FLEXI BLE SOLAR CELL | NTERCONNECTI ON SYSTEMS AND METHODS [ 0001] This
application clains benefit fromU. S. Provisional Patent Application Nunber
61/ 312, 6280 2bilae7ear ch 10, 2010, the entire contents ofClhatskoiaf2ishi ch are
hereby incorporated herein by reference. This invention relates generally
to the field of the electrical interconnection of solar cells to forma

sol ar nodule, and nore specifically to thin filmsolar cells formed on

f1 exi bl e SUbFLEXIBEE SUIEA R QBT INTERCONNEEFIGN SUSEERS ANDIMETHADS
interconnecting flexible solar cells. BACKGROUND OF THE | NVENTI ON [ 0002]
Thin filmsolar cells on flexible substrates are today limted to anorphous
silicon on a thin netal foil (usually stainless steel) and copper indium
gal liumdiselenide (CIGS) on netal or polyimde foils. Undoubtedly, there
will be ot {01} Vhyeapphatigiylaps keadtit rpmleY. Peivisional Peteit Neplicgion Demban 1 exi bl e
subst r at es 8% ai d2831Q MdrctSOM)16, RN cdt@ts hEE I & whith b hbdkbyh&admedm
telluride solar cells are currently produced onl tgflf ass. To be useful in

y, on .
a sol ar poWern 8y tefessare. Jhs inyensioprelatss grnegadly o thgdieldef By degtrisdlal |y
i nt er connegti@dosRELR koMt EN1sQS R SioMr hkuR Mddmdieljesitk Al Buge filhe vol t age
| evel s and minim ze | 2R | osses due to high currents. Cells deposited on
ri gi d sheefelapfellyforped grefietble pypsiaies. Ahagipaensien discleges pplemagp pethods et ween
different priocssRcHeRRiLRDIRLe1gPECi fic locations to interconnect the cells
over the entire sheet. This procedure is called "nmonolithic integration”.
Such a nmethod is difficul t%%g i%erregé on flexible substrates because of
the accuracy required for KG UHP EMI%%NEMh of the scribes.
Additionally, flexible substrates enable roll-to-roll processing which can
becone | es$§00d2kiThiabilia selaocetisbe Abille isdibstrites ge aelegBmitsd foratrerphopt €licono
i npl enent the scribi oper.ations even if they could. be readi/l ne.
[ 0603]  Tr adh £ 5haleo FOLBERENT ah5e S o satrdr i f ali e et oy are
formed on iondievil digdlyinadeans. Unvboubliedlyh eidrawisitbe béhet ey draolapediashierfaly r ent

collecting grids and byss bars are usually fornmed screen-printing a
pattern w ts‘%taé’ﬁl f%‘i”ﬁ&ﬁ?iﬂhg Sphyatey ﬁ‘ﬁ‘fla@? éySQH‘Bélngd‘é vau@uf‘é‘aﬁl‘&? hi gh

t enper at ur @adrhiam EINRideksIST ced ard O8Nty PRRuEdamiyt dnanak, 1@ dedis@rat @r n consi st's
of a series of fine straight and parallel lines spaced a few mllineters

p . .
apart with S?lé\bp%?r fWe_éb agy ey of ﬁo}?ééell(lﬁﬁ%§e Blﬁ?tgﬁallﬁdﬁ?ﬁcﬁ@eﬁé‘il ey cul ar to
the patterQ@foufet Bfitat RS cellN6 rdi®IM {d1R8 BIYEIURiinRLONRISSsAue W face on
t he buss bars to which interconnecting tabs can be attached by conventi onal
sol dering hiehisgaents. flells depppited gpmigiskshpds elgflass eensepllyise heysteal tstrieby nar r ow
grids and taf)ﬁ}féﬁ %t&x;eglgdiiffgrehmoéegg ﬁéﬂs‘éﬁc‘l Yt sgécqﬁg 10PHRRs B3 _egﬂhé hen becone
the connection points to the next cell. An advantage of this nethod over
monol i t hi ¢ oventtleqnaird shaetj ‘Ehis praceduiyas eadlefl Smerplithe integsatied” . aneh soethedisf or
per f or mance.pr.i . il i t f ce is
ot 1 it o By b AR SR it b G B DB AP TRE S e
met hod appiplaeeingnd anchdepthf afthm sctieosi bildticallnrfles dld wibsimgs grableniotlitoorll y | i mit ed
success. AL Jeast Ju B BRI AR 20BN AL L AO G ELEd il Esdag bhe Lhin
film cell sPCARROE "SUTVIVE“THE fi gﬁ enperatures ne ea "t 8 "4 ed)uéltel y cure
t he sil ver implksefshesscriBiag bperaifonk evearif ey coulyl iearpklyavor.es sone of the ink
carriers and solvents remain in the grid line structure, which |owers the
conducti vi : j m cabi L rinted buss
bars. Al telt[%)g? rsre @*ﬁ?%@%&m@? %:gor% Je}gsttélﬁg%eds(r?r%%gBéélh%%}g;r\?m&%}ﬁwgglﬁducti ve
epoxi es, butdivtithel wekehrodhich thee ohanecaletopnaagd eCwent ¢atla¢ting grid$ arditoss t o
sol deri ng. ndl ince the surface finlsh, of ful .f]exible substrates
o mich potgnar thih Prlatap O RBL GRS g 3o S By TR sef ect s
exi st whi chulsaquebécansl g hightteisperasres fonclonadertoif V&0 CnKihi sradikiboaveddt o f | ow

into them This problemcan somewhat, mtigated by first.printing a much
ess conauetire Pl ARty pREnSRREAEH At B8 o ey PR Phe def ect s,
and then ovpdrt With tWd ¢rghrat Wwhiet higes Sihdsy Bars )i riknin Geefsandicelat loyhg@@emrogsul ts are
very difficult to_achieve, since anything short of perfect registration

causes ext M3® YASdT My T OEs syuctiRs provides A spifacs OB et ety @ ¥¥unt i ng. In
addi tion t hgere@fbcly RRaNBY flatiddDy 206k eBAGHaPERIEink SrelBHAtIhY BdIVculile .
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[0005] U.S. Pat. No. 5,474,622, which is entirely incorporated herein by
reference, teaches using netallic wires as grids, but with the wires coated
wi th carbwo 2bitbgewsof sufficient length to avoid bei ng fPorasdonioemislef ects.
In this nethod the wires were attached to the top el ectrode (transparent
conductive oxide or TCO of the thin film anorphous si i con solar cells
during the process of lamnating theminto nodules. In effect the previous

art of pri itoHgeted byathe atygky @arow grigsand dhapsmiftedio thesrelaiyely wider Rt h car bon

fibers thatyREh G bebERShE ReRLai R pofiRUS iRtheg Nt n h&\zaflda%éféﬁhh@ﬁ rate
defects and at the same tinme provide a fusing type of pro ection agai nst

sust ai ned HEHA oZpfupenodig igisertiomisghapiheseldy Cz"‘ébaﬁ‘dteéﬁ%$%‘§ fAist be sel ected

So as to ¢ ?Eﬁf&nﬂaﬂ@e pridk {oerﬁédugee&ﬁlﬁaﬁﬁﬁs By Eﬂé%&ﬁ e e}‘i'bltnlf'a‘ﬂls'é isA8NGhHAkd h9
significant resistive |osses. Us. I@o 260, 429 and

4, 283, 591, thﬁiipwwtafvré)r@mgwﬁ@luythﬁﬁmogpor at ed her ein by ref erence, teach
coating conductive wires with a polyner that contained conducting

particl es. [GHaPIreIFmmdhdhddehetdd-tb ey GRS NSHMBtSIac@U! BhsShdc With®Xlyst because of
smal | er conductive particles in the distribution, and inprovenents were

put forth iiited sicopstAt lngst e pactdesoare sepsrabll epeougtsradr Brsy habBrHer at ed her ei n

by ref er enggys QR {rviRe SR MHESS pHitufed Re B f%'st@&achr@th\é"@ﬂx%Pmﬁq@%sppsS' bl e
shunt paths are dealt w th Wwhen applying the conductive grids to flexible

sol ar cel | gesulyof lowapeusihe tesingeaturey tonget e, inkagparicss anslowwiverts ranieindemnect i on
scheme has Hgﬁpe JRVRLORS gzhfl&fzer% h%’ébﬁ’du%‘mﬁ | 80 sGREIP1MN &P scﬁﬁlft @%? many of
tg eatures o ass t

t he aut omate monol Irthic Tntegration on rigid is the
pur pose of theheingddgesitars. A\l/t@mam\@iv the upim&slm&t:tl(mrrnayrh@rrmE\@dVﬂhrwmovmect schene

whi ch m ght, H‘%ﬁ? s Bl el i S s B RRE Qndré‘i”&&caﬁ h' @P@%%&@?%g@ jytable for

aut omat ed i ehentati on exipl e so | NVENTI ON
[0008] In amcampemfaceﬁntslnef usatog flexioln subsmamadlcmgbﬂshamhatioﬁglesrscmnnecti ng
fl exible solar |s are i

e .i nprove t hods.i ncl ude. aut omati on

oarures. it Sidsoumhonbl 88 S bt R bPES TR RS WPGF o Those o

nmonol i t hi cid Aloegd at flenintd m&ﬁm‘hli prolantdae be ampatiat @ftight@by fivepintona met hods
for interconnecting flexible cells ar.e hat re ver
boonom el ek EonaarreEh st LAk L Binit B BuRbORD Tl e i ov
printing with the silver ink. Consistently good results are very difficult to achieve, since

anything short of perfect registration causes extra shading loss as well as increased

potential shunting. In addition the cost of the materials and equipment is relatively high.

