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ABSTRACT

Wraparound contact solar cells have both negn-
tive oand positive electrodes on the back side of
the dovice. A brick history of the development of
ithe wraparound contact cell Is given, Fabrication
tachniques and the performance of the present high
efficiency devices are discussed.

Solar cells with wraparound contucts prnvide
the following advantapes Iin array assembly.

(1) Eliminate the need for discretely formed,
damage susceptible sories tabhs.

(2) Eliminatc the n gap problem by allowing the

- use of uniform covers cover the eatire cell surface,

(3) Allow a higher packing fuctor (more cells
per unit area) by reducing the additional secries
spacing Formly required for forming, and routiunpg the
series tabh,

(4) Allow the eell bonding to the interconnect
system to be a single-side funckion wherein scries
contackts can be made at the same time parallel con-
tacts are made., Automated assembly becomes [easible
theroby reducing labor and costs.

Particular emphasis will bLe placed upon cell
lay-down and eell blanket fabrication for the 25 kW
SEP array which is expected to be the first large-
scale space applicatdon of the wraparound centacted
cell.

PR

WRAPAROUND CONTACT SOLAR CELLS are photovoltnic de~
viees with both positive and negative electrodes on
the back (nonilluminated} side of the cell. There
are two types of wraparound cells, the wraparound
junction and the wraparound insulator types shown
in figure 1. As showm, eivher the junction or an

insulator layer extends over the =dge and wraps a-

round to the back of the cell. In both typeg the
metal contacts also wrap around. A wide variety of
cell geometries is possible. -Some of them are
shown in figure 2.

) Wraparound contact offer several important ad-
vintageg., The active 1lluminated area can be in-
crensed by removin, the main bus har from the Eront
of the cell. This ecan result in a 5 to 7 percent
inerease in ashort circuit current and power output
as long as voltage and curve factor are not reduced
by the wraparound design., Other advantages include
easler cover glass application and more complete
protection and -simplier cell interconnection and ar-
ray assembly. These are discussed in greator detail

in the following sections of this paper.-
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Deapite the potentiml advantages there have been
several barriers to the use of wraparound cells.
The major disndvantages of wraparcund cells en-—
countered in the past are 1) lowar efficicney than
conventional cells, 2) lack of production capabllity

" and space flight testing, and 3) higher cost than

convantional cells. Now wraparound tachnology has
been brought to a stage where these nopative factors
are being overcome. As a consequence, wraparound
cells will £ind increasing use in space missions,

. partieuwlarly for uses as repraseuted by the Solar

Eleetric Propulsion (SEP) array.

The purpose of this paper is to present the
stdtus of wroparound contact cell and arrsy teghnol-
ogy. The carly history of the wraparound cell and
the systematic development efforts which have at-
tacked and solved the problems and broken the bar-
rlors to the use of wraparound cells in space are
pregented. Future development trends are also dis-
cussed. The 25 kilowatt arvay for solar eleetrle
propulsion, tha first space use of wraparcund cells,
is also deseribed,

EARLY CEL% DEVELOPMENT

- The first practical solar ceil was demonstrated
in 1954 (l)*, It was a weaparound junction cell
without wraparound metal. Serious defeets which
1imited efficiency werc high series registance, re-
combinacion losaes and veflection losses., Tha firat
commereially produced cells were similar to this
cell, circular with deep p on n wraparound junctlons
without wraparound metal. Fabrication difficulties
resulted In low production yields. The series re-
slstance problem was solved by putting the p contact
on the front of the cell, These geparate front and -
biack contacts became the convention throughout the
industry. Thus at an early stage in solar cell de-
velopment the benefits of wraparound contacts were
lost. In 1958 the first U.S. satellite, Explorer 1,
was launched, ifter 1958 development efforts con-
centrated on conventionally contacted, rectangular
cells for space use. Grid fingers further reduced
feriss resistance and made shallower junctions pos—
sible. Other developments included better antire-
flection coatings and n on p cells with coverglasses
to reduce radiation damage in earth orbit. After
these enrly advances in the 1950's, little major
progress in silicon solar cell technology was made
in the 1950's, Average efficiency of conventionally
contacted productlion quality cells was about 11 per-
cent alr mass zero (AMO).

