Method for Fabricating a Solar Cell Using a Direct-Pattern Pin-Hole-Free Masking Layer 100011This
invention was made with Government support under ZAX-4- 33628-05 awarded by the United States
Department of Energy under the photovoltaic (PV) Manufacturing Research and Development (R&D)
Program, which is administered by the National Renewable Energy Laboratory. The Government has
certain rights in the invention. TECHNICAL FIELD 100021Embodiments of the present invention are in
the field of solar cell fabrication and, in particular, direct-pattern pin-hole-free masks for solar cell
fabrication. BACKGREsthdbfanbtiis it SHarc iV sias A MBary kustn B2k 0efs, are well known
devices for direct conversion of solar radiationnniceigtisieal 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 df#Hole pairEhif eIk E HalsUHEHERY R FHREPEE S HAdpEd and n-doped

regions in the subsgisateythetehy genRIeling 3weliagp-dilercstialdatwvernttiedapetdegions. The

doped regions ar led to metal contacts on the solar irect an electrical current from the
cell to an externa?]?:w %%fﬁcﬁ]lenél thete 6&1 and Do opment fﬁg&ﬂ gmgr am. W EE

administered by the National Renewable Energy Laboratory. The Government bas

certain rights in the invention.

TECHNICAL FIELD
{6002} Embodiments of the present invention are in the field of solar cell
fabrication and, in particular, direct-pattern pin-hole-free masks for solar cell

fabrication.

BACKGROUND

[0663] 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 celi 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 exampie, a
screen print process is used to form a patiern 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.
[0004a] Tn one aspect of the present invention, there is provided a method for
fabricating a solar cell, comprising: providing a substrate having a dielectric layer

disposed thereon; forming a pin-hole-free masking layer above the dielectric layer;



10004]Typically, metal contacts are folwed 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 ptidroles titousdst iethtepeatkrihopitkdecTatsaapsine iad hiertha dielectric layer to
form pin-holes in g diglegiicolayet Ameiallaverusad to lapcmelaleoniactsii the patterned
dielectric layer may undesirably fill the pin-holes formed in the patterned dielectric layer, potentially
causing shorts or%ﬁ?&rﬁtﬁm%aﬁféﬁ)‘l%ne aspect of the present invention, there is provided a
method for fabric4titigtal solar c@l peatheprigiony optiovidipEnsEbsanibaaisng ddtieiectric layer disposed

thereon; forming g piphols-fea maskinglayal shous the dislackricjayan Ratemingawithout the use
of a mask, the pin-hole-free masking layer to form a p tterneddgn-hftﬁle-free nbasking layer, wherein the

dielectric layer proteft@ oL BOeaserrIHmg the Sateinfid 18008 HeSHE aspect of the present
invention, there isaronitteftca mathad fpsrfabricatingha delestte itwh erdimihweptligteedric layer is a

dielectric stack; sajd et ke RRLIE G P TERs LIRS Baaliemed pin-hole-free

masking layer as a mask, the dielectric stack to form a patterned dielectric st%ck and to expose a
portion of the substide RO B EHISREY HiiHRILeRsE HEREKG RSP0 'SXB0% the patterned
dielectric stack; ansfermiisgreplualitofmietahtantdctsliiiespatterned dielectric stack. [0004c]In
another aspect of iﬁlﬁaﬂg‘rfsent m&sﬁnﬁ%ﬁgga I??glré) }gs%gt%@gﬂ%&?ﬂeﬁqmgﬁm: Aguybstrate having a

patterned dielectri er disposed thereon; an tterned pin-hole-free masking layer disposed

above the patternediblisepttinggerbifs bivinse patarrbaidrmEeferdmesrtiimePatdtned
pin-hole-free maskingiaved paveRIROXEAiRl s Bedspmredpatiethe patterned dielectric layer,
wherein the patterned dielectric layer and the patterned pin-hole-free masking layer

have approximately the same pattern.

