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PREFACE 

This report contains the document control information and abstracts for SERI Photovoltaic 
(PV) Program Branch publications resulting from SERI's subcontracted PV research. The 
information is presented for reports published or distributed during fiscal year (FY) 1988. 
In the past, copies of the subcontractor reports were distributed to a broad spectrum of 
researchers in the field of photovoltaics at a considerable cost to the program. In an 
attempt to reduce costs and ensure that all researchers receive those current publications 
that are of specific interest to them, this report will outline these publications, organized 
by technology, on a regular basis. A list of additional publications and sources is included 
herein to provide the photovoltaic community with other sources of information. All of 
the documents represented here are available from the National Technical Information 
Service (NTIS) and can be purchased using the NTIS order form at the end of this 
document. Further information on a given subcontracted program may be obtained from 
the SERI technical monitor identified on each Document Control Page. 

The SERI Photovoltaic Program is sponsored by the U.S. Department of Energy under 
contract No. DE-AC02-83CH10093. The Solar Energy Research Institute is operated by 
Midwest Research Institute for the U.S. Department of Energy. 
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Document Co ntrol 1 1 .  SEAl Report No. 12. NTIS Accession No. 

Page SERI/STR- 2 1 1 - 3214 I') t �'l 001(&, z:; 
4. Title and Subtitle 

3. Recipient's Accession No. 

5. Publication Date 

February 1988 Low-Band- Gap,  Amorphous-Si l i co n-Based Al l oys by 
Photochem i ca l  Va po r Depos i ti on,  Fi nal  Subcontract Report·, 6. 

1 October 1985 -- 30 November 1 986  

7. Author(s) 

B.N . Baron, S.S . Hegedus,  and  S .  C. Jackson 
9.  Performing Organization Name and Address 

Inst i tute of Energy Convers i on 
Un i vers i ty of Del aware 
Newark, Del aware 19716  

12. Sponsoring Organization Name and Address 

Sol ar Energy Res earch Insti tute 
1617 Col e Boul evard 
Gol den, Col orado 80401-3393  

1 5 .  Supplementary Notes 

8. Performing Organization Rept. No. 

10. Project/Task/Work Unit No. 

PV740601 
11. Contract (C) or  Grant (G) No. 

(C) XL-5- 04074-3 
(G) 

13. Type of Report & Period Covered 

Techn i ca l  Subcontract 
14. 

SERI  Techn i cal  Mon i to r: R. Mi tchel l ( 3D3) � 31/- 13 7'f 
1 6. Abstract (limit: 200 words) 

Th i n  fi l ms of hydrogenated amorphous s i l i con-german i um al l oys were depos i ted by 
mercury- sen s i t i zed photochem i ca l  vapor depos i t i on us i ng a novel photo-CVD reactor. 
Th i n  fi l ms of a-S i 1-xGex :H w ith  0 l ess than or equal to x l ess  than or  equa l to 1 
and 1 . 0 l ess than Eg l ess  than 1.8 eV were depos i ted from mi xtures of s i l ane and  
d i s i l ane wi th  germane and i ne rt gas d i l uents at substrate temperatures from 160° 
to 200°C. Al l oy fi l ms were cha racteri zed by measu rements o f  photo- and da rk 
conduct i v i ty, el ectron mob i l i ty- l i feti me product, s ub-band-gap absorpt i on ,  and 

5 den s i ty of states. D i l uti on with hydrogen i ncrea�ed the photovonduct i v i ty to lo
S/em and mob i l i ty-l i feti me product to 6 x 10-8  em /V for a l l oys hav i n g  a band gap 
of  1.4 eV. 

1 7 .  Document Analysis 

a. Descriptors S i l i con  s o l a r  cel l s  ; amorphous state ; th i n  fi l ms ; chemi ca l  
vapor  depos i ti on 

b. Identifiers/Open-Ended Terms 

c. UC Categories 

271 

18. Availability Statement 

Nati onal Techn i ca l  I n formati on Serv i ce 
U . S .  Department of  Commerce 
5285 Port Royal Road 
S pr i ngfi el d, V i rg i n i a  2 2 1 61 

�--���--------------------------- 1 
. Form No. 0069 (6-30-87) 

1 9. No. of Pages 

29 

20. Price 

A03 



Document Control ,1. SEAl Report No. 1 2. NTIS Accession No. 

Page SERI /STR- 21 1- 3256 t:D_E 3 <:j 0 0 I It 7 
3. Recipient's Accession No. 

4. Title and Subtitle 5. Publication Date 

I nvestigation of the Orig i ns of Metastabl e, Light- October 1 987 
Induced Changes in Hydrogenated Amorpho us Si"l icon, 6. 
Ann ual Subcontract Re port, 1 February 1 986 - 28 February 
1 987 

7. Author(s) 

J. D. Cohen 
9. Performing Organization Name and Address 

Departmen t of Physics 
Univers ity of Oregon 
Eu gene, Oregon 97403 

12. Sponsoring Organization Name and Address 

Sola r Energy Research I nstitute 
A Di vis i on of Midwest Research Institute 
161 7 Col e Boul evard 
Gol den, Col orado 80401 -3393 

1 5 .  Supplementary Notes 

8. Performing Organization Rept. No. 

10. Project/Task/Work Unit No. 

PV740201 
11 . Contract (C) or Grant (G) No. 

