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THI N- FI LM SOLAR MODULE FI ELD OF | NVENTI ON The present

invention relates broadly to a nethod of
WO ndosesshecting thin-filmsolar cells, and toPEI/AU2007/001197

thin-filmsolar cell nodule. BACKGROUND Thin-film

solar cells on a supporting foreign superstrate (such

as gl ass) have the potential to dramatically reduce

the cost of manufacture of dol ar phot ovol tai c (PV)

nodul es due to the fact that they only require a

fraction of the sem conductor material as conpared to

traditional, < r LI Ln-filmsolar

cells, furt heﬁ?@hﬁﬁﬁ& %Eggj\q@ay—{%at it is

possi bl e to manufacture them on | arge-area substrates

(~1 nR), streanlining the production process and

further reducing processing costs. Wilst the output
FIELD'GPINVENT®ION! ar cell scales with device size, the

out put vol tage dges not, and hence | arge-area (~1. nQ?f

sol dMeREpsent inyEation (riates Rropdheiord methogf infercopnecting thin-film
so¥alceRs) ind T BARINIRA isdlar k61 hid@ses are proportional to

the square of the current, large-area solar cells have

| arge resistive |osses (and hence | ow energy
BAGRERGUND ef ficiency) and are thus unsuited for nost

applications. The usual way to overcone this problem

i s tIbindfim sglar cells oraa gepnorting fargigarsupersirate{suchrasrglagss Agve the
pelfiGTE SEmE eddBr e BOE hURRAIR &) Eler Rlloldiao (V)
martulesttiue to He fedithal dey anly reheire @ Eaction iof the setmicondgtorupaterial as

T ent [S I / 0
coff et (SRR weor B0 S8ler Spls” TR 33 bleclurhSipore, have
thebadvantage that)it in ppssidé it@ masefattoenitiant @ ladjecaiea sWlistrates (~1 m?),
based sol a s _diode st rgct ure

strgirlnjiCr(lmhwaf'ear i Q'afd U Iell'rsetni I S

PRIV ProdughiorRoedsy aid fUiheredHr oS ProrssSIG S5 Sp- t ype

wafer and by formng (for instance by diffusion) a

t hi g, .p+:t eH4a er. al ong one surface of the wafer.

w1 ViR the Pt crent otz Sof prpien wiikeetice o8, g ptput voltage
dobs Het, bid berat iafheldrea (-1 M3 dol cbiy RaveeTvérg HgHCéfent bhda low

i S ngosn ted. The resulti nrg r? n Jtunctl on di ode
voltage. Since resistive losses are proportional to the square of the current, large-area
solar cells have large resistive losses (and hence low energy conversion efficiency) and
are thus unsuited for most applications. The usual way to overcome this problem is to
divide the large-area solar cell into many (say k) smaller cells, each having the same
size, and to electrically interconnect the smaller cells in series, so that the voltages of the
respective cells add up, and the current of the cells is only 1/kth of the current of the

large-area cell.

Most solar cells are based on a p-n junction semiconductor diode. With silicon
wafer based solar cells this diode structure is usually realized by using a uniformly doped
p-type wafer and by forming (for instance by diffusion) a thin, n*-type layer along dﬁe
surface of the wafer. With thin-film solar cells, the diode structure is usually created ih-
situ as the thin semiconductor film is deposited. The resulting p-n junction diode
structure is typically less than 5 microns in thickness, compared to several hundred

microns for silicon wafer solar cells.
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structure is typically less than 5 mcrons in

t hi ckness, conpared to several hundred m crons for
wa@ardosozassvaf er sol ar cells. The series interconP@UAD2007/001197

of solar cells involves electrically connecting

(through a suitabl e conducting nmedi um such as a netal)

the n-type side of one p-n Eunction di ode (or cell) to

the p-type side of the next<4cell, and so on. Current

can then be extracted fromthe string of cells by

connecting the p-type side of the first cell and the

n-type side of the last cell to a load. If all the

|nd Ie:

Th e, floPngdioh 8 sad 419 iEe biebitEan) Wind S chrouor

a swtatde anmﬁuet]ngalmwlomtﬂmeh a&arrmlal) tHermﬁyg@ sida of emg b—mejunction diode

0 olta ch, cel
(or c I1 t%%aed[)-ty% dZe Q/fgtlt] age gg ¥ FQOM Uérreng%qr]et en Re {aﬁtéacted from
thisstrungpgf celoby b@‘tnecﬂng the peyplisﬂdekofabé fist ceﬂ édﬂlethé WFWMIde of the

h t hen th res
las§ 861 toa Yo7 6 Bl ot Sotre St B8 & 9 e 6PBR Gizenen the
cu:rr@itl ;frbdl)b@d by seaeh )cell Wil Be 384 88mé &nl SeqiiiBi® tﬁ"léqmréhﬂ aneamgh the
this series |nterconnect|on i s ;¥£ i call

entigrsBinthg Gls cihe dpytiltaser B3 eap 2Bl ik 24ehiooing VAR the

othéf E:éllstlﬁ] 'tHé' §thﬂ|d'ns§ @i thétklafe R clisfih %ﬁ@ﬁhn@@éﬁ%g' §voltage v,
i ca %(q used since, as mentjoned earlier, thin-f

thesyPa 1oE NG OHRVCVAIRGS 4 JhemiRgle. TintoBihbe doi ¥ (Ggoreg resstive

losg€f)osi ted onto | arge-area substrates. One typical way
to'interconnect thin-filmsolar cells on gl ass
superstrates is based on the use of transparent

