Met hod for Fabricating a Solar Cell Using a Direct-Pattern Pin-Hole-Free
Maski ng Layer [0001] This invention was made with Governnment support under
ZAX- 4- 33808008338ar ded by the United States Departnent Poff/USe@ogyo9ander t he
phot ovol tai ¢ (PV) Manufacturing Research and Devel opnent (R&D) Pr ogram

which is admn t he Nati wabl e. Ene Labor at or The
Cover nrent nas Mishodfor Baytraging s Salar T ERtTRcHDirsrck YRR RS 16002
Enmbodi nents of the present i nvent i oN[Rkfhg ITaylehe field of soI ar cell

fabrication and, in particular, direct- pattern pi n- hol e-free masks for
sol ar cell fabrr cation. BACKGRClJND [0003] Phot ovoI taic cells, commonly

known as sol ells, r.e. wel | knomn evrc for rect conyv. n of sol ar
radi ation i n[?()mgl ectrical méﬁ%t%on VA arlter a %%V Sugp?rst uracrieer%;[é%%i cated on
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techniques to forma EJ unction near a surface of the substrate. Solar
radi ati on i fpVadlangtas rtnrgé@a%rrlae@ Bevelepmen &Py Peogrmavbishdt ect ron and

hol e pairs ijandifisichuliy @ E%ﬁ&ﬁﬁ%ﬁé&?&l@gy&g{éigbéﬁ& ratehd QoRrflfpgdaand

n-doped regions In trate, there nerat i a vol t age

bet ween t he wdpedigheghomsinvditendoped regi ons are coupl ed to netal contacts
on the solar cell to direct an electrical current fromthe cell to an
external circuit coupled thereto. [0004] Typically, netal contacts are
formed by fiTstHMNCA pipEpa di el ectric layer or stack formed at the
back-si de of a photovoltaic substrate. For exanple, a screen print process
is used to flBAGRla pat tliarnbpd@mentﬁraftmm@en@nmré@nrar@nlthvéﬁld ofielagi¢edl ectri c

ayer 15t neuRALELAPT, HalDal DB AAISEHTY Bhol KA, TR Ut N0 an eton

process. However processes are
typically usfelﬁhcatlon

BACKGROUND

[0003] Photovoltaic cells, commonly known as solar cells, are well known
devices for direct conversion of solar radiation into electrical energy. Generally, solar
cells are fabricated on a semiconductor wafer or substrate using semiconductor
processing techniques to form a p-n junction near a surface of the substrate. Solar
radiation impinging on the surface of the substrate creates electron and hole pairs in
the bulk of the substrate, which migrate to p-doped and n-doped regions in the
substrate, thereby generating a voltage differential between the doped regions. The
doped regions are coupled to metal contacts on the solar cell to direct an electrical
current from the cell to an external circuit coupled thereto.

[0004] Typically, metal contacts are formed by first patterning a dielectric
layer or stack formed at the back-side of a photovoltaic substrate. For example, a
screen print process is used to form a pattern of ink on the dielectric layer. The
dielectric layer is then patterned using the pattern of ink as a mask during an etch
process. However, global (as opposed to regional) etch processes are typically used.
Accordingly, any pin-holes that exist in the pattern of ink are also patterned into the
dielectric layer to form pin-holes in the dielectric layer. A metal layer used to form
metal contacts in the patterned dielectric layer may undesirably fill the pin-holes

formed in the patterned dielectric layer, potentially causing shorts or other defects.



Accordingly, any pin-holes that exist in the pattern of ink are also
patterned into the dielectric layer to formpin-holes in the dielectric

| ayer. A wetalo/d3azper used to formnetal contacts in thePpaRitiSee0a880960
dielectric layer may undesirably fill the pin-holes forned in the patterned

dielectric | iall i or other defects. BRI EF
DESCRI PTI m@%@%ﬂ@%ﬁf‘@%@fﬁ%ep. cts a Flowchart
representingogosjeri es u@qqreﬁfctsoaﬁlsloweh@a f%?é@@lﬂlﬁgoiseh@plﬂ &RE s & s0l ar
cell, in accordance with an enbodi nent of the present invention. [0006]

Fi gure 2A i Imhethoq frdabrisaings solaieeelli praskondpeay with an gubedimgnteofiibe/pueseng

dielectric I, A %rtlogl sposed thereon, corresponding to operation 102 fromthe
Fl onchart of" igure 1, in accordance with an enbodi ment of the pr esent

invention. [[0066]] Fi gurigurdBAl illustediésat @BssaseCliOm$ vROCH ayudbtratt BWiRd a a
substrate having a_pinhole- free masking | ayer fornmed thereon

cor r espondi rilicledtip HpadisRased durqongsarienROTRiRgRorpReration 1R §igpethg Flgwehart

accor dance Wt a0 | SRAA)ARRE vAfh S \EnRIER tof'tﬁ%"ﬁ@%]'npﬁvelgtg)%om Figure 2C
illustrates a ctoss.sectional View of a substrate having a patterned

pi n- hol e-fr e[éOOﬂe]s ki ng Higyre 2Bfilnsteestaheoeesecti@at mesz;xdmohubgrat@hmg apinon 106
fromthe Fl rt of Fi ?aure 1 n accordance with an enbg@”rent of the

present inv fi RS Megapoiaye; it tzhf‘)rqofli‘i%’i’eﬁ%&néié“géocopﬁrégo% Rdhevi ew of a

substrate havhpehais cﬁfﬁ% gk ned Aesussderviich dP¥BboAMEnGRRL pietdethvehisdol e-free
maski ng | ayer formed thereon, corresponding to operation 108 fromthe

