromium or a metal l ic  paste 
including si lver or copper. ZnxCd1_xS may be substituted for CdS 
through at least part of the crysta l l ine layer for improved Voc. 

4,405,435 
Tateishi, H ideki; Kamei, Tsuneaki; Abe, Katsuo; Kobayashi ,  Shigeru; 
Aiuchi ,  Susumu;  Nakatsukasa, Masashi ;  Takahashi ,  Nobuyuk i ;  
Suq imoto, Ryuj i ,  i nventors; H itachi ,  Ltd. ;  Anelva Corporation, 
assignee. Apparatus for Performing Continuous Trea tment in 
Vacuum. September 20, 1983. 

An apparatus for performing continuous treatment in vacuum 
i ncluding an i n let chamber, a fi rst intermediate chamber, at least 
one vacuum treating chamber, a second intermediate chamber 
and a withdrawing chamber arranged i n  the indicated order i n  a 
d i rection in which base plates are successively transferred. An 
opening device normally closed and opened when a base plate 
is transferred therethrough is mounted on a wall at the in let of 
the in let chamber, between the adjacent chambers and on a wall 
at the outlet side of the withdrawing cham ber. A conveyor device 
for conveying each base plate in  a horizontal d i rection through 
the opening device is mounted in each of the chambers, and an 
evacuating device is also mounted in each chamber. A base plate 
storing device for storing a p lural ity of base plates in a magazi ne 
is mounted in the f irst and second intermediate chambers. At least 
one vacuum treating device is mou nted in the vacuum treat ing 
chamber. 

4,406,709 
Gel ler, George K.; Leamy, Harry J.; Trimble, Lee E. ,  i nventors; Bel l  
Telephone Laboratories, Incorporated, assignee. Method of 
Increasing the Grain Size of Polycrystalline Materials by Directed 
Energy-Beams. Septem ber 27, 1983. 

Crystal g rain size in a material is increased by scanning the 
material with an appropriately di rected energy beam. Short-term 



osci l lation in the scan, and a particular temperature g radient con
figuration in  the wake of the scan, resu lts in  growth of large-grain 
crystal l i tes. 

4,406,913 
Weyrich, Claus, i nventor; Siemens Aktiengesel lschaft, assig nee. 
Solar Cell with Increased Efficiency. September 27, 1983. 

A solar cel l  has a semiconductor body with a radiation-receiving 
su rface having a ribbed structure and having a small  pn-jUJlCtion 
in the semiconductor body which is matched to fol low the con
tour of the su rface of the ribbed structure, and the i nterstices 
between adjacent ribs are f i l led with a material which is h igh ly 
permeable to the solar radiation and which contains particles for 
scattering the solar rad iation to a h igh degree situated therein. 

4,407,061 
G rodkiewicz, Wi l l iam H. ;  Singh, Shobha; Van U itert, LeG rand G., 
inventors; Bel l  Telephone Laboratories, I ncorporated, assignee. 
Fabrication Procedure Using Arsenate Glasses. October 4, 1983. 

A fabrication technique is described for making various devices 
in which a certain type of glass is used as a surface protection 
layer. The g lass layers are formed by particle bombardment 
(generally sputtering of E-beam) of a g lass target. Devices with 
such surface layers are also described. Such g lass layers are 
h ighly advantageous as encapsu lating layers, diffusion barrier 
layers, etc., part icu larly for optical type devices and certain 
semiconductor devices. Part icu larly im portant is the preparation 
procedure for the glass target used in the bombardment process. 
The g lass layers are moisture stable, act as excel lent barriers 
against diffusion, and are usable up to q uite high temperatures 
(i .e., in diffusion doping procedu res) without cracking or peel ing. 
The g lass layers also provide long-term protection against atmo
sphere components including water vapor, oxygen, atmosphere 
pol lution contami nants, etc., and can be removed by standard 
etch i ng tech niques. 

4,407,320 
Levi ne, J ules D., i nventor; Texas Instruments I ncorporated, 
assignee. Large Area, Fault Tolerant Solar Energy Converter. Octo
ber 4, 1983. 

Sem iconductor spheres are arranged within a plastic sheet, and 
laminated between two metal foi l layers to make electrical con
tacts. A portion of each sphere is exposed on one side to al low 
l ight entry. The back ohmic contact has a spreading resistance 
which protects l arge array configurations from short c i rcuits. 
Series interconnections of cel ls, for h igher voltage, can be made 
in the same processing sequence and are coplanar with the array. 
Al l  manufacturing steps are completed at temperatu res less than 
400°C. 

4,407,710 
Moustakas, Theodore D.; Morel, Don L.; Abeles, Benjam in, inven
tors; Exxon Research and Engi neering Co., assig nee. Hybrid 
Method of Making an Amorphous Silicon P-1-N Semiconductor 
Device. October 4, 1983. 

The invention is d i rected to a hydrogenated amorphous s i l icon 
PIN semiconductor device of hybrid glow discharge/reactive sput
tering fabrication. The hybrid fabrication method is of advantage 
in providing an abi l ity to control the optical band gap of the P and 
N layers, result ing in increased photogeneration of c harge car
riers and device output. 

4,409,134 
Yamazaki, Shunpei,  inventor. Photoelectric Conversion Semicon
ductor and Manufacturing Method Thereof. October 1 1 , 1983. 

A semi-amorphous, photoelectric conversion semiconductor 
which is formed of a mixture of a microcrystal l ine semiconduc
tor and a non-crystal l ine semiconductor and in which the mixtu re 
is doped with a dang l ing bond neutral izer, such as hydrogen, 

ch lorine or fluori ne, and the microcrysta l l ine se!;ll iconductor has 
a l attice strain and a particle size of 5 to 200 A. 

4,409,422 
Sater, Bernard L., i nventor. High Intensity Solar Cell. October 1 1 ,  
1983. 

A high intensity solar cel l  is comprised of a p lu ral ity of sem icon
ductor bodies each havi ng adjacent reg ions of opposite conduc
tivity type defi n ing a P-N j u nction therebetween. The adjacent 
bodies have a layer of a luminum material therebetween. The fi rst 
and last bodies have electrical contacts connected to their 
exposed surfaces so that electrical energy may be obtained there
between in response to receipt of l ight rays in a direction substan
tial ly paral lel to the P-N junctions of the bodies. 

4,409,423 
Holt, James F., i nventor; The Un ited States of America as 
represented by the Secretary of the Air  Force, assignee. Hole 
Ma trix Vertical Junction Solar Cell. October 1 1 ,  1983. 

An improved vertical j u nction solar cel l  is provided which com
prises a thin si l icon ch ip  h avi ng on one surface th ereof a p lural
ity of holes therein c losely spaced i n  a desired array, the wal ls  
of  the holes defining the  vertical junction of  the  cel l .  The resulting 
structure p rovides improved light ut i l ization during the entire l ife 
of the cel l ,  and improved rad iat ion resistance, as com pared to 
grooved structure cel ls. 

4,409,424 
Devaud, Genevieve, inventor; The Un ited States of America as 
represented by the U.S. Department of Energy, assignee. Compen
sated Amorphous Silicon Solar Cell. October 1 1 ,  1983. 

An amorphous s i l icon solar cell i ncluding an electrically conduc
tive substrate, a layer of g low discharge deposited hydrogenated 
amorphous si l icon over said substrate and having reg ions of dif
feri ng conductivity with at least one reg ion of i ntrinsic hydro
genated amorphous si l icon. The layer of hydrogenated amorphous 
si l icon has opposed first and second major su rfaces where the 
fi rst major surface contacts the electrically conductive substrate 
and an electrode for electrically contacting the second major sur
face. The i ntrinsic hyd rogenated amorphous s i l icon region is  
deposited i n  a glow discharge with  an atmosphere which i ncludes 
not less than about 0.02 atom percent mono-atomic boron. An 
improved N. I .P.  solar cell is disclosed using a B F3 doped i ntr in
sic layer. 

4,409,537 
Harris, Wi l l iam A., inventor; Honeywel l ,  Inc., assig nee. Intercon
nection of Primary Cells. October 1 1 , 1983. 

A method and apparatus for i nterconnect ing one or  more g roups 
of primary electric cells in which cells i n  each g roup are fu rther 
divided i nto two series-conne'cted subg roups which, i n  twin, are 
connected to a three-conductor transmission system having a 
positive, a negative and a neutral or return conductor. One 
subgroup of each g roup is con nected between the negative ter
m i nal and the neutral and the other subgroup is connected 
between the positive terminal  and the neutral such that the l ine 
to l i ne voltage is twice that of the l i ne to neutral voltage s imi lar 
to a three-wire traditional AC supply system. 

4,409,538 
Tabata, J unichi ,  inventor; Kabush iki  Kaisha Dai n i  Seikosha, 
assignee. Charge Control Circuit. October 1 1 ,  1983. 

A charge control c i rcuit  has an excess charge detecting c i rcuit  
for preventing the excess charge of a secondary battery respon
sive to the voltage of the secondary battery, and a switching circuit 
responsive to the output of the excess charge detecting c i rcuit .  
The switching c i rcuit and the excess charge detecting c i rcuit  are 
operated by the electromotive force of a solar cell  without the 
power dissipation of the secondary battery. 
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4,409,605 
Ovshinsky, Stanford R.; Madan, Arun, inventors; Energy Conver
sion Devices, I nc., assig nee. Amorphous Semiconductors 
Equivalent to Crystalline Semiconductors. October 1 1 ,  1983. 

An amorphous semiconductor body, most advantageously a glow 
d ischarge deposited s i l icon-containing host matrix f i lm, is pro
vided contain i ng at least fl uorine as a compensat ing or altering 
agent, and most preferably at least one complementary compen
sat ing or altering agent, such as hydrogen, both of wh ich reduce 
the local ized defect states in the energy gap of the amorphous 
semiconductor material to a degree which either one alone could 
not ach ieve. The si l icon and/or other elements of the host matrix 
f i lm are deposited by the g low discharge decomposition of 
gaseous compounds preferably with f luorine as one element of 
a compound, the hydrogen and other compensating and alteri ng 
material being preferably a molecular gas or an element of a com
pound of s i l icon or other host matrix element. 

4,410,558 
lzu, Masatsugu;  Cannella, Vincent D.; Ovshinsky, Stanford R., 
i nventors; Energy Conversion Devices, Inc., assignee. Continuous 
Amorphous Solar Cell Production System. October 18, 1983. · 

The continuous production of solar cel ls  by the glow discharge 
(plasma) deposition of layers of varying electrical characteristics 
is ach ieved by advancing a substrate through a succession of 
deposition chambers. Each of the chambers is dedicated to a 
specific material type deposition. The chambers are mutual ly 
isolated to avoid the undesired admixture of reaction gases 
therebetween. Each plasma deposition is carried out in its glow 
discharge area, chamber, or chambers, with isolation between the 
p lasma reg ions ded icated to different material types. Masking, 
mechanical or l ithographic, can be employed relative to the 
substrate to cause the deposition in the desi red configurat ion. 
After the semiconductor deposition is complete, top coritact and 
antireflection layer or layers are deposited, fol lowed by a protec
tive lamination.  

4,410,559 
Hamakawa, Yoshih i ro; Tawada, Yoshih isa, i nventors. Method of 
Forming Amorphous Silicon Films. October 18, 1983. 

In a method of forming a layer of an amorphous s i l icon compound 
by subject ing a gas containing a si lane compound to g low d is· 
charge decomposition, the improvement wherein the substrate 
on which the amorphous s i l icon compound is to be deposited is 
positioned with in  3 em above or below the end of a positive col
umn formed by said glow discharge. 

4,410,757 
Stammiriger, Reinhard; Cu l l is, Herbert M. ,  i nventors; Monegon, 
Ltd., assignee. Adjustable Collection Members for Solar Energy 
Systems. October 18, 1983. 