C.Oantﬁtézo?? o@ﬁ‘é 88 frdii kot Wéhar@stth %ghﬁé]?ggér@)a g&%‘ﬁ i€ typically

Zi nc oxli These TCOs are basi'ca
dongewales hm ma(feir 8s theawafdrs aretbuitdnlorad mdslegwlthutblafﬁtm aqlau pells a

dn’f?{gen? Y 5};5 l\{see!’d&l}@aegss me %SP %g{li?.lﬁ élg{ﬁ-(ﬁhn LJ;]Q,I cells have

dope
thecadndmlegemfsbelnm tarbe deposited |oato langamﬁaesubstnéteﬁév nodul es
made from sem conductors that do not exhibit a
satisfactory lateral conductance (i.e., the doped
senDoertyhical ovayl mymtescdmuet tainvfﬂmydergdfellelcecglaiss suparbtestés is

S| st ance PV nodul es de fro condyctiyve
badefdr hR A o5 rensrlr oA s S BRI ot R Uity o gpice or
zin6 bkide OThese TCD afe basicalhighdsandghpreemidondiRtdr® that dé @bl sbsorb

ront. surface a d one on t

- th
2 sigpftPSuicAmAutE of HBRGHSBYTBIAGH. ci Beh o drftanessare heavily
dopedabtes §6bdodleétricd BRI s are a crucial component of PV modules

made from semiconductors that do not exhibit a satisfactory lateral conductance (i.e., the
doped semiconductor layers have a very high electrical sheet resistance). PV modules
made from poorly conductive semiconductors (such as amorphous or microcrystalline
silicon) usually use two TCO films on the solar cells — one on the front surface and one
on the back surface. The interconnection of adjacent cells is realised by a combination of

laser scribing and sequential deposition of individual TCO or semiconductor layers.

If the semiconductor layers have a sufficiently good lateral electrical
conductance, then the use of TCOs can be avoided, and instead the semiconductor can
directly be contacted by grid or stripe-like metal contacts. Patent Publication No. WO
03/019674 A1 by Basore et alia describes a possible interconnect scheme for such thin-
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| aser scribing and sequential deposition of individua
TCO or sem conductor layers. If the sem conductor
wo 20080%23BRve a sufficiently good | ateral el ectP¢Tabn2007/001197
conduct ance, then the use of TCOs can be avoi ded, and
I nstead the sem conductor can directly be contacted by
grid or stripe-like netal contacts. Patent Publication
No. WD 03/01 9674 A 1 by Basore et alia describes a
possi bl e i nterconnect schenme for such thinfilmsolar
cells. Another possible schenme is described by Wenham
filratsolgr cellsa Anpthier possible gehesa issdesoabegioly Wenhamsafieénip their U.S.
pa%?%%ge,%o?.rﬁ%’ Ehefls Basd S ol:\?'eg%%gg%?d‘éwa s Qu%ﬂfe%vﬁdihoped
a pattrcular "process sequencg and subsequen 1N
in efpatticelagprocessseniidrice @ad alibsehuertt fiing of the gtoowés with metal.
production environnent, the above-nenti oned
i nt erconnection schenes for sem conductor | ayers
havilmtheacoatekf ofci grotilictiog eadrdnaicat, tHe sHoveinientiohed interconnection

conduct ance .requi.re a significant nmber of processing.
SOl 1P SeTHiFLCPT dAyets ohaviteh 2t suBiently  dansl RERD; pipdrical
cofitkickdrBe t feqair®Vh dSigaificant t Sunitsdri ¥e preésd’Bingustep®rto achieve the
. intercgonnecting thin-filmsolar ce|lls on foreign .
interepRnestion: ¢8 pepd: thetefRre pYstqter REYIde 3R %ﬁemﬁt'é%tec"“'q”e for
intsTebARIRNG hiRfIFPESIANERs Wnt fBrefgr§ $upatstrdfdaahbt Qefdekyf'ﬁ@ address that

present 1nvention there is provided a nethod o
Prier connecting thin-filmsolar cells, the nethod
conprising the steps of form ng one or nore grooves in
a sem conductor thin-filmdiode structure on a
SUMMARY r at e such that the diode structure is divided

| Nt g Godrddrile! ith Q‘Cﬂrﬁii ia§ﬁé§ito¢ t@b%e&qh{/&tioﬁq er%qgg vided a
that pairs of sidewalls of the respective solar c Ir?s
metled ohintrrponnpching &in-film shiar cels, ttihee medims eempliging die steps of
rSkr - S| 1:C0 . L. 0f, '
oIRE L3 Rl ool WRBrL BN iRl ol e on -
superstrate slicbdbatsthe diader strhiol i$ Wividednistosa ghéunality ob Hisesaté solar

ai.r o i ]S i r y e.'nskiti l_aver ., .
cofiidng el 5 Byt of BqBRIRL S bl E 3l onle 5 going
polatityf thae is thet sarhe rasgthatef afsuparsiratoside seatitondaoter mayer of the
dicSisP seg' agodmforrri n annlon-contilrérou condug\t [ ye IaS\(ert

S5 TREPOREMYG AT @NIILRHS atiafia TYgE e, diggle stricture
suetlftet @Rt didevedll einehchasamndf sidewallsCiel dovered by the insulating layer
while the other sidewall of each pair and one or more surface contact regions of
each solar cell remain exposed; and forming a non-continuous conductive layer on
the diode structure such that for each pair of adjacent first and second solar cells,
the exposed sidewall of the first solar cell is electrically connected to the surface
contact regions of the second solar cell and remains free from electrical connection

to the surface contact regions of the first solar cell.
The grooves may be formed by laser scribing.