Fl owchart of[00®8jure 1 Flgmreéé?aﬂnﬁmmea axpsstseamorahbiodi qf@rsulbsifam hzefungesent

i nvention. L gune r2E |al iﬂ i X ﬁéoess soecetl onal Vi ¢ evﬁlongo
substrate haP VIRY %P PEARERKLE LoFT fompd F%Fr%cip%é% P § a
pat t er ned plfForﬂﬁ{eeFlf)WGHarfT@fsﬂ’i% g 1] ﬁl}’@boﬂdaﬁcebeﬁ{laﬂ aﬁsafcﬁdwmc(qrth@p@@dﬂﬂl ng to
operation 110 fromthe Flowhart of Figure 1, in accordance wth an

enbodi ment dRVaKENpr esent i nventi on. [0011] Figure 2F illustrates a
Cross-secti ([6669]\“ ew qjlglﬁe SRS L& @Y cfonal view of a substrate having a

patterned dielectric layer and a patterned pin-hole-free masking layer formed thereon,
corresponding to operation 108 from the Flowchart of Figure 1, in accordance with an
embodiment of the present invention.

[0010] Figure 2E illustrates a cross-sectional view of a substrate having a
patterned dielectric layer formed thereon, wherein a patterned pin-hole-free masking
layer has been removed, corresponding to operation 110 from the Flowchart of Figure
1, in accordance with an embodiment of the present invention.

[0011] Figure 2F illustrates a cross-sectional view of a substrate having a
plurality of metal contacts formed thereon, corresponding to operation 112 from the

Flowchart of Figure 1, in accordance with an embodiment of the present invention.

DETAILED DESCRIPTION

[0012] Methods to fabricate a solar cell are described herein. In the following
description, numerous specific details are set forth, such as specific chemical
compatibilities, in order to provide a thorough understanding of the present invention.
It will be apparent to one skilled in the art that embodiments of the present invention
may be practiced without these specific details. In other instances, well-known
processing steps, such as metal deposition steps, are not described in detail in order to

not unnecessarily obscure embodiments of the present invention. Furthermore, it is to



plurality of metal contacts forned thereon, corresponding to operation 112
fromthe Flowhart of Figure 1, in accordance wth an enbodi nent of the

present iwW0oentw@os DETAI LED DESCRI PTI ON [ 0012] Met hods POTUsRe0vO&960 a sol ar
cell are described herein. In the follow ng description, numerous specific

details are set forth, such as specific chem cal caonpatibilities, in order
Lo provi de. denHEFOGH i STRHUPAGCU e RGTBY SOLHE PIHTEETF OSUREYSu || be
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invention may be practiced without these specific details. In other
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and are not necessarily drawn to scale. [0013] Disclosed herein is a nethod
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di el ectric | ay@rdiannsgshd BRI @Nond dnBREMENLAAIABRLyic Bybi Roflktnd T ee

maski ng Iaye}?ﬁ{;ﬁs e?flﬁen or r%éa&gbov%ntﬂg |e%e(’:tri c %I;}Cer.y thout the use of
a mask, the spbsirdtodheifertbe pateskinpg Il eneeambralymettewsilgethp phttenerbpinthold-Heen a

patterned pin-hol e-free maski I ayer. In.one enpodi nent, the dielectric
Paver prot bcle kgt Bee v DOy e Bt PR RERG 1o b @ BB6H: mont .
using the p&ﬁél@d‘tﬂ@@hé/@i MdeleRpdse @ otBsikbMbe bieiahtedTha pAlSKed pilgotH-gbect ric
| ayer is then etche o forma patterned dielectric Ipayer and to expose a

portion of theskigdseyarat ten Teovsdtte expnse theinathioke dicleserinvdiadkiang alpdyielityi s t hen
removed to e%*%?e%ﬁ Cf%ﬁﬁct?%t%o%?@ﬁltﬂ%%k%{de&gl%%%‘%{a%ﬂd a plurality of netal

contacts is torme he patterne ctric stack. [0014] The
utilization [0014] di r ecihepailizetich ¢fi adifeot-paticie pintmskiieg nlaglias 148y may
substantially elimnate . the formatjion of pin-holes in a dielectric |layer or
stack used fypstaially s§minase thedpimagiogof gy helecigit dgleetrio fpyeher Hariised ™ of a
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patterni ng priticesembidimented thopighdnt maeetign, @inrhaleglagmadsking layer is used in
place of an ink layer in a patterning process utilized to ultimately form a plurality of
metal contacts for a solar cell. The pin-hole-free masking layer may be patterned by a
direct pattern, as opposed to a masked, patterning process. In one embodiment, the
direct-pattern pin-hole-free masking layer is patterned by using a laser ablation
technique. In another embodiment, the direct-pattern pin-hole-free masking layer is
patterned by using a spot etching technique.
[0015] A direct-pattern pin-hole-free masking layer may be utilized in the
fabrication of a solar cell. Figure 1 depicts a Flowchart 100 representing a series of
operations in a method for fabricating a solar cell, in accordance with an embodiment
of the present invention. Figures 2A-2F illustrate cross-sectional views representing
operations in the fabrication of a solar cell, corresponding to the operations of
Flowchart 100, in accordance with an embodiment of the present invention.
[0016] Figure 2A illustrates a cross-sectional view of a substrate having a
dielectric layer disposed thereon, corresponding to operation 102 from Flowchart 100,
in accordance with an embodiment of the present invention. Referring to operation
102 of Flowchart 100 and corresponding Figure 2A, a substrate is provided having a

dielectric layer disposed thereon.