(C) XB- 6 - 06024-1 
(G) 

13. Type of Report & Period Covered 

Technica l Re port 
1 4. 

Technical Monitor: Byron Sta fford ( '303) :;;t.3/- 7/::t.� 
16. Abstract (Limit: 200 words) Th i s  re port presents res u l ts of an investigation  into the metast
abl e changes in the density of deep mobil ity gap states in hydrogenated amorphous 
sil icon, using a variety of j unct i on capaci tance techni ques . This wo rk extends pre
vious studi es ( usi ng drive- leve l capacitance profilin g ) to some new sampl es . With  
these  measurements, researchers examined how the  distribution of  occu pied gap states 
changes with light soaking and pa rt i al anneal ing through a series of intermediate 
states between states A and B .  The res ul ts on two phosphorus-free sampl es indicate 
no qual itative change from previous res ul ts , which reveal ed a la rge metastabl e in 
crease in the concentration o f  D- centers with l ight soaking,  so phos phorus contam
ination is not crucial to this inc rease . Because such an increase is inconsistent 
with the S i -Si  bond-breaking model , thi s res ul t favors a model i n  which l ocal con
fi gurational changes s hift the  gap-state energies of existing defects . Transient 
photocapacitance was appl ied to undo ped fil ms to investigate metastabl e changes 
in more detail . Resul ts seemed to con firm the magnitude of  the metastabl e defect 
creation found by drive- l evel anal ysis on  the same sampl es.  

1 7 .  Document Analysis 

a. Descriptors Amorphous state ; s ilicon sol ar cel l s  ; energy l osses ; doped material s 
metastabl e states 

b.  Identifiers/Open-Ended Terms 

c. UC Categories 

63  

1 8. Availability Statement 

National  Technical I n formation Service 
U . S .  De partment o f  Comme rce 
5285 Port Royal Road  
Springfield, Virginia 221 6 1  

1 9. No. of Pages 

3 0  

20. Price 
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Document Control , 1 .  SEAl Report No. 1 2. NTIS Accession No. 

Page SER I /STR- 2 1 1 - 3288 l'3:>£'b�D D ll $'"I 
4. Title and Subtitle 

3. Recipient's Accession No. 

5. Publication Date 

February 1988 D iagnost i cs of Gl ow Discharges Used To Produce 
Hydrogenated Amorphous  S i l i con Fi l ms ,  Annual Subcontract 6. 

Report, 15 Apri l 1986- 14 June 1987 

7. Author(s) 

A. Ga l l agher, J. Doyl e, M. He, G. Li n ,  J. Scott 
9. Performing Organization Name and Address 

Nati onal Bureau of Standards 
Boul der, Col orado 

Un i vers i ty of Col orado 
Boul der, Col orado 

12. Sponsoring Organization Name and ADdress 

So l a r  Energy Research Institute 
1617  Col e Boul evard 
Go l den, Col orado 8040 1- 3393 

15.  Supplementary Notes 

8. Performing Organization Rept. No. 

1 0. Project/Task/Work Unit No. 

PV740201 
1 1 .  Contract (C) or Grant (G) No. 

(C) DB-4-04078-1  
(G) 

13. Type of Report & Period Covered 

Techn i ca l  Report 
14. 

SERI Techn i ca l  Mon i tor : W .  Lu ft (303) :l-3/- I g-z._3 
1 6. Abstract (limit: 200 words) 

Th i s  report presents resul ts  of  res earch done to measure the neutral spec i es 
produced i n  s i l an e, s i l ane-hydro gen, d i s i l ane, d i s i l ane- hydrogen, germa ne, germane
hydrogen, and s i l ane-germane d i scharges . Interpretation  and model i ng o f  the data 
i n  terms of di scharge chem i stry are al so  des i rabl e. Mass-spectrometri c measurements 
were made of the stab l e gases fl owi ng through and produced i n  s i l ane, di s i l ane, and 
s i l an e-germane di scharges.  From these observati ons, the d i scharge stoi chi ometry 
was determi n ed and the react i on pathways that l ead to fi l m  depos i t i on cl ari fi ed .  
The importance of one proces s i n g  parameter ( power/fl ow ) i s  expl ai ned, and a h i gh 
rat i o  o f  :gemmane/s i l ane depl eti o n  i n  m i x ed-gas  d i scharg es i s  i dent i fi ed.  A cal cu
l at i on of  rad i cal depos i t i on in  pure s i l ane d i scharges s hows the  domi nance of  S i H3 
depos i t i on at l ow powers and su ggests the reason ( surface mob i l i ty ) why th i s  produce 
goo d- qua l i ty fi lms .  Measu rements of  postdepos i t i on sputt er i n g  o f  a-S i : H  fi l ms were 
d i a gnosed to yiel d the  thi c kness of the H-ri ch,  growi ng  fi l m  surface l ayer, wh ich  i s  
important i n  understandi ng and model i ng the depos i ti on reacti ons a s  wel l a s  the 
effect of i on bombardment on fi l m  propert i es and sputteri ng . A new, potent i al l y  
h i gh-rate depos i t i on method was a l so  d evel oped and studi ed. 