Forming the non-continuous insulating layer, conductive layer, or both, may

comprise ink-jet printing.
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the exposed sidewall of the first solar cell is

el ectrically connected to the surface contact regions
wo@tooshz23gecond sol ar cell and remains free froP@T/AU2007/001197

el ectrical connection to the surface contact regions

of the first solar cell. The grooves may be forned by
| aser scribing. Form ng the non-conti nuous insulating
| ayer, conductive | ayer, 4pot h, may conprise ink-jet

printing. Form ng the non- conti nuous insul ating | ayer,
conductive layer, or both, may conprise screen
pri fiormigg the menregntinuousdnsuldling laveru sondustivedayes orayath, may

ﬁggg@ggﬁphay , or both, may conprise patterning the
spec I've s during or after deposition of

rraterials for the respective | ayers. Patterning the

B o TR PR R0 A i o . o

coimpkis¢ phtterningt the gespectivotaykist drigagrhafter Beposition of materials for
nti nuous insulating |ayer may conprise a

C
the)rﬂs%&ve FFES-non- cont i nuous conductive |ayer may
conprise a rret al paste. The di ode structure my
rise. pol stalline si od may .
C o PRSP iBoE el actss I4¥ers atier B dePPSHiPE oF ks Medeials, or the
reé@ebmeiayéraen@w;ﬂsreaﬁieje@aﬂnttd@%rdh@dﬁth%brawiyur e. In

accordance with a second aspect of the present
invention there is provided a thin-film solar nodul e

CONMPh AbRGoRtMRIGRS irsulhg 1ayr ﬁ%?‘c%ﬁib%é%%ol}n‘i&rﬂ' film
di ode structure forned on'the Superstrate;” one or nore

grooves formed in the diode structure such that the

di oglRe ﬁBﬁ-USrtitiHLBus %Prqdd@tigg th BQ@QY dombHEShL 'ntiét?lqgalst

di screte sol ar hat "pairs dewal | s
of the respective sol ar cells have a doping polarity

t hay,d §iohl %tré@tflgey@réygpﬁimgé pétycry &t Sk GAE&. S de

sem conduct or structureé,
non- conti nuous insulating | ayer on the diode structure

suc d h f_si 1S .
oo Erb by RE e Uk BmRGL AR o ARG contng
between the superstrate and the diode structure.

In accordance with a second aspect of the present invention there is provided
a thin-film solar module comprising a superstrate; a semiconductor thin-film diode
structure formed on the superstrate; one or more grooves formed in the diode
structure such that the diode structure is divided into a plurality of discrete solar
cells, and such that pairs of sidewalls of the respective solar cells have a doping
polarity that is the same as that of a superstrate-side semiconductor layer of the
diode structure; a non-continuous insulating layer on the diode structure such that
one sidewall of each pair of sidewalls is covered by the insulating layer while the
other sidewall of each pair and one or more surface contact regions of each solar
cell remain exposed; and a non-continuous conductive layer on the diode structure
such that for each pair of adjacent first and second solar cells, the exposed sidewall
of the first solar cell is electrically connected to the surface contact regions of the
second solar cell and remains free from electrical connection to the surface contact

regions of the first solar cell.
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ot her sidewall of each pair and one or nore surface

contact regions of each solar cell remain exposed; and
W@2008/022380t | nuous conductive | ayer on the di odeCT/AU2007/001197

structure such that for each pair of adjacent first

and second sol ar cells, the exposed sidewall of the

first solar cell is electrically connected to the

surface contact regions of fhe second sol ar cell and

remains free fromelectrical connection to the surface

contact regions of the first solar cell.The

non-continuous insulating |ayer may conprise a

P o TEon RGN AR or il ihons 4 BdiFneflsY

gon?rise polycrystalllne silicon. The n?dule may o
r

t he TG s a6t Rl e iR d ffapbete

DESCRI PTI ON OF THE DRAW NGS Enbodi nents of the

i be b d dil
L o el bl Sthiet P i e fprb8 PEMRNRENRISORT T 1 Yom ¢ he

following witten description, by way of exanple only,

1"} ahg EBAbkarex Dl Sanptecoaa) mulblerestodio befleer the

su§§&méﬁd}tﬂb|djb&mdt@@| ar cell structure. Figures 2
to 4 are schematic cross-sectional draw ngs

illustrating a method of interconnecting thin-film

BmebajesckipsnoﬁlGwménmwmssherratI c plan view of a
sol ar nodule. Figure 6 shows a flowchart illustrating

a mEReglirpents of dreciHrertioni with berhedter undgrsiopd andapadily apparent
to Qﬁl%ftﬁan%sgal A Hart hon? %Oféiuaﬁrhg;swﬁ@ew Hé&? tn@r‘i Ow %y of

a nmethod for interconnecting thin I m sol ar
exgmalesonly randtim epnjumeligh avithrthe dfavan%m whichf or ei gn
mat eri al s) which have a sufficiently good | ateral
electrical conductance. In particular, the nmethod wll
be &inee ilbiec sahetriatic cross-sectional drawing of an asymmetrically doped

solar cell structure.

Figures 2 to 4 are schematic cross-sectional drawings illustrating a method of
interconnecting thin-film solar cells.

Figure 5 is a schematic plan view of a solar module.

Figure 6 shows a flowchart illustrating a method of interconnecting thin-film

solar cells.

