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TEGHNI CAL FI ELD The presenl 0 n rel'a? @Awhgd phot ovol tai c cell
product and a nethod for its nanufacture BACKGROUND ART 15 Photovoltaic
devices or solar cells absorb sunlighty and convert it directly into

el ectrical energy. The basic scientific principles which underlay the

effect of convertingglriueit ognemet NG POV ARV @=hages 20 using
photovoltaic cells are well understood. Mbst typeS of photovoltaic cells
have a photoactive area, i.e., an area that generates electricity in

response to light and is conposed of a sem conductor 25 |ayer disposed
between two el ectrode |ayers deposited on a flat, supporting substrate.
The phocoactive area is divided into a nunber of photovoltaic cel s

I nt®erconnected in series to boost the voltage out put. QW voltalc )
cells may then be encapsul ated, e.g. 30 with plastic, ﬂw cells
fromthe external environment during transportation and oper f t he

cells. A nunmber of electrically interconnected photovoltai c'5%i@r*l s may be
supported on a common rigid medium such as glass, to forma photovoltaic
nodul e. 35 The process of sequentially form ng photovoltaic | ayers onto a
supporting substrate is a comon T1LITITITTEINVITINVITTIEVELTEVELTHELTTTT -
_"10 TECHNICAL FIELD

The present invention relates to a photovoltaic cell
product and a method for its manufacture.

BACKGROUND ART
15
Photovoltaic devices or solar cells absorb sunlight
and convert it directly into electrical energy. The
basic scientific principles which underlay the effect
of converting 1light energy into internal voltages

20 using photovoltaic cells are well understood.

Most types of photovoltaic cells have a photoactive
area, i.e., an area that generates electricity in
response to light and is composed of a semiconductor

25 layer disposed between two electrode layers deposited
on a flat, supporting substrate. The photoactive area
is divided into a number of photovoltaic cells
interconnected in series to boost the voltage output.
The photovoltaic cells may then be encapsulated, e.g.

30 with plastic, to protect the cells from the external -
environment during transportation and operation of the
cells. A number of electrically interconnected
photovoltaic cells may be supported on a common rigid
medium, such as glass, to form a photovoltaic module.

35

The process of sequentially forming photovoltaic

layers onto a supporting substrate is a common

I j
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1 ~ ~ SFEEE V H AS ILL *cooooz* | CE PLACED 2 technique for making "thin
filmphotovoltaic cells,” also a well known product. Mdst thin filmsolar
cells are deposited onto glass as part of the manufacturing process.
However, the sequential deposition of layers 5 on a rigid nmedium such as
gl:ass is expensive, cunbersonme, not well suited to high speed operation,
and often expensive to ship. Mreover, the plastic casing is expensive and
it remains QéﬁﬂdiqghrmbﬁtmakhhgugmmﬂntﬁmﬂmiéﬁooévbhEaphobewmbtaic cells

due to 10 th t enden Iastlc tq de e hn s nli g sthere is a
need for i‘?&@\/é’&% 2(51 L0 5 SR |Otng tOscé HFim %ll gov\,f:‘nlr Egl 5 nore

-sui tabl e fomﬂugﬁep&ﬁlnmd pnodugtasn, asnpasbsed FhﬁemspanaCVQrsaglllty of
the produc ‘%n&m‘a Y ig u%rltg tarlara%%(yst ~qg§; S 149elsS. Pat.

No. S, 674,3 |ssued to bri e %g% * Jegs

ht et Is an exanple of a
method of mEhufactUrd ¥ am$®%%mflﬁﬁfbhoﬁévogﬂ§?é dé§|c§XPeﬂFBVtht et. al.
descri bes acRIn%?&S%dxé\VOhMtngrcmZ%uﬁwd Otg@tleléubébéaae teEratlba separ at ed
fromfilm layers _ so that the f |In1la¥ers event ualkg 85 |ncorporated

S

into a phot &t af ECReFFRSS DY SUpported” ol ¥ Pefane &cFafe. The .
Al bright dewigeiggess rmtpétayeva pexneitentesabssr at ef ahtorahpointhe 25

Oy S POSELGuc W Fpir ARy S LAl NShot b DReag. BUTIGORLE Sypstfate,

ght evi ce

eS nof confaln or gpest t he use
of 1@ cont actthet rtemsdemcy@é@bashb@tt@sd%glw%ﬁ | iy erunlohvadit - t B&YShin film
cells, or rgs 4 Dalds cNél’? BeddPoPakilg chi68, 869
|ssued to AI ﬁfs h‘%é@% Feb. 535} EjCI hcer nmet hods g%d devi ces

fllm cells which is more su1table for high volume
production, increased life span, versatllzty of the
product, and lower manufacturing and transport costs.