1a



BRIEF DESCRIPTION OF THE DRAWINGS [0005]Figure 1 depicts a Flowchart representing a series
of operations | m%@%g for fabricating a solar cell, in accordance with ﬁg}?&%g{,‘%ﬂt of the present
invention. [00 anlzlgure ,& illustrates a cross-sectional view of a substraté having a didlectric layer
disposed thereon, corresponding to operation 102 from the Flowchart of Figure 1, in accordance with
an embodiment o?’ﬁ?@ﬁﬁ@éﬁﬁ&/ ﬁ@%@éﬁ]@%ﬁwlﬁﬁ;ﬁlustrates a cross-sectional view of a
substrate having g0} hole-freieunraskingtiayEkiatae dethesating acuaspopairgitasaparation 104 from
the Flowchart of Iiilgﬂlroed }mipa ccct)rdanc Wittﬁ’ahrll a(ecr%lgga%icrg%%of thegégie%gr}toirg %ntioght[OOOS]Figure

. IICANING a ?0 ar ¢ an e é)l'ﬁS .
2C illustrates a cross-sectional view of a substrate having a patterned pin-hole-frée masking layer

formed thereon, d8¥@&pBnding to operation 106 from the Flowchart of Figure 1, in accordance with an
embodiment of thegugsent inveation A[0RERLRIgM R dlstiatasR LSS SRelIRRAView of a substrate

having a dielectric laver disposed thereon, corresponding to operation 102 from the Flowchart

- of Figure 1, in accordance with an embodiment of the present invention.
[6007] Figure 2B illustrates a cross-sectional view of a substrate having a pin-
hole-free masking layer formed thereon, corresponding to operation 104 from the
Flowchart of Figure 1, in accordance with an embodiment of the present invention.
[06008] Figure 2C illustrates a cross-sectional view of a substrate having a
patterned pin-hole-free masking layer formed thereon, corresponding to operation 106
from the Flowchart of Figure 1, in accordance with an embodiment of the present
invention,
[0009] 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 10§ 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
Iayer has been removed, corresponding to operation 110 from the Flowchart of Figure
1, in accordance with an embodiment of the present invention.
[6011] 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

[0912] 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



patterned dielectric Iayer and a patterned pin-hole-free masking layer formed thereon, corresponding

to operation (?i é Iowchart of Figure 1, in accordance with an q,@%ggim %Qﬁf the present
invention. [00 |gure |Ilustrates 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 WS&%MFBMW@%W&H&W@F Frghrein! ﬂiﬁ Heusr Bt En embodiment of
the present inveniepres¢dQiidk iguirerkoillitstraiay dievoss-sadtional view of a substrate having a

plurality of metal ggyjigets forred eisenRSSRANADGLR ARPIRUAPLA2 o Elgchart of
Figure 1, in accordance with an embodiment of the present invention. DETAILED DESCRIPTION

[0012]Methods tofFabbiceiey dsbhariver didegesdayssdipRarsthibrictie fBIRSGHPeRiBKRbRon, numerous
specific details argisabloftb: suainsspegifiie chenmicabeenmpatibibties, inordelHtowpmyide a thorough

understanding of tpe [greks It fﬁ'ﬁ’%nf It wquple g) %gaenﬁlto ge Ea kll,Hg&it ghg artt that smbodiments of
the present mven?lon may be practlce WI'[ ses eC| s In o er instances, well-known

processing stepsPBUhﬂea'%%@t%kdéﬁwﬁoﬁ @’ﬂéﬁg}b&?ém?@t d@‘s@ﬁb‘éﬁiﬁisdéwﬂoifﬁ%“r%r to not
unnecessarily obsgsiicarahadinmenisi@hifie PreseaR@RtNuEHEiNe PR jmiBolberenderstood that

the various embodiments,shown 0, the figues,aF, Il SRIN G JER ERNIPIQNR. A0 are not necessarily
dielectric layer and to expose a portion of the substrate. The patterned pin-hole-free
masking layer is then removed to expose the patterned dielectric stack and a plurality
of metal contacts is formed in the patterned dielectric stack.
[0014] The utilization of a direct-pattern pin-hole-free masking layer may
substantially eliminate the formation of pin-holes in a dielectric layer or stack used for
forming a plurality of metal contacts on the back-side of a solar cell. In accordance
with an embodiment of the present invention, a pin-hole-free masking layer is used in
place of an ink layer in a patterning process utilized to uitimately 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.
[6015] A direct-pattern pin-hole-free masking layer may be utilized in the
fabrication of a solar ceil. 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.