nmetal contacts for a solar cell. The pin-hole-free masking | ayer may be
patterned by a direct pattern, as opposed to a masked, patterning process.
I n one ermMvodn1AI3B296t he direct-pattern pin-hol e-free naskCRGSREyOs0966
patterned by using a laser ablation technique. In another enbodinment, the

direct-patt i n-hol e-free masking, | a terned by.usin aspot
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Fl onchart 100 representing a series of operations in a nmethod for

fabricati ng taxtgmldafits depidted inFigine 8Ad tnodigatet undasirablebiotleqtiontduoihg seler pr esent
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oper ations I n ri ca 1 on a solar correspondl ng
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present inventign. [0016] Fi ure 2A il]lustrates a cross-sectional view of a

substrate haR}WﬁljtYa)f&F%‘fee‘@E]rOP& 20qpdpragdsy badgsurines erhof wrtae gBhdling to
operation 104%c$r88{9e|3!/@é‘5riﬁ ahbodhdOnt dfh %@'g@%ﬁ?aﬂ H&m@ﬂrg gm%g{fiﬁ‘é“ of the

present invention ring to operation 1 and
cor r espondi nggibhgRitein2liddesal euiasing a{+eand§’4pregandeed depiciedgn HiglirePActn e | ayer

di sposed thereon.[0017] Ref ur e substrate 200.h
i ght - r ecei ﬁﬂ%ﬁy{a‘?ﬁt abston 200 s ARt A FRalne, S THenf Bk imanie
l'i ght-recei Iﬁ)%ds%ﬁalﬁqglphﬁtyta@é&hyﬁlﬁﬁme% 188Bh £inRldé Bofoh @hent2MputiQ
mti gate un e5| rable reflection during solar radiation collection

ef ficiency. atemynd deiessids lwei 208 dispesed oafblagle sur{ase 264 of sipstraty @00.2ponies
formed on angc [l%é%{t”&he%%‘@) Eg@% s c%ﬁﬁ ¥ dgat%l% ughO%SaBIlt rgpgilﬁ%{sétt& 200.

A plurality ©o I've region sur

substrat e 20@licohrli@ddnridanctherérhbodimesbietbictriznhy«0f208 hea fickseMticlecident i on,

t he pl urallty of actjve regions 206 includes alternating N+ and P+ regions,
as depi ct ed [P¥FCgrdeloric [yen iBrlyde Hgntr, of stiser Airdlexbpre ebnposed of

crystal line &pli£080 i 1 'é'z ro?gﬂféﬂﬁ nltA&d 4id6oseH 0% l&b:%fé‘%f dPRENbiok[HRUr 1 LY

atons and the P+ regions include boron dopant inpurity atons. A dielectric

| ayer 208 i 40818posed bgurbadBkllsstratacecr@Bdectiomlbetr altassuBGte havign@pin-
hole-free masking layer formed thereon, corresponding to operation 104 from
Flowchart 100, in accordance with an embodiment of the present invention. Referring
to operation 104 of Flowchart 100 and corresponding Figure 2B, a pin-hole-free
masking layer is formed above the dielectric layer.
[0019] Referring to Figure 2B, a pin-hole-free masking layer 210 is formed on
the surface of dielectric layer 208. Pin-hole-free masking layer 210 may be formed by
a technique suitable to provide conformal coverage of dielectric layer 208 without the
formation of pin-holes. In accordance with an embodiment of the present invention,
forming pin-hole-free masking layer 210 includes using a chemical vapor deposition
technique. In one embodiment, using the chemical vapor deposition technique
includes depositing a material such as, but not limited to, amorphous silicon,
amorphous carbon, or polyimide. In a specific embodiment, pin-hole-free masking
layer 210 is composed of amorphous silicon and is formed by chemical vapor
deposition using a gas such as, but not limited to, silane (SiH,4) or disilane (Si,Hg). In
another specific embodiment, pin-hole-free masking layer 210 is composed of
amorphous carbon and is formed by chemical vapor deposition using a gas such as,
but not limited to, methane (CHj), ethane (C,Hg), propane (CsHs), ethylene (C,Hy) or
propylene (CsHg). For efficiency of fabrication, pin-hole-free masking layer 210 may



enbodi ment, dielectric |ayer 208 is conposed of a material such as, but not
limted to, silicon dioxide. In another enbodi nent, dielectric |ayer 208 is
a stack ovoanslsssic | ayers, e.g., dielectric |ayer 208Craskud®sosso | ayer
of silicon dioxide disposed on substrate 200 and a | ayer of silicon nitride
di sposed on the |ayer of silicon dioxide. [0018] .Figure 2B illus tes a