15
U.S. Pat. No. 5,674,325 issued to Albright et al. on
Oct. 7, 1997 is an example of a method of
manufacturing a thin film photovoltaic device.
Albright et. al. describes a process involving a
20 "gurrogate substrate" that is separated from film
' layers so that the film layers may eventually be
incorporated into a photovoltaic cell to be supported
on a permanent substrate. The Albright device does
not have a permanent substrate onto which the
25 photovoltaic material is deposited, rather it has a
surrogate substrate. More importantly, the Albright
device does not contain or suggest the use of a
contact transfer release sheet as a top layer, over
the thin film cells, or elsewhere. The same holds
30 true for U.S. Pat. No. 5,868,869 issued to Albright et
al. on Feb. 3, 1999. Other methods and devices
siﬁilar to, or analogous with, thin film cells and
their manufacture include U.S. Pat. No. 5,520,763
issued to Johnstone on May 28, 1996, which describes
35 a manufacturing process in the printing art that uses
a foil strip and a release sheet fed through a roller.
Johnstone does not suggest the present method of
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simlar to, or analogous with, thin filmcells and their manufacture
include U S. Pat. No.- 5,520,763 issued to Johnstone on May 28, 1996, which
descri bes 35 a manufacturing process in the printing art that uses a foil
strip and a rel ease sheet fed through a roller. Johnstone does not suggest
the present nethod of HS SI{E-TF L1 1'f RPL..ACF.D3 nuaking a

phot ovol taic device. U S. Pat. No. 5,417,770 issued to Saitoh et al. on

May 23, 1995 r#ii%é o E‘é;’&%oJ&ttQ% HSedckn thesmepaf ackyr esodia, phot ovol taic
device. Saitoh et al. "do not suggest the present 5 nmethod of naking a
phot ovol t ai ¢ idEsMad. @, Sa1pak. efoal . 30R283¥43 3 547 ti° R DE°FHoREs on

April 24, 1973 rieschishes anmeiiwd @hufelddure actheanosiwopbeolapgc R D.
Thomas does not suggest the present method of naking hot ovol t ai ¢
device. 10 NSHY€t he snfdot\FéVPi Averti-on® af® pat d9e s tg‘lygen PEFCREr singly
or 18 conbi natdtbd ISf 3L adehorbbeltblie destiart. | Hvent Pen .a¥ocl ai ned.

15 DI SCLGSU .ON The present i L onJ spa.-photoyol tgkg device
and nethodFE%gyéégygglﬁfggfhrégfhgfgfaéﬁ%sﬂ% egnpd% ég?ng, "transport and
instal | ati on &éscoies panseshadd ofol el PNGr pafHeITREAMMST a€2BEi ng process

i ncorporates @ p Mk rYacWHRL hagbesugpsisem {18 nhpasanthimedhdd o€l | | ayer
made from photovoltaic materials, on_a permanent substrate. The thin film

cell layer is"afbrgb? neleteBolbatenta¥tCeransfer rel ease sheet. 25 The
photgvol taic materials includes: nultiple p-i-n junctions, a Zno |ayer,
filmmasked fingers, and _contjnuous bus hars deg ?ﬁg%£nlgpgt%§%% of two

edges of the tNORSiPh &8 RBOYT, 1BYERSAPRT of

either singly or in combination, is seen to describe -

the instant invention as claimed.
15 DISCLOSURE OF INVENTION

The present invention is a photovoltaic device and
method for its manufacture that facilitates packaging,
transport and installation of solar panels and solar

20 arrays. The manufacturing process incorporates a
multi-vacuum-chamber system forming a thin film cell
layer made from photovoltaic materials on a permanent
substrate. The thin film cell layer is then binded to
a contact transfer release sheet.

25 The photovoltaic materials includes: multiple p-i-n
junctions, a 2zZn0 layer, film masked fingers, and
continuous bus bars deposited along each of two edges
of the thin film cell 1layer, one bar along a
positively charged edge, and one bar along the

30 negatively charged edge. Adhesion of the contact
transfer release sheet to the thin film cell layer is

also performed in a vacuum deposition chamber.

A roll of photovoltaic material is then segmented at

35 intervals of at least three fingers, to produce thin
film cell stickers, preferably about one inch by
twenty-four inches in area. This product can be
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positively charged edge, and one bar along the 30 negatively charged edge.
Adhesi on of the contact transfer release sheet to the thin filmcell |ayer
is, also performed in a vacuum deposition chanber. A roll of photovoltaic
material is then segnented at 35 intervals of at |east three fingers, to
produce thin filmcell stickers, preferably about one inch by twenty-four
inches in area. This product can be 1. c:Pi.ACEU 4 shipped directly to

end users fQh QR st t eqicusiar zatacpn éY{E:I uclgggJej_—@ t heosret hod-ssta procedure
for on-site custom zing, where

rr| r. lay rel ease
sheet is refAEETMRERE R n ANTH t:é(gl]tn ‘?eck% h% e Phe g Sﬁagé(rﬂégg li ke the
backi ng of Zorurpesisdi csrpmtiiainke witersime ¢hea Qmaensl besmtermedi um t o
forma sol ar panel. ¢ E@ee F}aelrleéas@‘ys&%&%é Ofﬂrﬁégea“t OTRePahahl eh1qircuit 10

or a series Ereuit y,_ a conductive foil strip interconnect clipis
crigped to tded laditdcdstr shiprharhen oﬁ‘dm%@enhfﬁl khej ParEdrS ofi Bkers. The

sun shi nes &J}[F%%f FQSNEFanSwC%% MeHEEPE(8<l. o £ 0lBSErankilugehhe
I N | )