[0005] U.S. Pat. No. 5,474,622, which is entirely incorporated herein by reference,
teaches using metallic wires as grids, but with the wires coated with carbon fibers of
sufficient length to avoid being forced into defects. In this method the wires were
attached to the top electrode (transparent conductive oxide or TCO) of the thin film
amorphous silicon solar cells during the process of laminating them into modules. In
effect the previous art of printing a carbon based ink pattern first is replaced with carbon
fibers that have much less chance of causing shunts in film/substrate defects and at the
same time provide a fusing type of protection against sustained heavy shunt currents.
The wire size and spacing must be selected so as to carry the current generated by the

cell without generating significant resistive losses.

[0006] U.S. Pat. Nos. 4,260,429 and 4,283,591, which are entirely incorporated herein
by reference, teach coating conductive wires with a polymer that contained conducting

particles. Problems with defect-induced shunts could still exist because of smaller
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[0010] In various enbodi nents of the invention, inproved nethods for
interconnecting flexible thin filmsolar cell materials are provided. In
enbodi mrerwe,20tihie2168t hods can be used to form sheet (s) fPomiuskéiain2ismt egr at ed
strings may be cut to create nodul es of different sizes. [0011] In one
aspect, the present invention relates to a method preferably

i nterconnecting solar cells and/or for form ng sheets conprising thin film

sol ar cel | chrgugtiveaarticlsnit the dpgibupen. §%ﬁ@rwmeat)ﬂ WSFERAL ATtgn &-HIFak Ai ty of

ContlnUOUS6ﬂbQBD§\ﬂﬁd§9&ﬁﬁdﬁﬁkbqﬂﬁ&§m&ﬁhn@@&hn&@@pr'S'ng a flexible
substrate, a conductlve back contact region, a photoactive reglon and a

transparen UCt 1.0N tran erring the continuqu ri PS of
sol ar ceII&W@ﬁgg’ ?ﬁo gﬂ?@ﬁﬁ% %b %B@Fh@ﬁ8ﬂ£iﬂ% i% ¥ exible
substrate wleﬁ aﬁil)‘ing ihe caﬁmkmmrﬁbaﬁmexadwso@argam, h&cdnairemRdsihe bivemaead] acent

strips; gkan insulating material over a predeterm ned regi on of
the edge o@m%%EHmBF ‘ﬂ@“@???%@“ﬁﬁ“@é%ﬁb@FﬂﬁVﬂPWFHBY legﬁFGdﬁﬁ§Hﬂht|ng

material cobisaktd rﬁﬂlyaaf HeQRBimate IOl O6F BEnolilhe: RRekliDYoshERkLIQN 1@ach side of
the gap; d) forming a plurality of bonding pads on one end of each of the

strips di spsEEPsnCighePsieabing¢ntion & pawsnian sereed injarapnecs shgmaghichpor ti on of

the insul aty; bgﬂkéhM%ba@ﬂgmhﬁ%KQBH%RQngﬁﬁnF%Qh&ﬂn%Pmﬁéﬁﬁéf a portion of
t he back contact region; e€) providing a plurality of electrically

conduct i ve implementitipndentiexétle slarivelishe bondi ng pads of the plurality of
strips of solar cell material and the transparent conductive region;

SUMMARY OF THE INVENTION

[0008] In an aspect of the invention, improved methods for interconnecting flexible solar
cells are provided. The improved methods include automation features. In an

embodiment, the automation features are similar to those of monolithic integration.

[0009] In another aspect of the invention, methods for interconnecting flexible solar cells
are provided that are very economical in comparison to less automated conventional

methods.

[0010] In various embodiments of the invention, improved methods for interconnecting
flexible thin film solar cell materials are provided. In embodiments, the methods can be
used to form sheet(s) from which integrated strings may be cut to create modules of

different sizes.

[0011] In one aspect, the present invention relates to a method preferably
interconnecting solar cells and/or for forming sheets comprising thin film solar cell

material comprising the steps of:

a) providing a plurality of continuous strips of solar cell material each
comprising a flexible substrate, a conductive back contact region, a

photoactive region, and a transparent conductive region;

b) transferring the continuous strips of solar cell material to a continuous
backing sheet such that the flexible substrate contacts the backing sheet and a

gap is formed between adjacent strips;



f) formng an electrical bond between the plurality of electrically
conductive wires and each of the bonding pads; and g) cutting the wires on
one si de wb2enc¢h2F t he bondi ng pads to form cut regi on®CT[USGM2}0218m5 anot her
aspect, the present invention relates to a processing systemfor formng

i nterconnected solar cells having strips of solar cell material, the system
conprising: (a) a cutting nodule configured to slit a roll or sheet of

flexi bl e solar cel® 3Pab&EEAInuige %WFB@V@W@B‘{%‘?“&:@FIIW%%@W% £¢0{ p) an

abrasive nodul e downgty sam §tflﬁsmﬂé&6h Gt b tHan[ﬂ)ﬁiah'd Rsulh} Iﬁ’@&?&?bd&@d(ﬁﬁgu' e
configured to treat one or nore ed gms of each of the strips; (c) an

el ectrical testing ribdapte ResigRst thedarlang theet oaspresiideeol tisidPe, the el ectri cal
testing nodul e configured to continuously test the electrical properties of

the strips; (d) a)nofniaga@uedlicner toRtAE bals capRE biBdficath STREHHuEysARpBSLr eam
fromthe electrical testing nodule, the non-conducting material application
modul e confi gured toonc‘B‘ﬁtsidﬁﬁf)@i‘E BgP IPX ?eﬂecﬁV%’ﬁ?n@ét%é’ﬁr%’ﬂjog@éh‘ﬂsulé’flP$ ps W th

transparent insul atiggefBbfd ihdbhotodcBle RePANCEDSsPAShr@RR kR BoriReUl €
downstream from t he non-conducti ng
region;
e) providing a plurality of electrically conductive wires in contact with the

bonding pads of the plurality of strips of solar cell material and the

transparent conductive region;

f) forming an electrical bond between the plurality of electrically conductive

wires and each of the bonding pads; and
g) cutting the wires on one side of each of the bonding pads to form cut regions,

[0012] In another aspect, the present invention relates to a processing system for
forming interconnected solar cells having strips of solar cell material, the system

comprising:

(a) a cutting module configured to slit a roll or sheet of flexible solar cell

material into strips of solar cell material;

(b) an abrasive module downstream from the cutting module, the abrasive

module configured to treat one or more edges of each of the strips;

(c) an electrical testing module downstream of the abrasive module, the
electrical testing module configured to continuously test the electrical

properties of the strips;

(d) a non-conducting material application module downstream from the
electrical testing module, the non-conducting material application module
configured to continuously fill a gap between adjacent strips with transparent

insulating material;

(e) a bonding pad application module downstream from the non-conducting



mat eri al application nodule, the bonding pad application nodul e configured
to forma plurality of bonding pads on an edge portion of each of the
strips; awmo20fiy112768i re applicati on nodul e downst ream f r @cTiuseothoeihg pad
application nodule, the wire application nodule configured to provide an
el ectrically conductive wire across the plurality of bonding pads of the
strips. [0013] In yet another aspect the present invention relates to a

phot ovol tai ¢ arti cl emgeidAPRicARen mydule Hieibauding Paskapplication megyly pontigpyed

material each conprigitgieh fpifitaB¥i RbEnEMPOSHIS 84 &h ede GORBHGE EVB oP@E KiripONt act
regi on, a photoactive region and a transparent conductive region; b) a

conti nuous backi ng stdet configured such that the flexible substrate
contacts the backing sheet and a gap is forned between adjacent strips; c)

insulating materi al (magaﬂpngatmmdam@a&nafeaﬁ&ﬁim o bbiengSpakliapslicatioreac h
side of the gap and at | east a portion of the backing sheet on each side of

the gap; d) a pl uralffl?‘i}ﬂ%fheb’i’)‘%qpﬁbcaﬂ%glogﬁe sopdisEid t‘blProé‘g‘éﬁn pectisidyst ri ps

di sposed on one si decofliudibewiadRerodWES Bl bbRIMl s padss@pe formed by
sel ective renoval of a portlon of the insulating material and the

phot oacti V?O(ﬁg?inoyet another %%((:at the r%génlt %r\]/erﬁfontrfggtesb t%%kphgtc())o(t)l?é?ct artlcﬁgl on;

comprising:

a) continuous strips of solar cell material each comprising a flexible
substrate, a conductive back contact region, a photoactive region and a

transparent conductive region;

b) a continuous backing sheet configured such that the flexible substrate

contacts the backing sheet and a gap is formed between adjacent strips;

¢) insulating material contacting both edges of each of the strips on each
side of the gap and at least a portion of the backing sheet on each side of

the gap;

d) a plurality of bonding pads on one end of each of the strips disposed on
one side of the gap, wherein the bonding pads are formed by selective
removal of a portion of the insulating material and the photoactive region

to expose a portion of the back contact region;

e) a plurality of electrically conductive wires in electrical contact with the
bonding pads of the plurality of strips of solar cell material and the

transparent conductive region;

f) cut regions formed on one side of each of the bonding pads comprising
adjacent ends of separated electrically conductive wires and insulating
material in contact with both the bonding pads and the adjacent ends of

separated electrically conductive wires.