[0013]Disclosed herein is a method to fabricate a solar cell. A substrate may first be provided having a
dielectric Iayegv%lsze{)?ﬂ%glzggereon. In one embodiment, a pin-hole-free mgélﬂg_gzb%%ggbs then formed

above the dielectric ?ayer. Without the use of a mask, the pin-hole-free masking ayerﬁfr']ay then be

patterned to form a patternedﬂgin-hple-fre_e masking layer. In one embodiment, the dielectric layer
protects the substt¥ Huring (REFaRR Mg M ona BhiFBEIREHR Aty e are iHderHin-hole-free
masking layer as z0magk, ihe diefectnodayeizihenitehaciofeeriapatfataecbdielectric layer and to

expose a portion of (e SUbSHAlE. The palsinad RnsaIG:ies Masking aysLis fspremoved to
expose the patterne_(li1 ( iefectr C stack ahd a plurality of metal contacts Is ?ormec!’ in the patterned
dielectric stack. [08dafThecliffizeniBii e Hird 0P AHERd BittholedneEisasKaigaeneiiay substantially

eliminate the formationrefnpin diales dbndochalectiiaildyesersigcktseddobfammingeamurality of metal

contacts on the baglcgide of g, sola celbn aceordance with, an spibgdiment of ghe present invention, &
pin-hole-free maslfqngll yer Is used In place of an ink ayer In a patterning process utilized to ultimately
form a plurality ofassetdinssntiibtanforbedianiceltha prespininvtetfredhmplkifiyy klyistivaay be patterned by

a direct pattern, agQpRO%RA 1 R ARKAskRATCEING: IERESSS.d RN Mbodirment, thedirect-pattern
pin-hole-free masking layer is patter §by using a laser aplation technique. In anpther embodiment,
tho direct pattorn TSGR BT AL et By s UPOTEAERHG B, 1001514
direct-pattern pin{ioieifeen niaskin gripyety meapoadikZzédritite fabrikgioonciopasolapesih Figure 1

depicts a Flowchagt, 4,00 Lepueseiting A58 ties SheBeAtRRS iR Methad ok fabHsatintg.solar cell, in
accordance with an embodiment of the present invention. Figures 2A-2F illustrate cross-sectional

views representing BErBHERUSITTE (5T cAtSHOPBOSHI ST 8N RHR SEEbRAING o' e 8P &rations of
Flowchart 100, in sideordance. withrathemnbboiment. didkenprésentibveationk [(ICkGiEigure 2A illustrates

a cross-sectional yiew of 2 sihsirate, havingia dilecitic.layan dispaserdherson gorresponding to

operation 102 from Flowchart 100, in‘accordance withan embodiment of the present invention.
Referring to operéﬂW@[‘Bﬁo&aﬁfbﬂ\}éﬁﬁﬁfﬁﬁfﬁhﬁ%{;ﬁ@w&iﬂbtﬁwfé iticd figtidfe is provided
having a dielectri¢densir disposaakiheBatinsrMén 20:0/333A06 ST A0 S200405RR6() a 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 fayer,

[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
incl"a_des 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 (SiHy) or disilane (SizHg). 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 (CHy), ethane (C;Hs), propane (C:zHsg), ethylene (C,Ha) or

propylene {C3Hg). For efficiency of fabrication, pin-hole-free masking laver 210 may