photovol tai c t m ce el ectrical energy is 15 drawn off by a
condui t. Acamdiumylge §rm 2 3Pk hcPdaflobj ect of the invention to
facilitate conpact packaging, and to reduce transportati on costs by

enabl i ng phot ovoltal c 20 dev ces to be s 5 %d se ar% fro(r(}k1 ny gl ass,
al umi num f r ame T°6r PR L oTREr ?yﬁ?ﬁ’éﬂ“fﬁ a 5 e di ﬁ]r ITus Féducing t he
weight and tdmeraefs@raetshelmntof Fshiappiynga Stinduciriotehdioigbjsgatirof t he

need to’ enchbE T 17T 1 BHRt YT AR ael T 1. prdSier @“'S”‘b@qffscéi‘ﬁy
of adjacent thln film cell stlckers he sun s
through the translucent medium (e.g., glass), hits the
photovoltaic thin film cells, and electrical energy is
15 drawn off by a conduit.

Accordingly, it is a principal object of the
invention to facilitate compact packaging, and to
reduce transportation costs by enabling photovoltaic

20 devices to be shipped separately from any glass,
| aluminum frame, or any other typically heavy medium,
thus reducing the weight and therefore the cost of

shipping.

Still another object of the invention is to provide

25 a process and a product that eliminates the need to
encase thin film photovoltaic cells in plastic, which
is costly.

It is yet another object of the invention to provide
a photovoltaic product that minimizes the possibility

30 of theft, vandalism, or damage from natural elements.
it is an object of the invention to provide improved
elements and arrangements thereof in an apparatus for
the purposes described which is inexpensive,
dependable and fully effective in accomplishing its
s intended purposes.




1t is yet another object of the invention to provide a photovoltaic
product that mnimzes the possibility 30 of theft, vandalism or damage
fram natural elenments. It is an object of the invention to provide inproved
el enents and arrangenents thereof in an apparatus for the purposes

descri bed which is inexpensive, dependable and fully effective in
acconplishing its 35 intended purposes. 5 These and ot her objects of the
present inventiWresd | endecorter eall egt&pwdr eblbe upoRstott HEVIEA®W of the
ol | owing speeh i GRIIAN. APLL L B B AR EFDEBORL RT) OMeGE oTHE DRAWNGS
Fig. 1 is a block |agran1o? facturin process for meking a

phot ovol t ai ctdevifed lewiag saanht R Hepp st o efer®er, i ncl uding the steps
of cutting the device into strips of unit cells for shlpping and on- site
custom zation. Fig. 2 is a synbolic representation of the manufacturing of
a pRotovoltaic device incorporating 15 the joining of a contact transfer
rel ease sheet to a therIfEFA DEsERIHTREY ,OF MTHE DRAEFINGRcCUuM chanber. Fig.
3A is an exploded elevation view of a strip of thin filmcells conprising
a permanent substrate, a plurality of PIN |ayers topped by a ZnO 20 cl ear

conductive |ayer; a pdgr &f isordt i )s Biggbams ofard Mamfersturii a cont act
transfer rel gagg.gheql;, nlfalgméBaléhacsqe@ea%ddr%arc%sq%taél«%mmthe
el evation view shown in Fig 3 shows a man carrying a roll of 25

phdﬂbvoltalcdﬁﬁpéﬁﬁépnr€§@ﬂheﬁg ﬂP@%Wﬁ%@§bt§€eﬁ§epéa??|%RFE&R9|?P%he vacuum
deposi tion chavher dintd @8 pd BFithid. e ot ldndgdesaridecutting or

segmentation site customization.
Fig. 2 1is a symbolic representation of the
manufacturing of a photovoltaic device incorporating
15 the joining of a contact transfer release sheet to a
thin f£ilm cell layer, in an inert vacuum chamber.
Fig. 3A is an exploded elevation view of a
strip of thin film cells comprising a permanent
substrate, a plurality of PIN layers topped by a 2ZnO
20 clear conductive layer; a pair of continuous bus bars
and fingers; and a contact transfer release sheet.
Fig. 3B is a condensed representation of the
elevation view shown in Fig 3A.
Fig. 3C shows a man carrying a roll of
25 photovoltaic material vresulting from those steps
carried out in the vacuum deposition chamber disclosed
in Fig. 1.
Fig. 4 illustrates the cutting or segmentation
of the roll in Fig. 3C into thin film cell stickers.
30 Fig. 5 is a plan view of the 1 inch by 24 inch
thin film cell stickers resulting from the procedure
shown in Fig. 4, with contact transfer release sheet
still intact.
Fig. 6 shows a person carrying to a U.S. Post
35 Office delivery truck a box of the thin film cell
stickers resulting from the process disclosed in Fig.
S.




of the, roll in Fig. 3Cinto thin filmcell stickers. 30 Fig. 5is a plan
view of the 1 inch by 24 inch thin filmecell stickers resulting fromthe
pracedure shown in Fig. 4, with contact transfer rel ease sheet still
intact. Fig. 6 shows a person carrying to a U S. Post 35 Ofice delivery
truck a box of the thin filmcell stiekers resulting fromthe process
disclosed in Fig. 5. 6 Fig. 7is aplan view of a 1 inch by 24 inch thin
filmcell sticker, $hgw g idea bptanerieayef eof 1 timechcdrt a24 inahsfer

rel ease sheet, nei YedseiBldy BRLSNAMS apanalleleLifeyit g thin film

10 , ;
5 cell stickers ad%ereggto a translucent diumatter renoval of the
rel ease shedthaceordrpay tvarsfer7relenge 8Reshokgingsermeyedi-rcuit of thin

filmecell stickers adheregd tohqvd rAansd Loend) edidmafderchigmpyah of the
rel ease sheet J:';]v(,:\lcor di n%sto Fi g. i 9A.is an envjr onrreg_t al