DETAILED DESCRIPTION

The embodiments described‘ provide a method for interconnecting thin-film solar
cells on glass (or other insulating, transparent foreign materials) which have a sufficiently
good lateral electrical conductance. In particular, the method will be described in the
context of solar cells having one p-n junction, but it will be appreciated by a person
skilled in art that, with suitable modification, the method can also be applied to muilti-

junction solar cells.

The solar cells consist of a lightly doped (or intrinsic) absorber region sandwiched

between two heavily doped layers of opposite polarity. The solar cells are thus of the
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context of solar cells having one p-n junction, but it
w Il be appreciated by a person skilled in art that,
wowaok/0%383 abl e nodi fication, the nethod can al BOI/BE2007/001197
applied to multijunction solar cells. The solar cells
consist of a lightly doped (or intrinsic) absorber
regi on sandwi ched between two heavily doped | ayers of
opposite polarity. The solaf cells are thus of thetype
n*pp* , whereby p stands for a |ayer of p (positive),
n (negative) or / (intrinsic) type sem conductor
typewrt'ep’, alherebiier stendsddr a dayebef fafruisitive)o ndnegative) dr / (intrinsic) type

n+ L ass _and n+/ s _styructur i
seicBRdtto ot "TRE ihelbdth bl b Aablibie, 36 Y, HRpGbss and
p'#higtass atractumsgel gqdivakerd sauetotesi witht ineulafirey Suppoding clupenstrates

The | ayer is typi.cally |ess than 10 m crons, t.hi
whighearB targ¥i renspard i Sre b et U I aE Bovbifil dpss than
1omcubhftmt:khaﬁnmdhns“ hhay _e.egugfitlm mte_tralawlﬁawt@rme conppsred fo?thé p* and
,my also have an anti-reflection |ayer on the surface
" ilersn g PEHEPNSBRER SuertraterMaY alsh haye.f aRtrelBction dayer on the
suffadel fading MheReRr fceMNTHid hePreABdAE I8Rr id MpiddRy MeslieCRdm silicon
_apply to asymetrically doped solar cells ere the
“'trdfgpant dose in the gl ass-side heavily doped |ayer is

at | east several tines greater than the dopant dose in

the air-side heavily doped |ayer, such that when the

senfTbemrieach Far apply ite aspoaeligalieforad faias ok aisre thsy dgpant
doéeaﬁe{ng’ |£§£@si8’é3gé£\$n %%?8& Taé:e}""ié ét Lt L8 QHEQ%/?Q&& BA the
el t ed or Fegion and p n-type

em conduct -type an

dopru d?sesinﬁ_w air-side peaviyrdeprstiayangsush dhat whie the wifqmwph@m is
oo on g R B bl i BB A0S0l Bt p Mok e

mefted) semicbndimbors regioncarehpitype  and sistypee dopants padtiablyy compeamsating
X | e as rjcal 0 r . St
e 3, B L P 4 pRE: 8 ke Bldar A ariPle
of the gEsssidatheadidopedhiagér. al t hough in the pictures is
drawn at the bottom of the structure, is actually the

surface which faces the sun. The gl ass superstrate 102
hasFigareanshowse4 Iselfdmatie drégesecivnal diglvion gin dxamprossympridtiically

T R L R —
supdiéteie) €63 whichadinabilighofl the plEred8 drwhiall el Bottdmistthe structure, is
actually the surface which faces the sun. The glass superstrate 102 has an anti-reflective
layer or coating 103 made form silicon nitride in the example embodiment. A glass-side
heavily doped n*layer 104 is formed of a thickness of about 50 — 200 nm. A lightly doped
p layer 106 of a thickness of about 1 - 10 microns, and a heavily doped p* layer 108 of a
thickness of about 50 — 200 nm complete the p*pn®* / glass solar cell structure 100. The
semiconductor layers 104, 106 and 108 are formed utilising in-situ doping techniques
during thin-film semiconductor material deposition onto the glass superstrate 102. The
semiconductor material may comprise polycrystalline silicon deposited using, for
example, plasma-enhanced chemical vapour deposition (PECVD) or electron beam
evaporation, and utilising, for example, boron and phosphorus for the positive and

negative doping respectively.
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p |l ayer 106 of a thickness of about 1 - 10 m crons,

and a heavily doped p+ layer 108 of a thickness of
W@bwen22383 - 200 nm conpl ete the p+pn+ / gl ass BOI/ap2007/001197

cell structure 100. The sem conductor |ayers 104, 106

and 108 are formed utilising in-situ doping techniques

during thin-filmsem conductor nmaterial deposition

onto the glass superstrate 102. The semi conduct or

mat eri al may conprise polycrystalline silicon

deposi ted using, for exanple, plasma-enhanced chem ca

vapdue fitetpgiep foromorahiti@ally intercennecting smbiiaanaells of the large-area