17 .  Document Analysis 

a. Descriptors 

Amorphous state ; s i l i con  sol ar cel l s  ; depos i t i on ; gl ow di scharges 

b. Identifiers/Open-Ended Terms 

c. UC Categories 

271  

18. Availability Statement 

Nat i onal Tech n i ca l  I n formati on  S erv i ce 
U. S.  Department of Commerce 
5285 Port Royal Road 
S pr i ngfi el d,  V i rg i n i a  22161  

�--------------------------------- 3 
Form No. 0069 (6-30-87) 

1 9. No. of Pages 

53 

20. Price 

A04 



Document Control , ,. SEAl Report No. I 2. NTIS Accession No. 

Page S ERI/STR-21 1- 3231 IDS �}/D 0 I I D <i 
4. Title and Subtitle 

Research on H i gh- Effi c i en cy, Stacked , Mul t i j unct i on,  
Amorphous S i l i con Al l oy Th i n - Fi l m  Sol ar Ce l l s, Fi nal 
S ubcontract Report, 1 1  October 1 983  - 30 October 1 986 

7. Author(s) 

J. B raqaqnol o 
9. Performing Organization Name and Address 

Spi re Corporation 
Bedford, Mas s achusetts  01730 

12. Sponsoring Organization Name and Address 

Sol ar Energy Research I nsti tute 
A Di vis i on of  Mi dwest Research I n st i tute 
1 61 7  Cole Boul evard 
Go l den, Col orado 80401 - 3393 

15 .  Supplementary Notes 

3. Recipient's Accession No. 

5. Publication Date 

October 1 987 
6. 

8. Performing Organization Rept. No. 

10. Project/Task/Work Unit No. 

3493. 1 0  
1 1 .  Contract (C) or Grant ( G) No. 

(C) ZB-4-03055- 1 
(G) 

13. Type of Report & Period Covered 

Techn i cal Re port 
1 4. 

Techn i ca l  Monitor: Werner Lu ft (_ 30_3} ?.3/- I �"2.-3 
1 6. Abstract ( Limit: 200 words) Th i s  report covers the thl rd year at a three-year proJeCt to 

devel op  high-effi ci ency, stabl e ,  mu l t i j unct i on amorphous sil i con a l l oy sol ar cell s .  
It  descri bes new de pos i ti on techni ques to obta i n  pi nho l e-free, a-S i : H  al l oy fi l ms 
by avo i d i n g  dust formation i n  the pl asma; the depos i tion o f  l ow-absorptance , tex
tured Sn02 l ayers by thermal CVD of Sn(CH3) ; a more stable , high-re fl ectance 
Ti /Ag bacR contact; the appl i cati on of  the �ew de pos i t i on techn i ques  to ach i eve 
e ffi c i enc i es of 1 0.5% , 1 0.1 %,  and 9 . 4% for a-S i :H p-i-n devi ces ; the devel opment 
of a- ( S i  ,Ge ) : H  ce l l s  w i th e ffi c i enci es from 5.4% for a - ( S i  , Ge ) : H  cel l s  to 7 . 5% for 
graded- ban dgap ce l l s ;  and the deve l o pmen t  of a- Si /a- ( Si ,Ge )  tandem cel l s  wi th  6.5% 
and 7.2% e ffi c ienci es . 

17. Document Analysis 

a. Descriptors Amorphous state ; s i l i con so l a r  cel l s  ; chemi cal vapor de pos iti on ; 
graded band gaps 

b. Identifiers/Open-Ended Terms 

c. UC Categories 

63 

18. Availability Statement 

Nat i onal Techn i cal  Informati on  Servi ce 
U . S .  Department of  Comme rce 
5285 Port Royal Road 
S pr i ngfi e l d, Vi rgi ni a  2 21 61 
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Document Control I 1 .  SEAl Report No. 1 2. NTIS Accession No. 