7. 10 Fiq.
perSpect i ve Shelv 8F KRB Ss ARRTES 1t #i g§a8§i1H§eél&hé‘? 4% @tgPiss surface
and cust om zeshdyabaytfngha telkaskr spebbt eccondenty asdrigonduit crinped to

t heir adjacent, non- 'dher% bHS bars. 15 Fiic;;. 9B. j:s %n ter%n{jn vier/ of the
crinping of an intérdonntiect @Fp® ¢ BUT Dar -G cShdut t*’of TF-l. 9A.
Simlar refeaeehtesthakacterasitareat eccoar espasdiuagniteatadiosn cafisestent |y

throughout tP@mo@Qla&E?GﬁsdvgEé%@géheﬁﬁslc%iﬁﬁt@ﬁg'.NG OUT THE

| N\VENTI ON The™ present “i nvenfron s a phot ov i c’devi cé“and = 25 a net hod
fok0i ts manuf act ur e Fikhe %@oikpore iy igformeat ade PRESPESSEMS YRRY €6npri se a

contact transf&rséehease]l sheefpsbdiimdednesea tbi B fihBsceltrhager 14 in a
series of vacuym degositigr&);{: ambers 12 that

customize aving a foil st%gg interconnect and

| conduit crimped to their adjacent, non-adhered bus
bars.

15 Fig. 9B is an end view of the crimping of an

interconnnect clip to bus bars and conduit of Fig. 9A.

Similar reference characters denote
corresponding features consistently throughout the

20 attached drawings.
BEST MODE FOR CARRYING OUT THE INVENTION

The present invention is a photovoltaic device and

25 a method for its manufacture. The components of the

device essentially comprise a contact transfer release

sheet 5S4 binded to a thin film cell layer 14 in a

series of vacuum deposition chambers 12 that are

symbolically represented in Fig. 1. As shown in Figs.

30 8 and 9, a foil strip interconnect clip 80 may then be
used on-site to produce a solar panel 100.

According to the preferred embodiment, thin film

cell layer 14 comprises a photovoltaic material

35 deposited onto a permanent substrate 22. Substrate 22
is produced in a first vacuum deposition chamber 20.
Preferably, substrate 22 is comprised of a conductive




synboljcally represented in Fig. 1. As showmn in Figs. 30 8 and 9, a foil
strip interconnect clip 80 may then be wused on-site to produce a solar
panel 100. According to the preferred enbodinent, thin film cell |ayer 14
conprises a photovoltaic nmaterial 35 deposited onto a pernanent substrate
22. Substrate 22 is produced in a first vacuum deposition chanmber 20.
Preferably, substrate 22 is conprised of a conductive 7 netal |ayer 24,
preferably ahamdnubnyen a4spolghefigimbbasaltayenm?26.crAsabestlysivwige in Fi gs.
3A and BB, the $hftov |£@IC material conprises at |east the follow ng

| ayers: preferably tandem (p-i-n) junction 30, a clear
conduct i ve Iayésts bz,stasybmrt iive Fagrre 38 pendl 3Bl the PEQEANRL g 40, a

contact Shrifefesfabelunen;edge .30 A edge 4011 tnwa%s har 42, a

negative bus ers 10 Referring to 13 in a second
vacum depositloiplehamederablyn tpnden) él@v%cé)SOJUBFtéf’ﬁ‘er @p-iz2n)-

equi val ent nat &4} alondsWeposidwead ot 0a”§b@'1t|lar)éered%4a ] pfdi:bﬂtll’e?ﬂt e 22.
Preferably, device 30 should be a 15 tandem a- SICFE@ unctl on

represented ¥R BFIREHYE &0 & GEPEakToRM TR t"f i aeﬁﬁ rd vacuum
chanber 34, mecdmdre@@e\dm:tiar@oﬂsaty:eve?alausdhargﬂéd taorm%nw%rmgsfroma
negative ed e 40fa$.§e Qég g kgncells, is deposited upon the a-Si p i-n
or equival ent naterfial. e process occurring in chanber 34 is known in
thaoart. The cI ear conductive layer 32 is preferably ZnO top contact

material that gJasalsggveld ﬁ%g““l' s he §$éonéa¥35uﬁ% RpoFix ion

alternatively be rradefrom its equival ent. gfouthvcuum
deposi ti on chhaBeRr488.baR 42 anB) B&ViFF af B dé‘Eos‘P'f' gr g Tilm .

maski ng techaggu@alent material, is deposited onto metal layer 24
of substrate 22. Preferably, device 30 should be a
15 tandem a-Si p-i-n junction, as represented in Fig. 1,

and as is well known in the art.