, t .
sof’aﬁ %&P%tgl#c{t}gg f1 8?@?&& df ga?%llgls%roé\%a negg?%:r\?}jeedSrgt QE% ggf%lconductor
fi Im eap emtalmab yhel lnyeas ﬁD4 ,St06snd 1 08 pusingoan lakert, bep=mdting the large-area
nt e S ler cells, of | ar ge- area.sol ar

sofgh P SRHIEE 18 hag Bong” caiSy B el Zhe. 55 SB5EeS8 it Pl 2. n
thes exantiel embbdimehtesHoami the ﬁdﬂﬁdﬂ@éﬂvﬁal lé)ﬁ?r 402 |53ﬁb1ts@'hl§éd15y thedaser

| ayers 104, 106 and 108, uysin ser, in
vesy Gveye dhe Sreliod s besy siovia esh erity el g antreflcive
layBRlid e¥vibed! By th@elab& B&m. Bée itb |th@*a§ﬂhﬁdtnbrho5ir@uétﬂxo?ure|di the
e enb ment shown the anti-reflective | aye

h
ProggT3or SR Sift Gal 10 o oPRseibos SiAwelRRE SF he fasa: narrow
solBREAIRD0B aviil RRRNHhS BAME dbﬁm%ﬁ"ér@%athé XUH@J;tI'até Gidk I?@awly doped

anti-reflective layer is scrib by t | aser beam
'aymbo“tfeft%@"a@s)@m@tmrbthaésw'ee%ww'@rre of the

precursor thin-filmsolar cell 100, the [aser-scribed

sidewal I's 204 of the long, narrow solar cells 206 w ||

hav¥henea pise aidishhfomotharlrser hits thhesestignadyctonfin 2Ddesome

fra&ﬁ)ﬂvcg tHe t||@§§e|£ a]ogg\lxﬁtg @u@m Ghd S Irﬁ%? gth tt%]ar oﬁﬁ ?wé:e the

escr i npl e e€n a p Ise
absgonption deeffi slentmf theefiimc 20Rlincreasesf withmeaPratgenmporfer afdhe taser light

is %Bh’?g %ﬁlﬁgéo@éﬂ@ 'Il I@Q 0{0 %tua?gwﬁﬁ v?ul %%] @ﬁ{rﬁ%lrpunaway,

nce t sorp on coe
wheree tlié Iﬁhn2C292| qu:cklaswcms hbdilingp éeraparatare. nbhe pdrtibiheof the

s 9 207 AUECEBSE oI5, Bk AR o i e
reathes boiling Adhat fiysti oklly theepmh@ss hromblsemédoadngeasramﬁrmz Cl'rli‘dér the
under e cen

th d
perfieis & e lasp Besih Phitesed hlina, boifl FE pPing or Iecasmidatctor
filmb202 urtigr fr2i déintré iof tHe, laydtibe@ml Vipoisds| expandiag rafidly as it does so.
seni.conduct or f|In12 2 under the periphe of the
Thip 37 SHRATRIOD Ay ERRSHAIR ey RISNSR S5l ey opiisnprigonductor

awyfeorfi €78 ePtre BEthe llaser-treated region, forming the grooves 200.

The molten semiconductor material cools and resolidifies as it is being pushed
away such that it is frozen in a wavelike shape, forming the sidewalls 204. The diffusion
of dopant atoms in the liquid phase semiconductor material is so rapid that the dopants
are spread uniformly throughout the melted and resolidified portions of the
semiconductor film 202. This process happens very rapidly, in the duration of a single
laser pulse. By overlapping successive pulses as the laser beam is scanned across the
semiconductor film 202 surface, the groove 200 can be scribed in the semiconductor film

202.
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film 202 under the centre of the | aser beam vapori ses,

expanding rapidly as it does so. This rapid expansion
woRoogemsgdbnduct or vapour pushes aside the nol t BCI/AU2007/001197

sem conductor away fromthe centre of the

| aser-treated region, formng the grooves 200. The

nol ten sem conductor material cools and resolidifies

as it is being pushed away $Such that it is frozen in a

wavel i ke shape, form ng the sidewalls 204. The

di ffusion of dopant atons in the Iiquid phase

s emiNexh duanegontisuasis iingulating Byer 306 id aphliad toke dafazataf the solar

B 307 L L7 S i 5 B e e an

substastiab portios ©f ttmpepmfase 362 pf eaxhi al\206ii5 covezediby e msulatbr 300,

ouf %, oA podl o ot G4 A =5 80 28 e NeraC BRmad Tadlons 204 on
thd slnfacd B2safrdaek eell RDE agy reﬁ\w.camed: By tHeeins@latop 800, 45 $Ho@vn in
seni.co ﬁuct a non-conti nuous

fil 20
FIGUE G ot P aion 15ts6 200 TN (ob AXamP ey runlispas @olymef fuch as

polyfthiaé. Thé Insulamfg lafé1300%HBh Ariéy by, 16 dx@pty, bﬁﬁh@ﬂfé device 306
printin such that_one sidewal|l 204a and

at §u’B§‘F%Tﬁ |tﬁmpﬁfﬁt'{r?onTr@fm?lh‘E"d?uff‘?’Hé@e 8uRossf '@'iﬁfﬁcrdt@dl sidewalls
2029(%n'd9ch¢;§ QHWee&ldé/frérh @hd &ﬁié'cétceﬁtaé’tqgglohéjboi B MER ?émoved for

each cell 206, as well as several
exm@@ﬁ@&@ﬂmﬂﬁbﬂBW&OWSWQa@ﬁ the sur f ace 302 of each cel
206 are left uncovered by the insulator 300, as shown
in Figure 3. The insulating layers 300 nay for exanple
conpiekis @ nenmen{irous saaductive [Ryen 408, der. exarr@lq metdl, s iapplied by,
for g%‘rﬂglgs%g ér?’or utﬂ?f%t %Htlﬁg dsholvRin ﬁ e%ﬂh‘i&vé %ger 400 is

erate tenperat erma
appltecmuplh @aé%pose@ paisefradiasentoeetls QDGH;\/%)Bbsaméletxrlcalyd;ondm:tlve

pa{lln \fgvlé)éﬁ g%w%%r? r{ﬁée )g)g)r?%gée fs&%ﬁ%‘? %ﬁ&@%? ohé& %'op Oc}eﬁ%é(?g fid the

f enmove i'n- Ny
ooraactdegubb:x 304 of the- adjatenh solas celb 20Rs; tbuv mdt alymre i€ @0, elécirically

