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phot ol i t hography mnet hod for 1contacting one or nore
contact regions of a thin-film sem conductor structure
on a transparent supporting material. BACKGROUND

Thi n-film sem conductor structures have found

app! Pleetclithography Meitkog fof Coatactisg Thin-Film Semiconductor

believed that thin-filmsegjconductor structures wll
be significant in the devegﬁﬂ €Sof future devices.
For exanple, thin-filmsolar cells have the potenti al
to generate solar electricity at nmuch | ower cost than
I FIBDBOPINVENTIONoNnvent i onal , waf er - based technol ogy.

This i rimarily dye to.two,factors. Fi . |

deposi te§ BiEE" a‘¥‘f' %‘iﬁoﬁr Edptey 8&9%% Y &8 Bé@rlggégr dg&w method for
SWRBISHkAbEs of RraBeHtadt rofiosest § dilduilinosemiedreiutal siructure on a
the solar cells can be greatly reduced, wth little
péraappagent qupnestipgmatesiabner gy conversi on ef fi ci ency.
Secondly, thin-filmsolar cells can be manufactured on

| ar ge- area substrates (e.g. about 1nR), streamining
t HAGKGREAUNGN process and further reducing processing

cost . crucial step,int i f] -hinef il .
SOtk OB ROy Rkl AL allel ] harity o
SQIBVC&B{J lla_ﬁti oft i3 bekevedy éias, thikfitdh semiwbhductoefstuckues ovill be
as netallisatio

, of the thin-filmsolar, cells. 1le
v gBleantdBHAP éfsl_fOHg%t SR dFESEY Ty mﬁnﬁ’b@mh%\xﬁlm solar
t Nes fak B th@Bbichhl 8N gbRENRI DR Sel8¢tEBitR9t much lower cost than is
phot ol 1 t hography procésses utilizing sacrificial .mas,

D rascibla o3th comicatperin DA doTBORIDY| dbiss BmaTY due to
StLRAH LBRT PEAGNCT ir0de RIRCESHRS » a "Rk Rr&f SubBéfing substrate or

superstrate, the amount of semiconductor material in the solar cells can be
greatly reduced, with little penalty in the cell's energy conversion efficiency.
Secondly, thin-film solar cells can be manufactured on large-area substrates (e.g.
about 1 m?), streamlining the production process and further reducing processing

cost.

A crucial step in the fabrication of thin-film solar cells is the contacting of
the top and bottom semiconductor diode layers, which is often referred to as
metallisation of the thin-film solar cells. While various techniques have been
proposed involving known thin-film fabrication techniques such as
photolithography processes utilizing sacrificial mask structures, there remains a
need to provide more streamlined production processes, more accurate

production processes, or both.

SUMMARY

In accordance with a first aspect of the present invention there is provided

a photolithography method for contacting one or more contact regions of a thin-film



production processes, or both. SUMVARY |In accordance
wth a first aspect of the present invention there is

w@ewsiogioos a phot ol i t hography net hod for cont ackCTgUN06/000254

or nore contact regions of a2thin-filnmsem conduct or
structure on a transparent supporting material, the

met hod conprising form ng one or nore openings in the

s epdngioprilicton strttnieainu gatspasubsipaottinglnhateré pihs enethod comprising

re ctive surface portions of.th upportin teri
e R RO RSReRRE: R sfuico iSRGk A fBraekly cxpose
of respetive sindameddoctcls oFtiiditipP6Ringirhdterdal RAS rédp¥&ive contact regions;
phot or.esi st; and il | um nating the sem conduct or _

St FRIGEIGR S, urFRo8 OF Shep B FPIUFgh SN pHEs WD BiRosilive photoresist; and

5 SURR@MhAtRE T QendlondWas Lhatiuld fvﬁHT R tek;g&‘fneggflga? filwough  the
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phot oresi st covering the substantially expos
pofP‘%PP@ﬁBlganattﬂ@lsﬁH&goifhaT nfrstrepastiped  ofntheatphbiasstist covering the

POY; il .ed] respectivel y ar .
N T T T p—
expdbé nonthdt gégionssresyizstivdie dre expbéd 16 €6 @OsiUE 1ight and such that the

struct.ure | eaving one or nmare second portions of the
orover s Fsb R bR fes SRt cruitosrina e sere second
f r pumtienssfihe PhotdisisSRFbERNINY GERATcoR UG BB P Bo exposure.
sol ar cell conprising a large-area diode structure

having at | east one p-type and one n-type heavily

doped |PyeEemRBRURE s‘%ﬁ@ﬁﬁé:tm%)reg% %gscﬁ%%é%ﬁglg@.s% a large-area

portion of either the p-type
dobedr stapbre havingatdeast ant ptywi andonemytypahduvilgrppédhyed and the

I t] f f t - th -1 .
25 ARt 0Bl R Sl B 8 iy dopea
mdeys.al . The openings in the seniconductor structure

may be forned by etching of the sem conduct or
structure. The nethod used in the etching may conprise

one or THY®@nfbt RcMnd why@ss tethpis anleaQLQﬁ%oﬁtog%g\Q df the p-type
reactive ion etc |ng, wet chemical etching, an ry
C r?éﬁlileclgryp@th@ﬁwbgdope layers closer to the supporting material.