Page SERI /STR- 2 1 1 - 3332  tlJE <;!'i!OOJ 1/£" 
4. Title and Subtitle 

Opt i mi zat i on of  Trans parent and Refl ect i ng El ectrodes 
for Amorphous ·  Si l i co n  Sol a r Cel l s ,  Fi nal Subcontract 
Report , 1 October 1986 -- 3 1  November 1987 

7 .  Author(s) 

R .  G .  Gordon et a l . 
9. Performing Organization Name and Address 

Department of Chem i st ry 
Harvard Uni vers i ty 
Cambri dge , �1assachus etts 02138  

1 2. Sponsoring Organization Name and Address 

Sol ar Energy Research Insti tute 
1617 Col e Boul evard 
Gol den , Col orado 8040 1-3393 

1 5. Supplementary Notes 

SER I  Techn i ca l Mon i to r :  J .  Oh i 
1 6. Abstract (Limit: 200 words) 

3. Recipient's Accession No. 

5. Publication Date 

June 1988 

6. 

8. Performing Organization Rept. No. 

1 0. Project/Task/Work Unit No. 

1 1 .  Contract (C) or Grant (G) No. 

(C) XB-7-06 1 10-1  
(G) 

13. Type of Report & Period Covered 

Tec hn i ca l  Report 
1 4. 

I n  th i s  research , hydrogenated amorphous s i l i con (a-Si : H ) fi l ms were depos i ted by an 
i nexpens i ve ,  thermal l y  i n du ced , atmo s pheri c- press ure chem i cal vapor depos i t i o n  
( CV D ) proces s . H i gh- qua l i ty fi l ms were grown a t  300 A;s , more than two orders o f  
magn i tude faster than those produced b y  conventi onal gl ow d i s charge . Sources of  
u ncontro l l ed oxygen , boron , phosphoru s , and carbon co ntami nat i on were i denti fi ed and  
el iminated . .  The effi ci ency o f  a-Si sol ar  cel l s  can be i ncreased by  us i ng  rough , 
rather than_smooth , t i n  oxi de as t h e  front-surface trans parent el ectrode , because 
the rough tin oxi de-s i l i con  i nterface i ncreases the absorpt i o n  of red l i ght ( l i ght 
tra ppi n g ) and reduces the refl ect i on  l os s  of l i ght across the whol e s pectrum . We 
produced , by CV D ,  roug h  t i n  oxi de fi l ms from tetramethyl t i n . Cel l s  grown on the 
rough fi l ms had h i gher e ffi c i enci es th?n those grown on  smooth t i n  oxi de . We a l s o  
used a precu rsor t i n  compound  (di methyl t i n  d ich l ori de ) that i s  l es s  costl y and l es s  
hazardous than some others. Rough fi l ms can be grown from d imethyl t i n  d ich l ori de 
more than three t imes faster than from tetramethyl ti n .  To comb i ne the  CVD processes 
we need a l ayer that prevents the t i n  ox i de l ayer from b e i n g  attac ked by the s i l i con 
such as a barri er l ayer of t i tan i um oxi de , wh i ch seems to be  effect i ve . 

17.  Document Analysis 

a. Descriptors Photovol ta i c  cel l s  ; amorphous state ; s i l i co n  sol ar  cel l s  ; 
chemi cal vapo r  depo s i ti on ; e ffi c i ency 

b. Identifiers/Open-Ended Terms 

c. UC Categories 

2 71 

1 8. Availability Statement 

Nati ona l  Techn i cal I nformati on Serv i c e  
U . S .  Department of Commerce 
5285 Port Royal Road 
Spri ngfi el d ,  Vi rg i n i a  2216 1  

. Form No. 0069 (6-30-87) 

1 9. No. of Pages 

72  

20. Price 

A04 
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Document Controt 1 1 .  SEAl Report No. 1 2. NTIS Access1on No. 

Page SER I /STR- 211 - 3343 I.DE gi 00 I 17 (o 
3. Recipient's Access1on No. 

4. Title and Subtitle 5. Publication Date \' 
June  1988 \ 

·Research on  High- Efficiency, S i n g l e-Junction , r·1onol ithic , ...... -------------1 
Thin- Fil m Amorphous Sil icon Sol ar Cel l s ,  Semiannual 6. 

Subcontract Report No . 3 ,  1 Dec . 1 985- 31  Ma y 1986 
7. Author(s) 

F.E . As pen et a 1 . 
9. Performing Organization Name and Address 

El ectron i c  and I n formatio n Sector Latoratories 
3M Company 
St. Pau l , Minnesota 55144 

8. Performing Organization Rept. No. 

1 0. Project/Task/Work Unit No. 

1 1 .  Contract (C) or Grant (G) No. 

(C) ZB- 4-03056-2 
(G) 

r 
L 

��-----�---------------------------------------��------�--------------� r 

12. Sponsoring Orgamzation Name and Address 13. Type of Report & Period Covered 

So l ar Energy Research Institute  Technical Report 
1617  Col e Boul evard 
Gol den , Col orado 80401 

15 .  Supplementary Notes 

14. 