Cr 05e- sect | JHAIPYE Bcs W BEEES: WIS 1o SPRNOPES! P GETISRT ABE ayer
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accordance with an enbodi ment of the present invention. Referring to

oper ati on 104cladingladsyehaf siliqoonitiivg and pireBplertiengaskingdayer 28) isadeppsitedon e- f r ee
maski ng | ay I e di i ¢ Javer. 9] . ri to
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diel ectric |say@nci@8he Bpdsifioh @ades @eedibskdhBgidadygior ddfbsitiy frecekarimed by a
techni que suitable to provide confaormal coverage of dielectric |ayer 208

wi t hout t he ¥8MRRETBOFIBIEN ¢S BE:holgiirae B8 itan eche HNeHIeTBERIESAL of the
present 11 ed:@ibusAlBh RePbla Kek61 b1 RIELNI 1L 8YRTs iR L0pdliE phAles USI NG a
chem cal vapor deposition technique. In one enbodrnment, using e chem cal
vapor deposidpemtionechni que includes depositing a material such as, but not
limted to, phous sili anor phous carbon,. or polyimde. .In a

speci 1 c emBiRlent, grevok el Bk TR HEC HApL 21 WhHBHH BodE b

anor phous  sigatte@Bd pichdls-fiee iMBEinE YayehRi¥ined ItheYeiﬂ_(,)EQI?e%B@&ih%g Ropéfiting 1869as
such as, but not limted to, silane (SiH4) or disilane (S Ho). In another
speci fi ¢ entfoun iawchapilQ0hslagcdrdanse e dkdnrambogiaent f the preseohipgsiitbnof

anor phous ¢ : i s for 1 Gl it Sl pg. as
Such as. - but AetnERaebdat LI RO R ERRLARBES 1AL BRIy
et hyl ene ( CIZRé)maskingriowy liepete(fedHvjthout ey uefof ia@haRCty fofm b abitdraad pian,

pi n-hol e-free naskinggla er 210 maybe deposited in the sane process
operati on adAhECHEBHENE [YH- of dielectric | ayer 208. For exanple, in one
embodi ment, gpghect ri Ryt @ RBulSI@ st a6k -Ple AKIROLIrO 1D Y HidediC! udi ng
a layer of gf??gon nitr%g%lgnd Pn-%oﬂg-?ree mas iﬁ§§|%§er 210‘?% éeposited
in the sane lpyen 268 & wittamied to fomoh pattetnee psahwepree ceskingtlapr 330.t meansi | i con
nitride lay eermb%iment, the pattern of patterned pin-hole-free masking layer 230 determines the
location where a plurality of contact openings will subsequently be formed in
dielectric layer 208. Pin-hole-free masking layer 210 may be patterned to form
patterned pin-hole-free masking layer 230 by a technique suitable to selectively
pattern pin-hole-free masking layer 210 without significantly impacting dielectric
layer 208. In accordance with an embodiment of the present invention, the patterning
of pin-hole-free masking layer 210 to form patterned pin-hole-free masking layer 230
includes using a laser ablation technique with a laser. In one embodiment, using the
laser ablation technique includes selecting the wavelength of the laser such that pin-
hole-free masking layer 210 has a faster ablation rate than dielectric layer 208. In a
specific embodiment, dielectric layer 208 protects substrate 200 during the laser
ablation because the band-gap of dielectric layer 208 is greater than the band-gap of
substrate 200 and, in the absence of dielectric layer 208, substrate 200 would
otherwise be undesirably impacted by the laser ablation process used to pattern pin-
hole-free masking layer 210.

[0022] In accordance with another embodiment of the present invention, the
patterning of pin-hole-free masking layer 210 to form patterned pin-hole-free masking

layer 230 includes using a spot etching technique. In one embodiment, using the spot



sequenci ng the deposition gases used in a chem cal vapor deposition
process. I n another enbodi nent, form ng pin-hol e-free masking |ayer 210

i ncl udes wormong3za anor phous silicon | ayer on a silicorCa@iuszéodosedvel ectric
| ayer 208 in separate process operations. [0020] Figure 2Cillustrates a

cross-sectionagl. view.of a sybstrat.e having, a patterned pjn-hol e-free
Taoking. | ay drag e QerdeBie et d Sttt S B SRl TR ST owchar

100, in accqp@ant@nid 4 hsRPeRAPAdiBRtel kit REePIBSaRt éb&\fﬁ@&ﬂl%ﬂimgﬁtt erring
to operation 106 of Flowchart 100 and correSponding Figure 2C, a

pi n- hol ef r eescleaing thg Weagishantdngledes esingan agiedws selutipeolipdassfunahydekidet o form
2 pat b e ned BataRl o LhESAIRIL AT Y s IBW IR AL B By B 602 C

pi n- hol e-free 0 i eFectric layer I's patfern

form patt er n@chipd bechmdeahé &€l ra@skdio@ctriaYgyer 269is donsideraBIyahi aretitin, thé he
pattern of patterned pin-hole-free masking | ayer 230 determ nes the

| ocati on wheiteh @tefirgtiats 2k andein; the absspesnelrideciiic favs i e giksteiey? e f or med
oean . _ ey t e _ c
in dielectrig,lig%&feréd8b Eﬁ&f&sﬁ'@élﬁé@ﬁzﬁ:@ed KL Oht e?cylg{f %&@w@&emeu%lﬂ%ﬁee—r ne

to form patterned pin-hole-free I ng l"ayer” 230 echni g sui tabl e
t o sel ecti vdlee makingrinyepi2h0 hliendted tharadiceqigpdtayanin@ditliele¢thioltyer 208

significantly inpacting dielectric,|ayer.208. 1.n. accordan with an

rodi mont - b HEnEHeCaReef Iveri S bigati e At RafeadHatv e

maski ng | ay&he tléknb® SfPinhpRiftrmading iydiol @- Thee imaekidagcd *iehn 230

i ncludes using a |l aser ablation technique with a |laser. In one enbodinent,

usi ng the | dgperdof 81¢ reseAhingesionnd iubpnsticial tocrse agire¢ieafiampdliehgich of t he
| aser such that ni - i ng.: r . fon rate
than d 6 ect TrePkgigse bfnlRaIatc Bt RtaRy | BRASTy BERRIACY 105
protects sulshtaatsdo20dldiellndn dicerhbRiBhe@bliaiecoit 1bge 208 had hthidkand- gap of
dielectric layer 208 is greater_ than_the band-gap of substrate 200 and, in
the absence 3BPTUHBHERHPIIE PAgRoL 1@3& S IRSPRERE SHPBEI 5 REH SRy Be

undesi rably 11oRach &g fprdagtlel PRl L HRABe Bf PCAYS ndS&HettR. BARL €rn pi nhol e-

embodiment, the patterning of pin-hole-free masking layer 210 includes preserving
the entire dielectric layer 210 during the patterning process.