I creen
oo B4 BB hen 2B8% 5B i o
sar’nay:elr 208b0 The mepgd ldyed4 (XLis Elsb imai- coﬁtﬁfuo&ﬁalbn@ tHer Iegljth of the long,

t 206 206 n ct i ca ndu
i ROREESYS 0646 5 Dinadosie Taopl bl GRutnbor 58 pocs b wi
notobéllestobarent eftdm 2K lentradsdldieceloPi6acth bRAI ®OE orR4RorAfthe area
mr@gg%tﬂ}) %&%ﬂbdlﬁg ! tﬁe S%le,llltl %gg 6}few?:gt4(.')t2h|%t thterq ebra?(ecli Sat nao moderate

temperature to improve the electrical properties of the metal-semiconductor contacts.

The device 402 provides a thin-film solar cell module comprising the superstrate

102 and a semiconductor thin-film diode structure formed on the superstrate with

_ one or more grooves formed in the diode structure such that the diode structure is

divided into a plurality of discrete solar cells 206a, b, and such that pairs of sidewalls
204a, b, of the respective solar cells have a doping polarity that is the same as that
of a superstrate-side semiconductor layer 104 of the diode structure. The module
further comprises a non-continuous insulating layer 300 on the diode structure such
that one sidewall 204a of each pair of sidewalls is covered by the insulating layer
300 while the other sidewall 204b of each pair and one or more surface contact

regions e.g. 304a of each solar cell e.g. 206a remain exposed. The module further
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conductive path between the exposed sidewall 204b and
the contact regions 304b of the sanme cell 206b. The
woredoai213syer 400 i s al so non-conti nuous al ong PEEAU2007/001197
| ength of the |ong, narrow solar cells 206a, b, so
that a possible |local shunt along the solar cell 206a,
b will not collect current fromthe entire solar cell
206a, b area, but only fronPt he area i mredi ately
surroundi ng the shunt. The device 402 is then baked at
a noderate tenperature to i nprove the electrical
coppoipes aines- @htinwsmrwuc@mia&@hMQo the; diedastrsicture guch that
ce.: 4 el,l :
fo S i ton i o ol b S Hoek 1 EoBea sidewal
2014h|of the| firstdsalde celt 206D Lis eelécdmaialu @mneetedgopﬂaessur&ice contact

b 5, P8P L4 B 4 B o O S

coprhestiah itd theasurfdcs corthet regioas 304t bitha (icst solar calh206hich
that pairs of sidewalls 204a, b, of the respective
sol ar cells have a doping polarity that is the sane as

t haFigafe Rskiowsed Sthemlatic plafl @iesadTiaCdenide GO formad @1 adddfdapte with

t he di ode structure e nodul.e further
then’Bﬁth%H??‘iﬁ'gﬁ‘b@b‘?"ﬁs‘!ﬂﬁhdﬁF eFRpCP 49 Blguesd 8- tﬁ@%t%d%eta'a}ayef 502

is PFrhéte hs! HRcsHihllodsdivs 08 aldridanalghootf< 806 fanBaziah e 508 fis also
sidewal I's is covered by the insulating |ayer 300 while

disgRRinkEYRRI0RY HeaNIth 2651 SIPowas 0% STk RPOIRBtS P00 along

thé@%&@%@io%o Wi ttfquél@zﬂﬁlg% S §W%p@ﬁm§sa§ﬁ 8@l 8fmeee Which are
06a remmi n expose he nodul'e Turtherconpri ses

fi Ilesi M@ih @@Wnalntremsth%ﬁmta!t laver P64 dfer gontaetingt the guidrpe of each
serﬁFcBHtﬁfc{Ur ﬁ%h t'ﬁ?é bf&%g%@%@ 59@'%“1?# tt@dbéﬁlg&idlu {of § yers 514

and second sol ar e expose
indjraiehthef quéawme@ve@owmwail@l5182Qfetbe|gsocefeecﬁt061 ead Iﬂ}e remalnlng

solgp&ﬂ%&ﬁ%ﬂ ggothe surface contact regions 304a of the
seco ar cell 206a and renmains free from

el ectrical connection to the surface contact regions

304 | ) i \ ,

S onbiafite; & Wil & b oc flcraih R bt bnaraBRRYEing thin-im
solaceatls. dstrstep 602, bné be mued hombvde acy foormdd aba\senw'mhuctor thin-film

. f t Fi 1t T ut
aiotg SEHER A 2cr i obhe ralFReoBhE Bk Fn e ek Fo -
pluiﬁﬂi@ oﬁﬂ&g@ﬁ hofaﬁWeE@Aan'scS s@dl's thatlipaire iof isidewatis ?(f) gl‘i@ tréinéctlve
en t ooves ng segment a c .

solaf Gl nive b1 et PEGRYY Bt it Thd K8 e SE L Gt & PpgEgats-side
seditBnd@iie hyéof el didtie strastims] At\WRipcéo4iaenon-continuous insulating

layer is formed on the diode structure such that one sidewall of each pair of

sidewalls is covered by the insulating layer while the other sidewall of each pair and
one or more surface contact regions of each solar cell remain exposed. At step 606,
a non-continuous conductive layer is formed on the diode structure such that for
each pair of adjacent first and second solar cells, the exposed sidewall of the first
solar cell is electrically connected to the surface contact regions of the second solar
cell and remains free from electrical connection to the surface contact regions of the

first solar cell.

