
NREL/TP-214-4588  ●  UC Category: 270  ●  DE92001194 

 

The Photovoltaic Manufacturing 
Technology Project: 
A Government/Industry Partnership 

 
 
 
 
 
 
 
 
Richard L. Mitchell 
C. Edwin Witt 
G. David Mooney 
 
Prepared for the 1992 ASME  
International Solar Energy Conference,  
Maui, Hawaii 
4-8 April 1992 
 

 
National Renewable Energy Laboratory 
1617 Cole Boulevard 
Golden, Colorado  80401-3393 
A national laboratory of the U.S. Department of Energy 
Managed by Midwest Research Institute 
for the U.S. Department of Energy 
under contract No. DE-AC36-83CH10093 

Prepared under Task No. PV250101 

December 1991 



On September 16,1991, the Solar Energy Research Institute was designated a national laboratory, and its name was changed 
to the Natlonal Renewable Energy Laboratory. 

NOTICE 

This report was prepared as an account of work sponsored by an agency of the United States government. Neither the United States government nor any 
agency thereof, nor any of their employees. makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, com- 
pleteness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights. 
Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer. or otherwise does not necessarily con- 
stitute or imply its endorsement, recommendation, or favoring by the United States government or any agency thereof. The views and opinions of authors 
expressed herein do not necessarily state or reflect those of the United States government or any agency thereof. 

Printed in the United States of America 
Available from: 

National Tezhnical Information Service 
U.S. Oeortrtment of Commerce 

528:; 3ort Royal Road 
Springfield, VA 22161 

Price: Microfiche A01 
Printed Copy A02 

Codes are used for pricing all publications. The code is determined by the number of pages in the publication. Information pertaining to the pricing codes 
can be found in the current issue of the following publications which are generally available in most libraries: Energy Research Abstracts (ERA); Govern- 
ment Reports Announcements and Index (GRA and I); Scientific and Technical Abstract Reports (STAR); and publication NTIS-PR-360 available from NTIS 
at the above address. 



4 

TllE PIIOTOVOI ,'I'AT(: hlAN1 IFACTI !RING TECIiNOLOGY 
PRO.IECT: A (:~)VERNhlENT/iNntISTRY PARTNERSHIP 
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Richard L. Mitchell, C. Edwin Wirt, and G. David Mooney 
Nativnal Renewable Energy Idahoratory 

I6 I7 Cole Doufevnrrl, Golden, Colorado RO4O1, USA 
Lloyd 0. I icrtvig. 1J.S. Department of Energy 

Tel: (303)  271-1379, Fax:  (303) 231-1030 

ABSTRACT 

The Photovoltaic Manufacturing Technology (PVh4;lT) project i s  
a government/industry photovoltaic mnnuf;lctiiring research and 
development (R&D) project composed of partnerships between the 
federal government (through the U.S. Department of Energy) and 
members of the U.S. photovoltaic (PV) industry. It is dcsigned to 
nssist the 1J.S. PV industry in improving tnmiifnctriring prcwesses. 
accelerating manufacturing cost reclricticins for PV rnodriles, 
increasing commercial product perfonnance, and generally laying 
the groundwork for a substantial scale-up of tJ.f.-hased PV 
mantifacturing plant capabilities. 

The project is being camed out in three separate pliasrs, each 
focused on a specific approach to solving the problems identified 
by the industrial participants. These participants are selected 
through competitive procurements. Furtliemiorc, the T'VMaT 
project has been specifically structrired to enstire that these PV 
manufacturing RRrD subcontract awards are selected with no 
intention of either directing funding toward specific PV 
technologies (e.g., amorphous silicon. polycrystalline th in  filrris, 
etc.), or spreading the awards among ;1 number of technologies 
(e.g., one subcontract in each aren). Each assrxcinted stihcontract 
under any phnse of this project is, and will cnntinrie to he, selected 
for funding on its own technical and cost merits. 