[0014] In yet another embodiment, the method comprises



e) a plurality of electrically conductive wires in electrical contact with
t he bondi ng pads of the plurality of strips of solar cell material and the
t ranspar ewo 20ondetssi ve region; f) cut regions formed onPomasgdde2sis each of
t he bondi ng pads conprising adjacent ends of separated electrically
conductive wires and insulating material in contact with both the bondi ng
pads and the adjacent ends of separated electrically conductive wres.
[0014] In yet atot hePlitHRHGH Wehtolar cHEMAEHH YO COMHPEPESEIPS R

2011/ 11276 3RGE e MFRQULHIBPABAOrom a roll @)dirskiyt dnli REncdrdbik1yf frbiMisQepssitil |

material into continuous strips of a predetermned width either froma rol
or direct!| yy¥¥ continuously fromthe deposition system b)
continuously buffing each edge of each strip to renove any shunting
material |eft by thecslintibisRudPEY Ath edke Of facBR@ipesRALVERAY shafittd nuousl y
removing a smal | area of solar cell material al one one edge of each strip);
c) conti nudt&rp el &y ithrlitg opFat Bt FOOHBIR ORRRMOESp Feri &S fat er i al  al ong

each stri pismall area of solar cell material alone one edge of each strip);

c) continuously testing the photoelectric performance of the material along
each strip;
d) continuously laminating a series of strips to a backing sheet with a small

space between the strips;

e) applying and curing a bead of transparent electrically insulating material

to the small space between strips;

) removing a small amount of solar cell material and insulating material in

discrete spots alone one edge of each strip to form bonding pads;

2) dispensing a fine conductive grid wire across the series of strips and
bonding the wire to the substrate (or back electrode) at the discrete sites where the solar

cell material was removed;

h) attaching the wire in a predetermined pattern across the top (transparent

conductive oxide, or TCQO) electrode of each cell.

1) cutting the wire between the wire bonding pad and the next cell, and

dispensing a small amount of curable polymer to form an insulating barrier;
i) repeating the process for the next grid wire at a predetermined spacing;

k) cutting the interconnected cell material into strings of suitable width for

various module designs;
1) assembling the strings into module patterns of predetermined size; and

m) laminating a transparent flexible top sheet over the strings to hold the

conducting wires in firm contact to the cell top electrode.



d) continuously lamnating a series of strips to a backing sheet with a

smal | space between the strips; e) applying and curing a bead of
t ranspar emo 2el1¢gaetescal |y i nsul ating nmaterial to the smalPCTASacie/ obmsisveen
strips; f) removing a small anobunt of solar cell nmaterial and

I nsul ating materi al
bondi ng pads;

series of strips and bondi

I n discrete spots al one one edge of each strip to form

g) dispensing a fine conductive grid wire across the
E@ EHNSBPﬁBEEEB§P¥3$e (or back el ectrode)

at the discrete sites where the solar cell material was renoved, h)
attachi ng qmmshhﬂ@umnmamnr@mamgamimﬁﬂtﬂﬁmtamnsﬂ@ﬂﬂﬁﬁdhﬂhm&ppﬁﬁﬁm@msparent

conducti ve oxi de,

or

ctrode of each tting the wire

bet ween t hé" eFeén Blgﬂa?rﬁﬁd B&ae%%{ﬁ%ce 'R gle ER¢ e)gcat |as 1f 5:?.&51 1nd1v1dugl pul%ilcatlon

patent, or patent application was specifically and individually indicated to be

incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The novel features of the invention are set forth with particularity in the

appended claims. A better understanding of the features and advantages of the present

invention will be obtained by reference to the following detailed description that sets

forth illustrative embodiments, in which the principles of the invention are utilized, and

the accompanying drawings of which:

[0017] FIG. 1 is a schematic diagram which shows the slitting of a roll (or continuous

sheet) of solar cell material into individual strips which are edge treated and tested to

form reels of solar cell material with uniform properties, in accordance with an

embodiment of the invention;

[0018] FIG. 2 is a schematic diagram illustrating an alternative method for forming

strips of solar cell material where a narrow band of material is automatically removed

from one edge of each strip, in accordance with an embodiment of the invention;

[0019] FIG. 3A is a schematic view of a plurality of strips being laminated to a back

sheet and interconnected via welding or soldering with details provided in an expanded

view, in accordance with an embodiment of the invention;

[0020] FIG. 3B is a cross-sectional sequential representation of the details of cell

interconnection, in accordance with an embodiment of the invention;

[0021] FIG. 4 is a schematic view of an alternative method to that described in Fig. 3A,

in accordance with an embodiment of the invention;

[0022] FIG. 5 is a schematic view of another alternative method of interconnection

suitable for using conductive adhesives in lieu of welding or soldering, in accordance

with an embodiment of the invention; and



di spensing a smal |

anount of curable polynmer to forman insulating barrier

J) repeating the process for the next grid wire at a predeterm ned spaci ng;
k) cutti rngotzha/iieteéer connected cell nmaterial into string®CofUssuitoaisi® w dt h
for various nodul e designs; 1)assenbling the strings into nodule patterns
of predeterm ned size; and mlamnating a transparent flexible top sheet

over the strings to hold the conducting wires in firmcontact to the cel
top electr SYRITFIG. 6 is a schematic illustration showing an example of how interconnected

cells can be cut into strings and assembled into modules, in accordance with an

embodiment of the invention.
DETAILED DESCRIPTION OF THE INVENTION

[0024] Various advantages of the invention will be appreciated and understood when
considered in conjunction with the following description and accompanying drawings.
While the following description may contain specific details describing particular
embodiments of the invention, this should not be construed as limitations to the scope of
the invention but rather as an exemplification of preferable embodiments. For each
aspect and embodiment of the invention, many variations are possible as suggested
herein that are known to those of ordinary skill in the art. A variety of changes and
modifications can be made within the scope of the invention without departing from the

spirit thereof

[0025] Reference will now be made to the figures, wherein like numerals refer to like
parts throughout. It will be appreciated that the figures are not necessarily drawn to

scale.

[0026] FIG. 1 shows a schematic top/side perspective view illustrating the automated
continuous slitting and processing of large areas of flexible solar cell material into
individual strips of a predetermined size. The solar cell material generally comprises a
flexible substrate, a conductive back contact region on the top surface of the substrate, a
photoactive region comprising one or more layers deposited on the back contact region
and a transparent conductive region deposited on the photoactive region. The flexible
substrate may be comprised of anon-conductive material, typically a polymeric material
such as polyimide or a conductive material. Exemplary conductive substrates include
metal foils such as stainless steel or aluminum or titanium foil. A back contact region
exists on the surface of the substrate. The back contact region is typically a conductive
metal such as molybdenum, copper, tungsten or tantalum, however, in cases where a
conductive substrate is used, the back contact region may be the top surface of said
substrate. In other cases where a conductive substrate is used, an additional back contact
region (typically Mo), may be applied to the top surface of the substrate. The
photoactive region is deposited on the back contact region and comprises a thin film

absorber material that converts solar energy into electrical energy. Examples include
8



| NCORPORATI ON BY REFERENCE [ 0015] All publications, patents, and patent
applications nentioned in this specification are herein incorporated by
ref er encewoaotig2wane extent as if each individual publipcattseo/opmtient, or
pat ent application was specifically and individually indicated to be

i ncorporated by reference. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0016] The
novel features of the invention are set forth with particularity in the
appended cl@PrsCdls Hadt apophgersdicenanhiye dke-tihe Phterctiveseiondsadvant ages of

the presentndiRikenidinaMhycks B @l MRLIRYVeRDLBYBHG o ts81aF BRrdy0l | OW ng
detailed description that sets forth illustrative enbodi nents, in which the

pri nci pl es itsfudingebuiiguiarrs o wipdowtayprs Zean ilbwavnemaedBrpaiyi ng dr awi ngs of
whi ch: [ 001gdeodetiG redidnRoRpRel 8 MRGS GoBHRBLAM Yous BuBBINR, Il8nghtihéit N9 of a
roll (or continuous sheet}) of solar cell matertal into individual strips
whi ch are ddfevindealage. dotransparend corslug¢torenegierstxestofn holoprof dwl | material with

uni form pr I i W j e | tion;
0018] FI Gog o4 reglol AEARAGRARM Koh R AR S bt AR PN £ or
form ng st tiappasht @ollativeetidesyathessiiadiumiie oeide ondpmownyamcxafe. mat eri al is
automatically renoved from one edge of each strip, in accordance with an

embodi ment [mfzq René MSRkd QMbokiRLE kol fplicRE thSinfuSCiIeBhe LW of a ,
plurality of strips being lam nated to a back sheet and i1 nterconnected via

wel di ng or selat et maatggiahs shovaeasgi o8, and vindiedied ¢ haring sy bpideidvidiheWy ', ton
accordance

Cross-secti oﬁgﬁn@ggﬁgﬂ%} %V‘Sﬁéﬁﬁe‘? %1%,‘[& %S?\éﬁ{%ftlé}{a ﬁlggﬁglt%g%’l tisfé S(C)é?;rcgg I : > e

i nt er conneatataia) is npt ragu e dalmcie reli fonmabwt eedd dimesitaighf frolehd ayuipntenon;
performing the final step in cell production, or it may be input as a series of individual
sheets of some convenient length. Processing proceeds in the direction of the indicated
arrow. Additionally, processed strips 3 can be fed to the next processing zone or station
without being first rolled into individual reels 4 as illustrated in FIG. 1 for convenience.
However, depending upon the requirements of the downstream processing steps,
handling the strips in reel form could be desirable or even necessary. For purposes of
discussion or illustration, the thin-film solar cell material is considered to have been

deposited on the side of the substrate which is on the outside of the indicated roll (on top

in the figure), but the solar cell material could be deposited on either side of the roll.