In a third vacuum chamber 34, a clear conductive
layer 32, designed to draw energy from a negative edge
20 of the thin film cells, is deposited upon the a-Si p-
i-n, or equivalent material. The process occurring in
chamber 34 is known in the art. The clear conductive
layer 32 is preferably a ZnO top contact material that
is also well known 1in the art. Layer 32 may
25 alternatively be made from ITO or its equivalent.

In a fourth vacuum deposition chamber 48, bar 42 and
bar 44 are deposited, using a film masking technique,
onto layer 32 along edge 38 and 40, respectively.

30 During the same process, and using the same film
masking technique, fingers 46 are masked onto clear
cohduccive layer 32. Fingers 46 extend from negative
bus bar 44 (at negative edge 40) to proximate positive
bus bar 42 (near positive edge 38).

35
In yet a fifth vacuum deposition chamber 50, also

shown in Fig. 1, a contact transfer release sheet 54




onto' |l ayer 32 al ong edge 38 and 40, respectively. 30 During the same
process, and using the sane film masking technique, fingers 46 are masked
onto clear conductive layer 32. Fingers 46 extend from negative bus bar
44 (at negative edge 40) to proximte positive bus bar 42 (near positive
edge 38). 35 In yet a fifth vacuum depgsition chanber 50, also shown in
Fg. 1, a contact transfer rel ease sheet 54 8 is bonded to contact surface

36 of thin filmeghlby layetoltadre!l easeasheeis 5S4 ecantal ngiamclean adhesive
56, a rel ease agent such as a wax product, and a top,. renoyabl.e barrier

| ayer 58, prig¥8ably- meRrlerem ahsepapér CPAGAIES 3 Gisid iddreaSsite, or

[ Ejﬁ qu: val &g, aﬁ@lé’é@fségéntssﬂblhf asalbl yﬁsd Igﬂ'xtwm:tb,as:&ﬁliharlctopr)gcessari |y
adherabl e to contact surface 36. Rele sheet _54.spans,t he p _bet ween
positive busred’é‘?v%?{%ngmrﬁéﬁa? i %8}'5558%; Hﬁegﬁgﬁbtlﬁgtm?%ee bﬁggbe?r S remain
fres 10 of paihesimodmterialplas: showmnposig., 3C itheqrisfdrmdd _
photovol t ai irfxgewa ds5 JRnutact Ué?%fb?aﬁ? I's 621 ELde -RaSBEWS L n  film

cell layer and rél’ease sheet 5 el ng und 15 onto drum 60 I nside
vacuum chanmbeesed9ariby aadhareblgate €ABSGTeRUrfiare R c RTR7E e

manuf act ur edspd O | 9 a8 Sheats WY $ESR, pbee { oL SuFByarF ar@ndanywher e
from1l2 to 36 %%chesg{pn w dt he %u are preferably 24 inches in wdth. The

rolI's can be'ePRELVOPYD, DAY $2eTUFhH oAyt e S R2F2 &I TS Is will
be;103,500 fest.adbesilushhakedaln Fig. 4, after a roll 62 is renoved from
vacuum chanbers 12, it is cut, severed, or 25 otherw se is segnented

w dth-wise into strips, preferably at one inch intervals, along |lines

per pendi cul ar t téseovongdirt uBigal 3R s tdfe bpsebarsed2 photovoltaic

device is manufactured in rolls 62. Fig. 2 shows thin
film cell layer 14 and release sheet 54 being wound

15 onto drum 60 inside vacuum chambers 12. In an
alternate embodiment, the device may be manufactured
in large sheets. In any case, the rolls may range
anywhere from 12 to 36 inches in width, but are
preferably 24 inches in width. The rolls can be up to

20 20,000 feet in length, but at least some rolls will be
3,500 feet.

As illustrated in Fig. 4, after a roll 62 is removed

from wvacuum chambers 12, it 1s cut, severed, or

25 otherwise 1s segmented width-wise 1nto strips,
preferably at one inch intervals, along lines

' perpendicular to the longitudinal axis of bus bars 42,

44. These intervals are designed to incorporate at

least every three fingers 46, so as to produce an

30 elongated, preferably 1 inch by 24 inch thin film cell
stickers 64 as shown in Fig. 5. Each of stickers 64

has a positive bus bar segment 87, and a negative bus
bar segment 91, one at each of its two opposite ends.
As shown in Fig. 6, sticker 64 is placed in a box 65
35 up and readied for its end use as part of a solar

panel 68.




44. These intervals are designed to incorporate at |east every three
fingers 46, so as to produce an 30 elongated, preferably 1 inch by 24 inch
thin filmcell stickers 64 as shown in Fig. S. Each of stickers 64 has a
positive bus bar segnent 87, and a negative bus bar segnent 91, one at
each of its two opposite ends. As shewn in Fig. 6, sticker 64 is placed in
a'box 65 35 up and readied for its end use as part of a solar panel 66.