*Number in parentheses designate references at end

of paper
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In 1904 the NASA Goddard Space Flipht Genter
gponsored an cffort (2) in which a few hndred wrap-
avound cells wore tmade amd agsenbled Iinto modules,
The vells had wraparound Junctions and metalliza-
tien.  They Tiad 5 pereent greater active area than
conventlonal cells and efficiences - [ about 10 per-
cent AMO,  Tho purpose of the work was to demon=
strate the feasibliicy of wraparound cells and thely
uselulpness for advanced array ascembly methods.,
There were no spacccralt ap that time whileh requirved
wraparoum cells, so no further work was bupported.

WRAPAKUUND CELL DEVELOPMENT

EXPLORING AND UPCRADING WRAPAROUND TECHNOLOGY -
In 1971 the NASA Lowin Researeh Ceonter began & se=-
ries of development contracte to improve the per-
formance of wraparound ceills, The [icst contracts
were explorztury In nacture, their purpose belng to
cstublioh achievable perfvrmance, to develop produe-
tion techniques, to evaluate different wraparound
mothods and cell designs and to obtain Information
on production costs of wraparound cells. Twe solar
cell manufacturers were funded for this work., Re-
pults of one contract indicated that production
costs were cloge to those of conventional cells (3).
It was determined that further developments needed
to achieve high volume production inecluded wrap-
around junction diffueion and eontact applicacion
techniques. Both junction snd insulator wraparounds
were ovaluaged in the other contract (4). Thin
layers of insulator materials (5103 and A1203) woere
vaguum ovaporated but had pipholes which resulted in
partially shorted cells, These wraparound junction
cells alse had inercased series resistance due to
losg of rear P contact area. Cell handling methods,
tooling and the vffect of cdge damage and surfnce
[inlsh on curve factor and metal adherance wera in-
vortignted, The tradeoffs botwern junciion depth,
curve shiape and scries resistance were oxplored and
optimized. In cach conkract, onc¢ thousand gells
were made with average clflelency of about 11 per-
cent.

In the next phase of this work (5), beginning
in 1973, vartous technologiecal advi nces were incor-
porated inte the wraparound junckicy cell. These
included shnllow junctions to improve blue response,
back surface flelds te improve voltage and curwvent,
thin, closely spaced grid lines to increase ackive
area and current, and antireflective coatings with
low absorption and vefractive index betfer mateched
to gilicon, Shallewer junctions wora achicved but
wore degraded by the standard titanium contact meth-
od and demonstratad the need for an alternate con-~
tack tectnique.

Shallower junctions required finer grid line
geometrics which led to the use of bimetal marks.
Dua to economic considerr.tipns photoresist masks ond
multilayer antiflection coatings were not used.
Evaporated tantalum pentoxlde was used [or the AR
eoating.- : ]

Back gsurface fields were made with both alumi-
num and borcon with the former giving slightly better
results. - This work demonmstrated that the back sur-
face fleld effect couild still be ancleved even when
n pade on the back surface were present. - Edge de-
fects, poor adherance of the contact metal to the
edge of the eell Aud Increased secries resistance due

tv o losn of back contact area were still problems,
A center spine wraparound configuration (fig. 2)

was adopted., It had the odvantage of minlmizlng the
amount of metal on the edpe which could cncounter a
defect hut the disadvantage of increaslng contact
area on the front of the cell. Wraparound cells

2 by 2 cw In wlze averaglng about 11 percent AMNO
cificiency were made, The need for dmproved [ill
factor and volume production copability were rec-
ognized,

EXTENDING WRAPAROURD TECHNOLOGY =~ In the con-
tinwation of this work {6), beginning in 1975, a
chiramium-paliadium-agilver contact asystem with good
edge ndhernnee was developed and adopted to mase
production. . The adherance of the CrPdAp contact
wins not dependent on the angle of ipeldence of the
evaporated metal and the silicon wafer as previous
contact metals had been, This enabled rotation of
the ccll during contact evaporation and allowed
simpler tooling that made possible high volume pro-
duction of wraparound contaeb cells,

This new contaet matallurpy plus the technology
improvements previously developed were incorporated
into a 2 by 4 by 0,02 em cell with a wraparound cen-
ter spin confipguration. One thousand of thesc ecells
wore produced using normal volum¢ production proce=
dures. Thelr average efficiency was 11.2 pereoat
AMO, These cclle satisfied the requlvemetits of the
Solar Eloctrle Propu.sion project of the NASA
Marshall Space Flight Center, deseribed below.