[0017]Referring to Figure 2A, a substrate 200 has a light-receiving surface 202 and a back surface
204. In anem (2)di‘r)r1|((}-::r 3t zgght-receiving syrface 202 is tex_tu_red, as depic{,%qé&l:“i‘%%rse %(f‘ to mitigate_
undesirable reflection dgurlng solar radiation collection efficiency. In one em odimen , an anti-reflective
coating layer 220 is formed on and conformal with light-receiving surface 202 of substrate 200. A
plurality of active PEJBREHB LT SAME Bt BLERE TR AL Do deBratips s lotne iavaceidance with an
embodiment of thecpeesentcnvent embtiiepiu dlitisafiaciveXegions206fdclitdes alkernating N+ and P+
regions, as depicige 1, F9UL6.PA 190G, AMbasimaN, SURSIAIS A0 R comRosad gL ystaline siicon,
the N+ regions include p%]os horous dopant Impufity atoms an the regions i clude boron dopant
impurity atoms. AEReREREyRFIROB TS WS FoSedBls PreRss siThce thoslsrs msdatey20w. In one
embodiment, dielegffigtayen2a&isicompesesafia matatiali sughr asphitdgibmited o, silicon dioxide.

In another embodiment, di I%ptric Ia%er 208.is aIst§ck of ielef:tric ers, €.9. dielectric layer 208
. Natner empo Llalel‘lt . rmm%pln—ho % TEC 1Na ?.?fér T mclu‘{?e LOTTIN G Al .
includes a layer of silicon dioxide disposed’on substrate and a'layer of silicon nitride disposed on

the layer of silicortgiaRides $0Ge8]Figuee 2Blithstiareds diekesgicdens dARIvisprBlearsEbStrate having a
pin- hole-free maskingilayer formed thereon, corresponding to operation 104 from Flowchart 100, in
accordance with 61?5 bodim%nt of %?,e_ é)resent invention, Relferrirrl]%%top eration 104 of Flowchart 100
and correspondin% |§Lre 2B, égﬁlrﬁ- ole & te%aa%rlgﬁfigsﬁ%ﬁl/oerfalsv TorMed oV dis Bftectric layer.
[0019]Referring te#Figurd 2B halpincholesfreelmaskingddierel @dgdameédon thergumidde of dielectric
layer 208. Pin-holgsfter maskingdayel-248mavhng funeddy-adechpigee suilabigo.tp provide

conformal coverage of dielectric layer 208 without the formation of pin-holes. In accordance with an
embodiment of thgeﬁ?gggﬁf’ PRAEHIB O Y S TR 18 3P4 & T E R R s & o1 - iR Gsing a
chemical vapor dépesitignntekisaijuatkmedevetinbodimentiusmgithe themigalena@agrideposition
technigue includeg glepasiting: qy;,ggrial such as, but not limited to, amorphous silicon, amorphous
carbon, or polyimide. In a specific embodimen\%ﬁin-hole-free masking layer 210 is composed of

amorphous silicon®All is formBe By REamisHrvp Bl dEu SR sing 4 fad L arRIEECHit not limited to,
silane (SiH4) or disjlarned Sigkie)ndd @riotherapeeiisembodinasntkpinihele eamasking layer 210 is

composed of amor Sarhon and is d by.chemical vapor jtion.Using a gas such as, but
not limited to, meﬁw%pn%i{?éq%4 , gt%?a%?%%%%&ﬁﬁogag}le (CS\E%? §?§P§§§|§d Hil%go(g‘rt%?opylljene )

ene (C2I
(C3H6). For efficiéifei B TAsfcatlBRLUBIItS e sHaskinY P&ymi@¥ﬁwoséeaérposited in the same
process operationrs:the deposisorafidieleetricdayer 20§ . Jronexanplacinonefembodiment, dielectric
layer 208 is a stack, of dielectric layers includin er of silicon nitride and pin-hple-free masking
layer 210 is depogﬁte% |Er:1g_t e égqr%agyeﬁrggg%ggghfrﬁaﬁer‘ ?ilnacczl)t Efr{':_] trﬁ _ugg%%gp%c%;se%%g%g as the silicon
nitride layer by serpiierciyhiple-Beposiiss duses isethataiendniedy Faprsheepesition process. In
another embodimgré: logningRindisie-freemaskiaglayer 2kGpekdesfeuning aramagphous silicon

layer on a siicon djoyide diglectic layer 206, separate progess epetations, 100201 iayre 2
illustrates a cross_—s@c ional' view o a%uagstrate Flavm_ a paﬁe]rjne pin-hole- ree masking layer formed
thereon, correspoitéivisdsojct dtionabREfmarabmiavechislre 106r. ilnauecrtberemsattisre dimbodiment of the

present invention ; Refeitinente SRefainRIkR6 QfEinwahart 10 snd car asnonding.rjgure 2C, a
pin-holefree masking layer i patiernest Yoyt e, s 912 TSk 0. 4 R3g g pinnole-free
masking layer.