Phase 1 of this project, the problem identification phnse, was 
completed early in 1991. Phase 1 competitive bidding was open 
to any U.S, firm with existing manufacturing capabilities, 
regardless of material or modtile design. Twenty-two srihconfmcts 
of up to $SO,o(X) each were awarded. Phase 2 i s  now under way. 
This is the solritioii phase of the project and addresses prohlems of 
specific manufactiirers. Suhcontracts rrndcr the  first Phase 2 
solicitation, called Phase 2h, will he awarded in early F i m l  Year 
(FY) 1992. This Phase 2A solicitarion was only open to 
participants in the Phase 1 effort. The envisioned stibcontracts 
under Phase 2 may be tip to thrce years in  duration and will be 
highly cost-shared between the 1J.S. government and U.S. intiustrial 
participants. A second, overlapping, and similar process-specific 

solicitation (Phase 28 )  is planned to follow soon and will be open 
to all U.S. PV manufacturing companies. A third portion of the 
PVMaT project, called Phase 3, is also under way, althorigh it  i s  
slightly behind Phase 2. A Pliexe 3h solicitation was released in 
October of 1991 for subcontracted team research on modtilr rrlated 
R&D problems common to several PV manufacturers. In  Phase 3, 
because of the general interest to industry, some general issues 
related to PV module development will be studied throrrgh various 
teaming arrangements. The PVMaT project's trltimnte god is to 
ensure that U.S. industry retains nnd extends i ts  world leadership 
role in the rnanitfncttire and commercial development of PV 
components and systems. Activities to date under PVMaT have 
received oritstanding support. and the level of interest in 
participation i s  exceptional, 

TfIE PVMnT PROJECT 

A decade ago, U.S. companies had captured 60% of the 
international market for PV modiifes. Today that share has 
dwindled to less than 35%, as shown i n  Figrire 1. To help reverse 
this declining trend in U.S. competitiveness, DOE has initiated the 
Photovoltaic Manufactoring Technology (PVMnT) project, a five- 
year, threc-phase, $55-million technology transfer project that is 
expected to reduce PV manrifactiiring COSIS and expand U.S. 
production capacity [Witt et al., 1991 I. 

This paper will focus mainly on the description of the PVMaT 
project in general and a description o f  the work carried ow under 
Phase 1 .  

PIIASE 1 

The Phase 1 portion of the PVMaT pmject, the pmblem 
identification phase, was completed early in  1991. This effort 
involved competitive bidding open to any U.S. firm with existing 
manufacturing capabilities, regadless of material or module design. 
Early in 1991, the competitive selection process for this phase was 
completed with the award of twenty-two sribcontracts. Each of 
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Figure 2 Cell testing of Mobll !Mar Ent?rgy 
Corporation EFG-grown crystalline sillcan- 
wafer devices. 

Westinghouse is a manufacturer of dendritic wch wlnr crlls, 
Westinghouse researchers are wnrkiiig on reclricing inaterial arid 
process costs through their dendritic web process. WcqtinFlioriw 
research efforts under Phase 1 of the PVMaT projrct have 
identified several pmh!em areas for tlie improvement of i t <  prncess 
[Easoz and llerlocher, 19911. Among these are ( I )  increming the 
growth rates, average crystal area, and prrwluctive filmwe: h e ;  
(2) using stacked diffusion; (3) nianofxturing larger cells and 
modules; (4) increasing module efricicncy by 1.4% ahsolnte using 
surface passivation, improved antireflective coatings, and cell 
texturizition; and (S) optimizing mcxliile tlcsign rising t l x  hi facial 
conversion characteristics of dendritic web solar cells. 

Solarex presently mannfactmes both polycrystnlline silicon cells 
and thin-film, single junction, amorphoris silicon motlules (see 
Figure 3). Solarex research efforts under Phase 1 of the PVMRT 
project have identified several pmhlem areas for the imprnvcment 
of its process [Wohlgemath et al., 19911. Among these are 
(1) cell efficiency improvements (fmm tile present 123%-16.S%) 
by introducing mriltijtinction devices into tlie module aasemhly line, 
(2) more efficient use of materials via increased prwrss yield, 
(3) reduction in labor content via automation. and (4) rctliiction in 
m;\teri.ials costs, partictilarly framing. 