[0023] Thus, as described in association with Figures 2A-2C, a pin-hole-free
masking layer can be patterned, without the use of a mask, to form a patterned pin-
hole-free masking layer. Following formation of the patterned pin-hole-free masking
layer, metal contacts for a back-contacted solar cell may be fabricated, as described in
association with Figures 2D-2F.

[0024] Figure 2D illustrates a cross-sectional view of a substrate having a
patterned dielectric layer and a patterned pin-hole-free masking layer formed thereon,
corresponding to operation 108 from Flowchart 100, in accordance with an
embodiment of the present invention. Referring to operation 108 of Flowchart 100
and corresponding Figure 2D, a dielectric layer is etched, using a patterned pin-hole-
free masking layer as a mask, to form a patterned dielectric layer and to expose a
portion of a substrate.

[0025] Referring to Figure 2D, a plurality of contact openings is formed in
dielectric layer 208 to form patterned dielectric layer 240 by using patterned pin-hole-
free masking layer 230 as a mask. Dielectric layer 208 may be patterned to form
patterned dielectric layer 240 by a technique suitable to selectively transfer the pattern

from patterned pin-hole-free masking layer 230 without significantly impacting (e.g.



free masking layer 210. [0022] In accordance wi th another enbodi nent of the
present invention, the patterning of pin-hole-free masking |layer 210 to

f or m pat twonrew/q3srv6hol e-free maski ng | ayer 230 i ncl udes Pagiusgoos/0s(yoe
etching technique. In one enbodi nent, using the spotetching techni que

i ncl udes sel ectin wet e apt _such at pi.n-hol e-free masking |ayer 210
s & f ast orcatd) S Srhs ROAPEIRERF 2bf dyer Bne ot PR e T B Rar B mant
sel ecting thge YREaIR) 6hafilve rdGolddDS. WS hRGrdARCAGHRAH SmBOlikdn0Br BE pRAEASST UM
hydroxide. In a particul ar enbodi nent, dielectric |ayer 208 pr otpect S
substrat e 200vahtichrdjeleeteic dpet 2@ sivatigmpe toaiigsie patierned diglectitcdayst 24P yectri c

| ayer 208 is si.der abl . th t I su r and,

i nyt he absene(t:(gl%llt;% di 1|%8 e(%%?el% g%ﬁ{/lrelé a%ﬁ%ﬁ su esnfgc{r]%pilgé gtf)]ggn\}\’/oeu‘&f2 tsjll’yo tbgﬂre\%\ﬁq%% be
undesi r abl y subpaed 20D iy tuiRrapadidedtcitingnuge@Enibodpadt ahé bpiféred okidbr ee

masking layer 210. It is noted that a direct, sg}gt etching of dielectric
| ayer 208 neychgat s sempatediaf an gaeeous suighdrtier higeshydiefiyatiessidytifpad ect ri ¢

| ayer 208 T elhbifinickide (WHLLKNESSpRlindbApihial iRGPREKEGd gyer 210
Thus, in accordance wth an enbo "ment of the present invention, it is
benefi ci al tappres@natelyiin duot rapg dfelrh —gi - dnoll th¢ befderndhokidngtchantes afgpdiegad t ern a
dielectric | ayer when icating a plurali.t f netal.,coptacts for a solar
cel | -1 ondldrgn wenOb ar SRLEEPh SRRy Bl e oA ek MO O S5 B o !y
in the rangae@perdife apppOdmARMEIELE M eaBe3PL ARl ReS CESiuRRSKI Ng | ayer 210
has a thickness approximately in the range of 1 - 100 nanoneters. In an
enmbodi nent, [PBRS]Ipat t erkfigyrg 26fillpitrtdsgl ceodsrseetiqnab kiewgpflagybstragellgavitged udes
preserving t [ i el i c 0. duri pat t erni cess.
0023] Thiis PR TRa 8lfecfleh s rhlied AMBn Sl o2 hOEp BRI 210 BB

pi n- hol e-f r deyemhskberd rédyedd, catespending toespeedionild ieut Flokehus ¢0@fina mask, to

forma patterned pinhale- free masking |layer. Follow ng formation of the
patterned pidcHEMEEr BRI GBRIMGENL dhe PRSI VERHINa RRELCgE tQORRIRIRTH% act ed

sol ar cel| r@%l&@cﬂaﬁl%rob%ﬁlﬁ%%res?%n&iﬁg Eidupesy | a“pa@t%ﬁf%ﬁ'g%—h&@-ﬂ@etnlihsﬁn ur es

2D-2F. [0024] Figure 2D i1llustrates a cross-sectional view of a substrate
havi ng a layer is removed to expose a patterned dielectric layer.
[0027] Referring to Figure 2E, patterned pin-hole-free masking layer 210 is

removed selectively to provide patterned dielectric layer 240 having a plurality of
openings formed therein. In accordance with an embodiment of the present invention,
patterned pin-hole-free masking layer 210 is removed selectively by a technique
suitable to maintain the pattern integrity of patterned dielectric layer 240 without
significantly impacting (e.g. etching) back surface 204 of substrate 200, i.e., without
degrading the effectiveness of the plurality of active regions 206. In one embodiment,
the removing of patterned pin-hole-free masking layer 230 includes using an aqueous
solution of potassium hydroxide.