A solar energy col lecting assembly consisti ng of a rectangular 
support ing frame with a p lural ity of vane structures mounted in 
paral lel relationsh ip  therein .  Each vane structure consists of a 
generally Z-shaped bar member of extruded aluminum with an inte
gra l  conduit at the corner between the lower flange and the web 
of the bar member. The conduit has extended end portions pivot
ally engaged through the front and rear supporting frame elements 
and these end portions are clamp ingly commun icatively con
nected to respective in let and outlet l iqu id manifolds located out
wardly adjacent the front and rear frame elements. Each vane 
structure has a top flange provided with a blackened surface 
act ing as a radiation absorber which generates heat, th is heat 
being conducted to the associated conduit  via the adjacent web 
portion of the bar member. The lower f lange has an array of 
photovoltaic cells mounted thereon which can receive solar radia
tion either d i rectly or via a plane mi rror surface provided on the 
adjacent web portion of the vane structure. The coupl ing means 
connecting the conduit end portions to the manifolds includes 
coupl ing sleeves with surrounding clamps having t ighten ing 
screws. The screws are employed for locking the vane structures 

1 48 U.S.  Photovoltaic Patents:  1 951- 1 983 

in pivotal ly adjusted positions relative to the 
# 

supporting frame, 
so that the vane structures can be set for optimum orientation. 
Each vane structure includes a block of heat-insu lating material 
surrounding its conduit and covering the bottom surfaces of its 
web and flanges, to min im ize heat loss. 

4,410,758 
G rol i tzer, Arthur  J. ,  i nventor; Columbia Chase, assignee. 
Photovoltaic Products and Processes. October 18, 1983. 

A photovoltaic cell and the method of manufacturing the same. 
The cell includes a substrate of, e.g. ,  a luminum, having a layer 
of cesium fluoride-like material with the outer surface thereof con
taining a p+ boron doped outer layer. A substantially transparent 
electrically conductive coating is applied over the surface of said 
cesium fluoride-l i ke material and appropriate electrical contacts 
are made to the conductive layer for protective purposes. 

4,411,490 
Daniel, Maurice, i nventor. Apparatus for Collecting, Distributing 
and Utilizing Solar Radiation. October 25, 1983. 

The apparatus for col lecting, distributing and uti l izing solar radia
tion i ncludes a solar col lection panel having an array of solar 
gathering cells which provide radiation to a light col lecting un it. 
This l ight col lect ing unit  provides radiation as a single beam to 
a lens system which provides a coherent beam to a l ightpipe. This 
beam is then d i rected to use un its such as a l ight to electricity 
converter, heat d istributing elements and light d istributing 
elements. 

4,411,703 
Whitehouse, Daniel L., i nventor; Solarex Corporation, assignee. 
Composition for Applying Anti reflective Coating on Solar. Cell. 
October 25, 1983. 

' A method, and the composition, for the appl ication of an anti
reflective coating on solar cel ls  and the subsequent appl ication 
of metal contacts compris ing applying a screen to the surface 
of a solar cell ,  applying a paste compris ing a metal alkoxide over 
the screen, heat treat ing the cel l  and metal alkoxide paste, and 
nickel plating the resu ltant cell. 

4,411,826 
Naarmann, Herbert; Penzien, Klaus; Schlag, Johannes; Simak, Petr, 
i nventors; BASF Aktiengesel lschaft, assignee. Preparation of 
Stable Electrically Conductive Polymers. October 25, 1983. 

Stable electrically conductive polymers having conductivities 2greater than 1 0 - S/cm are prepared by heat ing p-doped 
polyacetylenes, i n  the absence of oxygen and moisture, for from 
0.1 to 3 hours, preferably from 0.5 to 1 .0 hour, at from 500° to 
1 ,100°C, preferably from 550° to 850°C. The electrically conduc
tive polymers obtained can be used in  the electrical industry for 
the production of solar cells, for the uti l ization and fixing of radia
tion, for the production of electrical and magnetic switches and 
stores, and for the antistatic treatment of plastics. 

4,412,091 
Jordan, John F.; Lampkin, Curtis M., inventors; Photon Power, I nc., 
assignee. Po/ycrystalline Photovoltaic Cell. October 25, 1983. 

A photovoltaic cel l  having an electrical ly conductive substrate, 
which may be g lass having a f i lm of conductive t in oxide; a f irst 
layer containing a suitable semiconductor, which layer has a first 
component f i lm with an amorphous structure and a second com
ponent f i lm with a polycrystal l i ne structure; a second layer form
ing a heterojunction with the f irst layer; and suitable electrodes 
where the heterojunction is formed from a solution containing cop
per, the amorphous f i lm component is superposed above an elec
trically conductive substrate to resist -permeation of the copper
containing material to shorting electrical contact with the 
substrate. The penetration resistant amorphous layer permits a 
variety of processes to be used in forming the heterojunction with 



even very th in  layer� (1-6J..t thick) of u n�erlying polycrystal l ine 
semiconductor matenals. In some embodiments, the amorphous
l i ke structure may be formed by the addition of a lumi num or zir
conium compounds to a solution of cadmium salts sprayed over 
a heated substrate. 

4,412,942 
Naarmann, Herbert; Penzien, Klaus; Schlag, Johannes; Simak, Petr, 
inventors; BASF Aktiengesellschaft, assignee. Preparation of Elec
trically Conductive Polymers. November 1 ,  1983. 

A process for the preparation of stable electrically conductive 2 
polymers, having conductivities greater than 10- Slcm, wherein 
a polyacetylene is reacted with from 1 to 100, preferably from 10 
to  33,  % by weight of  tosylmethyl isocyanide and from 0.1 to 70, 
preferably from 5 to 35, % by weight of an alkal i metal or it� amide, 
or of a Lewis acid. The polymers obtained can be used m elec
trical engi neering for the production of solar cel ls, for the con
version and fixing of radiation and for the production of electrical 
and magnetic switches and electrical storage devices, and can 
also be used for the antistatic treatment of plastics. . 

4,413,157 
Ames, Douglas A., i nventor. Hybrid Photovoltaic-Thermal Device. 
November 1, 1983. 

An improved photovoltaic device including a solar panel and a 
contai ner housing salt hydrate materials, in which the container 
is posit ioned i n  close proxim ity to the lower port ion of the panel, 
which has no support-provid ing bottom wal l ,  so that heat 
generated during operation of the photovoltaic cel ls wi l l.  pass 
easily to the container for the salt hydrate materials, thus lower
ing  the operat ing temperature of the cel ls. 

4,414,252 
Lampkin, Curtis M. ,  i nventor; Photon Power, l ne., assignee. Spray 
Forming Thin Films. November 8, 1983. 

An improved spray booth is provided for use in forming high quality 
th in  f i lms by contro l l ing the spray parameters related to fi lm for
mation. A spray nozzle design is selected which permits control 
of the spray footprint on a heated substrate. A projected atom
ized l iquid is formed to the selected spray configuration by d i rect
ing spray cones of air toward the atomized l iqu id. Dwell. t ime of 
the spray material adjacent the hot substrate is then controlled 
by control l ing the velocity of airflow with in the spray chamber and 
adjacent the substrate. To promote a gas phase reaction, a roof 
section is provided with reduced airflow wherein sufficient dwell. 
t ime is provided for the vapor reaction to occur. Where a l iqu id 
phase reaction is  provided, h igh velocity airflow is. mai ntained to 
promptly remove reaction products and spray material which has 
not reached the su rface after a selected tfme period. The spray 
booth is designed for frequent cleaning by providing separately 
removable sections where the frequency of cleaning may be varied 
as a function of the accumulated condensate. Thus, regions of 
the spray booth in contact with the sprayed solution may be 
removed without removing the entire spray booth. Particular uses 
employing the particular design principles i nclude appl ication of 
a f i lm of SnO which is h igh ly transparent and electrically con
ductive and t�i n  f i lms of CdS suitable for use in forming large 
area photovoltaic panels. 

4,414,300 
Wrighton, M!lrk S.; El l is, Arthur B.; Kaiser, Steven W., inventors; 
M assach useTts I nstitute of Tech no1ogy, assignee. Visible Light 
to Electrical Energy Conversion Using Photoelectrochemical Cells. 
November 8, 1983. 

Sustained conversion of low energy visible or near i . r. l ight (<1.25 
eV) to electrical energy has been obtained using wet photoelec
trochemical cells where there are no net chemical changes in the 
system. Stabi l ization of n-type semi-conductor anodes of CdS, 
CdSe, CdTe, GaP, GaAs and l n P  to photoanodic d issolution is 
ac h i eved by e m p l oyi n g  se l ected a l ka l i n e  s o l u t i o n s  

of Na2S, Na SIS, N a  Se, N a2Se1Se, Na2Te and Na Te/Te �s the 
electrolyte. the oxi
(poly

aation of (poly)su lfide, (poly1selemde or 
)te l luride species occurs at the i rradiated anode, and reduc

tion of polysulfide, polyselenide or polytel luride species occurs 
at the dark Pt cathode of the photoelectrochemical cel l .  Optical 
to electrical energy conversion efficiencies approach ing 15% at 
selected frequencies h ave been observed i n  some cell.s. The 
wavelength for the onset of photocurrent corresponds to the band 
gap of the particular anode material used i n  the cell. 

4,415,133 . 
Phi l l ips, Wil l iam H. ,  i nventor; The United States of America as 
represented by the Administrator of the National Aeronautics and 
Space Administration, assignee. Solar Powered Aircraft. N ovem
ber 15, 1983. 

A cruciform wing structure for a solar powered aircraft is d is
closed. Solar cells are mounted on horizontal wing surfaces. Wing 
surfaces with spanwise axis perpendicular to horizontal wing sur, 
faces maintain these surfaces normal to the sun's rays by a l low
ing aircraft to be flown in a controlled pattern at a large bank angle. 
The solar airplane may be of conventional design with respect 
to fuselage, propel ler and tai l ,  or may be constructed aroun� a 
core and driven by propel ler mechanisms attached near the t 1ps 
of the airfoils. 

4,415,760 . 
Madan, Arun, i nventor; Chevron Research Company, assignee. 
Amorphous Silicon Solar Cells Incorporating an Insulating Layer 
in the Body of Amorphous Silicon and a Method of Suppressing 
the Back Diffusion of Holes into an N-Type Region. November 15, 
1983. 

Hydrogenated amorphous si l icon solar cells which i ncorporate 
a th in insu lating layer between a photoactive layer of i ntrinsic 
hydrogenated amorphous s i l icon and a heavi ly doped radiation 
i ncident N or N + -type layer of hydrogenated amorphous s i l icon. 

4,416,052 
Stern, Theodore G., i nventor; General Dynamics, Convair Division, 
assignee. Method of Making a Thin Film Solar Cell. November 22, 
1983. 

A method of making a th in gal l ium arsenide solar cell  h aving a 
reflecting back surface and coplanar electr.ical contacts. A 
photovoltaic cell  comprisi ng gal l ium arsen ide is produced in a 
self-su pporting thickness by conventional methods. A pattern of 
contact l i nes and a bus contact are formed on the front surface 
of the cel l  and a transparent coversl ide is bonded thereover. The 
back of the cel l  is chemically etched away unti l  the min imum 
effective thickness is reached, then etching i n  the  bus  contact 
region is continued unt i l  the bus is  exposed. Any stop-etch 
material used to prevent excessive etch i ng of the cel l  material is 
removed and a reflective contact material is  appl ied to the back 
of the cel l .  The resulting solar cell is l ight in weight and both front 
and back connections can be made from the back of the cell, mak
i ng it part icularly suitable for use in space-based arrays. 

4,416,959 
Skotheim, Terje, inventor. Photoelectrochemical Cells for Conver
sion of Solar Energy to Electricity. November 22, 1983. 

A double photoelectrochemical cell  for converting solar energy 
d i rectly to electricity. The device in one embodi ment has two 
semiconductors which are separated from each other by a d ry 
solid polymer electrolyte. The two semiconductors have a d ifferent 
band gap; for example, one is n-type CdS and the other is p-type 
CdTe. The polymer electrolyte, for example, is a th in  f i lm 
polyethylene oxide acting as a polymer matrix conta in ing a 
polysulfide redox couple, for example, N a S4. The polymer elec2
trolyte is transparent, i nsulating and capable of transporting ions. 
At least one of the semiconductors is semi-transparent. The short 
wavelengths of l ight are absorbed by the semi-transparent wide 
band gap semiconductor, and the long wavelengths pass there
through, and through the polymer f i lm electro lyte, and are 
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absorbed by the narrow band gap semiconductor. The output of 
the cell is double; one from each semiconductor, i .e., they are 
series-connected. Output voltage, for example, is about 0.625 volts. 
The theoret ical efficiencies in the example are about 35%, com· 
pared with. about 25% for a standard photovoltaic cel l having a 
single junction. Also incl uded is a method of manufacturing such 
a cell. 