The openings in the semiconductor structure may be formed by etching of the

semiconductor structure.
The method used in the etching may comprise one or more of a group
consisting of plasma etching, reactive ion etching, wet chemical etching, and dry

chemical etching.

The openings in the semiconductor structure may be formed by laser ablation

of the semiconductor structure.

Regions of the semiconductor structure to be removed to form the openings

may be defined by an etch mask.

The etch mask may also act as a top electrode of the semiconductor structure.



The openings in the sem conductor structure may be
formed by | aser ablation of the sem conductor

W@ Re0eo2ae. Regi ons of the sem conductor struck@r/auRme/000254

be renoved to formthe openi 8gs may be defined by an
etch mask. The etch mask may al so act as a top

el ectrode of the sem conductor structure. The top

el ectrode may rrake el ectrical contact with a top

heavi | ed I er of t nduct or, struc

The. t o H Bt 5% a7 gt ik hcoiuheiviygloped layer
t opf thk sehicodéudim\stiooniRy. i se a | ayer of transparent
conductive oxi de. The photoresi st nay be devel oped

after the illum nation step such that the exposed

51irst Ponéidiecibal sy ROA gﬁﬁeeéla%/%r Sifeidh 50! ved and
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renoved. A conductlve eposi ted over the
remai ni ng second portlons of the photoreS|st t he

f n terial, and at .
onst port ioBsRiiEpt a0 EomBARO LB T Sty coffenPh grice.
conductive layer may be in contact w t h thehsupporti ng

| ect I tact wi.t
cont act e SPURERSh By fandivloRee sBebHs PomiRsisy S ey that the
phexposetsiirst paFayndast thésnotedLikYard iRsaveEshd RREvRQr ti ons

of t he condIl)Jct ive layer sitting above the second .
portions of the photoresist may be lifted off, I|eavi ng

remai ni RGoR@Edve 'T%?g%atgg\fer BgiVe‘El VEF tﬂea%%{qlﬁlgg ?sgc%tg portlons of

with the supporti e an makin
c dhe abetoygsish thtsurasatpactions ed It]nmslppaﬂ'tmgoﬁﬂéﬂﬁlt N af 1@5(@ fportions
uctive |ayer

t al
ggéé”pt?l? ;Egﬁ%léfre q‘g’af‘%cll}t t%% 1v8 ¥ Pay oy m-[qqgtact with the
netippatting yufstatehar neaiay elé@nwl d@ﬂithétgmﬂf theRBMabAR glofs.
the etch nmask above the openings in the sem conduct or

structure by chem cal etching prior to depositing the
phot or eRteStemaining second portions of the photoresist may be chemically

dissolved, and portions of the conductive layer sitting above the second portions of
the photoresist may be lifted off, leaving remaining portions of the conductive layer
in contact with the supporting substrate and making electrical contact with the

contact regions.

The conductive layer may comprise a metal layer.

The conductive layer may comprise a transparent conductive oxide layer.

The method may further comprise widening of openings in the etch mask
above the openings in the semiconductor structure by chemical etching prior to

depositing the photoresist.

The exposed heavily doped semiconductor layer and a corresponding

thickness of semiconductor material on sidewalls of the formed openings in the



The exposed heavily doped sem conductor |ayer and a
correspondi ng thickness of sem conductor material on

W@ eaenedobs of the formed openings in thesen conrdavuzn6/000254

structure may be renoved by ghemi cal etching prior to
depositing the photoresist. The top contact |ayer may
conprise a plurality of finger portions connected to a
busdmaicoghictar atuctardnbybe cepeivied B chBidabettRihE®EoPI6 depositing the
renpvi ng. sem conductor material between adjacent pairs

of PRYFiShger portions. The seni conductor structure

may be silicon based. The supporting material may

conprise glass or glass ceram c. The supporting .
mat er i allheralpPr GaRterodaxes mayubempeise aorpluradityerfs fingee portions

f = . i .
5 oEorﬁﬁ@‘Yeﬂe@ &%g%ﬁ‘ta}?gergﬁ{\}\ﬁr %ﬁﬁ& gﬁete Pg%@%%sf é’%&ofé)% '{O%ned by removing
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material nay be co

s esAnnicandydorenatefial betwiean adjeoerdane ofithenfinges @ootichs.
aspect of the present invention there is provided a
thin-filmsem conductor structure fabricated utilising

t he netThesagicdafndiedstttirdendy b&tilidePBaded. BRI EF
DESCRI PTI ON OF THE DRAW NGS Enbodi nents of the
invention will be better understood and readily

appar enthé Supgpdetid nfatedan fay &Jﬁjxﬂg;sei 1231/8%% oMsk cbf @t he

followng witten description, o? exarrp{e only,
and in conjunction with the drawi ngs, in which: Figure

lis a We I em condugt.or._di ode
struct u‘ffé@%%&@%%@ﬁ@ a\g{‘g{' aélfﬁlecfhoflo?s B SROTHe, Ohdy Fipgrstrate for
of themkinngndhetor streattrecont act to thin-filmsolar cells

according to an enbodi nent of the present invention.
Figures 2 to 8 are schematic cross-sectional views of

the senTkORAPFS@IngdABRia3 ibG IBY Qofed Fill 8 dadfphfint or semi-
di fferent Proces& ng steps of the nethod of maki ng
el EsPRERf ikBnt act to thin-filmsolar cells according

to an exanple

In accordance with a second aspect of the present invention there is
provided a thin-film semiconductor structure fabricated utilising the method as

defined in the first aspect.