[0028] Figure 2F illustrates a cross-sectional view of a substrate having a
plurality of metal contacts formed thereon, corresponding to operation 110 from
Flowchart 100, in accordance with an embodiment of the present invention. Referring
to operation 112 of Flowchart 100 and corresponding Figure 2F, a plurality of metal
contacts is formed in a patterned dielectric layer.

[0029] Referring to Figure 2F, a plurality of metal contacts 250 is formed by
depositing and patterning a metal-containing material within patterned dielectric layer
240 and on the plurality of active regions 206. In one embodiment, the metal-

containing material used to form the plurality of metal contacts 250 is composed of a



patterned dielectric layer and a patterned pin-hol e-free masking | ayer
formed thereon, corresponding to operation 108 from Fl owmchart 100, in

accor dancEowntan3aaveenbodi nent of the present invention. PREMUGSRE/§IG®
operation 108 of Flowhart 100 and corresponding Figure 2D, a dielectric

| ayer is etche usi nq a patterned pin-hol efree maskin r a mask, to
form a patt dPHkear & el pRdim b A st el oo Haps oraleTs ety rar e,
[0025] Ref ergtdidadc@ vﬁugarrﬁnr?dalmemnwﬁ tedent Hve SRl ahclON@NEREKt kSlaf @UMed i n

dielectric layer 208 to formpatterned dielectric |layer 240 by using
patterned pid®0npthes fewamedaski ng Iayer 230 as a mask. Dielectric |ayer 208
may be patt to fogpm patt ectric | a 40 a_teghni que
sui tabl e to%sgﬁﬂctlve?ler%%f PB P%PEO?FS%f%%ﬁFgrﬁécoﬁrﬁ ol e-free

maski ng | ayeicadfhosiviifioat erﬁlbcgnmémtcoarmmd p'resdﬂipaﬁbntrtgl G 8ulgst@teCihbigiddaack
surface 204 of substrate 200, i wi t hout degrading the effectiveness of
the plurali thpviee aglielpgtac laygy @ﬁgosgedlerqqr dtBiorheiséee maﬁlﬁnarryerﬂﬁéarnr@nt of
the present t er ned
el betri o 1 e R o oS R kDAL B AP R

buf f ered oxiid patefmdﬂiatntfprneagagterbt;d pmﬂwifr geqgasabstayat dn 3ﬁ€)emhodirrbulf, fler ed

oxi de etchag%lr ne enbodlﬂeggi th buffered oxi de etchant is conposed of
an aqueous Tﬁtpﬁ 5@%@Pﬁ$ﬁé UHESUR 8F$H§ﬁPEmQHWd (HF) and anmoni um
fluoride (NH4F). In a specific enbodrnent the HFi NH4F ratio is
approximately in the range of 1:4 - 1:10 and the buffered oxide etchant is
applied to dielectric layer 208 for a duration approximately in the range
of 3 - 10 mnutes at a tenperature approximately in the range of 30 - 40
degrees Cel sius. [0026] Figure 2E illustrates a cross-sectional view of a
substrate having a patterned dielectric |ayer fornmed thereon, wherein a
patterned pin-hol e-free masking | ayer has been renbved, corresponding to
operation 110 from Fl omchart 100, in accordance with an enbodi nent of the
present invention. Referring to operation 110 of Flowchart 100 and
correspondi ng Figure 2E, a patterned pin-hole-free masking |layer is renoved
to expose a patterned dielectric |ayer.



[0027] Referring to Figure 2E, patterned pin-hole-free masking layer 210 is
renoved sel ectively to provide patterned dielectric |layer 240 having a

pl ural it ywof20myssiogs forned therein. In accordance w t RCaruSerbosi9ent of
the present invention, patterned pin-hole-free masking |ayer 210 is renoved
selectively(3¥ iyﬁfchnique suitable to maintain the pattern integrity of
patterned di 4 c layer 240 without significantly inpacting (e.g.

et chi ng) back surWagsgsRdn&fissubstrate 200, i.e., w thout degrading the
effectiveness of the plurality of active regions 206. In one enbodi nent,

t he renovi ng of patterned pin-hol e- free maski ng | ayer 230 includes using an
aqueous SO'UFKQ%xQRxﬂﬁiﬁ%%cﬁq}Q%Q@n% Qgﬁ%} Figure 2F illustrates a
cross-sectional view o é) Turality of metal contacts

forned ther eonpro@/milﬁgsspﬂj’sdaﬂaglamg@pﬁﬂedtnoIhyérl&lsﬁdsedmﬁmmhart 100, in
accordance wth an enbodi nent of the present inyention. Referring to
operation 112 B%rm%)%\elﬁérqeﬁrem@ﬁanw&%@@aﬁm%e F?tﬂﬁllaé’eQF a plurality of

metal cont aCthﬁt?e[nIl rWﬁhdu‘? lfélg%[fsm@ﬂ tﬂégllnq{btléh%e Aveh 1Jgg9§%bm$§f.erf'“9

to Figure 2F, |ty o met al cont’acts 250 iI's epositing and
patterning a netqhﬁ@mndQHHMﬂgﬁwaMEmkmglethﬂRNpmﬂtﬂﬁdadﬁdekemD&kwthayer
240 and on the plu cti ve regions 206. In one enbodi nent, the

| it
met al cont ai ni ng ﬁﬂ%%ﬁ? ‘mﬂgé ePﬂ“?@Pﬁ1the plurality of metal contacts 250

i s conposed of anetal such as, but not limted to, alum num silver,
pal | adium or alloys thereof. In accordance wth an enbodi nent of t he
present i nveéntTharmethodatwain devkeseinpetersbizahe piatholodee masking&yeor med.