4,417,092 
Moustakas, Theodore D.; Friedman, Robert A., i nventors; Exxon 
Research & Eng ineering Co., assignee. Sputtered PIN Amorphous 
Silicon Semi·Conduqtor Device and Method Therefor. Novem· 
ber 22, 1983. 

A h igh efficiency amorphous s i l icon PIN semi-conductor device 
is constructed by the sequential sputtering of N, I and P layers 
of amorphous s i l icon and at least one semi-transparent ohmic 
electrode. A method of construction produces a PI N device, exhib· 
it ing enhanced physical integrity and faci l itates ease of construe· 
tion in a s ingu lar vacuum system and vacuum pump down 
procedure. 

4,418,187 
Muench, Volker; Naarmann, Herbert; Penzien, Klaus, i nventors; 
BASF Aktiengesel lschaft, assignee. Prepara tion of Electrically 
Conductive Polymers. November 29, 1983. 

A process for the preparation of electrically conductive polymers 
by polymerizi ng acenaphthylene, N-vinyl-heterocycl ics, eg. 
N-vinylcarbazole or N·vinylpyridine, or N ,N·divi nylani l i ne  at from 
- 80° to + 100°C in the presence of a cationtic catalyst, wherein 
from 1 to 50 percent by weight of an oxidizing Lewis acid, 
preferably FeCI , FeBr , SbCI , SbF , AsF or CF� � 5 5 5 3·S03H ,  or a com·
bination of AIC13 or T1CI4 with the said compounds or with Cr03 
or Os04 is used as the catalyst. In a preferred embodiment of the 
process, thin f i lms of the monomers to be polymerized, appl ied 
to g lass or to a polymeric base, preferably to a plastic f i lm,  are 
treated with gaseous SbCI , SbF or AsF . The conductive5 5 5
polymers obtained can be used in the electrical industry for the 
production of solar cel ls, for the conversion and fixing of radia· 
t ion and for the production of electrical and magnetic switches, 
as wel l  as for the antistatic treatment of plastics. 

4,418,238 
Lidorenko, N ikolai S.; Afian, Viktor V. ; Vartanian, Albert V. ; Mar· 
t i rosian, Ruben G. ;  Ryabikov, Stan is lav V. ; Strebkov, Dmitry S., in· 
ventors. Photoelectric Solar Cell Array. November 29, 1983. 

A photoelectric solar cell device comprises a dispersing element 
exposed to the sun's rad iation and fol lowed in  the optical path 
by photocel ls having d ifferent spectral sensitivities. Each 
photocel l  has its working surface so oriented that the l ight beam 
with the wavelength corresponding to the maximum spectral sen
sit ivity of that photocel l  impinges on its working surface. The 
dispersing element is a hologram representing l ight sources with 
different wavelengths. The photocel ls are positioned in  the image 
planes of the l ight sources producing the l ight beams of the cor· 
responding wavelengths. 

4,419,178 
Rode, Daniel L., inventor. Continuous Ribbon Epitaxy. December 6, 
1983. 

A process for g rowing an epitaxial ribbon of monocrystall ine 
material involves formation of an end less belt of monocrystal l ine 
composition. The belt is driven about a closed path to bring por· 
tions sequential ly to epitaxial growth and ribbon stripping zones. 
One or more epitaxial layers of monocrysta l l i ne material at least 
in itally composit ionally d ifferent from the belt are grown on the 
belt in the epitaxial growth zone(s). Stripping of such epitaxial 
layer(s) occurs in the stri pping zone to form an epitaxial ribbon 
of i ndefin ite length. Final ly, the ribbon is  wound upon a mandrel 
for storage or transport before further processing.  The belt is 
formed by s l ic ing a boule i nto flat strips of un iform thickness, 
their ends being then beveled to preselected crystal lographic 
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orientation. Ends of the strips are juxtaposed, defining a notch 
between them. Material is epitaxial ly grown on the beveled end 
surfaces to f i l l  each notch. Excess grown material is pol ished to 
coincident flatness, provid ing an elongated belt of u niform 
th ickness with beveled ends. They are juxtaposed then by bend· 
ing the belt with in  critical bending l imit rules to define a final notch 
which simi larly is fi l led by further epitaxial growth. Excess material 
th ickness is polished to coincident flatness to provide a constant 
th ickness endless belt. 

4,419,424 
Julian, John D., inventor. Electrodes for Electrochemical Cells Cur· 
rent Generating Cells and Rechargeable Accumula tors. Decem· 
ber 6, 1983. 

Electrodes using essent ial ly insoluble active material are 
disclosed which can be used in a variety of electrochemical cel ls 
and rechargeable accumulators. Plastic  materials are used to 
ensure porosity and strength and to sinter the electrode ingre
d ients and active material together. Deta i ls  of the essential ly 
insoluble compound active material are d isclosed and of an elec
trolyte recommended for use with the electrodes. Aspects of this 
invention are appl icable particularly to N i·Cd, Ag·Cd, Ag-Zn, N i-Fe, 
N i ·Zn, Metal-A i r, fuel or solar cel ls. 

4,419,530 
Nath, Prem, i nventor; Energy Conversion Devices, I nc., assignee. 
Solar Cell and Method for Producing Same. December 6, 1983. 

A method of electrically isolating portions of a large surface area 
semidconductor body for various purposes such as the produc· 
tion of improved photovoltaic and semiconductor devices is 
disclosed herein.  In the preferred embodi ment, the photovoltaic 
devices are of the type which include a common, electrically con· 
ductive substrate layer, a semiconductor body deposited upon the 
substrate layer, and a transparent electrically conductive coating 
layer is deposited atop the amorphous body. The method i ncludes 
the steps of d ividing the semiconductor body into a plural ity of 
electrical ly-isolated portions which may include a grid pattern, 
test ing the electrical output of each of the isolated portions of 
the semiconductor body, connecting only those isolated portions 
providing satisfactory electrical output to an electrical ly conduc· 
tive strip which provides an electrical contact from the semicon
ductor body, and providing an electrical contact on the substrate, 
whereby the overall effic iency of the photovoltaic or semiconduc· 
tor device is improved. The improved solar cel l incl udes a p lural· 
ity of electrically isolated portions i nto which the semiconduc
tor body thereof is. divided, at least one electrically conductive 
strip, each isolated portion of the semiconductor which provides 
satisfactory electrical output is electrically connected to the con· 
ductive strip to provide an electrical contact associated with the 
semiconductor body, an electrical contact associated with the 
substrate layer, and an upper, electrical ly-insu lat ing, protective 
layer and a lower electrical ly-insulating layer encapsulate the solar 
cel l .  A plural ity of such solar cel ls are electrically connected to 
form a solar cel l panel. Other methods of ut i l izing electrically 
isolated portions of a semiconductor body include the produc
tion of small surface area semiconductor devices from larger sur
face area semiconductor devices and a process for improving the 
electrical output of those isolated portions of a semiconductor 
body which provide unsatisfactory electrical output. 

4,419,531 
Lang, Josef; Hol laus, Reinhard; Reeh, Ulrike; Denk, Hans; Habrich, 
Reiner, inventors; Siemens Aktiengesel lschaft, ass1gnee. Photo· 
Voltaic Solar Module. December 6, 1983. 

A photovoltaic solar modu le having at least one solar cell 
embedded in  synthetic resin  and resting on a flexible supporting 
element and which further i ncludes a sheet- l ike r igid element rein· 
forcing the solar cel l .  



4,419,532 
Severns, J ames G., i nventor; The Un ited States of America as 
represented by the Secretary of the Navy, assignee. Thermo
photovoltaic Power Source. December 6, 1983. 

A thermophotovoltaic power source comprising a Cassegrain solar 
col lector and concentrator, a thermal vessel including a contain
ment vessel holding thermal storage material therein, the contain
ment vessel having the shape of an annulus closed at one end 
and disposed with its open end in registry with an aperture in the 
thermal vessel ,  with a selective band rad iating layer coat ing the 
i nternal surface of the annu lus cavity, and further inc lud ing an 
external array of photovoltaic cells mounted on a cooled cyl i nder 
d isposed for i nsertion by a positioning motor to a des i red depth 
i nto the annu lus cavity and thus into adjacency with the selec
tive band radiating layer. Concentrated solar energy is  appl ied by 
the solar col lector through a second aperture i nto the thermal 
vessel to heat the thermal storage material in the containment 
vessel and thereby cause the selective radiat ing layer to radiate 
energy to excite a current in the photovoltaic array. Constant 
cu rrent control and/or load-matching are obtained by varying t he 
degree of insert ion of the photovoltaic array i nto the thermal 
storage annular cavity. 

4,419,533 
Czubatyj, Wolodymyr; Singh, Rajendra; Doehler, Joachim; Al lred, 
David D.; Reyes, Jaime M., i nventors; Energy Conversion Devices, 
I nc., assignee. Photovo/taic Device having Incident Radiation 
Directing Means for Total Internal Reflection. December 6, 1983. 

There is disclosed new and improved photovoltaic devices which 
provide i ncreased short circuit currents and efficiencies over that 
previously obtainable from prior devices. The disclosed devices 
inc lude i ncident radiation d i recting means for d i recting at least 
a portion of the i ncident l ight through the active region or regions 
thereof at angles sufficient to substantial ly confine the d i rected 
radiation i n  the devices. This al lows substantial ly total ut i l izat ion 
of photogenerated electron-hole pairs. Fu rther, because the l ight 
i s  di rected through the active region or regions at such angles, 
the active regions can be made th inner to also increase col lec
t ion efficiencies. The incident radiation d i rectors can be random 
surface or bulk reflectors to provide random scattering of the l ight, 
or periodic surface or bu lk reflectors to provide selective scatter
ing of the l i ght. Wh i le  the present i nvention is appl icable to 
photovoltaic devices, formed from any type of semiconductor 
material, as for example, crystal l i ne, polycrystal l ine, or amorphous 
semiconductor. al loys or any combination thereof, d isclosure 
herein i s  primarily di rected to photovoltaic devices formed from 
amorphous s i l icon al loys preferably i ncorporating fl uorine as a 
density of states reducing element. The disclosure is also directed 
to, without l im itation, photovoltaic devices of the p-i-n conf igura
t ion, both as single cel ls and mult ip le cel ls arranged in tandem. 

4,420,650 
Wise, Joseph F. ; Holt, James F., i nventors; The United States of 
America as represented by the Secretary of the Air Force, assignee. 
Wedged Channel Vertical Junction Silicon Solar Cell. Decem
ber 13, 1983. 

An improved vertical junct ion solar cell is provided which com
prises a th in sing le-crystal l i ne s i l icon chip having on one surface 
thereof a plu ral i ty of short channels etched therein in a desi red 
array, the length I of the channels being related to the depth d 
of the channels by a relat ionship  approximating d = %  3. The 
result ing structure provides improved light ut i l izat ion at 

\{
end-of

l i fe condition, conversion efficiency, mechan ical strength and 
rad iation resistance. 

4,420,752 
Davis, M urray W.; Diedzic, M atthew J.; Knapp, Robert F.; Whitney, 
Bruce F., i nventors; M urray W. Davis, assignee. Real-Time 
Parameter Sensor'Transmitter. December 13, 1983. 

A system for mon itoring at least one parameter of either an 
energized electrical power l i ne conductor or at least one parameter 
adjacent to the power l i ne conductor, on a real t ime basis and 
transmitting signals indicative of the parameter to a remote loca
tion where the power l i ne conductor itself is the transmission 
medium for transmitt ing the signals to the remote location. The 
transmitter is powered by either the electric or the electromagnetic 
field of the energized power l i ne conductor and the transmitter 
receives i nduced energy from the conductor via a p lurality of turns 
of wire wound around a mandrel, with the plurality of turns of wire 
formed as the secondary w inding of a transformer, and with the 
mandrel being at the same electrical potential as the conductor. 

4,421,592 
Shuskus, Alexander J . ;  Cowher, Melvyn E., inventors; United 
Technolog ies Corporation, assignee. Plasma Enhanced Deposi
tion of Semiconductors. December 20, 1 983. 