BRIEF DESCRIPTION OF THE DRAWINGS
Embodiments of the invention will be better understood and readily
apparent to one of ordinary skill in the art from the following written description,

by way of example only, and in conjunction with the drawings, in which:

Figure 1 is a schematic top view of a semiconductor diode structure with
top contact layer for use in a method of making electrical contact to thin-film

solar cells according to an embodiment of the present invention.

Figures 2 to 8 are schematic cross-sectional views of the semiconductor

diode structure of Figure 1 after different processing steps of the method of



enbodi nent. Figure 9 shows a flowchart illustrating a

phot ol i t hography net hod for contacting one or nore
weowsaewo4 egi ons of a thin-filmsem conductor BCT/AT2005/000254

on a transparent supporting &aterial, according to an

exanpl e enbodi nent. DETAI LED DESCRI PTI ON Enbodi ment s

of the present invention provide a self-aligning,

nmaglakérs efgedtialli chvgetahythinefilno dsolar celtntaactridiog to an example

t hi ' em conduct or structures on transparent
su%lg%??iln[r@gn%wat erials. The exanpl e enbodi nent descri bed
bel ow provi des a nethod for making el ectrical clont act
to a thin-fil olar cell on a transparent insulating
suppor  FITSd SAPF @ FHowbappdiueaenarat Bvatalithagieshy method for
5 ei EdRActAg dudrIHORIdoRtalt Rlgidnl %f%%ﬁ{-ﬁfrﬁ %Eﬁic?&dﬁéf@r structure on a
sol ar cel'l. The supporting naterial nay be ut 1's no
| | HrRspareppyupyPEme neteril (ficaerdingdp aniesample entbodimentpl e
enbodi ment, the supporting nmaterial is a glass
substrate. The solar cell structure may be (but is not
| | PETAILED DESGRIPFION a p+ m+ thin-fil mdi ode

structugre.in the e | e enbodi nent, where represents

2 11 ght PUoRdieat, AL SPE areseal Brvepien meevide i pelbalignng, maskless
10 p-phovelithogruptdopesthod Aot NoRtadti @Gl fikn (denfleonductor structures on

transparent or sem -transparent, and insul ating)

balF#iserentpRportiag stesialsi |  con nitride, silicon oxide,
or a transparent conductive oxide, my be formed on
the gl ass substrate to m nimse outdiffusion of

cont am Hanexaniple rembedimtrd stesiritted tehew gobddes elthetbod ifigmaking

o) Cel Cc +.This dielectric |ayer .also .
ac%l@%g&agnéog%f‘ L é e ]t'hg% ) SOM 5 1 i {rﬁlﬂﬁé’ag%fé’ilsr‘z%]lnlg fupporting
15 t oniterials €t suppejrey matreﬁhleuctsoﬁfhiggw &Sisﬁbls_traﬁt léluthé sdperstrate of the
sho a..t view of a patterne onducting . layer 1n
¢ OV ol ORe Spiytne Gebirial aray, a9 (huhiieRot Sdegds) eles or a glass
OndefantiB € Tr6 tHef @Gehpla¥Rbodidlen fth@ sﬁﬂeﬁo?ﬁﬁ% I®erial is a glass substrate.
ss@ conductor diode on a transparent gl ass substrate.
T

& st rcelf stipgtuag may)benyit fsenot limited to) a n'ap” or a p*m” thin-film
diode structure in the example embodiment, where 7 represents a lightly doped

20  absorber layer (either n-type or p-type or undoped). A thin dielectric (i.e., transparent

or semi-transparent, and insulating) barrier layer, such as silicon nitride, silicon

oxide, or a transparent conductive oxide, may be formed on the glass substrate to

minimise outdiffusion of contaminants from the glass into the solar cell during solar

cell manufacture. This dielectric layer may also act as an anti-reflective coating if the

25  solar cell is to be used in superstrate configuration.

Figure 1 shows a top view of a patterned conducting layer in the form of a

layer of metal (1) which is deposited onto the surface layer (2) of a thin-film

semiconductor diode on a transparent glass substrate. The layer of metal (1) may be

30  of a thickness of about 0.1 pum to 100 um. The pattern in the metal (1) may be

achieved by evaporating or sputtering aluminium through a suitable shadow mask

(but other materials, methods of patterning, or both, may be applied). The pattern of

the metal (1) is chosen to be appropriate to making electrical contact to the large-area



of a thickness of about 0.1 mto 100 nmm The pattern
in the netal (1) may be achi eved by evaporating or

WG puwbOB9Ng al um ni um t hrough a suitabl e shadoRCTrABR006/000254
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(but other materials, nethods of patterning, or both,

may be applied). The pattern of the netal (1) is

chosen to be appropriate to nmaking electrical contact

t hiblfem do@estaroaat hind-fentenmiy bdefshe formurfeingarsd(1apaka busbar
'éﬁbe of the formof fingers (la) and a busbar (1b).