[0028] In an embodiment, processing begins by using a cutting module having a series
of knives 5 (for instance rotary knives) or other cutting devices (or cutting members) in
order to produce a plurality of strips 2. The cut edges of the solar cell strips can have
defects from the slitting operation that leaves small amounts conductive material or
particles bridged across the p-n junction. These may cause some electrical shorting (or
shunting) at various places along the edges of the cell that can be detrimental to the
performance of the solar cell. To ensure that this is not the case, in an embodiment, an
abrasive module having abrasive members is used to treat one or more edges of each of
the strips to remove any material, such as residual material that may cause electrical
shorting between the strips. In an embodiment, a series of very thin abrasive blades 6 are
positioned so as to abrade each edge of each strip. Positioning the abrasive blades at an
angle © of less than 90 degrees with respect to the plane of the cells, as indicated, helps

ensure that abrasion starts on the cell deposition side (i.e., top) of the substrate and
9



[0021] FIG 4 is a schematic view of an alternative nethod to that
described in Fig. 3A, in accordance with an enbodi nent of the invention;

[ 0022] FIv0 281y92®m5schemati c vi ew of anot her alternati veCwashad/ oofs1s

i nterconnection suitable for using conductive adhesives in lieu of welding
or soldering, in accordance with an enbodi nrent of the invention; and

[0023] FIG 6 is a schematic illustration show ng an exanpl e of how
i nt er conne®fAseErds &yasd thy hagke Thig relptie snadiop peryseihe ceband b Rgfleitehds tyodul es, in

accor dance pid e 8suRTHOHidENhe Qi1 do@whiy &B4indR.-s1i B kb FR RlEseRl PTI ON OF THE
| NVENTI ON [ 0024] Various advantages of the invention will be appreciated

and under stb@tiontdbe EHnspyet edgei & VEyRPIEeYishoRiy RN AY Shayyn) §oR

descripti Oﬂs@lﬂgréi‘ﬁ&zgﬁmﬁ@ydr{ﬂ&eﬂ&&m&gﬁipsmi b cfe'&éd%?'tﬂe%%agﬁgn.dﬁﬁsc” ption may
contain specific details describing particular enbodi nents of the

i nvent i on, climingtes hpunatend thapmight he ¢augiag a altort dopiss Hicipongngtipntibtieselbpe of t he
invention but rather as an exenplification of preferable enbodi nents. For

each aspecio@ofwaikRoginBdtef@tnd REFIEOMVE Rdr b ed hedlel] tripO BE cRLfedPOSSI bl e
as suggested herein that are known to those of ordinary skill in the art. A

vari ety of aghHprged aBneleqrbenl shiuait the ASIPE RIS Beanpiaglicgl eHing nodelegpdpe of the

i nvention Whidhaht1edRPAKAIMEIQ B AR eIRlikddd A RRERRT7. HRZR! s Gtapce will
now be made to the figures, wherein like nunerals refer to |1 ke parts

t hr oughout cutrent @iq the peengyguierdlaeeere cornuekly Figdeddsr aracatliniedessari |y
drawn to seal.&. sJ-0928 arfd Brinda ﬁ;ﬁ&"YﬁuﬁinﬁﬁB%{J&E%g%fligﬁ’éc%fdg&h%%ﬁ&%%ﬁ' ve view
I ng an g of |

illustrating the automated cont’inuous slit processi ar ge
areas of f Ipestorblaaceseh e uedltd opraties thakonsheaion eiheisdaahodde. Spgsof a
predetermn L14e. The [ | rial .generally npr] a flexible
substrate, tegggg%l uné%yig\} agsgléﬁb%%ﬁ%xé %sglélggtr%u%lngﬂq’gst“ ’o(f)rchgeﬁ/rcfgl f:ﬁ%ﬁof t he
substr at e, daeplyotiodctieyiestategivdthowdirpbeme ngledme. lorithaycaseligyer s deposi ted on

t he back t act i d t t ti i d ited
(e Back o Bt SRR AR MpLATRIPAGRL APEUGLL ksl b daRgy o0

anon- condudcte rv@ roth@sthtain, It isytoi sawinyin depidInthedia®ingabe 3 aldicwsa sas pol yi m de
or a conductive t% e ary congt#}:tive substrat es i.nc]ude netal

rial. Ex I
foils such "a§"HGT Ejggmgwéieﬂ (L& | MAFTIH ARG Ao PP LRPL RISAEFIMIN hack cont act

regi on exi gtSordAndeceqitehbacemef bd dueos bl saiptand e uapkc@imatiact region is
typically a conductive netal such as nol ybdenum copper, tungsten or
tantal um HERBGR D ity Hogt ggant grbedimentc§isqticand el ppspticr @nibs uffddd, the back

contact regiflcd@YnpREe b8 of AReSM hRLE iR appbdia@WASHALLY lahhaQb Ao Cases
where a conductive substrate is used, an additional back contact region

(typi cal |y mdyles.figg thiseopsispen wals dovauitbnat bp mepnedagidralange copponaaive. The

phot oact i ves 6RgE@I ih thedBRARL. REeLMthd B8 DAGKLEARLAEIm ERGIAR: BF conprises a
thin filmabsdorber material that converts solar energy into el ectrical

ener gy. Exanphps ajterohtglaep and down using appropriate rollers) and could be interchanged

during the cut-and-splice operation. In this manner any particular reel could accumulate
cell material that tested within a narrow range of performance, such material being

derived from any of the strips depending on the test data.

[0030] FIG. 2 indicates an alternative slitting device and process. The alternative
slitting device includes a set of abrasive wheels 8 configured to remove a narrow line of
cell material at every other slitting position. The width of this line of removed material
can be of the order of a few tens of mils (also "milli-inch" herein). In certain
embodiments, the width of this line of removed material can be between about 0.021"
and 0.080". The slitting device produces the strips of cell material as previously
described with the cut coming in the middle of the abraded lines created by wheels 8.

The edges of the strip of cells are cleaned of shunt sites by abrasive blades 6, except
10



Cl GS, CdTe, GaAs, anorphous silicon and the |ike. The photoactive region

al so includes additional layers that facilitate the effective conversion of
sol ar enewgyoitineisadi ng buffer |ayers and w ndow | ayer sPcCirnusastioktsastrati ve
enbodi ment, the photoactive region conprises a ClGS absorber |ayer, a CdS
buffer layer and an intrinsic ZnO wi ndow | ayer. The transparent conductive
regi on exists on the top of the photoactive region. Exenplary materials for
t he transpaPErplycyrraeeier Diads isgeesihd pired heabrasiyneheslsSave diatet i ve oxi des
such as i nglbyomlel hiPXh8fonah (RN PeH heriaeM8val [ B2 erdiBn bRAudds | ust rat ed
enbodi ment, for sinplicity, the input 1 of finished flexible solar cel

mat eri al i sUhehielasclhmpigrial caghy which haglp darrevregion il piaisgalkrampyedi o wi dt h,
‘W, to acepmmpatigestriv) dhRldkd MoRTcohRdiciidkiba Siib kiR 2o rddd iRt REY

enbodi ments, the source nmaterial is not required to be in roll form but
coul d cone sktiemisight th edgn wikeremquddonasenial peads tor brei anigntethen the semle sstsep i n cel |
producti on .| i t j i ndi. i I s, of sone
convenientquﬁafkéyggggggg?%%tgﬁgggggg&#ﬁﬁ%ﬁ%agggg%fﬁgﬁméﬁﬂgﬁgl%ndicated
arrow. Addictt-adablige, oppraoce®sgein ptadugsreds gath ubidorig@rioondnee apdescriprdocessi ng
zone or sta&&%n W thout being first rolled into individual reels 4 as
illustrated’ S FIG 1 for conveni ence. However, dependi ng upon the

requi renents of the downstream processing steps, handling the strips in
reel form ¢ HInpe caboilinzgbl, éhegtrpe péeells dwears sropted Epshopuripiesl ¢h di scussi on
or illustrat] Wk [ ' | dered to have
been depos?%%g&%ﬁ ?ﬁg£§k§gﬁ%kﬂ%§§%gﬁg§§fgggﬁgﬁﬁ@ﬁh§gﬁg§8$ﬁ. out si de of the
i ndi cat ed Polckss{ngrprecogdsiim the lgedtiog umdadatedtytthe dvwwsathar conghdoustgoemi al coul d be
deposited qn _.ejther .si,de. of 1t r.oll . 02 I.n. an. e I,TEeNn ocessi ng
begi ns by Cbes W ThFE ol MRayon s PoREh b et p TR IRE e B °F P s
rotary kni wesouliraltotmhiely tedtd dirpgtlgene e staf@r frauthel pagyioms whe iwever, deder to

produce a plurali of strips.2. e cut edges of t solar cell strips can
Pooe et oottt Rilidandes it PR T Pt PR S P iyl Biiint bt <

conduct i ve destibgd 181 operatip@Bdd. iIReh@8lelyr df dgadanaeria Shidhhaifoncdlidagt i on. These may
cause sone.electrical shortjn Qr shunti at vari ou |.aces al ong the
edges of tl’fgmgécfefl’ { O%G%EF‘? g{fég}i‘é‘r“ﬁt%h‘f'a?dqhg%d)ttﬂé ﬁ‘é?‘?gosi‘ﬁ%r]rﬁéméfa t he sol ar
cell. To ergul greliierimifhddi g@p 18 (XPinded QicGRARM, beivibed Bach ¥R BA®M g, shad 18br asi ve
nodul e havi ng abrasive nenbers is used to treat one or nore edges of each

of the strifs REPdeeitbPEImRIfy 2 Hith BEMATane SlaPPlysercdu gital Uitktset-fal that may
cause el ectpiyedllef@fchhiANalePMBERhih Barfity d B laje? oPRe AR TRMEsived Seri es of
very thin abrasive blades 6 are positioned so as to abrade each edge of
each stri pthapisiippesad igmiaell dhperdiacianbihgetenaterialsan angicd agwel. apd 8yt han 90
degrees W b4 1R% BECinshferdt R cPhB] Ere BEnihd e G&IVeSell ARetiRd Gk A%0i Nel pS ensure
that abrasion starts on the cell deposition side (i.e., top) of the
substrat e avdtugeprroosdddey owstrdequhielydrdhsulafidictecmshilit from thedtaclon bet ween t he
cell and t | - : downwar d,
creating aQ%P?gﬁgﬁgﬁgﬁgﬁﬁﬁgﬁﬁﬁgg%%?g“gﬁﬁggﬁ%ﬁgﬁﬁﬁ?%ﬁ”@éF%ﬂ%t@%%%%d edge. A
vacuum ng dmeihee Toe pgpsteefib{aiot sbérohdis tc hold lde sugsdf tdlssemnmle | oose
particles fromthe.stri t ha re creat b he abrasion...This elimnates
By mat or i P orst SR g ) S oBhe i ERbTe R bIS PRI ikben ¢ ne
cel | . [0029f cdl¥ mhbedaoht haeled togefrer anoesiblo tdahfBimike ligittles, tuhthepdast of t he