Sem iconductor th in fi lms are produced using p lasma assisted 
chemical vapor deposition on a lkal i  hal ide s ing le crystal 
substrates. Deposition is formed at relatively low temperatures 
so that subl imation of the substrate is not a problem. The inven
tion process permits at h igh rate deposition of h igh qual i ty 
semiconductors. 

4,421,943 
Withjack, Eric M., inventor; Cities Service Company, assignee. Col
lapsible Mobile Solar Energy Power Source. December 20, 1983. 

An apparatus for col lecting solar energy and converting it to elec
trical energy ut i l izing solar panels pivotally mounted to a base 
such that the panels may be pivoted to a storage posit ion inside 
said base. Add itional solar panels may be pivotally mounted on 
retractable frame trays which stow inside the base when the 
panels are pivoted to a horizontal posit ion. 

4,422,031 
Vigerst01, Ole K., i nventor; SAB N ife AB, assignee. Method and 
Device for Charging an Electrical Accumulator Battery by Means 
of Solar-Cells. December 20, 1983. 

The invention relates to a method of charg i ng an electrical accum
ulator battery by means of solar panels with solar-cells. The battery 
is charged by means of two or more solar panels included in charg
ing branches connected in paral lel ,  at least one charg ing branch 
being permitted to charge the accumulator battery to a higher 
voltage than the other charg ing branch or branches. Only the 
charg ing branch or branches which charge to the highest voltage 
are permitted to del iver current to the accumulator battery dur
ing maintenance charg ing, when the accumu lator battery is fu l.ly 
charged. A device for carrying out the method consists of charg
ing branches compris ing at least one solar-cell panel and con
nected in paral lel , the charging branches being adapted to deliver 
charging current at different voltages. At least one voltage is per
m itted to be h igher than the other or others. The charg ing branch 
which del ivers the h ighest voltage is adapted to del iver a voltage 
which is somewhat h igher than the voltage of the fu l ly charged 
accumu lator battery. 
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Le Si l ic ium Semiconducteur  SSC 
1 982: 4,339,627 

4,348,545 

Licentia Patent-Verwaltungs-GmbH 
1 971 : 3,574,925 
1 973: 3, 736,180 

3,772,768 
3,772,770 
3,778,684 

1 974: 3,802,924 
1 975: 3,887,935 

3,888,697 
1 976: 3,956,765 
1 977: 4,009,054 

4,043,834 
1 979: 4,1 47,560 
1 981 : 4,291 , 191 
1 982: 4,336,648 

4,358,331 
1 983: 4,370,509 

4,377,564 
4,390,743 
4,393,576 

Litton Business Systems, I nc. 
1 977: 4,01 7,725 

Lockheed M issi les and Space 
Company 

1 972: 3,658,596 

London Post Office 
1 981 : 4,307,680 

Lonza Electric and Chemical 
Works Limited 

1 961 : 2,972,521 

Lucas Industries Ltd. 
1 981 : 4,306,183 

Madison College Foundation, I nc. 
1 971 : 3,61 7, 1 37 

Martin Marietta Corporation 
1 968: 3,419,434 

Massachusetts Institute of Technology 
1 970: 3,549,960 
1 975: 3,899,689 
1 977: 4,042,417  

4,059,461 
1 978: 4,086,485 

4,1 1 0, 122 
4, 1 1 7,364 
4,1 28,732 
4,1 29,458 

1 979: 4,131 ,984 
4,1 62,1 74 
4, 1 79,318 

1 980: 4,1 93,081 
4, 1 97,1 41 
4,227,941 
4,229,231 
4,242,580 

1 981 : 4,248,675 
4,283,589 
4,287,485 

1 982: 4,309,225 
4,320,247 
4,352,948 
4,366,338 

1 983: 4,376,228 
4,379,020 
4,41 4,300 

Matsush ita Electric Industrial 
Company, Ltd. 

1 970: 3,492,187 
3,520,732 

1 97 1 :  3,568,306 
1 972: 3,649,383 
1 975: 3,928,865 
1 981 : 4,256,513 
1 982: 4,329,699 

Max-Pianck-Gesel lschaft zur 
Forderung der Wissenschafter 

1 979: 4,1 69,740 

McDonnel l  Douglas Corporation 
1 982: 4,31 5,097 

Merck & Co., I nc. 
1 965: 3,1 72,791 

Messerschmitt-Bolkow-Biohm GmbH 
1 976: 3,977,904 
1 979: 4,1 59,427 
1 981 : 4,296,270 
1 983: 4,367,581 

4,389,534 
4,390,770 

Mid-Continent M anufacturi ng Company 
1 969: 3,484,606 

Minnesota M i ning and Manufacturing 
Company 

1 962: 3,051 ,636 
1 978: 4,1 08,540 . 
1 980: 4,1 90,321 

Minolta Camera K.K. 
1 973: 3, 734,632 
1 977: 4,001 ,863 

M itsubishi Denki K.K. 
1 975: 3,925,802 

M itsubishi Kinzoku K.K. 
1 982: 4,329,195 

Mobi l Solar Energy Corporation 
1 983: 4,379,202 

Mobil  Tyco Solar Energy Corporation 
1 976: 3,976,508 

3,982,260 
1 977: 4,01 9,924 

4,036,666 
4,045,246 
4,056,404 

1 978: Re. 29,833 
4,078,944 
4,078,945 
4,095,329 

1 979: 4,1 34,387 
4,1 44,095 
4,1 52,536 
4,1 52,824 

1 980: 4,239,555 
4,239,583 

1 982: 4,321 ,283 

Monegon, Ltd. 
1 983: 4,392,008 

4,41 0,757 

Monosolar, I nc. 
1 983: 4,388,483 

4,400,244 

Monsanto Company 
1 962: 3,023,079 

3,023,080 
3,026,1 75 
3,046,323 
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1 965: 3,224,913 
1 966: 3,261 ,726 
1 967: 3,322,575 
1 970: 3,496,024 
1 977: 4,003,770 

4,1 43,233 
1 979: 4,1 43,234 
1 982: 4,309,241 

Motorola, Inc. 
1 973: 3,743,847 

3,757,51 1 
1 976: 3,977,934 
1 977: 4,004,949 

4,027,053 
4,045,245 

1 978: 4,070,444 
4,070,689 
4,1 20,743 
4,1 31 ,485 
4,131 ,488 
4,131 ,755 

1 979: 4, 1 37,123 
4,1 38,509 
4,1 70,507 
4,1 70,667 
4,171 ,989 

1 980: 4,1 96,041 
4,1 99,397 
4,227,298 
4,231 ,807 

1 981 : 4,250,148 
4,251 ,327 
4,273,421 
4,292,342 

1 982: 4,321 ,246 
4,343,830 

1 983: 4,382,099 

National Aeronautics and Space 
Admin istration 

1 966: 3,229,682 
1 967: 3,31 1 ,51 0  

3,325,723 
3,346,419 

1 968: 3,396,057 
3,41 9,433 

1 969: 3,434,885 
3,437,527 
3,446,676 
3,466, 1 98 
3,472,698 

1 970: 3,490,965 
3,493,437 
3,541 ,679 

1 971 : 3,565,719  
3,591 ,420 

1 972: 3,636,539 
3,653,970 
3,664,874 

1 973: 3,780,424 
1 975: 3,91 2,540 
1 976: 3,961 ,997 

3,966,499 
3,989,541 
3,996,067 

1 977: 4,040,867 
1 978: 4,077,81 8  

4,082,569 
4,083,097 
4,084,985 
4,089,705 
4,1 04,084 
4,1 04,091 
4,121 ,965 
4, 1 22,214 
4,131 ,486 

1 979: 4,1 35,290 
4,1 49,665 
4,1 56,309 
4,1 75,249 
4,21 7,633 

1 980: 4,1 84,903 
1 981 : 4,262,206 
1982: 4,335,503 

4,341 ,91 8 
4,355, 1 96 
4,360,701 

1 983: 4,372,680 
4,376,872 
4,41 5,133 

National Cash Register Company 
1 964: 3,1 48,084 
1 971 : 3,586,541 

National Patent Development 
Corporation • 

1 981 : 4,252,865 

National Research Counci l  of Canada 
1 982: 4,360, 703 

National Research Institute for Metals 
1 979: 4,1 76,370 

New England I nstitute, Inc. 
1 976: 3,935,031 

Nicholas R. duPont 
1 969: 3,444,946 

N ippon Electric Varian, Ltd. 
1 975: 3,897,325 

Nissan Motor Company, Ltd. 
1 982: 4,327,316 

North American Construction Uti l ity 
Corporation 

1 982: 4,364,532 

North American Ph i l ips Company, Inc. 
1 959: 2,873,303 
1 963: 3,092,725 

3,1 02,828 
1 965: 3, 1 94,700 
1 966: 3,261 ,074 

3,268,366 
3,284,252 

1 967: 3,357,857 
1 969: 3,436,625 

North American Rockwell Corporation 
1 969: 3,483,040 
1 972: 3,696,286 

North American Ut i l ity Construction 
Corporat ion 

1 980: 4,238,246 
1 981 : 4,249,51 6 

4,289, 1 1 8  

Northern Telecom Ltd. 
1 982: 4,329, 1 89 
1 983: 4,392,931 

Oklahoma State Un iversity of 
Agricu lture and Applied Sciences 

1 982: 4,348,428 

Omron Tateis i  Electronics 
Company, Ltd. 

1 972: 3,679,949 
1 976: 3,952,323 
1 977: 4,005,468 

4,01 6,589 
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Optical Coat ing Laboratory, I nc. 
1966: 3,247,392 
1 977: 4,015, 1 1 7  

4,055,442 
1 979: 4, 1 80,414 
1 980: 4,227,940 
1 981 : 4,268, 71 1 

4,293,732 

Organisation Europeenne 
de Recherches Spatiales 

1 980: 4,1 93,820 
Owens-I l l i nois, Inc. 

1 979: 4,1 64,432 
4,1 73,495 

1 980: 4,1 84,895 
4,1 86,033 
4,1 88,238 
4,1 88,239 
4,1 90,465 
4,238,247 

1 981 : Re. 30, 584 
4,251 ,284 
4,268,709 

1 982: 4,329,535 

Pacific Semiconductors, Inc .  
1 961 : 2,995,473 

Pennwalt Corporation 
1 982: 4,31 6,448 

Peters, Walter Todd; Peters, Margot 
El izabeth; Kronman, Albert F.; Steller, 
Arthur H.; Stel ler, Grace B. 

1 981 : 4,248,643 

Phi lco Corporat ion 
1 963: 3,1 1 3,047 

3,1 1 4,658 
1 966: 3,284,241 

Phi lco·Ford Corporation 
1 974: 3,844,843 
1 975: 3,900,945 

Photon Power, Inc. 
1 978: Re. 29,812 

4,086, 1 01 
4,095,006 
4,1 04,420 

1 979: Re. 30,1 47 
4,1 59,914 
4,1 67,805 
4,1 78,395 

1 980: 4,224,355 
4,228,570 
4,233,085 
4,239,809 

1 981 : Re. 30,504 
4,243,432 
4,262,41 1  
4,265,933 
4,304,607 
4,307,681 

1982: 4,31 3,022 
4,362,896 

1 983: 4,404,734 
4,412,091 
4,41 4,252 

Photowatt I nternational, Inc. 
1 981 : 4,273,950 
1 982: 4,31 4,128 
1 983: 4,401 ,840 

Plasma Physics Corporation 
1982: 4,328,258 

Plasma Physics Corporation 
1 982: 4,330,182 



Polaroid Corporation 
1 977: 4,060,426 

Popovich, John M. ;  Parkyn, J r. ,  Wi l l iam 
A.; Pelka, David G. 

1 982: 4,337,759 

Produits Chim iques Ugine Kuhlmann 
1 980: 4,233,338 

Prutec Ltd. 
1 983: 4,403,398 

Purdue Research Foundation 
1 952: 2,588,254 

2,622, 1 1 7 
PPG Industries, I nc. 

