PHOTOVOLTAI C CONTACT AND W RI NG FORMATI ON BACKGROUND
OF THE I NVENTION Field of the Invention [0001]
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to photovoltaic/solar cell and sol ar panel

manuf acturing. Description of the Related Art [0002]
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as material units and processed into iIndivid
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or 156 nm x 156 he cutting (saw ng) or ribbon
from holeiis)ofhe electric fleld of solar cell"p-n junctions separates pairs of free
electrons and holes, thus generating a photo-voltage. A circuit from n-side to p-side
allows the flow of electrons when the solar cell is connected to an electrical load,
while the area and other parameters of the PV cell junction device determine the
available current. Electrical power is the product of the voltage times the current

generated as the electrons and holes recombine.

[0004] Currently, solar cells and PV panels are manufactured by starting with
many small silicon sheets or wafers as material units and processed into individual
photovoltaic cells before they are assembled into PV module and solar panel. These
silicon sheets are generally saw-cut p-type boron doped silicon sheets less than
about 0.3 mm thick, precut to the sizes and dimensions that will be used, e.g., 100
mm x 100 mm, or 156 mm x 156 mm. The cutting (sawing) or ribbon formation

operation on the silicon sheets leaves damage to the surfaces of the precut silicon



operation on the silicon sheets | eaves damage to the
surfaces of the precut siliconsheets, and etching
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good conduction as well as high reflectivity. Metal
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bottom of the PV cell is generally covered with a back metal which provides contact
for good conduction as well as high reflectivity. Metal grids with patterns of
conductive metal lines are used to collect current. Generally, screening printing
thick-film technology is used in the PV cell industry to layer a conductive paste of
metal materials, e.g., silver, efc., into a desired pattern and deposit a metal material
layer to the surface of the silicon sheets or substrates for forming metal contact
fingers or wiring channels on the front and/or back side of the solar cell. Other thin
film technologies may be used for contact formation or electrode processing. The

deposited metal layer, formed into contacts, is often dried and then fired or sintered
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fingers or wring channels on the front and/or back
side of the solar cell. OQher thin filmtechnol ogies
woreyn7hes18sed for contact formation or el ect r odBCT/US2006/060568

processi ng. The deposited netal layer, forned into
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Ilfetlme of %he final PV systems. Regardless of size, a single PV cell generally
produces about 0.5-0.6 volt DC current. A common configuration uses about 36
connected PV cells for a maximum of about 15 volts, compatible with major
appliances and appropriate for 12 volts battery charging.

[0009] Optimized solar cells usually mean maximum power generated by solar
cell junction devices at minimum cost. Although screening printing of silver paste
has been used for creating contact and wiring on solar cell silicon sheets, the
resulting silver or aluminum thick films formed by coarser metallization techniques



[0009] Optim zed solar cells usually nmean maxi num
power generated by solar cell junction devices at
worRewrirosscost . Al t hough screening printing of BCT/US2006/060568

paste has been used for creating contact and wiring on
solar cell silicon sheets, the resulting silver or
alumnumthick filnms formed by coarser netallization
t echni quesmay not provide all the requirenents of high
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alternative embodiment, electroplating or electroless deposition is used to deposit

the bulk metal layer.

[0013] In one aspect, a method for forming metal contact and wiring on a sheet
includes depositing an antireflective coating layer on the surface of the sheet,
forming a pattern of a photoresist material for contact metallization on the surface of
the sheet, curing the photoresist material, etching the antireflective coating layer
through the pattern of the photoresist material, and cleaning the surface of the
sheet. The method further includes depositing a film stack having the first metal

material and a second metal material over the surface of the sheet inside a physical
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the sheet, curing the photoresist material, etching
the antireflective coating |ayer through the pattern
wo@Roorhesiphot or esi st material, and cl eani ng t hePGUSAOE060568

of the sheet. The nethod further includes depositing a
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BRIEF’DESCRIPYIOR oF THE DRAWINGS

[0016] So that the manner in which the above recited features of the present

invention can be understood in detail, a more particular description of the invention,
briefly summarized above, may be had by reference to embodiments, some of which
are illustrated in the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the invention may admit to
other equally effective embodiments.



appended draw ngs illustrate only typical enbodi nents
of this invention and are therefore not to be
we@ongiltalased |imting of its scope, for the i nvRCIL/USIW06/060568

may admt to other equally effective
enbodi nents. [ 0017] Figure 1A is a process flow diagram
illustrating an exenplary nethod incorporating one
enbodi ment of the invention. [0018] Figure 1B is a
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inventipocess chanber in accordance with one enbodi nent of
the invention. [0024] Figure 6 is a schematic
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i nvention provides a novel approach for fabricating a

the inygntien.cel | and forning contact metallization and
wiring on a solar cell sheet. In one enbodi nent,
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oJ. IessqggI osition is used to selectively
embq{yp %gog F?Bact at high aspect ratio. In another
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sheet using net hods and
chamber in accordance with one embodiment of the invention.