The fifth company in this group is Siemens Solar. They are 
presently the world's largest prmliicer of PV with prmliicts 
including single crystal-silicon and thin-film coppcr-indiiim- 
diselenide (CufnSe,) mcxiules (see Figure 4). Sierncns Solw 
research efforts under Phase 1 of the PVMaT project have 
identified several problem areas for the improvement of i t q  process 
[Jester and Eherspacher, 19911. Among these nre ( 1 )  improve- 
ments in Cz c-Si growth, (2) improvements in existing wafer- 
sawing technology. and (3) improvements in cell pmcessing and 
modrile fabrication. 

Flat-Plate, Thin-Film Modules 

Modules made of thin-film materials have inherent cost ndvantnEes, 
inclriding the use of less semiconductor material and integrated 
manufacturing for cells and modules. Prices (per watt) for a-Si 
modules are comparable to those for crystalline s ikon.  Other 
promising thin-film technologies-such as ColnSe,. cadmiam 

1st segment 2nd segment 

Glass 

t t  t 
Light incident surface \ Interconnect surface 

CTO scribe 

Figure 3. Solarex thin-film, slngfe-junction, arnorphous 
slllcon module with lndivldual laser scribes. 

telluride (CdTe), thin-film silicon, and gallium arsenidc are rapidly 
approaching commercialization. 

Ten U.S. companies have received Phase 1 support to identify 
potential cost reductions for thin-film modrile rnnnufacturing; one 
is working in thin-film crystalline silicon, five are conccntrating on 
a-Si, and four have focused on polycrystnlline thin-films. 

AstroPower, Inc. is a rnanrifactrirer OF, and the single orgnni7,ation 
tltat i s  focusing on, thin-film crystalline silicon solar cells (shown 
i n  figure 5).  AsmPower research efforts under Phase 1 of the 
PVMaT project have identified seven1 problem areas for the 
improvement of its process [Rottenberg, 19911. Among these are 

d 

i 
Figure 4- Siemens Sofar lndustrles slngle crystal- 

sillcon module. 
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problem areas for the improvement of its process [izu, 19911. 

improve conversion efficiencies and stability, (2) incorporating 
proprietary microwave plasma Chemical Vapor Deposi~ion (CVD) 
manufacturing technology for high pmduction throughput and 
higher gas utilization. and (3) reducing the cost of materials and 
assembly Iahor through new product design and automation. 

Among these are ( I )  incorporating narrow band gap material to L 
(1) improving the prduction rate and quality of AstroPower's pro- 
prietary silicon film, (2) improving cell efficiency, (3) rediicing 
materiaf cost, (4) reducing Iahor cast through notomdon, mi (S) 
increasing production capacity. 

- The five amorphous silicon (a-Si) research organi7ntions art?: 
- Glasstech Solar lnc. of Golden, Colorado; lnwn Tliiii Films 

Trcliticdogics Inc. ( ITF)  of Ariws, Iowa; Fncrey ('nnvrrqion 
Devices (ECD) of Troy, Michigan; Silicon Energy I'orpcirntion nf 
Cliatsworth, California; and Chronar Corporaticin of I .nwwnceville, 
New Jersey. 

Glasstech is a manufacturer of  single jrinctinn a-Si F'V trioditles. 
Glasstech is presently using a proprietary glass-in/pancl- nut concept 
for the in-line pmcessing of 40 crn x 120 cm a-Si modules. 
Glasstech research efforts under P h s e  I of the PVMnT project 
have identified several problem areas for the impmvement nf its 
process [Brown et al., 19911- Among these are  (1) incorporation 
of a vertical, double-sided reactor; (2) enhanced electmle and gas 
flow designs; (3) improved back contacts and tin-oxide layers; and 
(4) iniproved module designs. 