This cell, although Letter than any wraparound
high volume produced at thot time, still had limito-
tions. The une of o spine type top contact nulli-
fled the increased netive area advantage of the
wraparound. In addiction, rhere were limications on
the siza and location of the rear n pads due to back
contact losses and geriles reslstoance increases.

Thus the wraparound junetion ecell had reached its
performance limic, Its best technicol featurcs were
the shallow, gaseous-diffused junction, the evapor-
ated CrPdAg contacts which produced narrow, closely
spaced grid lines, and cvaporated Tap0s antireflec-
tion coatings, It was recognized that sucecessful
dielectric isolation would remove these linmits by
not requiring a wraparound junction and insulating
the n and p contact metkals [rom eash other. With a
vwraparound Insulator the center spine s not necded

.and the n contact overlays the p conktact without de-

crensing {ts arven and increasing series rusistance.

Beginning in 1975 (7} a series of programs
funded by NASA Lewis Resenrch Gentey developed low
cost toechniques for fabrication of space solar
calls., Feasibility for a cell fabricatlon process
bosed on gerecn printed contacts and BSF layers and
apin-on antirveflection coatings and dopants on a
texturized surface was shown., In 1976 these low
cost techniques were extended to a wroparound con-
tact eell (8), About 1850 cells werc made using a
low- ¢ost process sequence. They had an average ef-
[icieney of about 10.9 percent AMO, These cells
ware 2 by 4 by 0.025 cm and ipcorporated most of the
low cost technology previously mentioned., The per-
formance of these cells wos limited by the large
area grids which masked active area and by the spin
on antireflection coating which had poor shent cin-
cuit enhancement. :

The low cost approach resulted in two key btech-

nologies which can be describcd as breakthroughs.
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First, tho sercon priuted wraoparound dlelectrie,
which was fast and cany to apply, provided a very
goed, udherent, pivhole-free insulating layer. The
gecond breakthrough technology was the screen~
printed oluminum back surface field, It provided
excollent voltage enhancemont with a fasg, casy and
extremely reproducible proceas.

WRAPAROURD ADVANCEMENTS = The best featurcs of
the vacuum process wraparound junctlon tochnolopy
{6) and the low cost wroparound ilusulavor technol-
ogy (8) described shove were combined in the next
phase of the work, Beglmning in carly 1977 the
best cell techinologies showi in table I were ex-
plored and integroted to produce cells with effi-
ciencles in excess of 15 percent AMO (92, 10). It
18 oxpected that this combined teehnology Fabriea~
tion process will rcault in high efficleney wrap-
around contact (HEWAG) cells with average cfflclency
of 14.5 parcent AMO in production qummtities. Tho
HEWAC call bas eliminated the features of weap-
dpputdd cells whieh ldimited perfovmance ip the past:
¢.5., no center spine or hus bar that remeves active
aren, ne need to remive § contdet dren to make room
for n contacts ond no pinholes or shorting of the
ingulator ta limit cell performance, The HEWAC eell
has incovporated the hzst aspects of cell rtecdhnology
e.gs, thin grid fingers, high performance Ta20sg
antireflection eontings, texturizing, past bock sur-
face fileld oand shollow junctlons. The UEWAC cell
represencs the culmination of a long serles of de-
velopment efforts,

FUTURE CELL DEVELOPMENT TRENDS

Futurc space misslons guch ns solar clectric
ion propulsion for comet randezvous and orbitting
golnr power satelllites are under siudy, These wls-
sions may use thin, light weight solar cells in
large nrrays which can best use the advantages of
vraparound contacts previously discussed, Creating
weaparound contncts in slllcon wafers with only
50 ym thickness presents a new sct of technologlenl
problems, These problems include developing fabrl-
catlon processes with ncceptable ylelds, maintain-
ing high cell cffielency and building a ccll struc-
ture thae ean withstand the rigors of array nssembly
and the space enviromment., These prablems have been
invastigated for conventionnl contact cells with
good Tesults (11). Extending this work to a wrap-
avound design Jr extending the HEWAC technology to a

" thin cell appears likely in the futwre.