Flfure 2 shows a cross-sectional view of the thin-film

sol ar cell structure 100 conprising a glass si de

h
aﬁgwa!q a;q?g gggg@%g;(ésg%squﬁléﬁggg ,t do ed Eubceell s(tn?cture 100
t r t

i et r e

alarr-saled eheimeb»v idbpedd cbp@d (Pnyoer a(@ynspagnio irsulpHag 4substrate (5). The

bR b 7B O Tk b 28R oE Lo 80,8 gBendiy copsd

| aa@%rr (1)4)Inld 031te ?mfp@ystmgﬁe lﬁﬂhgdm lﬂyn—&ﬂidmesdlaabsld) Db @asg 3) aii gxample
an e a

e n o St o e a R o g gy dopea

S'a'b%& \32 i8--typR) 88 WMe 6RsldeOReaglIgsTopednayee @pd @hmﬂ: The
kno fabrication techniques. For exanpl

id
prfaisrecaumyszfathm Ban ery(ah safcoanfbrrpﬁ@assowwegoﬁna&lass can be
r a d, S
VAPRE R S Shapl, SRARRIG BRI, oy SORBIGY sl s
t mrysteﬂhd;annop r(@B@r}eﬁ‘ dyorphew mﬁcqn‘n ab eempey@umsl argand 6R0°C can be

T N a1 U D T o B

I r}ﬁezw@& ay %dsdw pieke e@@m)sanblemezhoezt Shirngl dﬂNﬁmgiys’taﬂme Solids
thin-filmdiode structure erfor

u31|9§g209hé98@t P@eﬁe%or%ﬁﬁerth%fcol"r@fﬂalo%("i b ab 4fteBy cfrcorporated by
gF etching may be achi eved by plasma etching or

reactlv ion etching (RIE), but is not limted to

t hese techniques. Wet or dry chem cal etching may, for

S SRR ST Ry SR BRI 4 i prtormod
OnRiigns phiterned layer of metal (1) as an etch mask. The etching may be achieved
by plasma etching or reactive ion etching (RIE), but is not limited to these
techniques. Wet or dry chemical etching may, for example, instead be used in
different embodiments. Alternatively, laser ablation may be used to form openings in

the thin-film diode structure (2, 3, 4).

Figure 3 shows a cross-sectional view of the device after the semiconductor
diode structure (2, 3, 4) has been etched through, forming opening (6a). The
sidewalls (6) of the opening (62) are shown to be curved, as they would be if the
etching process is isotropic in an example embodiment. However, it will be
appreciated that the sidewalls (6) may have a different shape/texture depending on

the techniques used to form the etched region.



the thin-filmdiode structure (2, 3, 4). Figure 3
shows a cross-sectional view of the device after the

WG eovboiouct or di ode structure (2, 3, 4) has bRPENAU2006/000254
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et ched through, form ng openifng (6a). The sidewalls

(6) of the opening (6a) are shown to be curved, as

they would be if the etching process is isotropic in

an exan'bi ¢hee ehoupleeshbodiowey everhahging Ithethle egp(lerirasudithg from

s B EE Bt T Rk Toeinnibé Stetedty meppot wer

t hehepticdleetcliiagi Bfgufdﬂ 4t ﬂﬁw@X@'ZERiSQ-s@dﬁbﬂgﬂ ORI of the device after the
over hﬁmgl ng netal, . (lc) resulting from
un eI PRItS; nilﬁﬁ%lrlaﬁé e by iemegd. A svrfecegngipe (5a) of the

& B9 opéil 11%J %&, as well as

shows a cross-sect’ional view of tﬁﬁll%hfu ce arter
ovRTHaRy(4ahohe elasohidabeailyl deped lage) (dhave been

renoved. A surface region (5a) of the transparent

substrate (5) is exposed at the bottom part of the

0 p e n in gA(lﬁm)f serasomdickoraschipgy stepnmy b4 a}dd@f thhh@mmates the exposed

ﬂgtd(?gg% %ﬁﬁcﬂﬁ‘?@%bgﬁ%{yp%ag%@@g ﬁ’égure 4, together with a

eI ¢(ﬁ‘td§p‘drﬁ'§ng heclexosesbntifdhdieRY nayert® Q%j %? %hctﬁé‘ didelhalls of the
gEjgrtlons (2a) in Figure 4, together
Fb

faedeystrutERN Bis BRY,skori cexemp tbsraqhmved |ba/| meass, of wet-
4b<)heﬁﬁca¥l hz@c}fﬁ'xéj ?ﬁ"@léoﬁltﬁil Jotﬂ 1H% Q’Vagér ﬂ&/&iﬂoﬁggné %«rzlldctaff& Potassium

his may, for” ex anpl e
vvepem@ngamate &he pimpgsd of thlsémileﬁ ttiching (smptlatdmedgca/me eisk of electrical

PR BE BBl o B B R BB e e () sna )
ri nekpeoﬁvcﬂy eleyt rthe adtrusfoegdt nfegal bﬁIrﬂ\BcQBatédl €n bkt &ndNEl dnddiment
he vi | 3 qﬁsem ionductor | ayers (4) and (2) .