ITI; is a producer of monolithic a-Si modriles on a coiitiniioiis 
polymer suhstrate using automated processinp. ITF rcsearch efforts 
under Phase 1 of the PVMaT project have identified several 
problem areas for the improvement of its process (Gritnmer, 19911. 
Among these are ( I )  developing roll-to-roll dcpnsition capnhility 
for the a-Si layer and ZnO layer, (2) developing screrri-printnhle 
etching steps for the top condticting contact layer. and ( 3 )  reducing 
the cost of the sribstrate materigl. 

ECD is presently the manufacturer of continuous, roll-broil, 
tanclem-junction, a-Si alloy devices. The roll-to-roll pmcess 
produces a compietc solar cell structure on flexible stainless sttei 
webs 1,OOO feet long and 14 inches Wide. ECD research efforts 
mdex Phase 1 of the PVMaT project have identified scvcral 

n t n terconnect 
Metal \ 

Insulating \ Ceramic '\ Metallurgical 
Barrier 

Figure 5. AstraPower thln-film crystalline sllfcon solar 
ce l l .  

Silicon Energy is a maniifacttirer of multiplc-jiinctinn. ihin-film 
a-Si PV and is doing business as the Utility Power Group (UPG). 
They we presently a 300 kWlyear production facility dedicated to 
internal RfLD activities and variorrs DOE PV programs. IIPG 
research efforts under Phase 1 of the PVMaT pmject have 
identified several problem areas for the improvement of i t s  process 
[Stern, 1991). Among these are (1) optimization of the automa- 
tion of its manufacturing hie  (shown hi Figure a), (2) improving 
and redricing the material required for encapsulation, and (3) 
introducing real-time monitoring for processing ami quality contml 
of its production line. 

The fifth company in this gmtrp is Chronar, a manufacturer of thin- 
film a-Si PV. Chronar's research efforts tinder Phase 1 of the 
PVMaT pmject have identified several problem areas for the 
improvement of its process [Macneil, 19911. Among these BE the 
implementation of automated cost redactions. 

Additionally, four orginixations have focused on polycrystalline 
t h i n  films. This group of research organizations consists of 
Siemens Solar Indirstries of Carnarillo. California; b e i n g  
Aerospace and Electronics of Seattle, Washington; Photon Energy, 
Inc. of El Paso, Texas; and Solar Cells Jnc. of Toledo, Ohio. 

Siemens Solar, as previously stated, is presently the world's largest 
producer of PV crystalline silicon and a-Si and products. Siemens 
Solar also hirs a major research effort in thin-film CuTnSe, 
modules, for which they have a planned production of 20 kW in  
deliverable modules under the PVUSA project. Sicmens research 
efforts under Phase 1 of the PVMaT project have idcntified several 
problem arens for the improvement of its process IJestcr and 
Eberspacher, 1991). Among these are (1) improving materials use 
efficiency, and (2) increasing yield and CuinSe, module efficiency 
through automation. 

being is a supplier of thin-film solar ccll manufacturing systrrns 
and is a research organization working on the development and 

Flgure 6- Utlllty Power Group rnuttipleilunctlon, thln- 
fllm a-SI productton Ilne. 
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scale-up of processing for CuTnGaSe, mdules. Boeing research 
efforts under Phase 1 of the PVMaT project have identified several 
problem areas for the improvement of its process [Stanhery, 1991 1. 
Among these are ( I )  uniform large-scale evaporation soiirces for 
the constituent elements Cu, In, Ga, and Se; (2) a high-yicld 

- process for depositing ttltrathin cadmirim-zinc sulfide (CdZnS) 
- conformal coatings onto CuinGaSe, films for high qunlity 

heterojunctions; and (3) scaling tip ciirrcnt aqiicnus rlcpncition 
processes and novel low-temperatiire c,rg;lnometallic-r}i~inical- 
vapor-deposition (MOCVD) techniques. 