1 972: 3,671 ,291 

R.T.C. La Radiotechnique Compelec 
1 982: 4,336,413 

Radiation Mon itoring Devices, I nc. 
1 982: 4,327,1 1 9  

4,338,362 

Radio Corporation of America 
1 958: 2,84 7,585 

2,861,909 
1 959: 2,877,284 

2,91 5,578 
1 960: 2,929,859 

2,953,621 
1 966: 3,264,707 
1 968: 3,368,1 25 

Ragen Semiconductor, Inc. 
1 976: 3,961 ,472 

Ramot Un iversity Authority for Appl ied 
Research and I ndustrial Development 
Ltd. 

1 981 :  4,255,208 

Rand Corporation 
1 961 : 2,993,945 

Raytheon Company 
1 963: 3,081 ,370 
1 964: 3,1 32,057 

Refac Electronics Corporat ion, 
G rumman Aerospace Corporation 

1 979: 4,1 72,925 

Research Triangle I nstitute 
1 979: 4, 1 79,702 

Rhone-Poulenc Industries 
1 980: 4,225,367 

Riehl  Electronics Corporation 
1 974: 3,823,551 

Rockwell I nternational Corporation 
1 977: 4,052,657 
1 978: 4,066,481 
1 980: 4,227,943 
1 981 : 4,270,972 

RCA Corporat ion 
1 969: 3,483,038 
1 976: 3,960,620 

3,973,994 
3,975,555 
3,988,167 
3,990, 1 01 
3,999,283 

1 977: 4,028,720 
4,041,307 
4,061,555 
4,064,521 

1 978: 4,070,206 
4,1 09,271 
4,1 1 2,457 
4,1 1 3,514 
4,1 24,464 
4, 1 26,1 50 
4,1 31 ,827 

1 979: 4,1 39,858 
4, 1 42,195 
4,160,816 
4,1 62,505 
4,1 63,677 
4,166,918 
4,166,91 9  
4,167,015 
4,1 79,308 

1 980: 4,181 ,755 
4,1 96,438 
4,1 98,246 
4,200,473 
4,203,785 
4,204,1 47 
4,205,265 
4,209,347 
4,21 3,798 
4,21 5,1 85 
4,217,148 
4,224,084 
4,226,643 
4,228,31 5  
4,241 , 1 08 

1 981 : 4,249,959 
4,254,426 
4,272,641 
4,278,704 
4,281 ,278 
4,292,092 

1 982: 4,31 3,078 
4,31 6,049 
4,319,187 
4,322,253 
4,339,470 
4,340,803 

1 983: 4,367,403 
4,371 ,738 
4,378,460 
4,382,833 
4,385,971 
4,392,01 1 
4,394,529 
4,404,465 

Saint Gobain Vitrage 
1 982: 4,321 ,418 

Sanyo Electric Company, Ltd. 
1 981 : 4,281 ,208 
1 982: 4,334,1 20 

Science Appl ications, I nc. 
1 981 : 4,246,042 

Semicon, Inc. 
1 978: 4,082,570 
1 979: 4,1 74,561 
1 981 : 4,256,681 

4,298,423 

Semix, I nc. 
1 979: 4, 1 69,739 

4,171 ,991 
4,1 74,234 

1 981 :  4,256,681 
4,298,423 

Sensor Technology, Inc. 
1 976: 3,990,914 
1 977: 4,044,372 

4,052,782 

1 978: 4,081 ,820 
4,1 29,823 

Sharp K.K. 
1 976: 3,956,017 
1 977: 4,029,518 
1 979: 4,1 40,545 
1 980: 4,209, 735 

4,224,081 
1 982: 4,31 1 ,953 

4,365,107 

Shel l  Oi l  Company 
1 981 : 4,262,161 

Siemens & Haiske Aktiengesel lschaft 
1 964: 3,1 34,906 

Siemens Aktiengesel lschaft 
1 973: 3, 760,240 
1 978: 4,068,020 

4,099,986 
4, 1 08,714 

1 979: 4, 1 55,781 
1 981 :  4,245,386 

4,255,206 
4,257,676 
4,260,21 9 
4,264,124 
4,287,848 
4,292,343 
4,294,81 1 
4,298,802 
4,301 ,323 
4,305,776 

1 982: 4,31 9,953 
4,330,358 
4,341 ,589 
4,357,200 
4,357,201 
4,361 ,529 

1 983: 4,372,989 
4,388,487 
4,406,913 
4,41 9,531 

Sierracin Corporation 
1 978: 4,067,764 

Si l icon Materia l ,  Inc.  
1 977: 4,062,102 

Singer-General Precision I nc. 
1 969: 3,447,234 

Societa Nationale l ndustriel le 
Aerospatiale 

1 983: 4,395,!;81 

Societa' Nazionale Industria Appl icationi 
Viscosa s.p.a. (Sn ia Viscosa) 

1 980: 4,212,932 

Societe d'Eiectron ique et d 'Automatisme 
1 968: 3,41 6,044 

Societe Anonyme de 
Telecommunications 

1 969: 3,427,459 
1 972: 3,694, 739 
1 974: 3,793,082 

3,845,494 
1 975: 3,884, 779 

3,887,995 
3,928,073 

1 977: 4,041,271 
1 979: 4,1 32,999 

Societe Anonyme dite: Compagnie 
Generale d 'Eiectric ite 

1 982: 4,322,261 
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Societe lndustriel le Bul l-General Electric 
1 970: 3,508,063 

Societe Nationale lndustrie l le 
Aerospatiale 

1 983: 4,390,940 
4,392,007 

Solamat Inc. 
1 979: 4,1 66,880 
1 982: 4,320,251 

Solar Dynamics Corporation 
1 977: 4,003, 756 

Solar Homes, I nc. 
1 979: 4, 1 72,739 

Solar Physics, Inc. 
1 982: 4,31 4 , 198 

Solar Power Corporation 
1 976: 3,982,963 

Solarex Corporation 
1 976: 3,990,097 
1 977: 4,028,151  

4,056,405 
4,056,879 
4,057,439 
4,058,418 

1 978: 4,1 1 6,207 
1 979: Des. 251 ,663 

4,1 37,095 
4,1 39,399 
4, 1 44,1 39 
4,1 49,903 
4,1 56,622 
4,162,1 77 

1 980: Re. 30,292 
4,1 84,894 
4,194,212 
4,201 ,798 
4,226,01 7  
4,230,508 
4,236,937 
4,240,842 

1 981 : 4,246,043 
4,293,808 
4,297,391 

1 982: Des. 263,393 
4,320, 1 68 
4,328,260 
4,331 ,492 
4,331 ,703 
4,347,263 
4,347,264 
4,348,254 
4,349,691 

1 983: 4,392,01 0 
4,41 1 ,703 

Solec I nternational, I nc. 
1 978: 4,1 3 1 , 1 23 

Sony Corporation 
1 976: 3,990, 1 00 
1 977: 4,015,280 

4,062,034 

Sotec Corporation 
1 977: 4,042,447 
1 978: 4, 1 1 5,625 
1 980: 4,235,662 

Space Technology Laboratories, Inc. 
1 963: 3,076,861 

Spectrolab, Inc. 
1 963: 3,094,439 
1 964: Re: 25,647 

1 967: 3,340,096 
1 970: 3,489,615 
1 981 : 4,301,321 
1 983: 4,385,430 

Spire Corporation 
1 982: 4,348,546 

4,350,561 
4,353,160 

1 983: 4,380, 1 1 2  
4,392,297 

Stark, Virg i l  
1 979: 4,1 34,393 
1 980: 4,191 ,594 

Studsvik Energiteknik AB 
1 981 : 4,289,1 1 2  

S u n  Trac Corporation 
1 980: 4,223 , 17  4 

Sundstrand Corporation 
1 963: 3,085,565 

Superior Oi l  Company 
1 977: 4,042,758 

Swedlow, Inc. 
1 982: 4,31 2,330 

Swiss Alumin ium Ltd. 
1 980: 4,233,270 

SAB Nife AB 
1 983: 4,422,031 

SES, Inc.  
1 978: 4,1 27,424 
1 981 : 4,254,546 

4,260,428 
4,260,429 
4,283,591 

SRI I nternational 
1 979: 4,1 47,564 
1 982: 4,356,141 

Telefunken Patentverwer
tungsgesel lschaft m.b.H 

1 975: 3,905,836 

Texaco Developmeri't Corporation 
1 978: 4,1 1 0,628 

Texas Instruments Inc.  
1 960: 2,949,498 
1 963: 3,078,328 

3,091 ,555 
1 970: 3,549,41 1 
1 971 : 3,591 ,431 
1 97 4: 3,836,399 
1 975: 3,91 1 ,469 
1 976: 3,969,1 63 

3,969,746 
3,980,915 
3,998,659 

1 977: 4,021 ,323 
1 978: 4,092,446 

4,101 ,351 
4,1 1 9,768 

1 979: 4,1 33,698 
4,1 36,436 
4,1 73,496 

1 982: 4,322,379 
4,323,417  

1 983: 4,369,498 
4,407,320 

Textron Electron ics, I nc. 
1 969: 3,450,568 
1 970 3,502,507 
1 971 : 3,575,721 
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Textron, Inc. 
1 970: 3,502,507 
1 971 : 3,575, 721 

Thomson-CSF 
1 979: 4,151 ,058 
1 982: 4,321 ,420 

4,344,984 
4,366,334 

Tideland Signal Corporation 
1 978: 4,097,308 

Time Computer, I nc. 
1 975: 3,928,960 

Timex Corporation 
1 970: 3,509, 712 

Tohoku University 
1 981 : 4,255,501 

Tokyo Shibaura Denki K.K. 
1 981 : 4,298,410 

Tokyo Shibaura Electric Co. 
1 974: 3,793,069 

Tom Swift Enterprises, Inc. 
1 979: 4,1 79,627 

Transitron Electronic Corporat ion 
1 963: 3, 1 1 2,230 

Triumph Werke NOrnberg, A. G. 
1 979: 4,1 64,698 

Tung-Sol Electric I nc. 
1 964: 3,1 52,926 

TRW, Inc. 
1 966: 3,262,694 
1 969: 3,459,597 
1 970: 3,515,594 

3,562,020 
1 971 : 3,600,599 
1 973: 3, 708,669 
1 97 4: 3,833,426 

3,837,924 
1 975: 3,925, 1 03 
1 979: 4,1 54,998 
1 981 : 4,257,821 

4,267,003 
1 982: 4,334,354 

Un ited Kingdom of Great Britain 
and Northern I reland 

1 976: 3,992,233 

United States Air  Force 
1 958: 2,844,640 
1 960: 2,944,165 
1 961 : 2,981 ,777 
1 964: 3,146, 1 38 
1 968: 3,41 8 , 170 
1 969: 3,431 , 150 

3,438,1 20 
1 970: 3,530,007 
1 971 : 3,620,84 7 
1 972: 3,634,424 

3,690,953 
1 975: 3,879,228 
1 976: 3,985,579 
1 977: 4,004,342 
1 978: 4,070,205 

4,1 1 6,71 7 
1 983: 4,385,1 98 

4,400,221 
4,409,423 
4,420,650 



United States Army 
1 955: 2,71 1 ,379 
1 960: 2,962,539 
1 961 : 2,999,240 
1 971 : 3,573,1 77 
1 972: 3,645,633 
1 973: 3,751 ,303 
1 975: 3,929,510  

3,929,527 
1 976: 4,000,505 
1 979: 4,1 60,045 
1 980: 4,236,938 

United States Department of Energy 
1 978: 4,1 05,470 

4,1 1 0,049 
4,1 1 8,249 
4,1 29,463 

1 979: 4,1 47,563 
4,1 52,1 75 

1 980: 4,181 ,538 
4,237,1 50 
4,237,151 
4,237,332 

1 981 : 4,278,474 
4,287,473 
4,292,093 
4,299,648 

1 982: 4,350,836 
4,364,508 

1 983: 4,409,424 

Un ited States N avy 
1 969: 3,435,328 
1 973: 3,71 6,424 

3,740,636 
3,769,091 

1 974: 3,81 1 , 1 81 
3,833,425 

1 975: 3,885,058 
3,887,446 

1 976: 3,961 ,998 
3,964,1 55 

1 978: 4,084, 1 72 
1 979: 4,1 37,098 
1 981 :  4,263,064 
1 983: 4,419,532 

Un ited States Secretary of the Interior 
1 974: 3,798, 1 40 

Un ited States Energy Research and 
Development Admin istration 

1 977: 4,002,499 
4,029,51 9  

The United States Time Corporation 
1 969: 3,448,575 

University of Cal i fornia 
1 980: 4,200,472 
1 981 : 4,255,212 

Un iversity of Delaware 
1 981 : 4,251 ,286 

4,251 ,287 
1 982: 4,31 8,938 

4,328,390 
4,342,879 

1 983: 4,377,723 
4,401 ,052 

University of M i nnesota 
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4,404,734 
4,412,091 
4,41 4,252 