77171 9 At apwork &itie, sie, ogher obaeti dardyer Byef SBeofeltdigse sheet is
removed, as shown in Fig..7, and then ed, ldike the hackiag of a
bunper sti d&¥23%9 ¥ %’gu’n%lerresr?odvee LY %ﬁgﬁ&s g'cnerﬁlfge.ri di d support plate 70,
5 preferablagighasd, 1bkéorheabsckangpafieh BBMPEHUSLiCKET prtef &Nfed panel 68
of the present inventign Co ' tr jucelopd @i g188pPant, plate 70
to which is‘m‘gﬁﬁﬁ%gﬁ Shie rC B e FoTat of TeRie 11T es |§ tickgrs 64. 10
Plgte 70, shosfierabEyggless. hee Eofmontsaiafe PaRteddy ed"o a radi ant

energy source, k gkdgr7dheppesitatrsandehtdioantcoamarigyessour ce.
Stickers 64? %fgg?ega?gﬁg S i S

rier layer, 58 i s renpved, 5 adhered,. side by
side, to the BFEQSHYRETL of PRGt SUPRPTEal ag‘le ?E&c @rs‘ggz[cﬁaslsz pai r of
opposi tel y ;8hargad daks darmsegnesivs OF, tilin ASibmestedhowtiiakerisy. 9A,

since the bus bar segnents 20 are free of adhesive, adjacent bus bar
segnent s frofr adj acent stickers may be lifted up as though they were a
shingl e flap and bound together with a foil strip interconnect clip 80.

Cip 80 is crigped ontp the  SeIRNIS;gas fest hekowa | frbhgs.siG¥e and 9B. A
clip 80 25 may be Used 'to connect each’ pair of bus bar segnentss
directly exposed to a radiant energy source, and a

back side 71 opposite said radiant energy source.
Stickers 64, after barrier layer 58 is removed, are
15 : adherad, side by side, to the back side 71 of plate
70. Each of stickers 64 has a pair of oppositely

charged bus bar segments 87, 91.

As best shown in Fig. 9A, since the bus bar segments

20 ave free of adhesive, adjacent bus bar segments from
adjacent stickers may be lifted up as though they were

a single flap and bound togcther with a foil strip
interconnect clip 80. Clip 80 1is crimped onto the

segments, as best shown in Figs. 9A and 9B. A clip 80

25 may be used to connect each pair of bus bar segments
87, 91, on each of the stickers, to one of the

segments from an adjacent sticker 64. Interconnect

clip 80 is preferably made from a tin coated copper,
aluminum, or other malleable metal having electrically

30 conductive properties suitable for collecting voltage
along consecutive bus bar segments of thin film cell

stickers 64. For thin film cell stickers that are

the preferred 1 inch by 24 inch size, interconnect 80

is preferably just short of 2 inches in length, and

35 having less depth than a bus bar so as not to
interfere with the thin film cell layer. As shown in

Fig. 9B, the interconnect has a slight indentation on




‘87, 91, on each of the stickers, to one of the segnments from an adjacent
sticker 64. Interconnect <clip 80 is preferably made froma tin coated
copper, alum num or other malleable netal having electrically 30
conductive properties suitable for collecting voltage along consecutive
bus bar segnents of thin filmcell %0ickers 64. For thin filmcell
stickers that are the preferred 1 inch by 24 inch size, interconnect 80
i s preferabl yupfiscesisor tthoft 2 ikeabaiine [Samyte BRFEEhRATEIess dept h

t han a bus_bar, so: tyt O ci RYHELS €56 Wnkh dhe bli ntdd | Buseldadt ayer. As
shown in ﬂqg.lrg%&%hg%lnlt e?connecg{ has a sl.ight indentation.on 10 a

surface soseBaEnsd ead MW i FEBRUMEF het P SETRATEIHe Sval | of clip
80 and one.gftihe busthalen segaenifsidkt haatls niodr f eRiipg Wt lared snug

conpressi ve _ contact between thepigss,igu; V\@i| s of clip 80 and 5 adj acent bus
b&r segnentdigFrend1 Pus JorhrSpERett S atcordrig to the preferred enbodi nent,

may be constructed into series or parallel «circuits. A series circuit is

created by argangi 1Q..r 66 SLii¢kers g4 sugh t hatepdiae@nt bus bar
segnents, of ‘édj gsc%r%?st%c n%\rﬁ'{s’, argrécopposﬁtely char ged. Reflgi r%ng to the
series ciremdodimatity, @R be donsgrufted 85tPsSepAfREcPEPIT & Positi ve bus

bar | seameqt; B7,380 3 41 £sk; e8dcBEcolr Lhe covetddalysrsdigheysatd. A
second wire 90 1s connected to a nesﬁgtlve bus bcslr sergcne%tusm.ﬁ;i\% a second
ard 92 of ey 6w of FHIHREES PR (FEBeFPES FTRTII t RE%cePTS i ncrease
the vol t ageaMidex é he dmperagpatsenni nstatkehs, | e ofppdeivaiput of the

| onest cell. 20 A, par

where. abut (AT, bake SERRens b, shs; RIFASP, PLeRare shopsapybel b O%
third wire D4fapdrawire 86 is connected to a positive bus bar

segment 87, at a fixst end 88 of the row 66 of
15 stickers 64. A second wire 90 is connected to a

negative bus bar segment 31 at a second end 92 of the

row of stickers. In the series circuit, the cells

increase the voltage while the amperage remains at the

level of the output of the lowest cell.