A new cakegory of molar cells, rear jumction
“devices, are thin and light in welght and have beth
contacts on the nonilluminated side. Rear junction

. devices include the Interdigitated back contact cell
(12) and the tandem junction cell (13). Thelr piin-
eipal feature 1s a comblike interlocking p and n
junction reglon on the back of the cell as shown in
figure 3. Results to date indleate that they may
also produce light welght, high performance space
quality cells, Four mil thick cells have been made
withh 10 percenc ecificlency und wigh better metaliza-=
tlion nre expected to yield 12.5 percent air mass
zoro effieiency (13). : :
Wraparound and rear junction cells nre examples
of a broad class of devices in which the positive
and nogative electrodes are coplanar on the back of
the cell. A new name, "Coplanar Back Contact" |
(6BC) cells has been coined to describe these de-

vicas., CBC gells Include the Interdigitated back,
the tandem junctlion, the weapnaround lnsulator amd
the wrapnround junction eoll. ALl the advantagen
of wraparound contact colls praviously dincussed
nlso apply ke CBC cells, Future development work
muy expand nndfor refine GG design,

ADVANTAGES OF WRAPAROUND COWTACT CELLS

IN ARRAY FADRICATION

Wreaparound contnet solar cell development bas
boen supported by NASA primarily to facliitnte low-
cost fabrication of large arvea solar arroys for
apaca. The individual eell covering operacions and
thae cell bonding operations are conaiderably simpli-
fied compared to conventlonal contact solar cells.
This siwmplification results in the wrapazound con-
eact cell design being nmenalle for use in future
hiphly automnted cell jsscmbly laydown operations
that are uecegsary for low-cost large orea solar
nrvay Cnbrieatlon.

SOLAR CELI COVERING - ¥rom the individual opor-
ation viewpeint, the wraparound contact solar cell
is cnsier to cover than the conventional contace
coll., This 1g bi.couse the total wraparound contuct
ceil front surface is covered by the glass and the
arientation of the covar with respect to the "n"
contact ond the avoldance of an n gap need not be
copsldeved. ‘lwo adjacent edges of the solar cail
md of the cover aro held in matching position while
the cover adhesive cures. Automated glass covering
of solar cells with both conventional contact and
wraparound contoct desipns has been demonatrated
with the need for ths covering machine to sense the
position of the front surface "n" contact hur bedng
eliminated with the wraparound. contact cell. The
possible future use of clear plastic Ellm moterials
ag a means of covering multiple solar cell assem-
blics and encapsulnting clectrical medules la also
focilitnzed by the absence of front contact bonds
when wegaporound contnct celis are used.

SOLAR CELL BONDING =~ The individual cell bond-
ing operntion using the weaparound contact ecll s
gimplified when the cell assembly 1s used as part
of an appropriate solar array system. The SEP
(Solar Clectrlc Propulsion} solar array utlilizes a
flexible printed elrewic substrate in which the
arched metal intcreonnect traces ore encapsulated
between two sheets of Knpton polyimide film
(fig. 4). The uge of the printed circuit or inte-
gral intercomncct system has major advantoges:

(1) Weight and assembly functions arve elimin-
ated by not requiring an adhesive to mechanieally

" moeunt interconnected ¢ells to the substrate. The

clectriecal joint is the mechanical joint,

(2) Thin foils of the interconnect metal are
accommodnted, protected and held in exnct registra-
tion Ly the encapsulating layers through the as-
sembly process. .

{3) A wide variety of Intercomnect stress
relief~geomatric patterns can be incorporated by
vrecise step and repest camerd photographic pro-
cesgos to Form the clrcuitry for the entlre electri-
cal module,

Although, as shown in Elpuxe 4, conventional
contack solar cells can be accomodated by the Inte-
gral 'nterconnect deslgn, the wraparound contacted
tell offers additional advantages:
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{1) The nced fox diserctely formod, damagoe sus—
ceptible gerfes tabs is eliminated.