Cells from I I I ·V M aterials 
1960: 2,929,859 

1963: 3,082,283 
3,092,725 

1 965: 3,21 5,571 
3,224,913 

1 966: 3,264,707 

1 967: 3,322,575 
3,340,599 

1 968: 3,368, 1 25 
3,373,321 

1 969: 3,436,625 
3,457,467 

1 97{): 3,508,126 

1 972: 3,675,026 

1 973: 3,758,348 

1 974: 3,836,399 
3,839,084 

1 975: 3,865,625 
3,929,527 

1 976: 3,941 ,624 
3,975,555 
3,982,265 
3,990,101 
3,992,233 
3,993,506 

1 977: 4,002,031 
4,01 7,332 
4,053,918 

1978: 4,070,205 
4,082,569 
4,1 07,723 
4,1 1 6,71 7 
4,1 22,476 
4,1 26,930 
4,1 28,733 

1 979: 4,1 54,625 
4,155,781 
4, 1 56,310 
4,1 58,577 
4,1 59,354 
4,1 63,987 
4,1 71 ,235 
4,1 79,308 
4,1 79,702 

1 980: 4,1 91 ,593 
4,1 97,141 
4,206,002 
4,213,801 
4,227,941 
4,235,651 

1 981 : 4,246,050 
4,248,675 
4,255,206 
4,255,21 1 
4,258,647 
4,263,064 
4,273,594 
4,274,890 
4,276,1 37 
4,278,473 
4,278,474 
4,278,830 
4,287,485 
4,287,848 
4,291 ,323 
4,307,680 

1 982: 4,321 ,099 
4,329,1 89 
4,332,974 
4,338,480 
4,356,341 
4,365,107 
4,366,334 

1 983: 4,370,510 
4,385,1 98 
4,388,383 
4,389,291 
4,392,297 
4,395,293 
4,400,221 
4,404,421 
4,41 6,052 
4,421 ,592 

Characterization and 
Analysis 
1 951 : 2,554,225 

1 960: 2,945,417 

1 963: 3,077,539 

1 967: 3,325,723 
3,334,217 
3,350,635 

1 968: 3,390,576 

1 969: 3,435,328 
3,480,781 

1 970: 3,51 3,536 
1 971 : 3,617,137 

3,630,627 

1 972: 3,670,202 
3,694,739 

1 973: 3,734,632 

1 978: 4,076,977 
4,082,682 
4,090,071 
4,1 22,383 

1 980: 4, 1 84, 1 1 1  
4,205,265 

1 981 : 4,273,421 
4,287,473 
4,301 ,409 

1 983: 4,372,680 
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Other PV Devices and 
Concepts 

'h 
! 

1 952: 2,588,254 
2,622, 1 1 7  

1 958: 2,847,585 

1 959: 2,877,284 
2,903,631 
2,904,6 1 3  

1 960: 2,944,1 65 
2,949,498 
2,953,621 

1 961 : 2,986,591 
3,009,006 
3,009,841 

1 962: 3,01 5,762 
3,031 ,520 
3,046,323 
3,046,459 
3,053,923 
3,057,945 
3,057,947 

1 963: 3,072,507 
3,082,283 
3,1 1 1 ,61 1 
3,1 1 3,047 
3,1 1 4,658 

1 964: 3,1 32,057 
3,1 48,084 

1 965: 3,1 75,929 
3,1 86,873 
3,201 ,665 
3,21 5,571 
3,224,9 1 3  
3,226,271 

1 966: 3,261 ,726 
3,284,241 · 

1 967: 3,31 0,439 
3,322,575 

1 968: 3,396,057 

1 969: 3,421 ,946 
3,426,21 2 
3,483,037 

1 970: 3,496,024 
3,500 , 1 35 
3,507,706 
3,530,007 
3,547,596 

1 971 : 3,591 ,431 
3,620,829 

1 972: 3,634,424 
3,653,971 
3,690,953 
3,705,059 

1 973: 3,760,240 

1 974: 3,844,843 

1 975: 3,879,228 
3,900,945 
3,905,836 

1 976: 3,936,31 9  
3,948,682 
3,956,01 7 
3,972,732 
3,975,632 
3,976,508 
3,978,333 

3,978,510 
3,985,579 
3,990,914 
3,994,012  
3;998,659 

1 977: 4,0 1 1 , 149 
4,01 1 ,578 
4,01 5,280 
4,016,586 
4,01 7,332 
4,024,558 
4,028,206 
4,037,029 
4,039,357 
4,042,758 
4,044,372 
4,046,594 
4,053,326 
4,060,426 
4,061 ,555 
4,062,038 
4,062,698 
4,064,522 

1 978: 4,066,527 
4,074,305 
4,081 ,290 
4,081 ,820 
4,082,570 
4,084,044 
4,086,1 02 
4,094,704 
4,094,751 
4,099,1 99 
4,101 ,341 
4,1 04,084 
4,1 05,470 
4,1 06,951 
4,1 08,684 
4, 1 1 0, 122 
4,1 1 2,457 
4,1 1 3,531 
4,1 1 5,633 
4,1 1 8,548 
4,1 1 9,768 
4,1 21 ,238 
4,1 22,407 
4,1 24,464 
4,1 25,414 
4,1 27,449 
4,1 27,738 
4,1 28,732 
4,1 29,458 

1 979: 4,131 ,984 
4,1 33,698 
4,1 35,290 
4,1 35,537 
4,1 36,436 
4,1 37,096 
4,1 44,096 
4,1 55,785 
4,1 58,577 
4,1 60,678 
4,1 60 ,816 
4,1 64,431 
4,1 72,925 
4,1 73,497 
4,1 75,981 
4,1 75,982 
4,1 77,093 
4,1 80,625 

1 980: 4,1 93,821 
4,1 97, 142 
4,1 99,383 
4,202,004 

4,204,21 6 
4,21 2,932 
4,21 4,91 6 
4,21 5, 185 
4,227,943 
4,233,613 
4,235,955 
4,236,938 
4,240,882 

1 981 : 4,251 ,679 
4,255,21 1 
4,255,501 
4,281 ,053 
4,289,920 
4,295,002 
4,296,188 
4,297,717 

1 982: 4,31 0,405 
4,31 5,973 
4,320,249 
4,335,503 
4,338, 1 80 
4,341 ,91 8 
4,343,870 
4,348,545 
4,352,722 
4,352,868 
4,357,400 
4,357,486 
4,360,702 
4,360,703 
4,366,335 
4,366,337 

1 983: 4,367,369 
4,368,216 
4,377,445 
4,381 ,233 
4,381 ,978 
4,385,102 
4,388,382 
4,388,383 
4,388,384 
4,396,485 
4,400,451 
4,400,868 
4,406,913 
4,407,320 
4,41 0,758 
4,41 4,300 
4,41 6,959 

Polycrystall i ne and Ribbon 
Sil icon Cells 

' 
I 

1 965: 3,201 ,665 

1 975: 3,900,943 
1 976: 3,961 ,997 

3,984,256 

1 977: 4,003,770 
4,004,949 
4,036,666 
4,056,404 
4,062,034 

1 978: 4,070,206 
4,077,818 
4,095,329 
4,099,986 
4,101 ,923 
4,101 ,925 
4,1 1 3,532 
4,124,410  
4,1 28,680 
4,1 29,463 
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1 979: 4,1 37,355 
4,1 52,535 
4,1 52,536 
4,171 ,997 
4,1 75,610  

1 980: 4,1 87,1 24 
4,1 87, 1 26 
4,1 94,212 
4,230,508 

1 981 : 4,249,957 
4,250, 1 48 
4,273,950 
4,289,571 

1 982: 4,309,225 
4,323,419  
4,329,1 95 
4,343,829 
4,343,830 

1 983: 4,379,020 
4,383,1 30 
4,390,743 
4,401 ,840 
4,402,771 
4,406,913 

Single Crystal Si l icon Cells 

1 969: 3,421 ,946 
3,422,527 
3,434,885 
3,460,240 
3,462,31 1 
3,471 ,924 
3,483,039 

1 970: 3,490,965 
3,493,822 
3,51 3,040 
3,541 ,679 

1 971 : 3,591 ,420 
3,61 5,855 

1 972: 3,653,971 
3,664,874 
3,682,708 
3,690,953 

1 973: 3,736,1 80 
3,769,558 
3,772,768 
3,772,770 

1 974: 3,793,082 
3,802,924 
3,81 1 ,954 

1 975: Re. 28,610  
3,888,698 
3,895,975 
3,907�595 
3,91 2,540 
3,914,856 
3,925,802 
3,928,073 

1 976: 3,936,31 9  
3,948,682 
3,952,323 
3,956,765 
3,969,746 
3,973,994 
3,982,964 
3,985,579 
3,988,1 67 
3,990,097 
3,996,067 
4,000,505 

1 977: 4,001 ,864 
4,003,756 
4,004,949 
4,028,151 
4,028,720 
4,029,51 8 
4,038,104 
4,055,442 
4,056,879 
4,058,418 

1 978: 4,070,689 
4,072,541 
4,078,945 
4,082,570 
4,090,213 
4,097,31 0 
4,101 ,351 
4,1 04,091 
4,1 05,471 
4,1 06,047 
4, 1 1 0, 122 
4,1 28,732 
4,1 29,458 
4,131 ,486 
4,131 ,488 

1 979: 4,131 ,984 
4,1 33,698 
4,1 35,950 
4,1 35,998 
4,1 37,095 
4,1 39,858 
4, 1 40,142 
4,1 40,610  
4,141 ,020 
4,141 ,81 1 
4,1 44,096 
4,1 47,563 
4, 1 52,175 
4,1 52,824 
4,1 53,907 
4,1 56,622 
4,1 58,591 
4,1 62, 1 74 
4,1 62,177 
4,1 63,678 
4,1 65,241 
4,1 69,738 
4,1 73,496 
4,1 74,561 
4,1 74,978 
4, 1 79,31 8 

1 980: 4,181 ,538 
4,1 90,852 
4,1 93,081 
4,1 98,262 
4,1 99,377 
4,201 ,622 
4,21 9,830 
4,224,084 
4,226,0 1 7  
4,227,940 
4,227,942 
4,235,644 
4,239,810  
4,240,842 

1 981 : 4,249,959 
4,251 ,285 
4,253,882 
4,255,212 
4,256,51 3  
4,270,972 
4,278,474 
4,278,704 
4,278,831 
4,283,589 
4,292,461 
4,293,732 
4,297,391 
4,301 ,323 
4,301 ,592 

1 982: 4,31 1 ,870 
4,31 5,097 
4,320,247 
4,320,251 
4,322,253 
4,322,571 
4,330,680 
4,331 ,703 
4,332,973 
4,335,503 
4,336,281 
4,338,481 
4,338,482 
4,341 ,91 8 
4,342,795 
4,343,829 

. 4,343,962 
4,343,963 
4,347,262 
4,347,263 

1 951 : 2,537,255 
2,537,256 
2,537,257 

1 953: 2,631 ,356 

1 955: 2,71 1 ,379 

1 957: 2,780,765 

1 958: 2,862;1 60 

1 959: 2,873,303 

2,91 9,299 

1 960: 2,938,938 

1 961 : 2,993,945 

1 962: 3,01 5,590 
3,01 5,762 
3,046,324 
3,053,926 

1 963: 3,076,861 
3,078,328 
3,081 ,370 
3,091 ,555 
3,1 02,828 
3,1 1 2,230 

1 964: 3,1 28,213 
3,1 47,41 4 
3,1 50,999 
3,151 ,379 

1 966: 3,247,428 
3,261 ,074 

•3,278,337 
3,278,81 1 

1 967: 3,31 1 ,510  
3,350,775 
3,359,137 

1 968: 3,361 ,594 
3,369,939 
3,373,321 
3,41 1 ,952 
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4,347,264 
4,348,254 
4,349,691 
4,350,561 
4,352,948 
4,353,1 60 
4,355,1 96 
4,360,701 
4,361 ,718 
4,361 ,950 