cell strips are cleaned and freed of any.el ectrical .shunt the strips pass
Lo an el ectiRard PO ECRdemETE (- adr™ i Cbalivdy BRI ng reans. of
devi ce i ndiekatriesllyasolab®fiem tond anddei e IfttheflSitdE tubstrdt€ diatmagdétdcaniteradndt t he open
circuit voltage are continuously recorded for an area of limted extent,
such as an' g%blaéq ?lwgaatsgﬁeiﬁdﬁ{a BRIALY BITBRARG RETCORRICE OREUSP 4882 Ai st ory of
cel | perfonRagR @MoRIMUEEHribPinRick. Th 2fs daBEthe OMiSt bkells GduRfhatdrg sol ar
nodule. Strips of tested cells may be passed to the next processing station
on reel s 4 Tappaiecpg)suasine megdabpreseatedalpng el ¢rlee qadeured QIFORNW t hout first
bei ng rol | geisthal idrigt Dffer GRARR wduld AsADYRRLAGELYS (O tHQeRerdRkimAB the cell
performance data between the testing station and the reel rolling station.
It is not giewsedielatetdri Voulhbe apagpiEitinge skilad i3 hejafdlt dall bs appregiaigsl wher e
under-performng material (i.e., material that does not neet predeterm ned
per f ormance requirenents) may be cut outl of the strip and the strip spliced
back together. In its nost el egant enbodinment, this cut and splice
operation can be used to produce conplete reels of material graded into
appropriate bins for later lamnation into nodul es. For this operation
reels 4 would not be nmounted rigidly along a comopn axis as suggested in
the drawi ng. Rather, the reels could be offset fromeach other (for

exanple, alternately up and down using appropriate rollers) and could be



now only every other blade is needed since the abrasive wheels 8 have
already perforned this function in the region of cell material renoval.

Thi s operwDizon/pewduces strips of solar cell material e&ch/ustomipsis has a
narrow regi on of material renoved along one of its edges. The strips are
nore conveniently rolled onto reels 4 to feed the next station, since the
edge with renmoved material needs to be oriented |n the sane sense. That is,
every ot hethaf dgdraydpgis nplglrgwn fq %C?Jlﬁ’egé} driailydongaia ilrﬁ{eéﬁx?‘@emfﬁgwlﬁ’e graded in
a cut - and- sphé¢® @PR{EL bORe t@pagai n produce reel's with uniform performance,
as descri bed above. [0031] In an enbodi ment, the strips of cells that are
created as can N ass y stati as depicted

e o SRR Rirtalinsg Rl NG ab & A RO E e R ey ot o

i ndi cat ed Immihhied)as m@\Ua@dlﬂg@Eetqaratnbﬂumbtyng%awﬁm dhgei@ngnsdu®Pson-I N this
instance, the strips of cells need not have ?een rolled into resls 4, but
coul d al teFﬂ‘&lué"I“&g %@erfaéapﬂiﬁc?té@tm‘iﬁnﬁ?ﬁ@eﬂl?ér)é éPHI’SﬁaFIP‘bPﬁ“EOWeIa}.‘FFé ©bus one.
However, t Reopoeuduiiff (b fdneRdaiRsiveOanabifil ORY k4L pb¥iohl5f thGrdglos Of
material of the same grade as described by operation 3a. Regardl ess of the
manner in 8RR th Izembqsemets, gus materglehould poanseaent & the plardfuxegfipg 3 are

l'am nated (icRly cuﬁgf&efneaﬁ)enﬁogdlﬁlef?@%'nﬂlgc&ﬂﬁaﬁngl@até’ﬁatlD; 280 mPLgget erm ned
gap 11 (expandéed vie l eft between each strip. Backing sheet 10 may

i ncl ude, f &r anodgrpneo uaelttnhﬁn%mﬂmﬁ@g@fat@ab@wprbqatrl@allrmnsel}&hag (alssuych as,
e.g., polye e I ) LG er of

t her nopl ast%ngM %’Lit elsllér\g/g?{}‘ﬁtteﬂﬁl Bl Fép@%sﬂée WTNF gﬂchf?{)% ﬂgaﬁ)l@wh}g&h@ba i ng sheet
mat eri al s chrvioéet (ISEHligs onelo, lewhdf hdaeye, mebas potld bfeartphahwphmm si nce they
are behind L r at are used,

t hey nust géegrd%%} Iﬁ/%b%g]%)oﬁ%d{%ﬁﬁ fé%ll% ré%:ltlsr %ﬁlﬁ*}m&g For %{ﬁ%&bn c(glsel ectrode of
the cells msutaheg)lp)ab/mengn gingletr embedimb, uhnmateara] ing dtehacamoilader&h(sucﬂi xg the
cell s toget ur pose of 1o ho strlps of
Col |5 securargepborpRuReR SrpimPabiet? R Ehent skt Sl it et " gbp 21
bet ween t h@r@édnbpSealéﬁne#(lsu)imufattuﬁaﬂlﬂyssme@dwmlehbﬁoaﬁe 1ﬁ|aﬁ$1esetvag19t her as
possible to m ize light loss not touch and short together
el ectrical ISVOP?? g}.t,ﬁe Pﬁ%‘gg?dr‘flﬁ‘g OBFP(%] g‘ yﬂr Hrepgradcingiuagtides r i cal |y

i sol ated f rQmeans 13nahdieddd aslbtamtglbeuﬂdb@(@rlahﬂneﬂwbﬁaarsaécﬂmeg 13 SEQAGLkI C

material, it is possible to elimnate the backing sheet and performthe
inter connec‘f‘tateé‘ﬁbllsérta’ils@ﬁreﬁtthﬁE? insapeghivrqtion sy the EChHyidd of He applisageni n pl ace.

In this cas@nbig csiet hiiSasPf psibd f BORAkGg BRYEreBioh iREPPAN@AL | nsul ating
materi al pre-coated al ong each edge and cured to prevent accidental

shorting. OfHelergaedicsian Qo §dag of sachivh et OR crdspleOf thegap Heprgerer al

exanpl e di %‘&ﬁ%q‘roﬁ%ﬁﬂoﬁé%ngb&tshéﬁ@h% @ oBRerANRALAR: nhRITMPORE iSkbdih Efﬂ)vid@ the art.
It will be appreciated that the dramng Is not drawi to scale, and details

al ong gap :@prtafrc@vembg@ﬂ@medemrtﬂqr fubsqsoent celbbardmngwiperationsf Prefseablst r i p. [0032]
JLth cont | OBt PLSHEREB ARl Tl v LPIn WG RREL AR, OliufidenAre attached
(e.g. lamnate bac % in a non-conducting nateri al
applicati onorrdudtungematmﬁhétbmmiﬂn Dﬁﬂ;;e rmtoerdﬁhlhedéopplllq @aluqddmemahmgal(@r menber) 12
applies a narro of n on- conducti ve)

mat eri al obgtrw ‘4 eas{mlf%gter ¥ Severalgl p eter%S Suc%natsépgmﬁl%eﬂ I n enbodi nent s,
this material should be transparent to the solar fI ux and be quickly

cur abl e. | H0033] Mexoditherntinuadeferpaee ©dHGu3Ai ing baedieg pagl appkcagonii el ectri ¢

mat eri al . : t

el ectrical }nr[yb ?fra\g%ﬁg{nigﬁg@%@;h%ﬁhln#sau %r{h? ér?]%b%f’ e%g%té%kgsrrn{a@ ebs):hgl épélizdcs)arrgdgxarrpI e,

t he mat eri P abagobeedge pbdicl stwpt Thit ¢we baiadcoofplishet] mathi aciveil erai\)’)enﬂ nght or a | ow
| evel of h [ In an
enbodi ment %?p% OPQuttef cher'snl?ﬁl a%?a‘é ?dRE o{?‘gtﬁléﬂnfrg%ég'ﬁéoé 0'1%18 g\%efee‘%‘éf%ht tfb?lcsealijl?f ating)

pol ymer. | he amdtelwter efmbiddi thnIf ,rmtshlﬂlmamelcmaidewsd ouilthi agd eadily ayailbleaini al , such

et ude EQQETISRSE BT o Ba4D SR 208 10) i AR ¢ U0y CRRALPTT 0N ch can

cure in aitodl Eteﬂﬁ\ﬁﬂt‘eﬁiaus@jz,olﬁtdﬁmdﬂng phdiegivagmi bd @ened eahefusddf@lasdA, the thin
| ayer of n tin adh SIV 13 is indjcated as heing
bounded ( o TBERIhAd T RSBt EE o 3ok bz TRbOras Sreaionet

transparent, there is sone discretion d@ to the exact width of the
application. It should cover at |east a portion of the backing sheet region
in gap 11 and a predeterm ned region of the edge of each of the strips on
each side of the gap to prevent the strips fromtouching or shorting
together with further handling, and it should provide a protective and

i nsul ating region for subsequent cell bonding operations. Preferably,
accordlng to one enbodlnent |t fI||S the gap. In an enbodi ment, the width

Y b1 e o b1



t he bondi ng pad region and may al so reduce the anount of debris formed in
that region that could cause shorting (or shunting) of the solar cell

mat eri al .whaba/tibws the pad is shown placed slightly of PCrius2edpersed t he
cell to forma path cleared of cell nmaterial along the edge of the cell.