(2) Ihe n gap preblem is eliminated by allowing
the uwge of wilform covers over the encive cell sur-
faca,

{3) A higher cell packing foctor is allowed by
veducing the additional servies apacing formorly re-
quired [ar Lorming atd routing the seriea tab,

(4} Cell bondinp te the iuterconunect aystem
becomes o single slded function wharein serics con-
tiacts can ba made nt the same time ag parnllel con-
tactsg., Automation of cell konding is simplified re-
ducing labor and coats,

In the finished substrate desipgn, the inter-
eonnect metal 1s cxposed on both sldes of the aub-
Btrate ot metnl pad loeations. The intercomnect
pad locations coincide with the locatfons of the
wrsparound contact solar ¢ell hackelde doutpers,
bhoth n and o The resulting combination of the
wraparound contact solar cell design and the gub-
atrate design allews the solar cell asscmbly to he
indexed Lace down on a supporeing tool and to be
covered with the flexible substrate., The Intercon—
neet pads can contact tha solsr cell contacts below
aidd n bending tool has access to the intorconnect
pods from above. ALl bonds arc then made from one
side vf the substrate.

Modules bullt uaing this techinology have heen
thermal tested by the Marshall Spnee Flight Conter
iu the SEP Solar Array Technolegy Progras,  The pur-
pose of tha tegting was te determipa the mechanieal
and electrical integriry of the ccll interconnect
system when exposed te thermal eyeles gver a wide
temperature rarge (~135° to 809 C). The best mod-
vle tested had 5 percent bond failures after 7400
cycles., This percentage is nob axcessiva [or thls
stage of develepment. These test results arc prom-
ising and provide confidence that the relisbility
requived by most migsions can be achiaeved ar resson-
able costs in a _dovelaopment program.

PRESENT MODULE FABRICATION Wrth'
WRAPARAUND GONTACT CELLS

The methods presently used in the SEP solar ar-
ray program for wraparound contact cell laydown em-
ploy a hand-loaded vacuum topl in which individual
call assemblies are placed foce down between shim
projections in the face of the tool, The cell as-
sembly 1s a covered solar ccll. The total projec-
tions £ix the correect relavive position ef the total

- number of ¢ells that the tool will hold. ‘fhe tool
is chen fixed on a parallel-gap weld station. The
array gubstrate is manually posirioned over the so-
lar cells and f£ixed in place, A numericelly con-
trolled system then automatically steps the tdble
under the weld electrodes and initlates the welding
operation, Following the weld pulse, the cells and
substrate are similarly stepped to the next position
until nll the cell bonds for the eells on the tool
ara completed. Thus proseat module fabrication uses
only oné veld at a time. The substrate with cells .
is 1LEted ond the enpty welding tool is manunily ro-
waved and veloaded. The Full tool is weplaged on
table, the substrate is again manually positioned,
and numerically controlled welding sequence is re-
peated. The size of the substrate module (28 in.
by 7 ft for SEP) that is handied as a unit is limik-

cwalding.

ad to that which ean be reasonnbly moved about and
pulse 1lluminacdon tested with availlable light
pources. It 1s also made as large as possible to
Yipit the number of modulen that are handled to
fabricate a larfe aren solay array.

FUTURE AUTOMATED FARRICATED WLITH
WHAPAROUND GONTACT CELLS

Techniques for roll-laminating large printed
e¢lrcuit selar array substrates arc belng developed
Ly the Loekheed Misgile and Spsce Co. (LMSC) for
NABA, Wigure 5 illustvates the process. Thegoe sub-
strates are 3 inches wide and up te 350 feck in
lengeh, Strips of this lenpth can be proceascd by
roll-laminating or by clectrodeposibing metal on the
Kapton E£llm, PFollowing the ctching of the cell {n-
terconnect airvcult, che Kapton coverlay is voll lom-
innted over the circult to complete fte encapaula-
tien, A lager skivipg operntion is used to remove
the Kapton plus adhesive from the pads in the inter-
connect system (both sldes of the substrate) ao that
welding eleckrodes and the cell surface have access
to the meral interconnect, Solar cell module assom~
bly is now ready for zell assembly laydown,