1 983: Re. 31 , 1 51 
1 02,801 
4,367,368 
4,368,083 
4,375,007 
4,376,872 
4,377,901 
4,379,202 
4,379,944 
4,392,01 1 
4,393,576 
4,404,422 
4,409,422 
4,409,423 
4,420,650 

Collectors 

Concentrator Collectors 
(design, components, 
production) 
1 959: 2,91 9,298 

1 962: 3,01 8,31 3 

1 964: 3,1 34,906 

1 966: 3,229,579 

1 967: 3,350,234 

1 968: 3,376,165 
3,41 9,434 

1 969: 3,427,200 
1 976: 3,988,166 

3,999,283 

1 977: 4,003,756 
4,01 9,924 
4,021 ,267 
4,023,368 
4,024,852 
4,029,519 
4,042,417 
4,045,246 
4,056,405 

1 978: Re. 29,833 
4,069,812 
4,081 ,289 
4,088, 1 1 6  
4,088,121 
4,1 1 0, 1 23 
4, 1 1 5,149 
4,1 1 8,249 
4,1 27,425 
4 , 130,445 
4,131 ,485 

1 979: 4,1 43,234 
4,1 44,097 
4,1 46,407 
4,1 47,561 
4,1 49,902 
4,151 ,005 
4,1 52,1 74 

4,1 53,474 
4,153,813 
4,1 55,371 
4,159,212 
4,162,1 74 
4,166,91 7 
4,1 69,738 
4,1 72,739 
4,1 72,740 
4,173,213 
4,1 75,980 
4,1 77,083 
4,180,414 

1 980: 4 ,187,123 
4,1 88,238 
4,1 88,239 
4,1 90,465 
4,191 ,593 
4,191 ,594 
4,193,819 
4,1 99,376 
4,200,472 
4,204,881 
4,21 1 ,581 
4,223,1 74 
4,234,354 
4,238,246 

1 981 : 4,248,643 
4,249,959 
4,25 1 ,284 
4,25 1 ,288 
4,255,212 
4,268,709 
4,280,853 
4,291 ' 1 91 
4,304,955 

1 982: 4,31 6,448 
4,328,389 
4,329,535 
4,332,973 
4,352,948 
4,357,486 
4,360,701 
4,361 ,71 7 

1 983: 4,367,366 
4,367,367 
4,388,481 
4,41 1 ,490 

Flat Plate Collectors 
(design, components, 
production) 
1 959: 2,904,613 

1 960: 2,962,539 

1 961 : 2,989,575 

1 962: 3,025,335 
3,040,416 

1 963: 3,094,439 

1 964: Re. 25,647 
3,1 52,926 

1 966: 3,232,795 
3,255,047 
3,262,694 
3,268,366 

1 967: 3,330,700 
3,340,096 
3,346,419 

1 968: 3,369,939 
3,370,986 
3,375,1 41 

3,376,164 
3,378,407 
3,41 1 ,952 
3,41 8,1 70 

1 969: 3,421 ,943 
3,422,527 
3,427,459 
3,433,677 
3,437,527 
3,438, 1 20 
3,446,676 
3,450,568 
3,454,774 
3,457,427 
3,459,597 
3,466,1 98 
3,472,698 
3,483,038 

1 970: 3,493,437 
3,502,507 
3,509,355 
3,509,431 
3,527,61 9  
3,532,551 
3,541 ,679 
3,546,542 

1 971 : 3,553,030 
3,562,020 
3,565,719 
3,571 ,91 5 
3,574,925 
3,575,721 
3,61 5,853 
3,61 6,528 
3,620,847 

1 972: 3,653,970 
3,654,036 
3,658,596 

1 973: 3,713,893 
3,769,091 
3,780,424 

1 974: 3,802,920 
3,81 1 , 1 81 
3,81 9,41 7 
3,833,425 
3,833,426 
3,837,924 
3,849,880 

1 975: 3,866,285 
3,874,931 
3,887,935 
3,91 2,539 
3,925,1 03 

1 976: 3,952,324 
3,953,876 
3,957,537 
3,964,1 55 
3,971 ,672 
3,973,996 
3,977,904 
3,989,541 
3,994,012 

1 977: Des. 245,330 
4,001 ,863 
4,009,054 
4,01 9,924 
4,025,786 
4,038,1 04 
4,040,867 
4,043,834 
4,045,245 
4,056,404 
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4,057,439 
4,063,963 

1 978: 4,067,764 
4,078,944 
4,083,097 
4,084,985 
4,089,576 
4,089,705 
4,093,473 
4,095,997 
4,097,308 
4,097,309 
4,1 04,083 
4,1 08,704 
4,1 1 6,207 
4,1 1 6,718  
4,1 22,214 
4,131 ' 1 23 
4,131 ,659 
4,131 ,755 

1 979: Re. 30, 147 
4,1 32,570 
4,1 33,697 
4,1 39,399 
4, 1 40,142 
4,1 40,545 
4,1 47,560 
4,1 49,665 
4,151 ,005 
4, 1 52,1 74 
4,1 53,475 
4,1 53,476 
4,1 54,998 
4,1 56,309 
4,1 62,928 
4,1 67,644 
4,1 70,507 
4,1 73,494 
4,1 73,496 
4,1 73,820 
4,1 79,318 
4,1 79,627 

1 980: Re. 30,292 
4,1 84,894 
4,1 84,903 
4,1 86,033 
4,1 89,881 
4,1 91 ,794 
4,1 93,081 
4,1 93,820 
4,203,646 
4,209,347 
4,21 0,462 
4,21 9,368 
4,21 9,926 
4,224,081 
4,226,256 
4,227,298 
4,228,570 
4,231 ,807 
4,233,085 
4,234,351 
4,235,643 
4,236,937 
4,239,555 
4,241 ,493 

1 981 : 4,243,432 
4,245,386 
4,249,958 
4,254,546 
4,257,821 
4,262,161 
4,262,41 1 
4,265,422 

'4,267,003 
4,287,382 
4,292,092 
4,294,602 
4,296,270 

1 982: 4,31 0,21 1 
4,31 1 ,869 
4,31 3,022 
4,31 3,023 
4,315,096 
4,31 8,938 
4,321 ,416 
4,321 ,41 7 
4,321 ,418 
4,321 ,419 
4,322,261 
4,323,719 
4,329,534 
4,330,680 
4,331 ,492 
4,331 ,494 
4,334,354 
4,336,413 
4,340,507 
4,340,803 
4,348,546 
4,350,836 
4,353,161 
4,358,331 
4,362,895 
4,364,508 

1 983: 4,367,365 
4,367,581 
4,370,509 
4,371 ,739 
4,374,406 
4,374,955 
4,379,324 
4,380,1 1 2  
4,382,833 
4,383,129 
4,392,009 
4,394,529 
4,401 ,839 
4,407,320 
4,409,537 
4,419,530 
4,41 9,531 
4,421 ,943 

Materials Production 
and Processes 
{puri fication, 
deposition, doping) 
1 951 : 2,537,255 

2,537,256 
2,537,257 

1 953: 2,631 ,356 

1 955: 2,71 1 ,379 

1 957: 2,794,846 

1 958: 2,861 ,01 8 . 
2,861 ,909 

1 959: 2,903,631 

1 960: 2,932,592 

1 961 : 2,972,521 
2,997,415 
3,009,841 

1 962: 3,015,590 
3,023,079 
3,023,080 
3,026,1 75 
3,039,896 
3,046,324 
3,051 ,636 

1 963: 3,072,507 
3,091 ,555 
3,095,324 
3,1 02,828 
3,1 06,489 

1 964: 3,1 28,213 
3,1 29,061 
3,1 48,084 
3,151 ,378 
3,151 ,379 

1 965: 3,172,791 
3,1 94,700 
3,21 2,921 
3,226,271 

1 966: 3,253,951 
3,261 ,074 
3,261 ,726 
3,264,707 
3,284,252 

1 967: 3,340,599 
3,350,775 
3,351 ,51 6 

1 968: 3,361 ,594 
3,368, 1 25 
3,373,059 
3,374,108 
3,382,099 
3,396,057 
3,41 6,956 
3,41 9,484 

1 969: 3,431 , 1 50 
3,437,328 
3,442,007 
3,460,240 
3,472,690 
3,480,473 

1 970: 3,490,965 
3,492,1 87 
3,496,024 
3,508,063 
3,509,431 
3,520,732 
3,521 ,350 
3,530,053 
3,531 ,335 
3,546,542 
3,547,596 
3,549,41 1 

1 971 : 3,568,306 
3,571 ,915 
3,573,1 77 
3,585,714 
3,586,541 
3,591 ,431 
3,599,059 
3,61 5,855 
3,61 5,877 

1 972: 3,649,383 
3,671 ,291 
3,679,949 
3,681 ,036 
3,695,91 0 
3,705,059 
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1 973: 3,71 6,424 
3,732,471 
3,736, 1 80 
3,758,348 
3,764,325 
3,772,768 
3,772,770 
3,778,684 

1 974: 3,793,069 
3,798,1 40 
3,839,084 
3,847,758 

1 975: 3,865,625 
3,880,633 
3,884,779 
3,885,058 
3,887,446 
3,887,995 
3,888,697 
3,895,975 
3,897,325 
3,900,943 
3,902,920 
3,903,324 
3,904,453 
3,905,836 
3,91 1 ,469 
3,91 4,856 
3,922,774 
3,929,527 

1 976: 3,941 ,624 
3,949,463 
3,953,876 
3,960,620 
3,961 ,997 
3,961 ,998 
3,969,1 63 
3,974,002 
3,975,21 1 
3,977,904 
3,977,934 
3,982,265 
3,990,097 
3,990,1 00 
3,992,233 
3,993,533 
3,998,659 

1 977: 4,003,770 
4,004,342 
4,01 8,626 
4,01 9,884 
4,027,053 
4,028,1 51 
4,028,206 
4,035,1 97 
4,036,666 
4,039,357 
4,042,447 
4,048,372 
4,052,1 81 
4,056,879 
4,058,41 8  
4,062,1 02 

1 978: 4,066,481 
4,066,527 
4,068,020 
4,070,205 
4,070,444 
4,070,689 
4,077,81 8  
4,082,568 
4,084,024 
4,086,1 01 
4,086,102 

4,087,571 
4,092,446 
4,095,004 
4,095,006 
4,099,986 
4,101 ,351 
4,101 ,925 
4,1 02,764 
4., 1 02,765 
4,1 02,766 
4,1 02,767 
4,1 02,985 
4,1 04,091 
4,1 04,420 
4 ,108,714 
4, 1 1 2 ,135 
4,1 1 3,532 
4,1 1 5,625 
4,1 1 6,641 
4,1 20,705 
4,1 20,743 
4,121 ,965 
4,1 22,407 
4,124,410  
4 , 124,41 1 
4,1 24,455 
4,1 29,463 
4,131 ,659 

1 979: 4,1 32,571 
4,1 37,096 
4 ,137,123 
4,1 37,355 
4,1 38,509 
4,1 39,857 
4,140,610  
4,141 ,764 
4,141 ,81 1 
4 ,142,195 
4,1 43,235 
4, 144, 1 39 
4,1 46,657 
4,1 47,563 
4,1 47,564 
4,151 ,058 
4,1 52,535 
4,155,781 
4,1 55,785 
4,158,717 
4,1 59,354 
4,1 60,045 
4,161 ,41 8 
4,1 65,558 
4,1 66,880 
4,1 67,805 
4,1 69,739 
4,1 69,740 
4,1 70,667 
4,171 ,235 
4,171 ,991 
4,171 ,997 
4,1 74,234 
4,1 74,561 
4,1 74,978 
4 ,175,610 
4,1 77,093 
4,1 77,473 
4 ,178,1 75 
4,1 78,415 
4,180,618 

1 980: Re. 30,412 
4,181 ,755 
4,187,124 
4, 1 87, 1 26 
4,1 90,852 
4,1 92,720 
4,1 92,721 