SERI Technical t·1onitor: �L Ha l l ace (3o3)d-3J� 13�c) 
1 6. Abstract (Limrt: 200 words) 

This report describes pro gres s in research on high -efficiency , s in g l e-junction , mono- \ 
l ithic, thin -film amorphous  s il icon sol ar  cel l s. The work was divided into five 
tas ks , wich incl ude research o n  a-Si material s ;  nonsemiconductor materials ;  web 
growth ; and monol ith ic , i ntraconnected cel l s  and submodu l es . Al s o  described is work 
done with a mul tichamber deposition system . Res ul ts incl uded achievin g an optical 
band ga p of 1.73- 1.75 eV in the  intrinsic i-l ayer., A new ro11 coater was acquired.for 
use  as a mul til a yer trans parent top-contact depo s i t i on s ystem. Textured substrates 
were a l so investigated to increase  the short-circuit current . I n  do ping pro fil e 
work , a model indicated that a carbon pro fil e cou l d  be used i n  place of the boron 
profil e to raise  the open-circuit vol ta ge . Sil ver-fil l ed epoxy- I TO contacts were 
found to be  unstab l e  over time . Two web-growth methods were

2
demon strated to obtain 

submodul e performance that is about 80% of  sma l l -area ( 1 em ) efficiency . \1ith the 
mul tichamber depos ition system , a-Si p-i-n l ayers were depos ited onto metal l ized 
pol yimide web in a continuous , rol l -to-rol l process .  

17. Document Analysis 

a. Descriptors Photovol taic cel l s  ; amorphous state· ; s il icon  so l a r cells ; 
thin fil ms ; depositio n  ; doped material s 

b. Identifiers/Open-Ended Terms 

c. UC Categories 

271  

18. Availability Statement 

National  Technical I n formation Service 
U. S .  Department of Commerce 

19. No. of Pages 

65 

l 

' l 

<" 
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Document Control , , . SEAl Report No. , 2. NTIS Accession No. 

Page SER I / STR- 2 1 1- 3350 I)���()()// 1�q 
4. Title and Subtitle 

Res earch on Amorphous -Si l i con-Based Th i n - Fi l m  
Photovo l t a i c  Dev i ces , Semiannual Subcontract Report , 
1 Ju ly  1987--31  December 1987 

7.  Author(s) 
W .  B ottenberg , K. Mi tchel l ,  and R .  W i et i ng 

9. Performing Organization Name and Address 

ARCO Sol a r ,  Inc . 
Camari l l o ,  Cal i forn i a  9301 0 

1 2. Sponsoring Organization Name and Address 

Sol a r  Energy Research Insti tute 
1 617  Col e  Boul evard 
Goden , Col orado 8040 1-3393  

1 5 .  Supplementary Notes 

SER I Techn i cal Mon i tor : 
16. Abstract (Limit: 200 words) 

3. Recipient's Accession No. 

5. Publication Date 

May 1988 
6. 

8. Performing Organization Rept. No. 

1 0. Project/Task/Work Unit No. 

PV840201 
1 1 .  Contract (C) or Grant (G) No. 

<Cl ZB-7-06003-3  
(G) 

13. Type of Report & Period Covered 

Techn i cal Report 

14. 

The object i ve of th i s  work i s  to devel o p  1 3 %  ( aperture area ) effi c i ent , 850-cm2 
fou r-term i nal  hybr id  tandem submodul es .  The mod u l e  des i gn cons i sts o f  a copper
i nd i um-d i sel en i de ( C I S) -based bottom c i rcu i t  and a semi trans parent , th i n- fi l m 
s i l i co n- hydro gen ( T FS ) - based  top c i rcu i t . H i g h-performance , semi transparent 
T FS dev i ces and submodul es were fa bri cated i n  wh i c h  ZnO was used i n  the front and 
rea r transparent conductors . H i gh - performance C I S  dev i ces and submodu l es were 
a l s o  fabri cated ; however , the l ocat i on and nature of  the j unct i o n  are not yet 
understood .  Representat i v e  fou r-term i nal  hybri d  tandem dev i ces and  submodul es 
were fabri cated from TFS and C I S  component c i rcu i ts . Opt i ca l  coupl i n g  between the 
c i rcu i ts was l ower than expected , because  of refl ecti on l osses at key i nterfaces . 
Effi ci enc ies  obta i ned for these dev i ces a nd modu l es i ncl ude 1 4 . 17%  for a four
term i nal , 4-cm2 tandem cel l and 12.3% fo r a four-termi nal , tandem modul e .  

17.  Document Analysis 

a. Descriptors Photovo l ta i c  cel l s ; s i l i con  sol ar cel l s ; copper sel en i de sol ar cel l s  ; 
th i n fi l ms 

b. Identifiers/Open-Ended Terms 

c. UC Categories 

270 

1 8. Availability Statement 

Nat i onal Techn i ca l  I n fo rmati on Servi ce 
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TPr:hnicnl RPnnrt 
14. 