Studics of the automacion of the cell assembly
laydown operation show that the wraparound contact
eall is qulte compatible with the various avtowation
techniques proposed. Thia Le beeause only one side
of the eell assembly need bhe presented for all the
bonding operations. The initdal degree of automa-
tien In large area solar array {ahrieation Is ex-
pected tg accomplish the automation of the opera-
tiens described above upder "Present Module Fah-
rication" for an electricnl module of sufficlent
gize to demonstrate feaslbility of processes, 1.e..
ccll and spbstrate registration and cell to inter-
covnect welding, The first eperation of this future
automatad process involves the antomatic disponsing
of individual eell asgemblics. This operption uses
cell assembly storage eassotties, rolls, tapes ov
cartridges, These devices are manually ipaded by

- the cell vendor or may be autvmatically loaded by

the cell vendor in the last step of an automated ac-
captance and cell performance grading aperation.

The next operation requires the gutomatlc plpe-
ing of the ¢ells ip proper position on o welding
support tool and the holding of this poslition until
bonding is complate. This may be a boateh operation
with one or more support tools shuttling betweon
loaders and the weld station ar a camplete electri-
c¢al module toe” that is loaded prior to the stare
of welding., Tapes carrying the solar cell ussem-
blies may be uged to feed the upside down gells into
a support tool just in front of the welder. This
must occur upder the substrate as the welder moves
ovar thé fixed substrate or an alternate approach
hos o table supporting the substrate as che sub-
strate moves under the welder ond over the cell sup-
pert surface that is being fed cell assemblies for
The cantrol and positioning of the array
‘aubstrate over the solar cell must be indexed to the
position of the interconnect trace in the substrace,
This may be accomplished optically with special tabs
in the intercennect trace being used to key the
proper registration of the substrate.

As the technolegy of automated solar array mod-
ule fabricatien matures, geng welding with multiple
welding heads will progress from four-head stations
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where all bonde on a alvgle coll are made in one
step to 40-beml stations with the automatic supply
and vegistraclon capability for the aubutrates and
the wraparomnd coptnct eclls bodng wealed up also,
It 45 expected that the balanee of contlnuous Elow
operatlons and line flow operations whore sequential
ateps 1n the overall assembly task are porformed at
discrete, automitic work statlons wiil be chanpging
an tho auvtomated array fabweiedatlon asystem develops.
Reduction of labor by automation of solar eell mod-
ula agsembly oporations will contribute substans
tially to the reduction of avernll selar nrray
costs. The Skylabk solar arrayr which werae built

in the late 1960's vont NASA approximately $600/Y
(1972 dellars), The SEP solar arrvay with asutomated
agsembly teclmiques will cost less than $400/VW

(1978 dollaps). The Influence of reduced labor on
tha reductlon of polar array costs s Llluatrated in
table IT whore the eoat of fabricating a SEP solar
cell module L3 compared with a typleal coat for
fabriecation ef a module of conventlonal desipn.

The costs shown [op the SEP module rofiect todays'
methods of fubrleation as deseribed In the previous
sogtion "Prosent Module Fabpdentlon with Wraparoupd
Contnct Cells." Automated fubrication techniques

of the types discusaed aboye will Further reduce
these costr. Even though wraparound contact cells
coat more than conventional contact cells, thelr
development hau promoted reductlon of costs in other
expensive arpay [abedeacdon arcas thoveby contri-
buting to the reduection of overall solar arpay
cogts. Continsed development of the wraparound con—
tact cell can be expectdd to rveduce the price dLf-
farense batwoen the two types of cells, and further
tedues the dollarg per square foot difforence in
price,

——

SUMMARY

The weaparound contact ccll has progresaed from
n primivive laborotory deviee to n space quality
eall today, In the early 1970's efficlencies of
only about 10 percent were avatlable, A continuing
development program has attacked and soelved the
problems with che ¢arly wrapnround cell se that to-
day efficiconcios in excess af 15 percent hove been
achieved, PFuture development will see wraparound
or coplanar back contact cells decrecase In thickness
and welight and decreasa In cost.