specific embodiment, dielectric layer 208 protects substrate 20{ 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,

[6022] 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



[0021]Referring to Figure 2C, pin-hole-free masking layer 210 on dielectric layer 208 is patterned to
form patternegvgi%?-ﬂ'([)ol%-zfgge masking layer 230. In an embodiment, the P %QEOQJ/%&%med
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 piftHi¥i8-HEwimS YIS TErs1E6 HYH TOANGHRD SRtam&t dereiiERpattern
pin-hole-free maskiyeg 1ay ea21@switbrobii-sighificd elkiytiin paetiDis diele sprcifayeni2@8ndmtaccordance with
an embodiment of g RLsReRIBeRNIGf- e R NG ALRAINANAIS TP sdNasiNg, iYL 10 Lo form

patterned pin-hole-free masking layer 230 includes using a laser ablation technique with a laser. In

a 1
one embodiment, T&iPRjtiFrafaRl H&t}bﬁlfé?fﬁﬁ‘fd%’liﬁ@ﬁﬂ@?@é%@ﬁﬁﬁ%ﬁ@%&%ﬁeﬁ@ﬂﬁ%f the laser
such that pinhole g paskisgtayehdiQ bosactastenablaian satadirant chvleetrictoger 208. In a
specific embodiment, dielectric layer. 208. protec bstrate 200 during the laser. tion because the
band-gap of dieIe{f:ttcrlc]r‘rfcteleyoe(?rs5_%%r %g?ﬁ% %ﬁ_ﬁet%ggggenﬁgg%f‘%%%g{%% %gt ?ﬁ%ﬂ%ﬁ the absence of
dielectric layer 20804ds8teanes2 bOURSSIEFFhiEMTdedRy tsdesireirmiputie gy aRindskr ablation
process used to paitaraspinhpie:free. maskingilayes &+ [RoPAlnmcsaudroeR Witk agwther
embodiment of the present inventjon, the patterning, of pin-hale-free masking.layer 210 to form
patterned pin-hoIél}ﬁPyeeerlﬁuja’llzl ‘iﬁ‘é‘ﬁ%‘_\‘fefr" ff@%?]}c lf%rf])ell‘%sqa%clkr% A %?p%? ?S%E%%%y%égﬁ%f%g.‘]ﬁ]{oone
embodiment, usirigetHéckprss dteinihglededsringoidiadtueied SefButingg acorstadrenelit alch that pin-hole-free

maskinii, layer 214hagadastensiabstatenthanslialectiadaver 3 A8 iniResppaifit pmbeadiment, selecting
the wet etchant includes usirlg an aq#teousdsqlutipnlof go assfiL{)m thJOXiPQ';IP a partgfular
embodiment, dielSEHRILTRF S8 S BILER A UBSHAE D60 TR E LIsct BHRAING HEEise the etch rate
of dielectric layer @@@&iss cormsidirably stowertiadithaetitsdte bysub¥tianea2B0kaag, in the absence of
dielectric layer 208, subshiate %Qﬁk%g&%@i@@m@% RRIHNGSSIERPMmpagied Byithe sRet etching used

to pattern pin-holefree masking layer 210. It is noted that a direct spot etching of dielectric layer 208

may be ineffective HU# 18 BIEEHSiRRRIBRIRRK R LY S18fefd dirid VS y8PSBE T8I to the thickness of
pin-hole-free maskirigdayer 2h0paitrusp riipockrdarfos withkeng Rebdtinmehties pesqurasent invention, it

is beneficial to us&g&ﬁg%ggggm&épﬂgl% maskinalaygriqRattern a dielectric layer when