This is nore for conveni ence than necessity. The pad (and the wire cut

site, see bel ow pl aced anywhere within the broader side of area 13.
The range i bﬁB@i‘lg Pi‘ijrﬂe&‘@n pad mpy ﬁé‘i redycsdhg %m‘{uﬁeoﬁqeb‘&fr@“ﬂ‘iﬂ ig|thabEgtod 15a and

23a. [0034}haNesiid caafd ﬁbrtﬁ@%oﬁﬁ%in@ﬂofﬁﬁ@&lﬁ'&@ﬂ fnﬁ{effﬁdNoﬂe@ha@-tﬂé‘pﬁ@lsappl ication
nodul e, an electrically conducting (or conducti veé wire, 16, is fed from

spool 17 (élilo"ﬁtlﬂéied\ﬁb%l?élw?ﬁfﬁh‘? wﬁpgweﬁ@h@efplyn ap¥bssarehaf qeéimat%‘falsm ar cell
strips 0Vefélo§1§‘ﬁ1eQQ b RATPHi8NINdrS bl efafket tﬁﬂﬁde@é&%@y I?}{e Emﬁﬂ@ﬁhbc cl anp
18. Wre 16 could be made from several materials, but a plated copper wre
i s pref erredreduesitosepbdper aby be phedrnyveare W@hldd@thr%dﬁlyﬂm areadB. and

avai l abi l'i . a 8] ¢orggon grid spacing,
the wire dfré?r{ea]t:gé o%§4t18ﬁ9%§éﬁ%%rg§8§£*§?%al Ib(j‘l%r?hlt% tgh?g%ge of 3to 6 mls,
however a broad range of wire dianeters or thicknesses can be used for this
appl i cati oh003éin9xto4f@r diedpedisepafs pie [Pynedhigirvireppphertipp gigfde. #5ut a plurality
of wire di %Q%%ﬁly%oﬂ&dcﬂﬂ%&%&dﬁ@t&é?@ﬂe LK led HEARSRRATBIL oddPGRE Ve Materi al
appl i cati on neans applies a series of transparent adhesive
drops 20 t@pmcw@nlreeralm) ACEYSH dnleyowwféglawﬁélsmmmerttbe brodorgtopds apidie (or wires)
in place. Abkghd idhuibRaSSUIARL BaRb Gt BE SHPHERLR B Lhgrd re are cut to
the wwdth o heet e eet vances to wel di ng or sol der i ng neans
(or nenber maktialshiarte piﬂmdtqombee wive [idpraigrred deob gerfiraige tledden! atridachas t he wire
to bondi ng o : . X's in the
expanded vi g‘?vg% th ?—I%ma%ﬁ)ﬁ%%égr%%s%& ? E(EQ&% I%W%ﬂ}léét]r?%&?%r%&p? %13 ‘wel d or

sol der spotthedm&dlam@telen@mﬂ)abzlantageouhgfeﬂ]l 1ddlewa1ige3)f Bfio 6 hndls deMevaratbesadal ar ound
t he bondin cre shortjng path. Just

i ter tne MEEST ¥ B Ret e e SR o SRS cal P e P vess or a
| aser, cut dishliBe Wirt &sshadh ac@atigie, Hune phedidi sfgvipodsjeh@nsyiosanaad a smal |

dr op of cl ear, gdhesi ve (such as non-co ductln terirﬁ% ;,@ is applied to
both the b&iffedMngrthecnt dfhesreagny appie 0‘%’6‘ THEUTEEHEIHEPPERG or

reconnect @érids bEuMspeR@BhISe didps 30 GONR! B &3 rifiély ichile© e arupe €d hadmhef t he
cells along the dispensed wre. The process can be repeated at a

pre- sel ect Sdred vy race Algrdis éecareééthl?lﬁ‘fﬁj@ﬁéwg rds ! B Wiksags W ihect ed
sol ar cel | sheAdidth ROR2hedt! e sBBt hdvabal E@&/&ﬁm% B?so@c[e@ﬁ? aR8hsQbr b@NEY - by- | ayer

formation) of interconnect steps at the cell-to-cell boundary cross section
(A-A in Fl &l vaar ragtiple selfingre solderingdurdsaieahicngs wigbebedineppdt irugh (4), in
accor dance it BrgRe CERRLHIEN indRlatel BG x4 %{&téxﬁeihdedl LieWdr iFi@e3 aRREECT at ed that
FIG 3B and the drawi ngs are not to scale hi ckness di mensi on
(vertical) niyvei vgakgneainisyre dhaaig evelt @GOWItSpotr@gpemenQr@aCht@e theestdgt v lls

(hori zont al } 4di r | shows a
portion of glg ﬁ?ﬁﬁg‘ﬁe&? 5eieatr glihe b%hﬁhgrg%ﬁvﬂe% F%\f{‘?u lélgégez;l}eg{nlae\ril% H%&ﬁ)&)s)ﬁtlﬁpps of
cells 3. Henw, Justrvétetmevwmajlmompétqtbe bcr)ndmgepaéiarsepss drsmall kaiveabedlags, t he
substrate (dr; e | foil or
al um num or% ahr(ftvevat1 e%a enF o lg)%tdﬁlé pom{lonseﬁ;g dagéné% (ﬁgé?p 1?(a§§<§1e5 sgch as a

Cl GS or Cd{acked @am- ccoedhicusg aralenalllfo) dra@merdgo p@h thetvedmicmd denduata agl mat er i al
13 has been applied to t e i nt erconn ion d cur nd bondi ng pad
T3 has beenfBRhEE™ Roi-Rhraheer i et VE e Sh- 2R Sl fhe oap 110 In

t he il ust iatrechnecdondit ﬂercrt:us aldshgpaadlagee@dlv{aret ITee protdsy eanselrgicaeebda mat eri al
32 has been re d down_to substrate 31 tal foil thi g, case), and

t he pad exﬂ)é?nst‘j’go Eeﬁ S@aﬁtf’lgysﬁ?mfr&at@&ﬁo?t@w‘bgﬁhéei geteﬁ‘foé‘%}?c&‘,i‘sslo{j]‘f ff‘gfé?f‘i bed in FIG
3A. In the case where the flexible substrate is a non-conductive substrate,
the acti ve[(ﬂl?olS]aFI(éé!H illomtaes itheel pr@izessian (llaeerrogrimeeﬂ)mhamn)bbmtdn@)nbmk cont act

region appl nto the flexible substr r e 16 is
o ovi dea” (g o M Bl sy St MRS it B DR R stsibg 8 oy
connecti on dﬁﬁm@ lateile (b)ehmegﬂmwm @ccﬂ)ﬁiaﬁd@dmﬂiﬁh&hfb@ﬂﬁleaﬂ.of thooinnatioh.dn 22 is

than' subst il &SRO TGP b Qi e oty b RREea down i n 1 he

center of the pad to nake the contact. 18are rrust be taken in this step to
ensure that wire 16 is not allowed to cone in contact with cell material 32
at any position within the pad. Drawi ng (4) shows wire 16 being cut at
position 23 (see FIG 3A) and both the cut region and the pad/ bonded area
is filled with transparent non-conducting naterial 13 and cured. This keeps
the elenments from shorting during subsequent handling. [0036] Wth
reference to FIG 4 |n an enbodl rrent an. alternatlve rret hod of ceII

o, . o, o S 1 o~ ~




[ 0037] Another alternate nmethod is illustrated in FIG 5. In this nethod
another step is added to allow for the use of conductive adhesives, for
exanpl e swbwverl/fieissed epoxy, to nake the interconnecti oRCTIS2GI1i0378aH
alternative to using welding or soldering for form ng interconnects between
cells. Oherwise the nethod is the sane as that described for FIG 3A An
addi ti onal bondi ng pad_application neans (or nenber) 14a is shown in FIG

5. Means 1@HW§W€§%§“§PHPF@Egﬁ%ﬂﬁ?ﬁ@gﬁﬁﬁj&ghﬁégﬁFFH@HbﬁgﬁﬁFﬁﬁ@Fy but the
area i s i mpgindlog! Widh kdrdBsbe W FIG. 2B, 'dfh%g?ﬁtl ) ﬂﬁ,w@queﬁfoﬂ of BR€inguh&kiyy cured.
In the next step neans 14a nmakes a sli smal [ er bondi ng pad accurately
cent ered onvitheafl igall seppratinget weEEs @é ere ¢ the Qva BajpiRfirte 8t WE sHys 25. The
si zes of thg RALRePLEhSHBLERES 31 (‘Por%?ﬁﬁpl@'asrﬁét%tfb@ nudeRendlifgs 9Rertihg accuracy
capability of the equipnent; however, the idea’is to create a smaller pad
Wit hin a | ar geminyadoraamgalen f@b@w the agtive] spkndadl stagly 3@ over asodGStné’dde de wal | s
of the cell t 038] The
nor e accurg?%%% ghg%&§g%%ﬁﬁ%§ ﬁ%ﬁ%ﬁ%ﬁwhﬁu@f%ht ﬂlﬁ%a%&wﬁh@ﬂ%gré%glt|ng in
| ess I|ghtuﬁ@s@mandqupmmMEdws%Méwn@Qgpmbéﬂm@bﬁaﬁ@mwadﬁmeﬂmﬂmnmgcy
However, the t.0 t apeter of
the wire 1 énate%giaﬁ HH dfﬂf&h %l‘iﬁdlnqge 111u§%a§ﬁ?%mb08 Igad a lgg%e 66 005

i nches, t haolat d@ﬁ m‘lalteiﬂibslelﬁasdbéert ﬂemo}zmldlo% ts bubytrale Bla(aanételvﬁoﬂ inds chaj,ger, such