[0024] Figure 6 is a schematic cross-sectional view of another exemplary

process chamber in accordance with another embodiment of the invention.

DETAILED DESCRIPTION

[0025] The present invention provides a novel approach for fabricating a solar
cell and forming contact metallization and wiring on a solar cell sheet. In one
embodiment, sputtering is used to deposit a thin film of metal materials on the solar
cell sheet for forming metal contacts. In an alternative embodiment, electroplating or
electroless deposition is used to selectively forming metal contact at high aspect

ratio. In another embodiment, contact metallization and wiring formation are



apparatuses of the invention. [0026] Figure 1A depicts
a process flow diagramillustrating one nethod 100
w@ewonailegy t o one exenpl ary enbodi nent of the PCT/US2006/060568

invention. At step 102, a substrate or a silicon sheet

Is provided for form ng contact and wiring thereon
according to a predeterm ned wiring schene. The

substrate or sheet of the invention can be any of the
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dul e br.ication, e.g., nmonocrystalline silicon,
appa%vﬁ%&ﬂw‘ﬂ&% | i con, anorphous silicon, silicon
ri bbon sheet, cadmumtelluride, gallium arsenide,

[0026)°0! yrngnre ﬁ'ﬁ@@bﬁ@ts @fﬁme@,s%\ﬁfdléd;ranﬁﬁm]s%aﬂhﬁ%r% métfod 100
shape of the sheet can var single crystal

accorgiing tsmnemwmplﬂmsmbqqimgng @,fcfbanréverrﬁlpm Absiep, 10 @ suhstrate or
= ST Shokt i€ Biat L K7 Bty FRBIGRE AR ngihon acgoraing to -

prede‘tetmﬂnedpflnaag ischemif é‘he@ub@traﬁomﬁi@ftlcﬂlthe inMegitioh Icagdse any of
eet may qptionally include gne or nore |ayers or

the sftﬁﬁ'tngr @éat?ﬂgﬁe§H'tat?lﬂcfQEdPNg cgll nan%niql?'bﬁ'ﬁ‘)dlﬂﬁsg’]w&?t'% e.g.
mon(fdryéfﬁlhng' §|% bSIXEﬁfs?éll'l Silicdh ecérﬁBfgﬁﬁ) VEifiSon, silicon ribbon
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devi ces t hereon. [002 ] Ln one embodi nent, a sheet

vias, 9pEniaBBepIUgE, amoag atbels. Fapexempleach sheetmay egndain a single

b S
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X mm or | a in siz owever er or
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fi Us 0 d .
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[0027] In one embodiment, a sheet suitable for solar cell fabrication is used. A
sheet size of about 50 mm x 50 mm or larger can be used. Typical sheet size for
solar cell fabrication may be about 100 mm x 100 mm or larger, such as about 156
mm x 156 mm or larger in size; however, smaller or lager sizes/dimensions can also
be used to advantage, e.g., a size of about 400 mm x 500 mm can also be used.
The thickness of a solar cell sheet may, for example, be a few hundreds microns,

such as between about 100 microns to about 350 microns.

[0028] At step 104, patterning and forming a feature, such as via and/or opening,
may be optionally performed on the surface of the substrate or sheet. In one



may be optionally perfornmed on the surface of the
substrate or sheet. |In oneenbodi nent, the sheet of the-