Two companies are investigating iin provwnt n 11; t o  ( W c  
technology. The first, Photon Energy, is a ninniifnctiirer of 
CdTe/CdS cells and modules using low-cost, high-tlirniiRliprit, 
prodoction-line scalable spray processes. They are prcscntly 
scaling lip for prndriction of 20 Kw of 4 f t ’  (’dTe nwxliile 
deliverables under the PVlJSA project. Photon Energy research 
efforts under Phase 1 of the PVMaT projrct have identified srvernl 
problem areas for the inipmvement of its prtrcess IAlhright, 1091). 
Among these are ( I )  rediicing the lnbor cost through process 
atitomation, (2) improving modrile efficiency, and (3) reducing 
material risage t hroiigh i niproved eqrii pment dcsi gn. 

The fourth company in the thin-film group and the second CdTe 
company is Solar Cells Inc. (SCI), which i s  a development/ 
manufacturing company producing lnrpe-area, thin-film PV 
modules for utility generating systems. Solar Cells is developing 
the technology for a high-throrighput manofacttiring lin? to prodrice 
60 cm x 120 cm thin-fi lm CdTe PV modrrles deposited by close- 
spaced snhlimation (CSS). SCI research efforts rintfer Phnsc I of 
the PVMaT project have identified several prnhtern arem for the 
improvement of its process [Drown, 1991 1. Among these. are ( 1 )  
investigating prohleins asswinced with rinifomi clcposition of large- 
area modules, (2) developing equipment for vcry high- ttimughprit 
deposition, (3) developing patterning techniqrres for lnrge nrea 
mdiiles. and (4) developing cost.effective encnpsulation 
techniques. 

Concentrators 

Concentrator rnodiiles rise lenses to intensify the sunlight fnllinp on 
banks of small, highly efficient cells, which redtices material costs. 
RRrD issues include optiniiim cell packaging and asscmhly, 
concentrator optics, and low-cost tracking arrays and sripprt 
structures. Manufacturing cost redtictiom would occur priimrily 
through automated assembly. 

The six concentrator companies working in this area are Alplia 
Solarco Tnc. of Cincinnati, Ohio; Solar Engineering Applications 
Corporation (SEAC) of San Jose, Califomin; Kopin Corporation of 
Tauntan, Massachrisetts; ENTECIT Inc. o f  Dallns, Tcxas; 
Spectrolnb Inc. of Sylmnr, Califomin: and Solar Kinetics, Inc. of 
Dallas. Texas. 

Alpha Solarco h a manufacturer of high-concentratinn PV niodrrles. 
They are presently instdling a second generation system on the 
world’s largest aritomrttcd two-axis solar tracking stnictiire to 
prodlice low-cost electric power for utilities. Alpha Solarco 
research efforts rinder Phase 1 of the PVMaT project have 
identified several prohlern areas for the improvement of its process 
[Schmidt, 1991 1. Among these are ( 1 )  developing and testing new 
mnnnfacturing designs, melhds, and marerials for cell a m m h l y  
and PV modiiles; (2) designing a prototype automated PV cell 

assembly line; and (3) developing production controls and training 
procedures for a prototype line. 

SEAC is a manufacturer of 1OX concentrator systems using one- 
sun cells with a 14 MW/year extruded lens manufacturing facility 
in  place. SEAC research efforts under Phase 1 of the PVMaT 
project have identified several pmblem areas for the improvement 
of i t s  process (Kaminar et al., 19911. Among these are 
(1) investigating the pmblerns associated with, and the potential of, 
adding mmtlule horising sides to lens extrusions and 
(2) significniitiy retlricing lnhor cost throrigh automation of the 
prncess. 

Kopin is a manufacturer of high-efficiency, thin-film Gahs 
concentrator cells with a 22 MW/year prototype production 
mpahility presently in place. Kopin research efforts tinder Phase 
1 of the PVMaT project have identified several problem amas for 
the irnprovement of its prncess (Gale, 19911. Among these are 
(1) stiidying the existing pilot line to identify problems, (2) the 
dcsign of a tandem cell structure for IcKK)X concentrators, 
(3) improving thin-film cell processing rnaniifactaring. and (4) 
integrating either a chemical removal process called chemical 
epitaxial liftoff or the cleavnge of lateral epitaxy for tramfer 
(CLEIT) process into Kopin’s cell fabrication process. 