It will be appreciated by a person skilled in the art that numerous variations

and/or modifications may be made to the present invention as shown in the specific
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filled wwth material fromthe netal |ayer 504 for

contacting the surface of each sem conductor cell 514.
wah@siesken | ines 516 within the sem conduct or PCEXE2®7/001197

514 indicate the boundary between sidewalls 518 of the

grooves 506, and the remaining solar cell portions

520. Figure 6 shows a flomcﬁﬁrt 600 illustrating a

nmet hod of interconnecting th¥n-filmsolar cells. At

step 602, one or nore grooves are fornmed in a

sem conductor thin-filmdiode structure on a
emhodiments witbou daparting tfranm dheyspifit o5 SEQRe: af thej ivention gasqbroadly
de‘séﬁb%d aTiy Hr"e@%ﬁtte)’n nﬁ%n@é ! fhoffore! to%d bohsidRRL if i pspects to

that pairs ewal e respective solar ce
behlaJ@tsata/ec&agmgreptync&ve ty t hat is the sane as that of a

superstrate-side sem conductor |ayer of the diode
structure. At step 604, a non-continuous insulating

| ay Epr exaniple,ngiledhe sblar ciliosirickire desanibed su glas$ial/p/phstructure

e coy
wifl S pess B o BR nadpied SRS SriudiReBiR Sty dSpy wa
of exadnpjmenlp andrtsrrmt mtmﬁaam onesictiver Algopthe pafticalaciayat bbsurface
coctetl Lenair gg { st /P 606, a non-conti nuous
%SﬁaHSPﬁﬁaﬁigﬁ ngy?d?ﬁﬁﬂ on the di ode structure such
that for each pair of adjacent first and second solar
cel t he ex sidewal | of the first solar, ce
ol e Etitherapre, E O ber enpcioh dhat 1S o oHbsRE adisgs B,
coffuctiee 1566 DR tbaf)| sy &8l dpphétf ak eMBbitmubiis faybf, Qamd subsequently
el ectrical connection to the surface contact 0
patigned, usipg foriexampley inligt jprinting g FPHthyE‘OQWP&CtPafP% %Weapecﬂve
nofe6Alosdibydred i n the art that numerous variations
and/ or nodifications may be made to the present
i nvention as shown in the specificenbodi nents w t hout
depgnd bigg nbfed rﬂe“J‘ﬁ\aFfNerdr{awnﬁés ﬁ'tcifiﬁt_‘geé’ﬁ tb 3€ark %Xﬁé}ﬁétf&rbré\ﬁmgs
broadl y described. The present efbodinents are
only g aregiat to $aglene conS| dered in all respects to be
illustrative and not restrictive. For exanple, while
the solar cell structure described is a glass/n7p/p +
structure with n-type sidewalls, it is to be
understood that this particular doping structure is by
way of exanple only and is not intended to be
restrictive. Also, the particular |layout of surface
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contacts depicted is only by way of exanple.
Furthernore, it will be appreciated that the
wmoevsoza3sd nuous i nsul ating |ayer, conductive |BYEAD2007/001197
both, may be applied as a continuous |ayer, and
subsequent|ly patterned using for exanple ink-jet
printing or photolithography, to formthe respective
non- conti nuous layers. It idlalso noted here that the
drawings in Figures 1 to 5 are schematic draw ngs only
and are not to scale.CLAIMS: 1. A nethod of
CLAIMS:connecting thin-filmsolar cells, the nethod
conprising the steps of: form ng one or nore grooves
in semixC 0 r r
supgrstrat gﬂgﬂgﬂ 6?1 F tef Hng%rgjquﬁfﬁ@t ﬁ(réeal"l §e|§1 ?naa d" ethod
comprlslngtlpéslleaispfy of discrete solar cells, and such
t ha of the.re ctive olar | |
naw B Gnd br Hehe Btiays fle EEidRROEE, I EaRe e uglre on
a suppestste amcﬂn- &adthesﬂrrdecstn.dmﬂbdg divialgdintofa ﬁlh@l@l afdiiscrete solar
tructu formn on; co i huous L nsul ati | ayer .
ool 4e55T g AR HEGIE T b o ree: SRs IS evEeR Hoping
pofity thaft iss trdeyarhe sasi that ov erﬁd)ebatratéleide rEeviedridugtor axgir of the
té‘:{%' Le the other sidewall of each pair and one or nore
YEWSont act regi ons of each solar cell remain

expesafig anbni@nihidLusAindgiatiee Myep lmumecmm%trumaré Y& that
on the diode structure such that for each pair

ong fj vttt ofreachPainef Fdewalls sdtoxeredehy the mﬁ@a&&@b@/@a while the
otrer @Rl Ffeabh®alr dridl o bAmorelirface &Lrﬁ&ﬁtrrb(jl@hk ¥%f each solar

connected to the surface contact regions of "the second
celgaragin expesedhand enmi ns free fromel ectrical connection

Lo thmirgta fn%ﬁ-%oﬁﬁ’rﬂ]o%%tccfnegbt%j f’ér é ﬁ1ef le?&é Wﬁ’%@h sych that

cell. 2.7 The nethod as clalne erel
for@a@b\p@g ofpdiacent iiest apy seaend salareels rtg_e exposed sidewall of the first

solar cell is electrically connected to the surface contact regions of the second solar
cell and remains free from electrical connection to the surface contact regions of the

first solar celi.