Par Sgﬁ.weleﬂai baCean etk MR e dEh 1t Map iR et bufidad Bout 6. 020

and 0. 030 nﬁa;cdaﬁes\vhelﬁaﬂlheltémbiaaﬂbswededs fgoredonddticle subd@ate, nmﬁve?s’blamm di spenses

and cures a sma|l, drop of ductive adhesive over wire 1 ch al so
fills the &JPEZiapd2 # g’e WOVE?? H‘&‘ién @dhﬁhﬁe?c%a%m E\P@ée tﬁgﬂeg@q ow in

resi st ance s@suwRurg dmtlag S, wlk&@gpfoald@@(u%a%e@h&@a&assttﬂ@cem Jagdand in the
pad (conpared to welding) |owers the tot resi stance of the contact enough

to be acceﬁ‘teéfb?réOIél?FcFOPFﬁﬂ‘é%‘HZ%’é e Beiveen wirg i sndrspbavele HoCemeciddi ng or

sol deri ng QPG afaledRsry stREn&PNRL AUGEd RRle Bhd 198 mAQUBles wRRHhaMk iRrib e

insul ating side walls keeps the conductive adhesive fron1cau5|n&§a short
across t he 38&ithickge|that pigrdpisgistually peshaddqvan igithq qenieel the padde stakoRs 23 and

i nsul at ed %&uR&Q%EQHﬁ&%eﬁﬁéﬁﬁhBEQm hQQ%@&tM%?Brﬁ@ﬁ@&ﬁ@ﬁ&wﬁQoEﬂééln In an
enbodi ment of the invention, the principle of cutting up a continuous sheet
of inter conprattadtheell mgtepial 32rt any Lmantw ohithin the Paanswomg {hshome oviredét ed cells

is illustr re e I and
the cuts r%%ﬁggﬁgrﬁﬁta?g%én %ng%%L%B&ﬁggég%ghgﬁﬁfahhtggdm%%%gaf are added
to each endbs Mied@adlhragspammgnort wadsdting ngerig bl dnd chred rttiekbepd thbhelemspect t o
each ot her .and.c conn cted n one Q@ to make a basic npdule 28. A
TOm 83011‘: %Ir%su se ue Iela 1

transpareng Shé€t"'29 is then |ami nated over the nodul e.

Thi s perforns t wo functlons First, it seals the top sheet to the back
sheet and ﬂwﬁﬁlH@%ﬂﬁ%ﬁ@ﬂﬂ@éﬂﬁnﬂGahnsmb@MQ@hfm@hmmdnﬁhmﬂgﬂiéé@bnd it pushes
the wires ectrical
contact 1 e ARerEIBFIRBEENE b GE Pul ERIE B Maflicen the op
el ectrode éhmumheomakmsoﬂw&guéﬂGth@amehm@nbdﬁmkﬂCAppmku%yHmmmxs©Iar cel |

| mt or connest B eE CaP .2 B bl e 60 TP e BB i <

size and eﬂamhmmmahmnhahak®gsh&tHhsraﬁhsmmmmmawpheaandmd@@QSf@mm have its
vol t age dou and shape) by usin serially
connect ed_ St R TRehP i SR8 s Seor st s P bbbl ¢ si 2e
nodul e can rdgonyhelea ctmtifmghud p&d. i RS, @ﬁllmgibiﬂlsswrasadteﬂ h@thmlretaa;geve\mul d al so
be doubl ed i f ey are. connected seri n |ar nodul es were
desired, \MhPﬁ%‘LE‘ d?ﬁé@ ﬁgn cyoe ‘“gi‘e“‘?%ﬁ%&goées%‘ﬁ %ﬁ?%‘ﬂfr% at Elee?FerVéR‘/‘sof

sub- modul esxaMIt ekcbft aGRRRECHAs hdl cRJsed. Rather, TRUSs1diRY oumidegn@ Si ngl e
continuous sheet setup, a very broad range of modul es can be desi gned

havi ng di fP%rrr@?ﬁons%Zz%@a%Fntar%g%@w%w laé’?Fa‘?féEEeérd}eé‘”—thft%"f RN ERRnge in t he
slit wdt hnsaftentah%@@ddanﬂagé ®thidhmedbdd lsaehﬁh@mﬁndt& tﬁéﬂ&ewf&qltggaa@auwmer of the
i nterconnected reels of material, nunerous nodul es could be nade. [0041] In
vari ous entsdilatemens of theayraver thgylmlbl?ﬁnglgwﬁ@\hua@é cpyof EHMVINEIPPPHg (or
automating) the formation of sheets conprising thin filmsolar cel

material. The control system can be confligured to control the progression
of the solar cell material in a roll-toroll process, in addition to the
non-conducting material application nenber, the bondi ng pad application
menbers, the transparent adhesive material application nenbers, the welding
or soldering nenber, and the electrical testing nmenber or device. For
exanple, the control systemcan control the rate at which the solar cel
naterial i's fed or dlrected to varlous nDduIes of varlous enbodlnents of

. oy o o e o,



CLAIMS WHAT IS CLAIMED I'S: 1. A nethod for making sheets of interconnected
solar cells, conprising: a) providing a plurality of continuous strips of
sol ar celwomatwnembs each conprising a flexible substrat @ecTalScandemsis ve back
contact region, a photoactive region, and a transparent conductive region;
b) adhering the continuous strips of solar cell material to a continuous
backi ng sheet such that the flexible substrate contacts the backi ng sheet

and a gap i@ Pendhurrldhe ol i omerwss Goyidt beoplicayng g gnd BeneRENE at i ng

material oyeheFH Bl &laSsdR dab@Bine Rasef mt R aRd9e FAE. Ragihhebe t he strips on
each side of the gap, said insulating material contacting at |east a

portion of PiA¥aacEKeMGouhestales acEsh splageemsht if Faugeth; d) forming a
plurality of bonding pads on one end of each of the strips disposed on one
si de of thgo@apAhyth&elEshic RINodnEMaMng iR FPG! 3. 1@ hihethdtBanomstii@d ik Ng

mater! al AN o fo? B use o dondctive SdbeS RO e e Bl Sl Hifd cpary, Bock contact
regi on; , ple silver tilled epoxy, to

make the interconnection. This is an alternative to using welding or soldering for

forming interconnects between cells. Otherwise the method is the same as that described

for FIG. 3A. An additional bonding pad application means (or member) 14a is shown in

FIG. 5. Means 14 makes a similar bonding pad as described previously, but the area is

immediately filled with an insulating adhesive and quickly cured. In the next step means

14a makes a slightly smaller bonding pad accurately centered on the first. In the

expanded view, this is indicated by 25. The sizes of the pads are subject to some

discretion depending on the accuracy capability of the equipment; however, the idea is

to create a smaller pad within a larger pad and to provide an insulating cover over the

side walls of the cell material that was exposed in making the first pad.

[0038] The more accurate the equipment, the smaller can be the feature, resulting in less
light loss and improved solar cell performance and efficiency. However, the open pad
25 should not be small compared to the diameter of the wire 16. For example if the wire
16 has a diameter of about 0.005 inches, then the diameter of the pad 25 should be a few
times larger, such as between about 2 and 10 times larger, or between about 4 and 6
times larger. In an embodiment, an acceptable range might be between about 0.020 and
0.030 inches. Rather than welding or soldering, means 21 now dispenses and cures a
small drop of conductive adhesive over wire 16, which also fills the area of pad 25.
Since conductive adhesives are not as low in resistance as pure metals, the extra contact
area on the wire and in the pad (compared to welding) lowers the total resistance of the
contact enough to be acceptable and indeed comparable in performance to the welding
or soldering operations. The construction of the "double pad" with the insulating side
walls keeps the conductive adhesive from causing a short across the solar cell junction.

Wire 16 is still cut at locations 23 and insulated as previously described.

[0039] With reference to FIG. 6, in an embodiment of the invention, the principle of
cutting up a continuous sheet of interconnected cells 24 into individual strings of

interconnected cells is illustrated. Cuts 26 are made at predetermined string widths
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e) providing at |east one electrically conductive wire in electrical

contact with the bonding pads of the plurality of strips of solar cel

mat eri al woa@otig2t6sanspar ent conductive regi on and; f) eaTitSagiOLEBIN res on
one side of each of the bonding pads to formcut regions. 2. The net hod of
Claim1, further conprising a step of applying an insulating material to

t he bondin?4€pds and cut regions after the step of cutting the wires. 3.
The net hod DW)-@ndfhscytsgpn paraliel jorand petpgaipvires Yog Afetuspbass 2Tae pddsdthe

i nsul ati ng ehmtl bbacRELRE, thvb sirgdRRIbe @tleti@ W reShdel RactfothelRBa Met hod of any
one of Claim1-3, wherein the insulating material is a transparent

i nsul at i ng cAReed ap one end to mpke HRAsi§FRPdgle 28ndr teRwarsnt addlerpdlettopsheplyr t her

conpri si ng 26 W hiMEmiRRIVERhSmBduld. %%rp%ﬁ&%%ct%@un%%&f FE&lil seARURS tbﬁ" in
regi ons between a portion of said electrically conductive wires to form

sol ar cel | skaef foribsbagk shyeeaidtpeeviden arprevingighianical strength for handling. Second, it

pushes the wires against the top electrode of the cells to make good electrical contact. In
a preferable embodiment, the electrical contact between the top electrode and the cells is
such that electron recapture by the solar cell is minimized, thereby aiding in optimal

device performance.