%re gf‘)‘? SUERE structured netal filmcreated in
the exanpl e enbodi ment (conpare (9) in Figure 8).

Next, self-aligning maskl ess photolithography is
per f or miekty geldwligningempgiless nplasttolithegreplhasl pee@mné to coat the

Wigdofh bRktk Et%ﬁ%io {{ 1!)1@ \‘i'/ fl L her SI?%(alnPf(S a]%lg @g U ke eleotrical

contact to t m(g ass S|
| appetact forth¢ heiten fgipdsesiderbenliilyeioped layer, in the example embodiment.

As shown in Figure 5, a layer of positive photoresist (7) such as, but not
limited to, Shipley Microposit 1818 photoresist is deposited over the surface of the
sample and pre-baked, for example for 30 minutes at 90 °C. The photoresist (7) may
be deposited by spin-coating in the example embodiment, but is not limited to that
technique. The photoresist (7) is exposed to UV light (8) from the glass side of the
solar cell, such that the semiconductor films (4), (3), (2) act as a self-aligned
photomask. The UV light (8) thus first passes through the transparent substrate (5).
In the example embodiment, crystalline silicon has a very high absorption coefficient
o for UV light. Specifically, ag; is about 10! m™ for UV light and therefore the UV
light (8) does not penetrate through silicon films that are thicker than about 50 nm.
The silicon layers (4), (3), (2) used in the example embodiment are thicker than 50

nm. In one example embodiment the heavily doped layers (4), (2) are each



As shown in Figure 5, a |ayer of positive photoresist
(7) such as, but not limted to, Shipley Mcroposit

wa3wg/opret or esi st i s deposited over the surfackCDAURIN6/000254
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sanpl e and pre-baked, for eanple for 30 m nutes at 90

OC. The photoresist (7) may be deposited by

spin-coating in the exanple enbodi nent, but is not

| iapproginatelytS0atm tldchrinduke ligltty gpédpedor SN ) {s7yppreximately 2 pm

gﬁﬂgﬁ eg%:ltx ?ES%WPW&% % %f.gtilg ttggeﬁxgtj@ gre ?x%ﬁse% t€i§§UV light (8),

( Yore (pAticAfklydBose §(ﬁ{15n§h¢®ﬁﬁg thd @dit@m&klly 'Ehposbﬂ/ slifaget portion
8) thus first passes throu

h
slﬁ@@)tqféh@trggparephsqbﬁ@até)(%)nsrﬂ e trfﬁgeh engﬂs)ﬂé‘{l)aQﬂtP?] glass -side

Siql G 331 y )Y hi gh absorption coefficient a for
&7
lfl gﬁ‘%‘ﬂ’ ép%m cally, a is about 108m 1 for UV |ight

?E(rllot her ef Ior e t he UV light (8) does not penetrate

ugh. si :

nm T% &b 18 ogesgﬁ éyf%de%%%v%@ E‘g?&ﬁ%‘;e%% @c?gégd pitions, and
emgn:a & sﬁﬂnig@glcmﬁlseﬁfoaal ﬁewloleﬁthet devicesdten the fliotarasist (7) has been
exanpl e, enbo t ot

S ETECh RS PP (Pobg AT RRER. DR RAPRER (it ffberformed

d%ﬁ@x&nﬂlé%ﬁzé 3L fo? 3QPRIRAXdsMAlIaM bé J&htﬂ‘dnﬁ) Figuhe 6athe surface
result, hytlheortl ons of the photoresist

ex‘p@sedwoo twspar@}msups;ate or @%mrflp%w Eheyreewaé é4a) of the
por, t ical |

3 S A BB AR L rpeaenag st o ),
portions of the reglons (4a) of the glass-side heavily

ooy oSt bmleS] e BEpBRTTEoPE ol f pmmpp g e
S hrh‘a%‘ﬁc@oicth@ gsvise At ARk of inewl (f) biebaleld theckatssenf abtwg 0.1 um to
oL, Bare by srocrme el G e BB fer of meta )
P&{a5 %2R ddeﬁ%?lfede SQPiHE t%g #fcOCrhe rrerﬁ@inﬁignpﬁ&ﬁresﬁ@ (7) is then

can be see rom Fi gure the surface region (5a) of
t hhsstohmdsppammaﬂy stuﬁwteviamele(@}b@ﬁaerﬁ @né heres the PeIHieNS of metal (9)

\gfnﬁﬁ\% €$ Q?ngt)gp ﬁr%r}grg\% inf a%%}ﬁ)b&g%lﬁqg%%ﬁ g%ﬁgfggg?fsj léa?}ﬁ%rmétﬁl) (9) only
LvaMﬁtlhe @?rftiﬁ&l;ﬁiﬁlerQSayeogth:aianspmmm ubssrate, () awpoentiagt gections of the
apgr at ed o
o DR (i i eaesoF nao o erd 4o Pl moghg ffie) contact

to the glass-side heavily doped layer (4), as shown in Figure 8.