2. The method as claimed in claim 1, wherein the grooves are formed by

laser scribing.

3. The method as claimed in claims 1 or 2, wherein forming the non-

continuous insulating layer, conductive layer, or both, comprises ink-jet printing.

4. The method as claimed in any one of the preceding claims, wherein
forming the non-continuous insulating layer, conductive layer, or both, comprises

screen printing.

5. The method as claimed in any one of the preceding claims, wherein
forming the non-continuous insulating layer, conductive layer, or both, comprises
patterning the respective layers during or after deposition of materials for the

respective layers.
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3. The method as clainmed in clains 1 or 2, wherein
form ng the noncontinuous insulating |ayer, conductive

wO 20081022383 bot h, conprises ink-jet printing. 4pCTAB2007/001197
nmet hod as clainmed in any one of the preceding clains,
wherein form ng the non-continuous insulating | ayer,
conductive | ayer, or both, conprises screen printing.
5. The nethod as cl ai ned in1%ny one of the preceding
clainms, wherein form ng the non-continuous insulating
| ayer, conductive |ayer, or both, conprises patterning
the respective layers during or after deposition of

mat @ri al i
cl al%ma d %hé gﬁt'%tf‘ﬁﬂ? gg %\%E@gé ill¥n Slpatrﬁ%e'm\eﬁem }Eﬁer‘?ﬁ@;@gtrﬁpedwe
Iayeag/aﬂt&r tlaé tdepostithm ofdhe siatériats of thehrespedtiveilajess Eamprises ink-jet
conprises ink-jet printing or
pnnﬁﬁ;'cf Y@tﬁ'ﬁ%}f y%’ 7. The nethod as clained in any one
of the precedlng cl ai ms, wherein the non-continuous

inslatl C rises a pol r. 8. S
ol afmed THe SiRfos 88 GTAmRE i, Pag 80 tog BrorEomarniEion wherein

thé heh- mﬂmuoas insulating RyeetRhprises lagytBymeronpri ses a net al
paste. 9. The nethod as clained in any one of the

preceding claims, wherein the diode structure

conpr i Se$h@%étﬁc5d’§§ %|d|d1€@ irb bhy ©A8 -of 1R pIé&dm?taaﬁnsaWherem
claimed in any one of recedlr@%Fc ai ns urt her

th%’&f‘p?‘?’g'lnH@“i)F‘?ﬂﬂU&W?g‘aé‘?f “é’mﬂﬂsf’%?l iRAS!R 04t | ng
bet ween the superstrate and the diode structure. 11. A

thin-filmsolar nodule conprising: a superstrate; a
senPcondlike srethed as clamediinaey one of the eracsdimgciaimst wherein

theSdlB&d StriAirg: cofifises p&gér?st%ﬂu Q\figod Or med in the diode

structure such 't hat e diode structure is divided
into a plurality of discrete solar cells, and such

thajo pai f1%e Method as claimed in any one of the preceding claims, further
comprising providing an anti-reflective coating between the superstrate and the

diode structure.

11. A thin-film solar module comprising:

a superstrate;

a semiconductor thin-film diode structure formed on the superstrate;

one or more grooves formed in the diode structure such that the diode
structure is divided into a plurality of discrete solar cells, and such that pairs of
sidewalls of the respective solar cells have a doping polarity that is the same as that
of a superstrate-side semiconductor layer of the diode structure;

a non-continuous insulating layer on the diode structure such that one
sidewall of each pair of sidewalls is covered by the insulating layer while the other
sidewall of each pair and one or more surface contact regions of each solar cell
remain exposed; and |

a non-continuous conductive layer on the diode structure such that for each
pair of adjacent first and second solar cells, the exposed sidewall of the first solar

cell is electrically connected to the surface contact regions of the second solar cell
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sidewal | s of the respective solar cells have a doping
polarity that is the sane as that of a
WG ap8sa3sRat e- si de sem conductor | ayer of the dp@rau2007/001197
structure; a non-continuous insulating |ayer on the
di ode structure such that one sidewall of each pair of
sidewal s is covered by the insulating |layer while the
ot her sidewall of each pair1§nd one or nore surface
contact regions of each solar cell remain exposed; and
a non-continuous conductive |layer on the diode
ansk remaing feeesfiern elagdrical eennegtion teethe surfacgifeniastiregipns of the first
ég} econd solar cells, the exposed sidewall of the
rst solar cell is electrically connected to the
surface contact regions of the second solar celland
r engins e g ti r§
contZe: 15; BRAGE; & REAinAp GERLTT, oftferbih, et pBH'coRfifous
insubatingdayes comprisexia palyoileai m 11, wherein the
non- conti nuous insulating |ayer conprises a pol yner.
13. The nodule as clainmed in clains 11 or 12, wherein
the1l30n00'héi Madule asnduidtdd én | @yiets donpr i 129 swherdit dhe non-
gg . he nodul e as clalgﬁd in any one of clains
co "‘{Oé'sf§”d WP &ve" coapEses et RestEr o
conpri ses. polycrystalline silicon. 15. The nodule as
one of clainms 11 to 14, further

clalned Ln
i si e AMPAHR s QAIMELn SR PhEaISE AadR 1hevherein the
dl&iépé?f&idrélb&na%stM&y&&*%e%fdéﬁ\t. ure.

156. The module as claimed in any one of claims 11 to 14, further
comprising an anti-reflective coating between the superstrate and the diode

structure.