[0030] Thus,, ?E&J\?sg;ogfaofas&%@fahﬁﬁ“t%cﬂ& e ?x/%aarlasce‘%hx{lﬁgﬁ \xﬁﬁg@lg u%lhsc' osed. In

accordance mn an enoodi resent 1 nven strate is
provided having a dielectric layer disposed thereon. A pin-hole-free

maski ng | ayer fornmed_above the dleJect | ayer VVthout the use of a
mask, the pih- Haehidar dagks Wgharapapingdh f‘pfaﬁqrégly%@anfe& PIOFfF AP er ned
pi n-hol e-fr es@le%?%(ﬂh@gvalv@%ﬁéth of heAR&r mocﬂﬁr{ﬁ@%?-ﬁﬁ@-ﬁ‘éé RlaSGhE Id5el RGN
protects the substrate during the patterning. CLAl M5

faster ablation rate than the dielectric layer.

4. The method of claim 1, wherein patterning the pin-hole-free masking layer

comprises using a spot etching technique with a wet etchant.

5. The method of claim 4, wherein using the spot etching technique comprises
selecting the wet etchant such that the pin-hole-free masking layer has a faster etch

rate than the dielectric layer.

6. The method of claim 5, wherein selecting the wet etchant comprises using an

aqueous solution of potassium hydroxide.

7. The method of claim 1, wherein forming the pin-hole-free masking layer comprises

using a chemical vapor deposition technique.

8. The method of claim 7, wherein using the chemical vapor deposition technique
comprises depositing a material selected from the group consisting of amorphous

silicon, amorphous carbon, and polyimide.



What is clainmed is: 1. A nmethod for fabricating a solar cell, conprising:
providing a substrate having a dielectric |ayer disposed thereon; formng a
pi n- hol e-Woee1wssbng | ayer above the dielectric |ayer; PpaitiSeeoionso wi t hout
the use of a mask, the pin-hole-free masking layer to forma patterned

pi n- hol e-free paski | ayer, erein the dielectric Layer. protects the
Substrate duri NG PHEOBAETerhI ryeran PrATREaRBE ot VIR dickpRGides
patterni ng tdaeppisés ol il £8yiREke BlcPYRsrHLMBYihS 8Sillksh Abxld Iaxer abl ation
technique with a | aser having a wavel ength. 3. The nmet hod of claim 2,

wher ei n usi rigspobed thegsen, agd|veteran feradng ihgupen-bolerdegeaskig) layer cogprises

wavel engt h J r.such.. I n-.hal -fre-”rIi%singlayer has a
faster abl a%%élllﬁggb%ﬁ}%ﬁpe{lﬁugﬁlé&%lﬂealyéeljgat%ro%meg@lecgp dilo.x ey%iet hod of claiml1,
wherein patterning the pin-hole-free nmasking | ayer conprises using a spot
etching technique with a wet etchant. 5. The nethod of claim4, wherein

using the spdt Terdrithey eledtifl hudhcdnprigaeedls REtholfithBades Byghant such
that the pi rk-on?rn@é%ﬁ@gfﬁveqﬁ%@er&gk%%g%ftﬁ@qaﬁnf aster etch rate than the

dielectric lay t ho aim’5, wherein selecting the wet
etchant conprises using an aqueous sol ution of potassium hydroxide. 7. The
nmet hod of clgim1l, reln .form ng. the pin-hol e-free masking |ayer

conpri ses usﬁnrgggleg}r%m)rcggrl%%ras %Sgﬂ’t(}log}?“tsléléhni que. 8. The nethod of
claim?7, whereppvitihdgsiiGaehatingaldiManaE seepaispde@md@mhni que conpri ses
depositing a material selected fromthe group consisting of anorphous
silicon, anor pfogsngapindivle-Gaeimeshipg HMyeeonthe Hipdeattiq sack: of cl ai m 1, wherein

Crystal ltne oi Prioir g OBk AetulLPy Rk s R FRTRALARE LB OhRe 3
t hereon, and wherpattarnt® pim-inge-fire npiskinb ddyer, fwteecimdskdieigetliayack pomgatd thes
substrate during the patterning;
etching, using the patterned pin-hole-free masking layer as a mask, the dielectric
stack to form a patterned dielectric stack and to expose a portion of the
substrate;
removing the patterned pin-hole-free masking layer to expose the patterned

dielectric stack; and

forming a plurality of metal contacts in the patterned dielectric stack.

12. The method of claim 11, wherein etching the dielectric stack comprises using a

global buffered oxide etchant.

13. The method of claim 11, wherein removing the patterned pin-hole-free masking

layer comprises using an aqueous solution of potassium hydroxide.

14. The method of claim 11, wherein patterning the pin-hole-free masking layer
comprises using a laser ablation technique with a laser having a wavelength, and
wherein using the laser ablation technique comprises selecting the wavelength of the
laser such that the pin-hole-free masking layer has a faster ablation rate than the

dielectric stack.