The wraparound contace call Ls hiphly omesable
te automated low coat solar avreay fabrication and
it's first use will be in the SEP solar drray,
Weaparound contaet cell covering with glass or er-
panie films is focdlitated din both manual and auto-
mated operations. The wrapavound contact cell en-
linmees arrvay pmel designs for fully automated ag-
sembly. The parallel and serles cell bonds can be
made simultnneously resulting in significant savings
in assembly time. This snvings fs observed with tha
prasent arpay sgssembly technilques.  Weaparoumd ton-
tact eells will be easily handled, transforred and
bonded ns the developrent of line flow and contin-
uoug flow automated arcvay assembly technlques takes
place.
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TABLE I. ~ WRAP~AROUND CONTACT SOLAR CELL PROCESSING FEATURES

Cell feature Vacuum process Low~cost W/A Combined low
W/A junction insulator cost-vacuum
technology technology process technology
Junetion Gas diffusion* Spin-on dopant ' Gas diffusion*
Contacts Evaporated CrPdAg® i Print-on past Evaporated CrPdAg*
thin grids# thick grids thin grids#*
f+ back Evaporated Al Print-on Al* Print~on Al
Surface treatment | Chemical polish Texturized# Texturized
AR coating Evaporated TapOg# Spin-on AR ceoating Evaporated Ta205*
Wrap-around W/A junction Planar junction with W/A print-on
method W/A print-on# insulator#
: insulator
Effdciency 11.2 percent AMO 10.9 percent AMO - Bst. 14.5 percent AMO

*Begt technology.

TABLE ITI, ~ SOLAR CELL MODULE GOST COMPARISON

Component Cost (dollars/square foot)
SEP Solar Conventiong
array? solar array
1, Substrate (materials €100 140
and labor) )
2, Cell interconnect Included in 380
hardware component 1
3. Cell to incerconnect ¢60 190
bonding
4, Cell laydown Included in 50
component 3
Module Ffabrication subtotal 180 760
5. Cells and covers - £2000 1500
6. Acceptance test 20 20
7. Quality Assurance 30 30
-Subtotal 2050 . 1550
Total module cost 2210 2310

aLightweight flexible subgtrate, integral interconnect,

wraparound contact cell.

bRigid subgtrate, conventional interconnect, cenventional

CE]-J.'

CAutomation of process will reduce these costs.
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THICK).

Figure 1. - Types of wraparound contact solar cells (close-up view of cell corner),
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Figure 2. = Contact geometries of wraparound cells,
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TANDEM JUNCTION ON ILLUMINATED
SURFACE TO REDUCE RE-
COMBINATIC I VELOCITY —

1— INTERDIGITATED BACK CONTACT

Figure 3. - Rear junction device,

@ GOON JOINT ACCESS

® HIGHER PACKING FACTOR

® REDUCED ASSEMBLY STEPS AND COST
® ELIMINATES N-BUS GAP PROBLEM

® RELUCED WEIGHT ~ WRAPAROUND ELECTRODE CELL

(SERIES TAB ELIMINATE D)
WRAPAROUND ELECTRODE P CELL COVER

CELL OPTION r B S A
ﬁ‘% —

(LIGHTEST SYSTEM)

N GAP
SERIES TAB - CONVENTIONAL ELECTRODE CELL
/- CELL COVER
g ]
CONVENTIONAL ém' .
CELL OPTION -

Figure 4. - Integral interconnect substrate design.
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1 LIQUIC RESIST COATING 2 PHOTO EXPOSE STEPPING PROCESS
(POSITIVE WORKING RESIST)

iy i s B

3 DEVELOP RESIST 4ETCH COPPER
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5 PHOTO EXPOSE REMAINING RESIS] 6 DEVELOP RESIST

COVER e
LAYER R%L,LFLAMINATE (EOR DRIVE MOTOR
FILM co -~ - - MIRROR
ETCHE | LASER |TAKE-UP _ MASK

BASE TAKEUP REEL

LAYER REEL

7 LAMINATE COVER FILM TO BASE FILM 8 LASER SKIVE

Figure 5. - Manufacturing concept for substrate fabrication.
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