* A parallel circuit of the solar panel is shown 1in
Fig. 8A, where abutting bus bar scgments are similarly
charged. In this circuit, a third wire 94 and a
fourth wire 96 traverse bus bar segments 87 and 31.
25 In parallel, the cells increase the amperage, yet the

voltage remains at that of the lowest voltage cell.
In the case of each of the series and the parallel
circuit, the two wires draw electrical output from the
solar panel to an electrical junction.

30




fourth wire 96 traverse bus bar segnents 87 and 91. 25 In parallel, the
cells increase the anperage, yet the voltage remains at that of the | owest

vol.tage cell. In the case of each of the series and the parallel <circuit,
the two wires draw electrical output fromthe solar panel to an electrical
junction. 30 11 -- - -- CLAIMS | claiml 1. A photovoltaic device,- - -~

conprising: a thin filmcell |layer nmade from photovoltaic material .

deposited onto a flexible planar sub¥E¥Se, said material having a
positive edge parallel to a negative edge and a contact surface

t her ebet ween; afd.a contact transfer rel ease sheet adhered_to said contact
surface. 2. #h% PhBt ovol tai c device according to claim1, wherein said
device is in the formof aroll, said roll forned by rolling said chin
filmcell |ayer, an ai.d contact fransfer_ release sheet onto a drum 3.
The device accordi 2}; ¥ Othvaoﬂ%all,c trerei T sca?chl% ’ortlg\'/ol taic material
further conprises: a dreastfidlw gl -IBysummadensror chesaoveditd@ict i ve | ayer
over| aying Sghe i HRCkLERS: cBaPRRI we DS dh2RAZEA ARG I, posi Live
edge and a negatlve bus bar_ di sposed al ong the 'negative edge; a plurality
of phot ovol t 8R&4f | g ale dodv g §am@3#qkkﬁseéﬁﬁe@ﬁﬁﬁ}¥?gnﬁ§aﬁﬂ negati ve
bus bar to Regxthetecggedapasittygrids Harfade therdbeiteeaaccaning to
claiml1l, wherelin said su stéate coqprisesla condgftkye Hggaldlqyer

di sposed upon a[xﬂ@iﬁ?a ag Sérans er release 5Shéeet a Te (o]

sald contact surface.

2. The photovoltaic device according to claim 1,
wherein said device is in the form of a roll, said
roll formed by rolling said thin film cell layer and

said contact transfer release shest onto a drum.

3. The device according to claim 1, wherein said
photovoltaic material further comprises:

at least two (p-1-n) junctions;

a clear conductive layer overlaying said
junctions;

a positive bus bar disposed along the positive
edge and a negative bus bar disposed along the
negative edge;

a plurality of photovoltaic fingers, each of
said fingers extending from said negative bus bar to
proximate said positive bus bar.

4. The device according to claim 1, wherein said
substrate comprises a conductive metal layer disposed

upon a polyimide base.

5. The photovoltaic device according to claim 3,
wherein said device is in the form of thin film cell
stickers, said stickers formed by segmenting said
device along lines perpendicular to the longitudinal




‘5. The photovol taic device according to claim3, wherein said device is in
the formof thin filmcell stickers, said stickers formed by segnenting
sai,d device along lines perpendicular to the longitudinal 12 axis of said
bus bar, and at intervals of at |east every three said fingers, and
wherein each of said stickers has a pdsitive bus bar segment and a
negative bus bar segnent 6. The device acc¢ordin to(%éaln13, wherein said

rel ease she@®isps FR2dgdy HePABen e HegalFeEVELS ahndeeRéE positive

bus bar, butedags fiRtedVerliapd ffmé@ﬁé sarﬂh bugebaln s.uacﬂhtdaat saadh said bus
bar renalns free of .adhesive .materials r|5|ng a

b r

transl ucent ST S HFF0rft pﬁlsé'ttewﬁa\Puﬁg zi‘r fslg(?rﬂengi c?é'la@ﬂlar E‘c *8Xposed to a
radi ant enengys soursegmeand. a back side opposite said radlant ener gy
source; a row of adjacent thin filmcell stickers adhered to said back
side of said plate, each of said -stickers having a pair of oppositely
charged bus baF. sé@ﬁeﬂﬁqume@GFQréa@H 6o sHialipabr abgrsiangaid

col i near witdy anot @{9@6 §phHsSegRER D @ewéén%ﬁépnbgg%&@enmgt clip
connecting each of said pair of each of said stickers fo oneé& said pair

of an adj ac&RT oRnQat@esthekEr Ve o bpisy skfaﬁm r BU€orRRS 8Ot 0 ¥/ 16P sai d

segnents ate i Hd# SkagAd WhsSaidk F owucand: Raseadith Wiszed cionsedtaed to one
of said segnents, at secogd?ggd of said_row_ wherein said first wire and
t

sai d second WP HUrEF Rl @ §F1¥Gt PGt r6mSsai d panel to an electrica
junction. 8. The solar panel according to claim?7, wherein

7. A solar panel, comprising:

a translucent, rigid support plate having a
front side directly exposed to a radiant energy
source, and a back side opposite said radiant energy
source;

a row of adjacent thin film cell stickers
adhered to said back side of said plate, each of said
stickers having a pair of oppositely charged bus bar
segments, wherein each of said pair abuts and is
collinecar with another of said segments.

a foil strip interconnect clip connecting each
of said pair of each of said stickers to one of said
pair of an adjacent of said stickers;

a first wire connected to one of said segments
at a first end of said row, and a second wire
connected to one of said segments at a second end of
said row;

wherein said first wire and said second wire
draw electrical output from said panel to an

electrical junction.