fabricating a plurality of metal contacts for a solar cell. In one embodiment, dielectric layer 208 has a
thickness approxii&aly in thelPaige rathrd BowsAsAtn SIEhE IR i rife2PEsN&diing layer 210
has a thickness appseiimatelydinthesrenge, ofitheul @2 nendmeteds.ibfam embedisdent; the patterning of

pin-hole-free maskiadey L, 440, MGHIRSRIEREIRGING S JIEISERRIRL A QARG the patterning

process. [0023]Thus, as descr in association with Figures 2A-2C, a pin-hole-free masking layer

can be patterned, fWRh&RHOURETPaAhAdRe B RS PAtE ey iSifRER e Ay AESKIPRY Iyer. Following
formation of the pattesnadnpindheilaréeenymsking layer, metal contacts for a back-contacted solar cell

may be fabricatedygsglescribeg ip assqeialion with Fiaures 30:2F o [0%5lFIRYe gP lustrates a
cross-sectional view of a subs ra?e having a patternet cﬁq?ectrlc féyer and a patterr%ed pin-hole-free
masking layer forféigrase digectae P diRei s p eiadiols 108 MevHRIBWRHarned theiidccordance with

an embodiment otdhesprasiantivRpiien. Befrmngolecareration l8reidlonahart 100 and
e e B Rl sk e s
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 laver 208 to form patterned dielectric layer 240 by using patterned pin-hole-
free masking laver 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.



[0025]Referring to Figure 2D, a plurality of contact openings is formed in dielectric layer 208 to form
patterned dielgctric | 40 by using patterned pin-holefree masking Iq¥ﬁr ; ask. Dielectric
layer 208 may eiglaozéé%r%ge%d to form patterned dielectric layer 240 by a tec ﬁ%%%’gs%@l%jle to selectively
transfer the pattern from patterned pin-hole-free masking layer 230 without siéqnif_icantly impacting (e.g.
etching) back surfACE"EbRenk SHESHAHE 20t Ds BtsmtRolR deiradiferirtingraealeTineast the plurality of
active regions 206hd plaaterdancraviti @l Babadinenhoidhetpreseniiiventiohtheigteetric layer 208 is
patterned to form palicined,dielgeic a2 relehing.clelediie Jayer, £0f using galobal bufiered

oxide etchant, e.g., by submersing substrate 200 in a ‘oxide etchant. In one émbodiment, the
buffered oxide etciEmasichriposetr sPansHgLRg0RkbtsH trdasaimes BydroftieiesiEd (HF) and
anunonium fluoridaHiNkidB)o lin atspreiticanthediment the dfbddRitntatie isfappradgeately in the range
of L4 - 1:10 and the Buffered oxide eichant s applied io,dielealliG aver, 300 fon a ration
approximately in the range 013 - 10 Minutes at a temperature app oxmate‘fy in the range of 30- 40
degrees Celsius. j0B2BYRHdone (INHiFatds asersdy sebndheguichy BFaVsLbsatéshaving a patterned

dielectric layer foripgd.dheresnn ubeseis & patternechrinnb Migbiee asiduatayespasdigen removed,
corresponding to o retalrtiop 1190f§ m F owtchart 100, inta]ccortgance wi} a embotdi‘mtent of the present
invention. Referrifig to Operation 110°of ElowcHart 100 and torresponding Figure 2E, 4 patterned
pin-hole-free maskingeratrer inomoatdlto Sepesee aipittefiddtieléatdtiayer. [0027]Referring to
Figure 2E, patterngghipn-hole-figgmaskingdaver-2dQ.istemeved. sgiectivelydaLipyide patterned
dielectric layer 240 having a glurality ogﬁo enings formed therein. In accardance with an embodiment

of the present invBHHEISHHETREISH G EE RSk IR &P TP SR BN e S BEER %Iy by a
technique suitablésterhaihtainthepditemciptegiity ofpeatiemdd distedttiovenper 1240iwithout significantly
impacting (e.g. etehing) hack furaasabadth SHRRIRE.A00ve ViUl e oy ading; the gffectiveness of