The solar cell structure 100 now has two metal electrodes, metal (1)
contacting the top, air-side heavily doped layer (2), and metal (9) contacting the
bottom, glass-side layer heavily doped layer (4). Whichever initial diode structure
was used, the device now has one positive electrode which is contacting the p-type
heavily doped layer, and another negative electrode which is contacting the n-type

heavily doped layer.

The fabrication method described in the example embodiment with reference
to Figures 1 to 8 can have a number of advantages, including maskless fabrication of

one electrode, and a self-alignment between that one electrode and the other, first-



1 mm Figure 7 shows a cross-sectional view of the

device after the layer of netal (9) has been deposited
Wo@s/00dee4 t op surface. The renaini ng phot or esi BCT/AV2006/800254

then dissolved chemically im® the exanple enbodi nent

and hence the portions of nmetal (9) which are on top

of the remaining photoresist (7) are lifted off,

| gaidig elBRirade. (PhisoBdy posvitldhea snoreaseepolingd ranfd5a)oref accurate

the transparent substrate %5% and contact sections of

t EogstiongRecesa gymppredia eyisHeg PEPEESHKeavi | y doped

| ayer (4), thus making electrical contact to the

gl ass-side h ily d d | [ '
g The Tpinerd obows st Heshar G008 T fs RGIB Hegigphy Hethod for
electr .act i . A :
5 RO P AL o ELE L iR st o
Sﬁta&lﬁparemlsaﬁpotrﬁhg ﬁ?_tﬂ’iﬂé,raCh@aiaig tp aopetiplaywbodiment. At step 901,
Ichever I1nitlLa | ode cuct ) ' :
s g Lt Ve arBEt PhAL ST ol Gtk 48 gantialy
E[éé%?}&o%g&ﬁw F}\ﬁ%@ Q)ohfdtﬁtrqf tlae ﬁhhlmﬁﬂtﬂgehamﬁ'glamidvmspective contact
] ich 1s contacti t -1 il )
O snt 5 Secomhact g Lhc. tLupe savi! ¥ SoBed vio
10 ﬁ[p%‘gg{rxﬂéfg;?&togésﬁéﬂ KEE8p 90%8nt QerficOhdiRSor strubtufe Ballul@edawith an

. “advant ages, including maskl ess fabrjcation
ofexq’mfmgl leght r bumighathe suppertingamagiint rvich ethaje disst; Rerfions of the
on ect.rode .an h : ' f r i
SRS P96 BE ! DBy AT LIRS 85 s sporing
Efrﬁﬁﬂéﬁhlb Qﬂhﬁﬂ@a{se@fSrlthﬁltledcmmcexé@@ﬂsrlgsgnctiwéym gxposed to the

igure 9 shows_a owchart 900 i].l.ystrati .
MO PEHE ABhyurieHbdnt GRPRHR HET GOOMECb i gemiconductor

15 CORLRRke NESHRNSNET ordnidi Reddddnpseivhe wTdiet phiotsfesisic tavering the
on a transparent supporting material, according to an
exsemptandupton sirueiire Unggposeep 901, one or nore openi ngs
are formed in the sem conductor structure to
substantially expose respective surface portions of
the suphovitlitegppedceatédby amdrson siiletliin she o thes mumerous variations

0o el b, BB S5 i

20 st t@fﬁb&ﬁﬂwmfs RetieRriemmive from the ispicit wr acipe ofl themveatien as broadly
Wi an
described. The present embodiments are, therefore, to be considered in all respects to

be illustrative and not restrictive.

For example, while the present invention has been described herein with

25  reference to an example embodiment for making electrical contact to a thin-film
solar cell, it will be appreciated that the invention does have broader applications

to other thin-film semiconductor structures such as thin-film transistors, liquid

crystal cells, etc.

30 Furthermore, other materials may be used for the electrodes, including, but

not limited to, transparent conductive oxides.



exposi ng |ight through the supporting material such
that first portions of the photoresist covering the

wGeaivshd al |y exposed surface portions of thePCT/AU2006/000254
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15

20

25

30

supporting material and at IM@ast portions of the
contact regions respectively are exposed to the
exposing light and such that the exposing light is
alggoAapers:i n the sem conductor structure | eaving one or
nore second portions of the photoresist covering the
sem conductor structure unexposed. It wll be

appr ecijat ed APYpHét(HRﬁ@gQEC})l@k nldiesdl ifer chbmadtiilg toh@tor more contact
nuner ous vari ati ons and/ or nodifications may be

t gogions pf & SumtilneBrieangHotas SEIGHA oPrf IARSPSIsaE Pimpprig materia,
;}b%%e{gggtcg %ﬁgut departing fromthe spirit or scope

|nven as broadly described. The present
enbodi femtisg ane or trtwr epcrmurgs 11:1 thebeemiemsiugior stgugturedp substantially
respects to i Llustrati ve t
csexheatsRgR Yoo et B EBER bF 1D SePPinbiRkb S dnd FesdeBlive contact
desgbhded herein with ref er ence to an exanple