ENTECTl is a manufacturer of concentrator modules. ENTECf 1 
reaenrchers are presently producing 3 ft  x 10 ft modules wing 
large-area one-stin cells with line-frxtis Fresnel lenses, shown in 
Figure 7. ENTECH’S research efforts tinder Phase 1 of the 
PVMaT project have identified several problem ateas for tire 
improvement of its prncess [O’Neill et al., 1991 1. Aniong these are 
(1) working with key vendors to improve the products they siipply 
to ENlEClI and (2) dramatically redrrcing labor cast anti 
increasing yield by Rutornation of the process. 

Spectrnlah is a leading supplier of Gahs and Si solar cells And 
modules to the PV industry. Spectmlnb research efforts iintier 
Phase I of the PVMaT project have identified several problem 
areas for the improvement of its process IIAington, 19911. 
Among these are (1) optimizing two specific multijunction 
conceritntor designs based on discrete GaAs and Ge cells, 

CfNEAR l77FSNEC LENS 
(3M LlNFAn LFNSFICMI 

‘ HEAT 
EXCHANGED 

/ 
PIIOTOVOLTAIC AIR-COOlED 

nwxivm 

Flnt of two key advances. a curved Fresnel 
lens cover concentrates sunlight on a nar- 
row strip of silicon cells. 

Flgure 7. ENTECH concentrator module using large+ 
area one-sun cells with a Ilne-focus fresnel 
lens. 
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(2) improving manufacturing yields, and (3) developing larger, 
more efficient MOCVD growth systems. 

The sixth company in this research group. S d n r  Kinetirs inc. 
(SKI), is a manufacturer of several crystalline silicon concentntnr 
systems with a 200-600 Kw/year capacity. SKI w w m h  efforts 
under Phase 1 of the I'VMaT project have itlentifrcd sevrrd 
pmhlem areas for the iniprrrvenieiit o f  its process [Saifre and 
Konnrrlfi, 1991 1. Anicing rhese nrc ( 1 )  tlcsigning n ~ t l  ricvclfiping 
a prototype tooling for demonstration of low-cost injrL 'inti tnnldinp 
of point focus Fresnel lenses, (2) tletniled design of :I 1 hlW plant, 
and (3) detailed plant design for 5 hiW cnpncity lijr ntitnniateti 
nianrtfactirring of IM-W concentrating PV modrrlm. 

Other Phase 1 Activities 

Two Phase 1 participants are targeting improvements to their 
commercial lines of manufacturing eqiiiprnent; these participants 
are Global Photovoltaic Specialists lnc, (GPS) of Canoga Park, 
California; and Spire Corporation of Bedford, Massachusetts. 

GPS is a PV technology company that provides the rqrtipment and 
know-how for integrated trimkey factories. They are presently 
investigating the installation of a fully-aiitomatetl, ctiriiprirer- 
integrated prodrierion line in the United Stntes. GPS research 
efforts under k'liase 1 of the PVMaT project have identified several 
problem a r m  for . improvement of its prncrss (Sornherg, I991 I. 
Among these arc ( I )  impmving the characteristics of the 
srmicrystalline cast wafers, (2) introducing processes siich as 
spray-on diffrrsion, dual antireflection coatings, and ink-.jct 
metallization printing, and (3) developing and integrating aII of 
the requirements for full automation rising computer integrated 
ma nu fac t u ri n g . 