the plurality of active regions 206. In one embodiment, the removing, of patterned pin-hole-free
masking layer 23@AETIGRE LS P S REoRBE 8 SREtBNbf HBTHSSIRIN Ao iae 628 Figure 2F
illustrates a crossiseciioralorewoaixacs bstratenbhbvisigeaipliayality of metal contacts formed thereon,
corresponding to pRgFtion 111Qe§£91%§9p{ I@E&%ﬂ&g&ggﬁg&gﬁgg%@gm odirgent of the present

invention. Referring to operation 112 of Flowchart 100 and correspondin % re 2F, a plurality of
metal contacts is TERPEd e iatiein B G aatisenpydplectric 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 technigue
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 inciudes using an aqueocus
solution of potassinm 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 dieiectric 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



[0029]Referring to Figure 2F, a plurality of metal contacts 250 is formed by depositing and patterning a

metal-containj t '&%e/vithin patterned dielectric layer 240 and on thgé)l]}ﬂ]r !11% %tive regions
206. In one erwgogy%ﬁegnt, the metal-containing material used to form the plure%ty 0 Umetal contacts 250

is composed of a_metal such as, but not limited to, aluminum, silver, palladium or alloys thereof. In
accordance with S ehiBSHhMEwST R ETdeitmuBRsh L B EReBIMEPEsHr &Il 260 is thus
formed. [0030] T hes;oaimethach tor dabuoitiatingod holaecell ihasiieen bisklodechrdnasdardaihce with an
embodiment of th%eﬁgmtfg}%%gyion, a substrate is provided having a dielectric layer disposed
thereon. A pin-hole-free masking layer is formed above the dielectric layer. Without the use of a mask,
the pin-hole-free %&ing layeriespattehrddbiSrrrarg attelicalbinsRere-figdossdsling layer. In one
embodiment, the glieletitic layeeproieaisihe dubstatend utingithe palieraing. plsaEV S What is claimed
is: 1. A method f%&i%%rgcﬁgﬁgtgc%%grraggﬂlds%g HAUSING pin-hole-free masking layer is formed

above the diclectric layer. Without the use of a mask, the pin-hole-free masking layer

is patterned to form a patterned pin-hole-free masking layer. In one embodiment, the

dielectric layer protects the substrate during the patterning.



providing a substrate having a dielectric layer disposed thereon; forming a pin-hole-free masking layer
above the dielectric layer; patterning, without the use of a mask, the pin-hole-free masking layer to
form a pattern‘é’& E)q}f'-"ﬂ%%gfree masking layer, wherein the dielectric Iaye‘?cgr[H?é?ﬁg(ﬁ%ﬁgubstrate during
the patterning. 2. The method of claim 1, wherein patterning the pin-hole-free masking layer '
comprises using &fasBylblation technique with a laser having a wavelength. 3. The method of claim
2, wherein using the lasemablatigmtaghnique comprises selecting the wavelength of the laser such that
the pin-hole-free masking layer has a 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. B.:1fteodiettettioftclaimadawtibreimpising:the spot etching technique comprises

selecting the wet etcE@Q hhat-thepinboledies magking Jayariasq faster etch rate than the
e met : . ;

dielectric layer. 6. T od of claims, wherein selectln% tge wet etchant comprises using an
f

aqueous solution of FBMEEEEMIAIFREE 2 F e avRsahtsa BF ¢ialffiic [WFErein forming the pin-hole-free

masking Iayer comp@mﬁs@ngi&mﬁt&h&iq@ m@maﬂtgpmaiﬁmhblefﬁhﬁiqmsdng;é&hmmmﬂm of claim 7,
wherein using the chengggé%g@gfnq%@égﬁj&%a ique g,ggpgﬁlﬁ%sﬂq&%m%ppm&r@sseIected from

the group consisting of amorphous silicon, amorphous carbon, and polyimide.
substrate during the patterning.

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

comprises using a laser ablation technique with a laser having a wavelength.

3. The method of claim 2, wherein using the laser ablation technigue comprises
selecting the wavelength of the laser such that the pin-hole-free masking layer has a

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 technigue 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 iayer 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

siticon, amorphous carbon, and polyimide.