The objecti ve o f  th i s  work i s  to  expl ore th e depos i ti o n  co nd it i ons necessary to 
produce amorphous Si - Ge al l oys w i t h  a band gap near 1 . 3  to 1 . 4 eV who s e  photo
el ectron i c  properti es wi l l  be  comparabl e to those of  a-Si :H . It  i s  ess enti al to 
understand why the photoconduct i vi ty o f  a-Si t-x ·Gex:H:F i s  superi or to that of 
a-Si l- xGex : H ,  wh i l e  mos t  of th e common l y measured opti cal and el ectron i c  properties 
rema i n  unchan ged . The focus of th i s  i nves t i gati o n  was on depos i t i on con d i t i ons.  
and  on the mi crostructure o f  the fi l ms as  revea l ed by transm i s s i on el ectron micro
scopy, ga s evol uti on , and d i fferent i a l  scan n i ng  cal orimetry, concentrat i n g  on  a l l oys 
with  a h i gh Ge content . Fi l ms were made b oth by gl ow d i scharge and by photochemi cal  
vapor deposit i on in  a new type of  apparatus.  Structure� very i mportant in  determi n
ing  photoel ectron i c  properti es , depends on the  total i ty of  the depo s i t i on parameters. 
and it is therefore important to unders tand the con d i t i ons i n  the pl asma and  at· 
the i nterface of the growi ng  fi l m ,  when Si H4, GeH4, and H2 are present in d i fferent 
concentrat i o ns , whatever the method of de pos i t i on . 
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3. Rec1p1ent's Accession No. 
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Techn i cal Report 
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SERI  Techn i cal Mon i tor: W.  Lu ft ( 3c,-3.) ?-- 3) - 1 � 2..3 
1 6. Abstract (Limit: 200 words) 

The pri nc i pa l  object i ve of  the fi rst year of  thi s  research program was to improve 
our  understandi n g  at the mi crosco p i c  l evel of amorphous s i l i con-german i um al l oy 
fi l ms depos i ted under vari ous con di t i ons to as s i st researchers i n  produci ng h i gh er 
qual i ty fi l ms. The method was  a j o i nt theoreti cal  and experi menta l approach to the  
correl ati on  of mucl ear magnet i c  resonance ( NMR) , e l ectron s p i n  resonance ( ESR ) , and 
other character i zati ons , es pec i a l l y  rel ati n g  to rearrangements of  hydrogen. Deuter
on magnet i c  resonance revea l s  the  presence of (and changes i n )  t i g ht l y  bonded 
hydrogen ( deuteri um� wea kl y bonded hydrogen , mol ecu l ar hydro gen , and rotati ng s i l yl 
groups . Ge-D con f i gurat i ons  a ppear to be  more var i ed t han  S i -D .  I t  has been 
shown that ESR hyperfi ne structure res u l ts can be i nterpreted very wel l v i a  dangl i ng 
bonds , but not with  fl oat i ng bonds . The presence of  fl uori ne correl ates with  the  
occurrence of l a rger mi crovo i d  d i mens i ons . 
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16. Abstract (lim1t: 200 words) 

Th is report des cribes resu lts of  research on preparin g  h igh - efficiency photovo l taic 
devices by photochemical vapor deposition of  h igher order s il anes . The photostabil 
ity of these devices was compared to that o f  devices produced by the gl ow-discharge 
technique. Hydrogenated amorphous silicon cel l efficiencies of at lea st 7.5% were 
obta ined us in g  p-i-n struct ures and a l uminum back contacts.  Us ing s il ver contacts 
increased the  efficiency to about 8%. After 6 minutes of l ight soa kin g ,  there was 
no significant di fference between the photostabilities of these cel l s  and those 
produced by  g l ow disch arge. The efficiencies might be increased further  if some 
rema ining probl ems can be addressed , such as  by u s ing a different substrate 
preparation method or a h igher pumping s peed at the deposition chamber . 
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1 0. Project/Task/Work Unit No. 

1 1 .  Contract ( C) or Grant (G) No. 
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(G) 

1 3. Type of Report & Period Covered 

14. 

Th i s  report conta i ns resu l ts of  the fi rst year of research on produ c i n g  p- i -n 
amorphous s i l i co n  so l ar cel l s  w ith  the i ntri ns i c  l ayer depo s i ted from h i gher order 
s i lanes  at depos i ti on rates of 1 nm/s or mor e .  The research was d i v i ded i nto three 
major  areas:  {1 ) d i agnost i c  stu d i es of monos i l ane  and d i s i l ane RF di scharges us i n g  
opti cal emi s s i on s pectroscopy and mas s  spectrometry to ass i st i n  opt i mi z i ng 
d i s charge cond i t i o ns and  gas -phase  proces ses ; ( 2 )  parametri c stu d i es o f  materi a l 
propert i es of  i - l ayers prepared from d i s i l ane as  a fun�t i on of  depos i t i on rate and 
other process parameters ; and ( 3 )  parametric  studi es of p- i -n dev i ces with the 
i - l ayer prepared from d i s i l ane at vari ous  depos i ti on rates . The focus dur i n g  the 
fi rst year was to fabri cate a p- i -n solar ·cel l \'li th  9?& M11.5 effi c i ency over an 
area greater than 0 . 08 cm2 w i th the  i - l ayer depos i ted at 1 nm/s or more . Materi a l  
pro pert i es such as the dark  and  AM1 . 5  l i ght conduct i v i t i es , opt i cal band gap,  and  
conduct i v i ty act i vat io n  energy showed a weak  dependence on  depo s i ti o n  rate . The 
perfo rmance characteri s t i cs of  unopt i mi zed p- i -n sol ar cel l s  wi th i - l ayers prepared 
from di s i l ane were i ndependent of the depo s i t i on rate of the i - l ayer . A p- i -n 
dev i ce was prepared at a rate cl ose to 1 nm/s with an  AM1.5 effi c i ency of  9%.  
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(G) 