enbodi nent for_maki ng eI r| cal, co ct to.a
t hi n- f ioowsERg dhe cgyrface 9 @| seggc%rﬁﬁ]c% i Sfrughuee g{ltht Re positive

|R%£g%é§@ f#@es have broader applications to other
in m seni conduct or structures such as thin-

t r ansi stteminatihg dhd spngegustugior senetyre with anpxpeHag ,llagtlte’mrough the
?%@ﬁ{ﬁ d{mt €hoafs {linot Xlil bﬁ’laft‘mf%gt Qhtiddde of ! et F)R 81%815’[ covering the

transpar en conducti ve
omﬂamtﬁlu&lebqﬁbsea suﬁaqa:lmirtnxbnstdﬁdim .mppgrtmgmmmaﬂ @nd at least portions

C ¢ tl?egéf{gﬁ%{ gqr-]g?fgg ,rrgﬁg)géﬁev }8%6 gxpgsgﬁ g%ﬁp elzfposna% gl}trlmﬁ sl that the

”Begcﬁéélﬁé lighh§s ABIJIBEH &0 AR lsérhi&gndxfowrnmﬁg:t\neeleammgmsm: or more
openi ngs in the sem conductor, sﬁructure to

s uigeenamaraensyof dhqrindoreusisereingihs é?l?llafe’édlt?&ft%ﬁaﬁ@ff'o?nexposed
t he supporting material and respective contact
regi ons;
2. The method as claimed in claim 1, wherein the semiconductor
structure is a solar cell comprising a large-area diode structure having at least one
p-type and one n-type heavily doped layer, and the contact region comprises a

portion of either the p-type or the n-type heavily doped layers.

3. The method as claimed in claim 1 or 2, wherein the contact regions
each comprise at least a portion of the one of the p-type or the n-type heavily doped

layers which is closer to the supporting material.

4. The method as claimed in any one of the preceding claims, wherein
the openings in the semiconductor structure are formed by etching of the

semiconductor structure.

5. The method as claimed in claim 4, wherein the method used in the
etching comprises one or more of a group consisting of plasma etching, reactive

ion etching, wet chemical etching, and dry chemical etching.



covering the surface of the sem conductor structure
Wth a positive photoresist; and illumnating the

W@ eevboIct or structure with an exposi ng | i gheCT/AD2096/000254
t he supporting material suchitthat first portions of
t he photoresist covering the substantially exposed
surface portions of the supporting material and at
| east portions of the contact regions respectively are

exposed to t exposd ng .l.ight. and suc hat the ) _
exposi n8° i gﬁﬁe ?’%&%%fs%i?ﬂ@ N2t 4e @émr}éiﬂﬁd?m%“g claims, wherein
st thecepentngs | i@ ate NgmidddestoN 8ot &RCA8 doRAED bYNBs&f atfiftfon of the
phot aresj st coveri ng the sem conductor strucCture
un%%ﬂ'@%%@“§§ﬁWH@Bnethod as claimed in claim1l

5 wherein the sem conductor structure is a solar cel
conprising a | arge-area di ode structure having at
| east ohe p- Thpeeted asrdaimetlyipenyieagidf\thel preeadihgwiaims, wherein

. ' ' ti f eith .
Pl OB SO 8 B o Shins ar
meddfodd by aolethmeabki n claim 1 or 2, wherein the contact

regi ons each conprise at |east a portion of the one of
the p-type or the n-type heavily doped | ayers which is

10 cl oser 8.0 tMEhesuBMOA ok OGS B ddm 7Avhet8R tHEERAMAR also acts as
cl ai megeﬁl n an%/ one of the preceding clains, whereln
t HfeloBFessHAGR Of the spraiceRMHCEG U Structure are formed
by etching of the sem conductor structure. 5. The
met hod as clainmed in claim4, wherein the nethod used
i n the %t chiPey wethodias edaimeé inclamor® vdfereinghotwp clectrode makes

c i St as et chi ng, .reactjye ion etching,
et Bee JRUEF D 1RhRY Sl RErPEYR snrtiere e
15 method as clainmed in any one of the precedi ng cl ai ns,

wher ei n .t he eni ngs. in the sem conductor structure
are formed 9 é%“g]%c’daﬁﬁ atlpiedofn tqhams Suri wherglic tlegr top electrode

Stobmpﬁ@éﬁala?ero'ﬁiﬁetﬂet hod as clained in any one of the
precedi ng clainms, wherein

11. The method as claimed in claim 9, wherein the top electrode

20  comprises a layer of transparent conductive oxide.

12. The method as claimed in any one of the preceding claims, wherein
the photoresist is developed after the illuminating step such that the exposed first
portions of the photoresist are dissolved and removed.

25

13. The method as claimed in claim 12, wherein a conductive layer is
deposited over the remaining second portions of the photoresist, the surface portions
of the supporting material, and at least portions of the contact regions, such that the
conductive layer is in contact with the supporting substrate and making electrical

30  contact with the contact regions.