WO pwenodien may i ncl ude vias forned for front sPCBEUS2006/060568
and/ or back side contact and wiring before contact
metal i zation. For exanple, drilling vias for back
side contact can be perforned by laser drilling or
suitabl e etching techniques. Laser drilling can be

embaqsiment, teel sheetoofdhe gnwemtianpaay valudeoviasifarnied foatframt side and/or
wi t hout, the use.of a_nmask Il e a mask i enerally .. ,

back Side Foiactiay Mg AT conlREtRefRaTon. Eotmbmele, riling vias

for bABRN&iALC8bniadt @it bePHRERFMEUS hiCRer badllind & Buithie- etching
No. 6,699, 356, entitled "Method and Apparatus for

techniuas. tasendollingicanl bg perferraed mgeordirgetd edqratiesn dor via formation

witoGb 4 LA 5 AR}  REGRIERRr8HaiE oo 287 SEof. one
example befeceamical enddhanidl §étt eteht prodes 3¢ Hesbiibed rh U.8e Pat. No.
i sclosure herein. [0029] At step 106, an

d
6,699%3%6 rentitleg: "Methed andnipparpiys fordskemisahMeshanicabdet Etching of
, ' i ted: he _sheet. :
Somiba8fehe SRETeL = oaleh e pchaes, o 4 SnsBSloRay 1o s
Matesals] dno., owhith isithesreby imegprpoeatesle hyasefehence to the extent not

. antiref|ectiye coating ] ayer and/or the passivation
Incong tVﬂhHﬁl@aFﬁS‘H%Sw@ P¥ed i nside a chem cal vapor
deposi tion chanber, such as a plasm enhanced cheni cal

[0029)V 2POAt SRPOSNE,| AN AmbirsTiRRlive ToBEng 18Yert AifoPh passivation layer is
si | i con-cont ai ni ng precursor and nitrogen-contai ni ng

depogitast an dbe . sutiase fdhe sheel op eubgtates ifar @xammplebarlayemof silicon

iiod B HES BB BB e S BB Bl A ancror
the pabivatsn aagerappar edrl bes deposittr] iindidetd eRendié¥l3MHpdrndeposition
one exanple, a silicon nitride |ayer havin

champgr.cRifdsas Beplae®@a emncedchamisalavansy drrosdiesrohamber using a
il G iReRlortgkly MeSlisg A MG Shighyfly pkgor The

chem:'m;ﬂ vapok depdsitiof fdhb_mlbdnm be anstfahdason® chlamr?elga)rvw part of a
froma mxture of silane gas, anmoni um gas, rogen
multi-ghambgr (puhstiate ; BISRSSIRG Bueters r SONMBELGR Withamétads and
appata%ysee"s’ oﬁﬂ%@rﬁ\ﬁéﬂti@hi ng | ayer, and/or antireflective

oat | ng. her suitable materials for the
antireflective coating |layer and/or the passivation
[0030]l aydn onecExa@pleara siliconinédfide layer having adhickneas theween about

[ i X] [,00 t erial ,
20 o g b0fua€ RIS SLARD DRt HonuteBp aym. e.g. about
70 nri kd abodtBORRED Mivdy BE d@P@fsnecpt@me fednttdiRl B4AdK §igé ot i ¥Reet as
coating materials should be _
well as to the via walls from a mixture of silane gas, ammonium gas, hydrogen gas,
and/or nitrogen gas and is provided as a barrier layer, encapsulating layer, and/or
antireflective coating. Other suitable materials for the antireflective coating layer
and/or the passivation layer include various dielectric materials, such as titanium
oxide, amorphous carbon material, efc., suitable for use in PV cells exposed to the
solar flux. The absorption coefficient of the antireflective coating materials should be
minimized but can vary. Additional layers of anti-reflection coating can be deposit for
better index matching, such as a second front side dielectric antireflective coating

layer.



m nimzed but can vary. Additional |ayers of
anti-reflection coating can be deposit for better
WO pabesoqred chi ng, such as a second front side dPE&I/E81006/@60568

antireflective coating |ayer.[0031] Optionally, vias
on the surface of the sheet are filled with netal
materials at step 108. Vias and features can be filled
usi ng various suitable techniques, such as inkjet

[0031pr i nOptignaI@rmia; on tize surfaC® 8Pthé\sheet are filledpwiti etal materials

a ri. a t or esi st rial for cont. .
at stiZ a0} Vi arin i st e s g vaiouSorUble teghniques, such
as mﬁjéfl‘ﬁl’"ﬂﬁfgc%rﬂbﬁd“ol%e% edeterm ned contact pattern. In

one enmbodi ment, suitable photoresist materials are

patterned on the surface of the sheet to a thickness

[0032bf aext abctepn 1 H0.akoratieoy ema sRhiomsishbmateri@lofen contact

mta g oS SRR U BB MG GReinr

contass @dttém flnroneaembbdietient oduitdite lph@t(ﬂéslst fiateridls Gré@lpattemed on
addition, an optional dielectric layer or silicon