10



form ng an anorphous silicon | ayer above the silicon dioxide |layer. 10. The
nmet hod of claim 1, wherein patterning the pin-hole-free masking |ayer

conpri seswprenassidng the entire dielectric layer. 11. APGEUSR&I080960
fabricating a solar cell, conprising: providing a substrate having a

dielectric st di sposed .t.hereon; fornm ng a pin-hole-free masking |ayer on
Che! Gl bt st e cpaRSR Srun] £ S hergif Rl ing o e MGl gl '
pi n- hol e- f r e@nipaisid mq% AYRK elcRink WM RuL Aithed Werktttat, AR §hbfeffudi®sthbng

| ayer, wherein the dielectric stack protects the substrate during the
patterni ng; sepcditling taghiique ediepirgs sadeqiag the wetrdthant sush thed shd pig-hokeyleee as a
mask, the d'n‘ﬁaLs?(?r}grl%l}(f:er%%é’ig F%Ee? e‘Ic rrgpe ?ha%"%flé gi%ﬁ%ﬁ'icdsltaec ectric st ack and to
expose a portion©of’the substrate; renoving the patterned pin-hole-free
maski ng | ayer to expose the patterned dielectric stack; and formng a
plurality of metal contacts in the patterned dielectric stack. 12. The

met hod of cl & Mhemethpbeleilimety RNGE R prdeing e Vel dehapbeqnRiGHp 80 usi ng a

gl obal buff efad, Q%XbRSELE @t%siurf(rﬁ dr-gféﬁie.”e" hod of claim 11, wherein renoving
the patter neg pi n- hol e-free nas |?§g ayer conprises using an aqueous

sol uti on of Ipotlassnathodyitrlaxi te whekin Tdrmimethh pdch-bdle dieainmskibg layeer ei n
patterning the pin-hole-free qaskigg | ayer congrises using a |l aser ablation
t echni que wi CHPASFRLLE HARFHE Y20 P%Sﬁé?rht,edéfﬁ "Svher ei n using the |aser

abl ati on techni que conprises selecting the wavel ength of the |aser such
that the pin-hole-free masking |ayer has a faster ablation rate than the

di el ectric skSaclhersethothel qi@trhgb vaferedn gsing the chéqaby#pop depasitionriechnie

pi n-hol e-fre Ski . i j . chi igue with a
et of chant oI arapar FNER RORE L AR LIS SRR oM 10 AL SEOLO]

sel ecti ng t hdliovat arebriphaun castomhaidgdlyiidiée. pi n- hol e-free

19. The method of claim 11, wherein providing a substrate having a dielectric stack
comprises providing a crystalline silicon substrate having a silicon dioxide layer
disposed on the substrate and a silicon nitride layer disposed on the silicon dioxide
layer, and wherein forming the pin-hole-free masking layer comprises forming an

amorphous silicon layer on the silicon nitride layer.

20. The method of claim 11, wherein patterning the pin-hole-free masking layer

comprises preserving the entire dielectric stack.

21. A solar cell, comprising:
a substrate having a patterned dielectric layer disposed thereon; and
a patterned pin-hole-free masking layer disposed above the patterned dielectric
layer, wherein the patterned dielectric layer and the patterned pin-hole-free

masking layer have approximately the same pattern.
22. The solar cell of claim 21, wherein the patterned pin-hole-free masking layer

comprises a material selected from the group consisting of amorphous silicon,

amorphous carbon, and polyimide.

11



maski ng | ayer has a faster etch rate than the dielectric stack. 16. The
nmet hod of claim 15, wherein selecting the wet etchant conprises using an
aqueous swbDurpion33zh pot assi um hydroxi de. 17. The net hodPoff/usk@9s@®ag
wherein formng the pin-hole-free masking layer conprises using a chenical

vapor deposit, t echni . . The nmethod of clai.m erein using the
cher cal - vaper QEPBE £FIbH éﬁnvylzfa@n A

sel ected fromdr&ig 16y PiRrie@RIsd &dliO Bysf sBNQHS S ibkie®nd 3VHREIRN @IS car bon,
and pol yi m de. 19. e met hod of c a|n1 1, wherein prOV|d|ng a substrate

havi ng a di elagemed @mslntdﬁreemapklnngé@/epqempr@heﬁgma@uoysslawn ne silicon
substrate having a silicon dioxide | ayer disposed on the substrate and a
silicon nitride |ayer disposed on the silicon dioxide |ayer, and wherein
form ng the pin-hole-free masking | ayer conprises form ng an anorphous
silicon layer on the silicon nitride layer. 20. The nethod of claim 11,
wherein patterning the pin-hole-free masking layer conprises preserving the
entire dielectric stack. 21. A solar cell, conprising: a substrate having a
patterned dielectric |layer disposed thereon and a patterned pin-hole-free
maski ng | ayer di sposed above the patterned dielectric | ayer, wherein the
patterned dielectric |layer and the patterned pin-hol e-free masking | ayer
have approximately the same pattern. 22. The solar cell of claim2l

wherein the patterned pin-hole-free masking | ayer conprises a materi al
selected fromthe group consisting of anorphous silicon, anorphous carbon,
and pol yi mde.23. The solar cell claim2l, wherein the substrate conprises
crystalline silicon, wherein the patterned dielectric |ayer conprises
silicon dioxide, and wherein the patterned pin-hole-free masking | ayer
conpri ses anorphous silicon.
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