14, The method as claimed in claim 13, wherein the remaining second

portions of the photoresist are chemically dissolved, and portions of the conductive



regi ons of the sem conductor structure to be renoved

to formthe openings are defined by an etch nmask. 8.
wab@enstonod as clainmed in claim7, wherein theP€r/ah2006/000254

mask al so acts as a top el ecipode of the sem conductor

structure. 9. The nethod as clained in claimS8,

wherein the top el ectrode nakes el ectrical contact

wi lalyem sittoqg bleamei the shapmﬂ pbﬂms difthbhﬂlmmlﬁtoﬁlféuﬁﬁw off, leaving

structure. clajmed in
iR inafions St Fonsie B HpT o niad 4t ngrsuipertipe substrat

11andﬁ|ﬂek1ﬂ'§bl'wﬂloalscdhlta%t Wil thelcopkak Pgnswherein the top
el ectrode conprises a |ayer of transparent conductive
oxi de. 12. The nmethod as clained in any one of the

5 precedi pg cl ?h%etﬂ&&eéﬁblﬁlnﬁéaelnpﬂgi ﬁt14I afhgxee‘i'r? bRPEShductive
after the illumnating step suc at t
f i lager qopHwisehametal {dyer.phot or esi st are dlssolved and
renoved. 13. The method as clainmed in claim12,
wherein a conductive layer is deposited over the

r emai ni iy sethn cheftardt dsocisingdd inhdaiptsot D oeIUhSwhetehethe conductive

rface oortio s of t rti rraterlal and at
" ok Gt Al tsal CoRraRe GpIBHE, such that the
10 conductlve | ayer is in contact wth the supporting

subst rat e and naki ng el ectrical contact with the
cont act ' #-egi b mgthod TR elainmasy lasamr a¢ﬁr€éﬁln1$ c8| & m1, further

13 0rdf&s Sgcgnd f
phoot or esétr%g?@n hem cn% % glgo %Joglor X ?Peng}gs m the

t ey oenflvctanseiuatpes by iche¢mingl efohing prtte ts depd%dtup)g)f}tel phoSoresist.
of the photoresist are lifted off, |eaving remaining
portions of the conductive |layer in contact with the

15 suppor tidg sThesinediod @nclaifidd RO cREMCLT, |V¢I@érelﬁ0ﬂh'é3&<ﬁ)osed heavily
Ci?,l?ﬁéhe co act regl ons. 15. The nethod as cl ai ned
cl

SqBicgh Uﬂf’r IowrE il & comesnoiag dhiclyeess 8y @qrmconductor matenal
C RS dSRAIs RS Mrnle@¥PEnings in the semiconductor structure are removed by

chemical etching prior to depositing the photoresist.

20 19.  The method as claimed in any of claims 8 to 11 and 17 to 18,
wherein the top contact layer comprises a plurality of finger portions connected
to a busbar portion, and the openings are formed by removing semiconductor

material between adjacent pairs of the finger portions.

25 20.  The method as claimed in any one of the preceding claims,

wherein the semiconductor structure is silicon based.

21.  The method as claimed in any one of the preceding claims,
wherein the supporting material comprises glass or glass ceramic.
30
22.  The method as claimed in any one of the preceding claims,
wherein the supporting material functions as a substrate or a superstrate for the

semiconductor structure.



16. The nmethod as clainmed in clainms 13 or 14, wherein
the conductive | ayer conprises a transparent

w@ovdnedddye oxi de |ayer. 17. The met hod as cl ap@EAURN06/000254
any of clains 8 to 11, furtH& conprising w dening of
openings in the etch mask above the openings in the
sem conduct or structure by chem cal etching prior to
depositing the photoresist. 18. The nethod as cl ai ned

in claim17,_ wherejn the exposed heavily . :
seni co rf’rﬁ1 uct gre| edrod, 43 g‘lagﬁ# & 8RR ?ﬁ ﬁ@g ﬂjé%%edé?g claims,
S anaHE ts@ftS%dfﬁhg mhabriglis Sosedal il aafansparefivommsdni-transparent
openi ngs in e sem conductor structure are renoved by
cHBMi cal etching prior to depositing the photoresist.

5 19. The nmethod as claimed in any of claims 8 to 11 and

17 to 18, wherein the top contact |ayer conprises a
pl ural i2dy ofA fliimdiém spmicondweiorcsirebiee Eabricated ublisig the method as

portio and t he .openj e formed by renoving
séiﬂl%@&%}}y&ne tﬂée? S é@%fegtc\i}é%ﬁ adj acent pairs of the

finger portions. 20. The nmethod as clained in any one
of the preceding clains, wherein the sem conduct or
structure is silicon based. 21. The nethod as cl ai ned
in any one of the preceding clainms, wherein the
supporting material conprises glass or glass ceramc.
22. The nethod as clainmed in any one of the preceding
clainms, wherein the supporting material functions as a
substrate or a superstrate for the sem conductor
structure. 23. The nethod as clained in any one of the
precedi ng clains, wherein the supporting material is
coated with a transparent or sem -transparent film
24. A thin-filmsem conductor structure fabricated
utilising the nmethod as clained in any one of the
precedi ng cl ai s.