9. The method of claim 1, wherein providing a substrate having a dielectric layer comprises providing a
crystalline silicon substrate having a silicon dioxide layer disposed thereon, and wherein forming the
pin-hole-free masking layer comprises forming an amorphous silicon layer above the silicon dioxide

layer. 10. The method ﬁfeqlamﬂalwﬁer%&@ﬁqugiﬁ?% pinRale fremmaskingraygreomprises

preserving the entire djelectric layer. 11. A method for fabricating a sglar cell wherein the dielectric

layer is a dielect/feERAERS B ATRERGERIHHRS ThsApANRER dL s Siiear iRy e dMig the patterned
pin-hole-free maskipg:ddyterasm andshetbn digtentribeginckde Beanagaitcried digierstdc stack and to
expose a portionpf the substrate: remaving the E%attemedipcig-hénle-.f efﬁ masking layer to expose the

patterned dielectr?g%tné%ﬁ?gnmé) ]f%r?nuﬁnsgl g%ﬁ%%?ﬁy of metal contacta m %elbatterned dielectric stack.

12. The method of claim 11, wherein etching the dielectric stack comprises using a global buffered
oxide etchant. 10, The method of claim 1, wherein pattering the pin-hole-free masking layer

comprises preserving the entire dielectric layer.

11. A method for fabricating a solar cell wherein the dielectric layer is a
dielectric stack;
said method further comprising the steps of;

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. -
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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-fr¥@ M¥¥IFG%ayer comprises using a laser ablation technidiié Wit a/{38&F having a
wavelength, and wherein using the laser ablation technique comprises selecting the wavelength of the
laser such that thépiftectetiaefvisking leyorihasttefasethablatiole-fzte thdnnhiyielectric stack. 15.

The method of claigg, I 1. WhGIeINpAIRININAORRIR-NAIE TRe RASKINAJIMRIGRTRIESES USINg a spot
etching technique with a wet etchant, and wherein using the spot etching techr_li(;#e comprises

selecting the wet StehHfBG I NIEHETHRSAOIERRE S SIh T a5 AR B EtRI F5Te than the
dielectric stack. lfaskhe etiied ofachainci Bavhaerdin $eleatingtthie wet etchant comprises using an
agueous solution of potassium hydroxide. 17. The method of claim 11, wherein forming the
pin-hole-free masking layer comprises us?g{ﬁ? chemical vapor deposition technique. 18. The method

of claim 17, wheréfh UdmiitRedpeitienl Vapsraeiiativh Heck iR eHinBRLES Bepbditing a material

selected from the gieups congistiatpofamearpiiusidlicon, amorphous carbon, and polyimide 19. The

method of claim 1, WhetalBIAYdiRg 2 WRSIAIT RAVID e iSRG Tack.compiises providind a
crystalline silicon substrate having a silicon dioxide ayer dlg,_)posed on the substrate and a silicon

nitride layer dispos@aPsfthsisgic e aiesditer payerodHINAEREIRforming 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 fhe.pin-ole-free masking layer. comprises pIPSSIVIg g enlig diglectric stack.
21. A solar cell, comprising: '
comprises depositing a material selected from the group consisting of amorphous

silicon, amorphous carbon, and polyimide.

19. The method of claim 11, wherein providing a substrate having a dielectric stack
comprises providing a crystalline silicon substrate having a silicon dioxide Tayer
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.
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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 WA ABIE3H8E masking layer have approximately the same"Fattem"82*$he solar cell of
claim 21, wherein the patterned pin-hole-free masking layer comprises a material selected from the
group consisting 88 aflerpirys!isilor? lambasiols sddbeis, camprireRimigaling 3iUiTeRe solar cell claim 21,
wherein the subsyate.comuYisEs &I vaaling Biliceamwhateimibe atiesnad dislesiislayer comprises

silicon dioxide, and wherein the patterned pin-hole-free masking layer. comprises amorphous silicon.
patterned pin-hole-free masking layer comprises amorpHous silicon.
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