The second compmy in this gorip, Spire Corporation, is a major 
manufacturer of PV test and modide prcxlriction equipment. They 
presently have srnnll-scale prnrluctim activitim for high-efficiency 
silicon modules, and material research in  compoiind semicondtictors 
and a-Si .  Spire research efforts under Phase I of the PVhlnT 
project have identified seven1 problem areas for the improvement 
of its process [Hogan, 19911. Among these are ( 1 )  developing 
module processing equipment that will handle thin (c 200 ttm) c-Si 
wafers, (2) increasing aiitom~ttion, (3) incrensing processing rates, 
and (4) increasing processing yields. 

PIIASE 2 

Phase 2 of the PvMaT project is now under way, with an expected 
duratiaa of five years. This phase will consist of multiple 
competitive procurements ovtf five years, and subconuacts 
awardEd under any of these solicitations may be up to threc years 
in duraaon. The first solicitation under this phase, ZA, was only 
open to those organizations that received awards in the Phase 1 
solicitarion. The award selection process has been completed for 
this solicitation and subcontract negotiations are currently under 
way with the top ranked offerors. 

Phase 2 is considered the solution phase of the PVMaT project and 
will prirn~rily Rddress the process-specific problems of the specific 
manufacturer that were identified under Phase 1 efforts. The 
stibconhacts envisioned under this phase are expected to be highly 
cost-shared by the U 3 .  government and U.S. industrial participants. 

A second, overlapping, and similar process-specific Phase 2 
solicitation is planned to follow the Phase 2h effort in  about a 
year. Future solicitations under Phase 2 of PVMaT will be open 
to all organizations. Therefore, organizations that were not ready 
for the Phase 214 procurement cycle will have another chance to 
"nmp up" and participate in Phase 2R, the solution phase of this 
project. 

rllASE 3 

There are "general" RRcD problems in the PV industry that are  
relatively common problems to the industry as a whole, a nriniher 
of companies, or to the design and deployment of PV systems. 
The PVMaT project will address these generic problem amas 
throt tl a team research approach. A Request for Proposals on this 
generic manufacturing technology was released in October nf 19?1 
(RR-2-11219: Teamed Research and Development on Photovoltaic 
Manufacturing Technology, Phase 3A - Shared Process Issues), 
with proposals due in January of 1992. Participants for these 
generic research activities may come fmm a consortia of industrial 
companies, individual companies, a university or group of 
universities, combinations of company and university groups, nr 
other groups with special capabilities for solving a particdm 
probiem. These proposed research organizations will focv I 

morlule-related R&D problems found to be common to s 1 
industrial PV manufacturers. They will also work in tandem :h 
material and component manufacturers to help strengthen the PV 
industry. 

CONCLUSIONS 

In siimmary, the lc-ng-term goals of the PVMaT project Rre to assist 
U.S. industry in retaining and extending :ts world leadership r 4 e  
in the manufacture and commercial development of PV equipment. 
components, and systems and to encnirrage the investment of U .S. 
capital in U.S. PV manufacturing R&D and large-scale domestic 
manirfactriring facilities. Phase f activities trnder this project have 
been completed, with each company identifying and developing R 

specific set of R&D areas that address their specific process 
problems. In FY 1991, a competitive solicitation was dircted to 
these Phase 1 participants to identify R&D cfforts appropriate 
under Phase 2 of this project. Under Phase 2, selected companies 
will develop and implement solutions to their manufacturing 
problems. The final selection of successful bidders rinricr this 
phase has been completed, negotiations are under way at this time, 
and the award of research subcontracts is expected to hegin soon. 
It is anticipated that as many as six subcontracts wilt be awarded 
under this phase, in which successful bidders will be supported for 
as long as three years as they realize improvements to their 
manufacturing processes. As with most PVMaT projects, these 
companies will be expected to cost-share their work. 

Future efforts in the PVMaT project are expected to include an  
additional Phase 2B solicitation focusing on company-speci fic 
problems (open to all U.S. firms, including those who weren't yet 
ready for the Phase I call for proposals). Additionally. a Phase 312 
solicitation was released in October of 1991 for subconfracred team 
research on module-related R&D problems common to several PV 
manufacturers. The activities under PVMaT to date have received 
outstanding support, and the level of interest in participation is 
exceptional. 
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