13. Type of Report & Period Covered 

Technical Report 
14. 

16. Abstract(Limit::zoowordsl This report contains  resul ts of research on CuinSe sola r  cells 
by spu tter depositio n . Most of the Cuin se2/CdS devices fabricated f�om CuinSe 
deposited by reactive sputtering have been characterized by rel ative l y  l ow ope�
circuit vol tages . Typical valu es range from 0 . 22 to 0 . 32 V .  A contributing 
factor may be  the l ower I n  composition in the top l ayer of composite two-l ayer 
CuinSe fil ms ( Cu-rich base l ayer, I n -rich top l ayer) that we u sed  in cel l fabri
cation? The reason for the l ower I n  content i s  an I n  rej ection process occu rring 
du ring deposition at  el evated temperatu res . Therefore, the maj or empha sis of  
this work was to increase the I n  content in the top l ayer of CuinSe fil ms 
deposited in composite two-l ayer configu rations on Mo-coated, g1ass2 �ubstrates . 
Va riations in the rel ative currents to the Cu and I n  sputtering sou rces ,  the 
H?Se  inj ection rate, and  the substrate temperature were explored . A temperature 
decrease  from 450° to  400°C increased the I n  compositio n  from 25  a t .  % to  about 
27 at.  % .  A second approach, in which the I n  sputteri ng sou rce was operated for 
a short time with no Cu sputtering,  al so  yiel ded promising resu lts . 
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Techn i ca l  Report 
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Previ ous work on evapo rated CdTe fi l ms for photovol ta i cs showed n o  cl ear path 
to successful  p-type dopi ng  of CdTe dur i n g  depos i t i on . Post-depos i t i on anneal i ng 
o f  the fi l ms i n  var i ous  ambi ents thus was exami ned as a means of  dopi ng . Annea l s  
were done i n  Te , Cd , P ,  and As vapors and i n  vacuum , a i r ,  and Ar , a l l o f  wh i ch 
s howed l arge e ffects o n  ser i e s  res i stance and d i ode parameters . With As , ser i es 
res i stance val ues o f  I n/p-CdTe/gra ph i te structures decreased markedl y .  Thi s  
decrease was due to a decrease  i n  gra i n  boundary and/or back contact barr i er 
hei ght , and thus was due  to l arge i ncreases i n  mob i l i ty ;  the carri er dens i ty was 
not al tered substanti a l l y .  Al though the ser i es-res i stance decreases were 
s ubstanti al , the d i ode characteri sti cs became wors e. The decreases were not 
observed when CdS/ CdTe cel l s  were fabri cated on Te vapor-annea l ed fi l ms . 
Preparati on of  ZnO fi l ms by reacti v e  evaporat i on y i el ded promi s i ng resu l ts . 
Depos i tion  of  p- ZnTe f i l ms by hot-wal l v apor evaporat ion , us i ng conventi onal 
techn i ques , y i el ded acce�tabl e fi l ms wi thout i ntenti onal dop i n g . 
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Several aspects of the impact of CuinSe
2 

polycrystallinity on solar cell performance 
were investigated. Reflection measurements on a variety of CuinSe

2 
layers and 

completed cells show large variations in both the magnitude and angular distribution 
of scattered light. Localized illumination reveals spatial variations in photo
voltaic response which imply collection losses as high as 10%. Capacitance studies 
allow extraction of the density of extraneous electronic states at the diode junction. 
These decrease in reverse bias but increase under illumination and, hence, forward 
bias. A physical model of polycrystalline CuinSe