4,1 93,974 
4,194,212 
4,196,041 
4,1 96,438 
4,1 98,262 
4,1 99,383 
4,1 99,397 
4,201 ,798 
4,203,785 
4,204,933 
4,21 4,920 
4,21 7,374 
4,224,355 
4,225,367 
4,225,408 
4,226,643 
4,227,291 
4,227,941 
4,227,942 
4,229,231 
4,230,508 
4,23 1 ,808 
4,233,270 
4,233,338 
4,233,613 
4,235,651 
4,235,662 
4,237,150 
4,237,151 
4,238,436 
4,239,583 
4,239,585 
4,239,734 
4,239,809 
4,239,81 0 
4,242,374 

1 981 : 4,243,471 
4,246,050 
4,247,528 
4,250,148 
4,251 ,285 
4,251 ,287 
4,251 ,289 
4,251 ,327 
4,252,861 
4,252,865 
4,253,919 
4,254,093 
4,255,206 
4,255,208 
4,256,544 
4,256,681 
4,258,647 
4,263,064 
4,265,933 
4,268,71 1 
4,270,972 
4,273,608 
4,273,950 
4,274,890 
4,278,473 
4,281 ,208 
4,283,590 
4,285,762 
4,287,485 
4,287,848 
4,289,571 
4,291 ,31 8  
4,292,092 
4,292,093 
4,292,342 
4,292,343 
4,294,81 1 
4,296,1 88 
4,297,71 7 
4,298,410  
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4,298,423 
4,298,587 
4,299,648 
4,303,463 
4,304,763 
4,305,776 
4,307,680 
4,307,681 
4,308,245 

1 982: 4,309,225 
4,309,239 
4,309,241 
4,31 1 ,728 
4,31 2,700 
4,31 3,254 
4,314,128 
4,31 4,525 
4,31 7,689 
4,31 8,942 
4,31 9,953 
4,320,154 
4,320,168 
4,321 ,099 
4,321 ,246 
4,321 ,283 
4,321 ,420 
4,322,253 
4,322,379 
4,322,571 
4,323,417  
4,325,986 
4,327,1 1 9  
4,328,258 
4,328,260 
4,329,1 89 
4,329,1 95 
4,329,699 
4,330,182 
4,330,358 
4,330,359 
4,331 ,707 
4,332,838 
4,335,266 
4,338,362 
4,339,470 
4,340,627 
4,341 ,589 
4,344,984 
4,345,967 
4,348,428 
4,353,1 60 
4,356,141  
4,357,1 79 
4,357,200 
4,357,201 
4,360,542 
4,361 ,529 
4,362,896 
4,366,024 
4,366,337 

1 983: 4,366,771 
4,368,083 
4,368,21 6  
4,369,099 
4,370,510 
4,374,1 82 
4,3n,564 
4,377,604 
4,377,901 
4,379,020 
4,382,099 
4,382,838 
4,383,1 30 
4,388,483 
4,389,291 

4,390,743 
4,392,297 
4,392,451 
4,392,931 
4,398,343 
4,400,221 
4,400,244 
4,400,409 
4,401 ,052 
4,402,762 
4,403,398 
4,404,076 
4,404,421 
4,404,734 
4,405,435 
4,407,061 
4,407,71 0 
4,409,1 34 
4,409,422 
4,41 0,558 
4,41 0,559 
4,41 0,758 
4,41 4,252 
4,41 7,092 
4,41 9,1 78 
4,421 ,592 

Optics and Trackers 
(lenses, reflectors, 
tracking devices, and 
related components) 
1 959: 2,877,284 

1 962: 3,01 8,313 

1 963: 3,085,565 

1 966: 3,229,682 
3,252,023 

1 969: 3,484,606 

1 970: 3,491 ,237 
3,51 5,594 
3,546,460 

1 973: 3,751 ,303 

1 975: 3,912,931 
3,929,510  

1 976: 3,958,970 
3,971 ,672 

1 977: 4,002,499 
4,021 ,267 
4,031 ,385 
4,041 ,307 
4,052,228 
4,053,327 

1 978: 4,082,947 
4,086,485 
4,088,1 1 6  
4,088,1 21 
4,088,508 
4,1 08,540 

1 979: 4,1 34,387 . 
4,1 40,544 
4,1 44,097 
4,1 46,408 
4,1 47,561 
4,1 48,297 
4,1 48,298 
4,1 48,299 
4,1 49,902 
4,1 53,475 

4,1 53,476 
4,1 53,81 3 
4,1 55,371 
4,1 64,432 
4,1 72,739 
4,1 73,495 
4,1 79,612 

1 980: 4,1 84,482 
4,1 88,238 
4,1 88,239 
4,1 90,465 
4,1 99,376 
4,202,704 
4,223,21 4 
4,227,939 
4,237,332 
4,238,246 
4,242,1 47 
4,242,580 

1 981 : Re. 30,584 
4,246,042 
4,249,516 
4,251 ,284 
4,253,880 
4,257,676 
4,260,219 
4,262,206 
4,264,1 24 
4,268,709 
4,290,41 1 
4,292,959 
4,296,731 
4,297,521 
4,298,802 
4,301 ,321 

1 982: 4,31 2,330 
4,31 3,024 
4,31 6,448 
4,321,417 
4,324,946 
4,326,012 
4,328,389 
4,328,41 7  
4,329,534 
4,329,535 
4,337,758 
4,337,759 
4,345,582 
4,350,837 
4,355,630 

1 983: 4,367,366 
4,367,367 
4,367,403 
4,377,722 
4,385,430 
4,392,006 
4,395,581 
4,404,465 
4,41 1 ,490 
4,41 8,238 

Systems 

PV-Hybrid Systems 
(PV-thermal, 
photoelectrochem ical) 
1 962: 3,031 ,520 

3,053,923 

1 963: 3,1 1 3,047 
3,1 1 4,658 

1 967: 3,331 ,707 
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1 968: 3,383,246 

1 969: 3,427,459 
3,433,676 
3,444,946 
3,483,040 

1 970: 3,549,960 

1 973: 3,751 ,303 
3,774,865 

1 975: 3,929,51 0 

1 976: 3,956,01 7 
3,971 ,454 
3,976,508 
3,988,166 
3,990,914 
3,991 ,741 

1 977: 4,002,031 
4,021 ,323 
4,040,566 
4,050,907 
4,052,782 

1 978: Re. 29,833 
4,069,81 2 
4,080,221 
4,081 ,289 
4,095,997 
4,1 00,051 
4,1 06,482 
4,1 06,952 
4,1 1 0,628 
4,1 1 9,863 
4,1 30,445 

1 979: 4,1 34,393 
4,1 35,537 
4,1 36,436 
4,1 37,097 
4,1 37,098 
4,1 43,233 
4,1 43,234 
4,1 44,095 
4, 1 47,157 
4,1 48,301 
4,1 49,903 
4,1 59,427 
4,161 ,657 
4,1 65,604 
4,1 66,880 
4, 1 66,91 7 
4,171 ,003 
4,1 72,740 
4,1 73,21 3 
4,1 77,795 

1 980: 4,1 82,960 
4,1 84,895 
4,1 86,033 
4,1 87, 1 23 
4,1 91 , 1 64 
4,191 ,594 
4,200,472 
4,205,657 
4,21 0,121 
4,21 0,463 
4,21 7,147 
4,222,371 
4,223,214 
4,224,082 
4,228,789 
4,233,961 
4,234,352 
4,235,221 
4,238,247 
4,242,580 

1 981 : 4,248,643 
4,249,51 6  
4,269,1 68 
4,278,829 
4,280,853 
4,289, 1 1 2  
4,289, 1 1 8  
4,296,731 
4,301,321 
4,304,955 

1 982: 4,313,024 
4,31 6,048 
4,320,246 
4,323,052 
4,326,01 2  
4,326,013 
4,331 ,829 
4,334,120 
4,337,758 
4,339,626 
4,339,627 
4,341 ,607 

1 983: Re. 31 , 156 
4,369,629 
4,370,974 
4,373,308 
4,378,786 
4,381 ,978 
4,389,533 
4,392,007 
4,392,008 
4,395,582 
4,398,053 
4,41 0,757 
4,41 3,157 
4,419,532 

Util ity I ndependent 
Systems and Storage 
Technologies 
1 957: 2,780,765 

1 959: 2,889,490 
2,894, 1 73 
2,919,353 

1 960: 2,946,945 
2,95 1 , 1 63 
2,960,094 

1 963: 3,089,070 

1 964: 3,1 27,552 

1 966: 3,252,023 

1 967: 3,31 7,809 
3,344,334 
3,353,191 

1 969: 3,427,797 
3,448,975 

1 970: 3,509,712 
1 97 1 :  3,582,923 

3,600,599 
3,630,015 

1 972: 3,636,539 
3,643,260 

1 973: 3,740,636 
3,747,327 
3,757,51 1  
3,774,023 
3,774,865 
3,780,519 
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1 974: 3,786,624 
3,81 8,691 
3,823,551 
3,844,840 

1 975: 3,890,776 
3,896,368 
3,899,689 
3,921 ,049 
3,928,960 

1 976: 3,943,726 
3,961,472 
3,971 ,454 
3,979,656 
3,982,963 

1 977: 4,006,583 
4,009,051 
4,009,535 
4,01 7,725 
4,041 ,389 
4,045,663 
4,062,371 

1 978: 4,087,960 
4,090,359 
4,090,577 
4,095,21 7 
4,1 00,427 
4,1 08,405 
4,1 1 7,364 
4,1 22,396 

1 979: 4, 1 64,1 45 
4,1 64,698 
4,1 69,970 
4,1 73,229 
4,1 79,633 

1 980: 4,1 83,628 
4,1 99,894 
4,200,904 
4,209,346 
4,209,735 
4,227,327 
4,234,947 

1 981 : 4,243,928 
4,264,962 
4,274,044 
4,275,525 
4,281 ,278 
4,281 ,369 
4,293,808 
4,-306,1 83 

1 982: 4,310,987 
4,31 1 ,953 
4,313,078 
4,31 4,192 
4,314,198 
4,319,31 0 
4,322,908 
4,327,31 6 
4,327,31 8 
4,333,136 
4,333,262 
4,349,775 
4,361 ,295 
4,364,532 



1 983: 4,367,633 
4,369,498 
4,376,347 
4,379,588 
4,384,259 
4,387,999 
4,388,487 
4,409,538 
4,41 5,133 
4,422,031 

Util ity Interactive Systems 
and Interface Technologies 
(power condition ing) 
1 968: 3,384,806 

3,41 9,433 

1 978: 4,075,034 
4,131 ,827 

1 979: 4,1 35,235 
4,1 37,570 
4,1 75,249 

1 981 : 4,281 ,369 

1 983: 4,420,752 

Systems Support 
(testing, maintenance, 
operation, and control) 
1 960: 2,945,417  

1 963: 3,077,539 

1 967: 3,325,723 
3,334,217 

1 968: 3,384,806 
3,390,576 
3,41 9,433 

1969: 3,435,328 
3,480,781 

1 97 1 :  3,582,923 
3,600,599 
3,61 7, 137 
3,626,1 98 
3,630,015 
3,630,627 

1 972: 3,636,539 
3,643,260 
3,645,633 
3,670,202 
3,696,286 

1 973: 3,708,669 
3,740,636 

1 975: 3,879,740 
3,891 ,326 
3,896,368 
3,899,689 
3,921 ,049 

1 976: 3,956,687 
3,979,656 

1 977: 4,01 5,1 1 7  
4,052,657 

1 978: 4,076,977 
4,086,485 
4,090,071 
4,1 00,427 
4,1 1 0,049 
4,1 1 7,364 

4,1 1 8,548 
4,1 22,396 
4,1 29,823 
4,131 ,827 

1 979: 4,1 35,235 
4,163,1 94 
4,1 64,698 
4, 1 68,1 24 
4,1 75,249 

1 980: 4,1 84,1 1 1  
4,200,833 
4,204,147 
4,21 7,633 

1 981 : 4,243,928 
4,266,178 
4,274,044 
4,281 ,278 
4,306,1 83 

1 982: 4,314,198 
4,31 9,1 87 
4,327,318 
4,333,1 36 
4,341 ,607 
4,349,775 
4,355,896 

1983: 4,372,680 
4,373,809 
4,375,662 
4,390,940 
4,409,537 
4,409,538 
4,420,752 
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