[0040] This interconnect scheme allows a large amount of flexibility in both module
size and electrical characteristics. As an example, module 28 can have its voltage
doubled (but same total area and shape) by using 4 serially connected strings each with a
width of SW/2. Alternately, a double size module can be made using 4 strings of width
SW and the voltage would also be doubled if they are connected serially. If even larger
modules were desired, without having a voltage increase, an appropriate array of sub-
modules could be connected in parallel. Thus, by using a single continuous sheet setup,
a very broad range of modules can be designed having different sizes and electrical
characteristics. With a change in the slit width of the cell material and a change in the
width and number of the interconnected reels of material, numerous modules could be

made.

[0041] In various embodiments, a control system is provided for controlling (or
automating) the formation of sheets comprising thin film solar cell material. The control
system can be configured to control the progression of the solar cell material in a roll-to-
roll process, in addition to the non-conducting material application member, the bonding
pad application members, the transparent adhesive material application members, the
welding or soldering member, and the electrical testing member or device. For example,
the control system can control the rate at which the solar cell material is fed or directed
to various modules of various embodiments of the invention. As another example, the
control system can control the point and manner in which bonding pad application
member 14 creates the bonding pad area 15. The control system can also control various
vacuum equipment and robotics equipment for moving components between processing

systems or modules.
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6. The nethod of any one of Clains 1-5, further conprising a step of
attaching the plurality of electrically conductive wires to term nal bars
at each ewo0fr/tibmssheets of interconnected sol ar cel |l spPComUSeannemsis ng to
external circuitry. 7. The nethod of any one of Clainms 1-6, further
conprising a step of providing a top transparent flexible sheet over the
sheets of interconnected solar cells and | anm nati ngqsal d top transpar ent

f1exible sh¥Eel Whileprréerphls prabrdipensngf thpressnt igyeting havepeer ippAard conpri si ng
the step oljegtibddicRGn,a WillRbYiBhyio WMdE siildd in ®e QRS s8dhetbodimdnlsexd bl e sol ar
cell material into the plurality of strips of solar cell material. 9. The
met hod of @reiderl 8y wRyi Pt srémplcotpbt NSMSEPUa Vatadipn b Fhaneesatdiybuidiony witbre of the
edges of tReyRLULE inb¥ Rfledid d t'hQ§rt %thé&'d@% r&n‘%lﬂorﬁ'ﬁlte%\leﬁdwnt ﬂ‘%h&hél bting step
to renove defects and debris. Th of Clainms 8, further

conpri sing unféﬂmt@qﬂgth@tWerl@tSIait@matofﬁs gohaembalimentselahd iaventinn desaribedel  f ol | owi ng
the slitti t t her

conpri si ngﬂgregltrg% be]e:ll‘llplyg rgﬁ%{gfeaglglqlféecl? ?e%ﬁgi?{i‘%@%nﬁ%d? é|1 [eﬂgt %lf (%Oglé)wge ch of the
cont i nuous ckimg Qﬁln@fhesmparof thelinventdneand dhhat methodstind stre¢timesiwohin@heai m 11,
wherein th JpLoys rj r | | rial are categorized
accordi ng tgo fQ' hese ?%rlldctgf%r uwa?en becgv?r?dggértgla'the step of transferring
continuous stri ps of soI ar ceII materl al to a continuous backing sheet. 13.
A processing systemfor form ng interconnected solar cells having strips of
solar cell material, the system conprising:
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a cutting nodule configured to slit a roll or sheet of flexible solar cel
material into strips of solar cell material; an abrasive nodul e downstream
from t he wotnivig2mesdul e, the abrasive nodul e confi gur ed PCo/USR@A2T3ME OF
nore edges of each of the strips; an electrical testing nodul e downstream
of the abrasive nodule, the electrical testing nodule configured to
continuously test the electrical properties of the strips; a non-conducting
mat eri al application nodul e downstredhMIMdm t he el ectrical testing nodul e,

t he non-conducting material application nodule configured to continuously
fill a gapvywghweeo adi@eeRt strips with transparent insulating material; a
bondi ng pad appli cation nodul e downstream from the non-conducting materi al
application nodul e, the bondi pad. applicatio dule configured to forma
plurality of boftdPiRPddatigalgng dreeqyiat P‘?%MQ‘&‘E%WOBPHFH% strips; and a
wi re application nodul e downstream from the bondi ng pad application nodul e,
the wire appli catiaprprovdiug e ptwaiity gficoednuoos gripyvefdelaseelleheaial caal | y
conductive wre across t.he pl.ur. itytog bongiqg pads qftthe strips. 14. A
phOt OVO| tal c arti C| e gg)%ltng lﬂﬁél € substrate, a conductrve bpack contact region, a

photoactive region, and a transparent conductive region;

b) adhering the continuous strips of solar cell material to a continuous backing
sheet such that the flexible substrate contacts the backing sheet and a gap is

formed between adjacent strips;

¢) applying an insulating material over a predetermined region of the edge of
each of the strips on each side of the gap, said insulating material contacting

at least a portion of the backing sheet on each side of the gap;

d) forming a plurality of bonding pads on one end of each of the strips disposed
on one side of the gap by selectively removing a portion of the insulating
material and the photoactive region to expose a portion of the back contact

region;

e) providing at least one electrically conductive wire in electrical contact with
the bonding pads of the plurality of strips of solar cell material and the

transparent conductive region and;
f) cutting the wires on one side of each of the bonding pads to form cut regions.

2. 'The method of Claim 1, further comprising a step of applying an insulating material

to the bonding pads and cut regions after the step of cutting the wires.

3. The method of Claim 1 or 2, further comprising a step of curing the insulating

material after it is applied to the strips.

4. 'The method of any one of Claim 1-3, wherein the insulating material is a transparent

insulating material.
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a) continuous strips of solar cell material each conprising a flexible
substrate, a conductive back contact region, a photoactive region and a

t ranspar ew0 20ondemssi ve regi on; b) a continuous backi ng fheatS2@iondisgur ed
such that the flexible substrate contacts the backing sheet and a gap is
formed between adjacent strips; c) insulating material contacting both
edges of each of the strips on each side of the gap and at | east a portion

of the backingy $hedsthedoleany pnepifelaigss %ﬁéu@%fbmfﬂ)mé{lgﬁflﬁlﬁl&lthetsye%ﬁf0 bondi ng

pads on one endi@frcacdedblat RQ1 i ALDROSEFHN PRI Ifd efecdibgrygap,
wherein the bonding pads are formed by selective renoval of a portion of

the insul ating fRMdEGVEMVIERE PR sPtorbacineve relgicaninedwildbose a portion of
t he back contact region; e) a plurality of electrically conductive wires in

el ectrical cant ?ﬂﬁdm&hbchoftdﬁ? oBOBUI 1RghsPas] Fur@fer wiﬁprmhigraastdptoy a@ichﬁlgrtneps of
solar cell materjal and the transparent conductive reg regi ons

formed on one sPHEliproleketicalfy ‘tqligu%‘éiﬁ WIRYLOpSrEnat B A e§?lhﬁlda&§ jt@cgé?ﬁts ¥nds of

separated el ect fkGalnhdct&RORAYELIIs Y6 WhiREn@R¢xicAmttialbiRg material in contact
wi th both the bonding pads and the adjacent ends of separated electrically

conductive w J e%’he method of any one of Claims 1-6, further comprising a step of providing a top
transparent flexible sheet over the sheets of interconnected solar cells and laminating

said top transparent flexible sheet.

8. The method of any one of Claims 1-7, further comprising the step of slitting a
relatively wide roll or long sheet of flexible solar cell material into the plurality of

strips of solar cell material.

9. 'The method of Claim 8, further comprising a step of treating one or more of the
edges of the plurality of strips of solar cell material the slitting step to remove

defects and debris.

10. The method of Claims 8, further comprising rolling the strips of solar cell material

onto a reel following the slitting step.

11. The method of any one of Claims 1-10, further comprising a step of testing the

electrical properties along each of the continuous strips of solar cell material.

12. The method of Claim 11, wherein the continuous strips of solar cell material are
categorized according to their electrical properties prior to the step of transferring

continuous strips of solar cell material to a continuous backing sheet.

13. A processing system for forming interconnected solar cells having strips of solar cell

material, the system comprising:

a cutting module configured to slit a roll or sheet of flexible solar cell

material into strips of solar cell material;

an abrasive module downstream from the cutting module, the abrasive

module configured to treat one or more edges of each of the strips;
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an electrical testing module downstream of the abrasive module, the
electrical testing module configured to continuously test the electrical

properties of the strips;

a non-conducting material application module downstream from the
electrical testing module, the non-conducting material application module
configured to continuously fill a gap between adjacent strips with transparent

insulating material;

a bonding pad application module downstream from the non-conducting
material application module, the bonding pad application module configured
to form a plurality of bonding pads on an edge portion of each of the strips;

and

a wire application module downstream from the bonding pad application
module, the wire application module configured to provide an electrically

conductive wire across the plurality of bonding pads of the strips.
14. A photovoltaic article comprising:

a) continuous strips of solar cell material each comprising a flexible substrate, a
conductive back contact region, a photoactive region and a transparent

conductive region;

b) a continuous backing sheet configured such that the flexible substrate

contacts the backing sheet and a gap is formed between adjacent strips;

¢) insulating material contacting both edges of each of the strips on each side

of the gap and at least a portion of the backing sheet on each side of the gap;

d) a plurality of bonding pads on one end of each of the strips disposed on one
side of the gap, wherein the bonding pads are formed by selective removal of
a portion of the insulating material and the photoactive region to expose a

portion of the back contact region;

e) a plurality of electrically conductive wires in electrical contact with the
bonding pads of the plurality of strips of solar cell material and the

transparent conductive region;

20



WO 2011/112765 PCT/US2011/027815

f) cutregions formed on one side of each of the bonding pads comprising
adjacent ends of separated electrically conductive wires and insulating
material in contact with both the bonding pads and the adjacent ends of

separated electrically conductive wires.
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