the syrfage qfé'i}%lshé ghtona thiskaess ebiapeulol0@ anpia abput A0 twe such as
sbou OB SS3kaB! BBl Ay BENERT TSR B ype. for
exampde,ngns injectb bentimyt technigogr ephybé eased doefornf @ pattern of the
photqriaLete i BATIEDT it pripnabiiedtic Bk aa Siieos cagse Taver can
be depdbite@Prictb g)a@'t%}’mﬁ%qné :Eﬁtoﬁgeﬁig gﬁté‘ﬂ'ﬁlﬁg HeeEMéS WSan etching

can be used dependi als of the
maskant i refl ective coati ng/ passi vation |layer. For exanpl e,
silicon nitride can be etched according to the pattern

wossfy A BRG: 8P il oo Rl ods ©tfed "Ry " duitable
photcﬂiltmg{:dpﬂy tedhaique0fstlexdiengile, Iy eﬁrb&ﬂvrél‘@U\l I%twréléaﬁbn beam,

e sheet is cleaned, such as using sujt

and theantgafianiue saaling FOREN SRPPAHED 314 SHiatle d etehing or wet
etchlﬁﬁttgéhrgggés %ﬁ@%%seﬁhﬁeéﬁiﬁggorﬁh%ﬁ?u : Eg@t of Bt Bftireflective

eane em ca
coatnhq/dasédm:bnrm layer.iFbr(exXgmpie) smdomsitrida taat be e@dhﬁdqammrdmg to the
such,.as v ous dry cleanin ch [ can SO
PaﬂeUEQEthe[ B@‘%@[e%é& rgaigsiag y§ing 1"‘{ rﬁt&? gER”\'%Wd%f 8‘%‘? FEEP“C acid at
high fé‘ﬁ%erbﬁﬁeyeegn%@'a?&ﬁﬁﬂ pface in accordance with one
nmore embodi ment's of e invention. In one

enbodi nent, the
[0034] Next, at’ step 116, the surface of the sheet is cleaned, such as using

suitable post-etch cleaning chemistries and/or rinsing with water. For example, the
surface of the sheet can be cleaned by wet chemical etching in diluted hydrofluoric
acid (HF) solutions. Other technigues, such as various dry cleaning techniques, can

also be used.

[0035] At step 118, a film stack is deposited over the cleaned sheet surface in
accordance with one or more embodiments of the invention. In one embodiment, the
film stack may include a first metal material which formed into a metal silicide
material with the sheet and reduce contact resistance of the devices fabricated on
the sheet. Examples of the first metal material include, but not limited to, titanium,
molybdenum, their alloys, and the combinations thereof, efc. In another

9



filmstack may include a first netal material which
formed into a netal suicide material with the sheet
wanpanedsce contact resistance of the devi ces PCT/US2006/060568

fabricated on the sheet. Exanples of the first netal
material include, but not imted to, titanium

nol ybdenum their alloys, and the conbi nations

thereof, etc. In another genbodi nent, the film stack

embadiyent) che dibm stackcmay ineludé ansecendahetah matemaloviidie provides low

s e ol LlRGHEE 5FTod SRR ES oo b S RSy meta

matehibMidd§de, Obut MR almited 45] %Pbels,i ARfinurhh &ilved! %S alloys, and
and conbinations thereof, etc. Formng alum num or

combingiipns tberaafcefcalarming alymiriem asioppet cpeiacbandmdeng has cost
and BEARARE" adnthges e & bey el WekBhfed dhB, i processes

desciitveVhédrsnt hat contact netallization is forned by a

thin filmtechnol ogy, as conpared to a thick film
screen printing nmethod. In accordance with one

[0036k rh o HnerédituendiPn: Aevides dhat eentash matelizatiprois forpedday a thin film
techrw, Saggéﬁﬁ ér‘eﬁ.ntgt§?m9k Al stre #i@m}ffggn{g%éd? A dci6rdance with

rovi di ng good contac
one embodiorent afitthe imventionpsputtaringoor pingsital vaper eepositien déchnique

is eni)é%h kégr@/ﬁ%éﬁgm it)r:?c\)lr@% %(éga_sco%%c_tde' .osai éi.igonn-containing
233, G | t y r V| hRY

substdte Sﬁat oot édqé?ﬁg"epr'%%fe% i phsicl A?ﬁ%rztdégab,bﬁtz’go%mg?ss and

depositionk apparatusalis destrivedi gndd.S. oPabpApPpd Mot drli21%662, entitled

" Inc. . ther exanpl e~ is deschi in US, Pat. :