2 
is presented, and finally the 

status of CuinSe
2 

cells is analyzed in terms of tfie extent to which various factors 
are limiting performance. 
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Th i s  research i nvol ved the vacuum depos i t i on of thi n  fi l ms of  ZnSnP2 . Th i s  ternary 
chal copyri te sem i conductor has a di rect energy ga p of  1 . 66 eV . Its  constituent 
el ements ,  z i nc and phos phorus , are pl enti ful i n  the U . S .  and t i n  i s  read i l y  
ava i l ab l e  from abroad . Thi s  makes ZnSn P2 an attracti v e  material  for l ow-cost 
terrestria l  photovol ta i c  appl i cat i ons . Growt h cond i ti ons were experimental l y  deter
m i ned to obta i n  near-sto i ch i ometri c vacuum growth of  th i n  fi l ms of ZnSnP2 on GaAs , 
quartz , and mol ybdenum substrates uti l i z i n g  el ementa l s ources . The grown fi l ms were 
characterized-by chem i cal , el ectri cal , and opti cal measurements and by morphol ogi cal 
stu d i es . Attempts were made to fabri cate s impl e heterostructure devi ces on the 
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vacuum-grown th i n  fi l ms of  ZnSnP2 for i ts potent ia l  appl i cati on i n  pol ycrystal l i ne 
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Ga cont ent . A 1 0 . 2% eff ic iency (S o lar Energy Researgfi Inst itute ( SERI). tes t ,  
Amer ican S oc iety for Tes t ing and Materials (ASTM) 8.7 ) was measured for a cell with 
Ga frac t ion of 0 . 23 , the highest eff ic iency r eported . A Cuzns e2/ CdZnS 
monol ithically int erconnec t ed four-cell s er ies str ing 9 1  em in ar ea was fabricated 
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ass isted deposition of the s elenide and sulf id e ,  a new des ign f or the S e  evaporation 
source, ind ium-tin oxide r eac t iv e  sputter d epos ition , and CdZnS f ilms prepared from 
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over 1 0% .  The compos i t i on of  the C u i nSe 7 fi l ms can be varied over a cons i derabl e 
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Several methods were investigated to prepare Cui nS( e) 2, using el ectroplating 
techniques near room temperature, to explore them for obtaining photovoltaically 
active films. No significant photoactivity resulted, unl ess an annealing step 
( at greater than or equal to 400°C) was added to the process. Promising PV activity 
was found only if this anneal was carried out in a S ( e) -containing atmosphere. 
Therefore, in part of this proj ect, the two steps, metal deposition and chalcogen 
incorporation, were separated. These experiments showed that chalcogeni zation is 
the most critical step in obtaining films that are PV active. The composition· . o f  
the films obtained after the chalcogenization step can b e  varied considerabl y b y  a 
chemical , postanneali ng treatment. PV activity of films was checked i n  a simpl e, 
rapid way by sputtering Cd onto them. Both these j unctions, as well as those 
obtained by ITO deposition, show improved rectification and PV activity, after air 
anneal of the chal cogenized film, before j unction formation. Possible causes for 
this are discussed. Separate C-V experiments on Al /CuinSe2/Mo structures, using 
Cui nSe2/Mo films, provided direct evidence of the persistence of two types of 
Cui nSe2 layers, distinquishabl e by their doping concentration. 

1 7. Document Analysis 

a. Descriptors Photovoltaic cell s ; thin fil ms ; copper indium diselenide solar cells ; 
chalcogenides ; anneal ing 

b. Identifiers/Open-Ended Terms 

c. UC Categories 

273 

18. Availability Statement 

National Technical Information Service 
U. S. Department of Commerce 
5285 Port Royal Road 
Springfield, Virginia 22161 

�------------------------------ 21 
. Form No. 0069 (6-30-87) 

19. No. of Pages 

44 

20. Price 

A03 



Document Control l, · SEAl Report No. 

Page �ERI /STR- 21 1- 3365 
4. Title and Subtitle 

Th i n-Fi l m  Cadmi um Tel l uri de Sol ar Cel l s ,  Fi nal 
Subcontract Report , 1 May 1985--31 May 1988 

1. Author(s) 

T .  L.  Chu 
9.  Performing Organization Name and Address 

Southern Method i st Un i vers i ty 
Dal l as , Texas 75275 

12. Sponsoring Orgamzation Name and Address 

Sol ar Energy Research Insti tute 
1617  Col e Boul eva rd 
Goden , Col orado 80401-3393 

15. Supplementary Notes 

3. Recipient"s Accession No. 

5. Publication Date 

June 1988 
6. 

8. Performing Organization Rept. No. 

10. Project/Task/Work Umt No. 

11 . Contract (C) or Grant (G) No. 

(CJ XL-5-050390-1 
(G) 

13. Type of Report & Period Covered 
Techn i ca l  Report 

1 4. 

SERI Techn i ca l  Mon i tor : H .  S .  Ul l a l - (3o£�) 2·3 1 - 1 '24/ 
16. Abstract (Limit: 200 words) 
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res i st i v i ty control , and characteri zat i o n  o f  p-CdTe fi l ms by comb i n i ng the vapor 
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heteroj unct i o n  sol ar  cel l s .  CdS/ CdTe so l ar  cel l s  showed the best photovo l ta i c  
characteri sti cs , and the best cel l had a convers i o n  effi c i ency o f  about 10 . 6% .  
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