8. The solar panel according teo claim 7, wherein
abutting said segments are similarly charged to form

a parallel circuit. L
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abutting said segnents are simlarly charged to form a parallel circuit.
TIHAS BIT.--, 13 9. The sol ar panel according to claim?7, wherein
abutting said segnents are oppositely charged to form a series circuit.

10. A nethod of producing a thin fil myphotovoltaic device, conprising:
preparing an inert vacuum chanber for "production of a roll of photovoltaic

rel ease materigl; .4epasiiing,phot ouekbaugagRle dlasente, aperamnent
substrate to foima phot ovo Ic web, said positive edge and

a negative edystineposidisRENEPEF p%%ej%ﬁ??bﬁe%b F{’ﬁgg?ﬁyﬁ?szor‘f‘l | m
maski ng two paraliead - cemkinuous bus bars, one to each said edge of said
web, and filmmasking a plurality of fingers bet ween sai d bus bars, and
adhering to said thin filmcell layer a contact transfer rel ease sheet to
forma roll of1phot avattabe offapebdakiwgt b thhhattltr pheftevotbib@se sheet.
11. The method of produci a thin film photovoltaic device according to

=

claim 10, f@@Were: fﬁﬁﬁféghﬁ 9fhe step of segmenting said roll of
photovoltalc releasenayaerg aleeng Liness [ﬂﬁﬁk#ﬂlcmh%mﬁ%¥th§°r

longi tudi nal , axi $. 0l ,galfl Pus Py h%%v%tlt'aﬂtceﬁs\éqle&s@f matekeam every
three said %7 Ingers, so as to pro ug el ongated thin,f Imc stickers.

12. The nethod of DIGRBRSE g 2 t hPROFAVAL 556t ovBREEF E2devi accSrding to
claim 11, Lgéltlrﬁgmeggngbbglt%treha;&tﬁpﬁnoi ppeeblragthtonwshi dsthidn film
cell stickers, bth out er beirlrtll%re %)é%r a%fd Sa'n%gc%”t\%(:tedtgr ansfer rel ease
sheet; we aving a pos
depositing multiple junction (p-i-n) layers;
film masking two parallel, continuous bus bars,
one to each said edge of said web, and film masking a
plurality of fingers between said bus bars, and
adhering to said thin film cell layer a contact
transfer release sheet to form a roll of photovoltaic

material with contact transfer release sheet.

11. The method of producing a thin film
photovoltaic device according to claim 10, further
comprising the step of segmenting said roll of
photovoltaic release material along lines-
perpendicular to the longitudinal axis of said bus
bars, and at intervals of at least every three said
fingers, so as to produce elongated thin film cell

. stickers.

12. The method of producing a thin film
photovoltaic device according to claim 11, further

ompr151ng the steps of:

' peeling from said thin film cell stickers, the
outer barrier layer of said contact transfer release
sheet;

applying side by side and sticky side down, a
plurality of thin film cell stickers onto a

[ THIS SHEET HAS 30y
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‘appl ying side by side and sticky side down, a plurality of thin film cel
stickers ontoa ~_ It PAO,I) J 14 translucent, rigid nmediumsuch that
adj acent said bus bar segnents abut end to end; crinping an electrically
conductive foil strip interconnect, {ggether with lead wire, onto adjacent
pair of said bus bars to forma series or a parallel circuit. 13. The

devi ce accortqiid}gglt&é:r{@,i g ilg i PNRL L U SAlch G adjddansiedidebease sheet
conprises a clear adhesive, a release agent, and a barrier |ayer. 14. The
devi ce acCORBMPFIT NG AU vfRt eF N $¥Fd  contact transfer rel ease sheet

conprises a clear %@H&@iﬂﬁ% a8 bBbeasecalbptcondideibarfoel sayep. 15. The
nmet hod according to claim 10 i contact transf

, erein_said F_ ] ase sheet
conpri ses a%ﬂ?ﬁﬁco%ﬂﬁﬁ%ivE?gﬁgg%Fe§§Eﬁa38ﬁ?,w&ﬁ&’aqﬁﬂ?i%éa?é§é§. 16. The
devi ce accorghings t®f cdaidndBs hdes eic Sarwl a alireisyeor sa sparebhelbased. 17.
The devi ce %§$9£9{39 to claim 14, wherein said adhesive is silicone-based.
REPLACED = -

13. The device according to claim 1, wherein said
contact transfer release sheet comprises a clear

adhesive, a release agent, and a barrier layer.

14. The device according to claim 2, wherein said
contact transfer release sheet comprises a clear

adhesive, a release agent, and a barrier layer.

15. The mathod according to claim 10, wherein said
contact transfer release sheet comprises a clear

adhesive, a release agent, and a barrier layer.

16. The device according to claim 13, wherein said

adhesive is silicone-based.

17. The device according to claim 14, wherein said

adhesive is silicone-based.
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