intequgec; VRS NterR OFRar Peadoafils Pl EE st s figfhort Migust 26

20058y PEsOKawa! Y ai%n&@é’ﬁ?ﬁbﬁ Eﬁl‘\PPﬁé@ MiiteRals, Med @fcthaémexhmple,
to Applied Materials, Tnc a of which are hereb

is deserinedpiarlaSe dPatyApef Npeﬂ]gl/ésb&?{ﬁn@n@ﬂ@@ﬁkww& PVD-CVD Systems."
filed SR IBNIS AR5 B TAKbDELLCG) 87Y B8 s1REE 8 AddHAd MatbRis, Inc.; al

€Sses 0 h econ

of whiaH erg laérebyaycorposated byasferendott thendxtemtheottihcanoistest with the
. .of the first netal material is snaller than the
disclqguire PRERIR- of the second netal material. For exanpl e,

the first nmetal material can be deposited to a

[00371t0hi *ﬁ@?ﬁgl@ﬁes@@%%f tRe TRt Snd R sedSH thaFSM%tbrﬁa‘-’rso may vary. In

et ween about 40 nmto about 80 nm or at about 3
one embadimentprthet thicknassndf riiee dirstrametal ahatesial lie smaller than the

thick de SO%Jbﬁdsgtgggatrbg%ﬁ hﬂ@ﬁ%ﬁ@l%ofi g)%%p e(,) tﬁ]emfi}’s? r%gt%ij}na%grcl)al can be
deposited to a thickness of about 5 nm to about 100 nm, such as between about 40
nm to about 80 nm or at about 30 nm. In addition, the second metal material can be
deposited to a thickness of about 50 nm to about 300 nm, such as between about
100 nm to about 250 nm, e.g., at about 170 nm. In another embodiment, the film
stack containing the first and the second metal material is deposited as an initial
layer or seed layer of a bulk metal material for additional contact metallization and

wiring formation.

[0038] Accordingly, contact metallization of a solar cell using the method 100 of
the invention can be continued to form a wiring pattern using the method 120 or,

10



100 nmto about 250 nm e.g., at about 170 nm In
anot her enbodi nent, the film stack containing the
wo poogtio@sd t he second netal material is deposi PEHUSHOE00568
initial layer or seed layer of a bulk nmetal materi al
for additional contact netallization and wring
formation. [0038] Accordingly, contact netallization
of a solar cell using the method 100 of the invention
alterrdivelye the méthod d 40 irf ordaratowi:omplgetep ant everall sofay ¢éllefabrication
met hod 120_or,alternativel d 140 in or
schefg. ?Mﬁe? B dRPISe? APt ﬁPWc%'PFJr%’BHﬁ e 1”8nas'6'ﬁgWé’ 120 for
add.tiahgursﬁeéﬁ isairy aftBF ARESsheldt q/ stoagss iyl thal h?éth&ﬂl J00 in
O for "additional sheet processing after
accor@h?@@e wnth cpmeb@éms:é@l epypadipentstafdbe m@ntianaccor dance
Wi th one or nore enbodi nents of the invention. [0039]

t s t t S,
oos, AERA T 2L s SPEH ofSRRSET ™, e HhepBRLIS i Plefcana e
photcrbsiet niaterialg isa strippedf off nthet QIO:éetdI&@\ﬂﬁgt@dhmhﬁmcstack deposited

After photoresist strjpping, the surface of the sheet

thereggy Aﬁ@ro@?qtgfﬁ'qtys’[ﬂp@@ﬁe dhe SHTRCEs OB)}h@ ishaebgnay the optionally
clean‘ﬁﬂt eguchStaE' Bg r”rgslhi feh [\5ITR d_ﬁ#ﬁbﬂgg u‘ét F)@Ffbﬁﬂé&"t Y&§R§ Ssuitable

, aceton ot hers.
solvestsr feage auejzone)camdleg otiperst dhe @sulting éhée’n surfack maytihelude a

patteir of e, AimSpae.et e rrenteh orfadely (e evr,ohdie Shiefective

Coatiggggggswalﬁpﬁﬁ@érﬁg_ at high tenperature, such as about
C or higher, such that netal suicide is forned at

the bottomof the filmstack of the invention for

[0040) or M\higfegdad, Hinsheat inannealed & diphctemperaturessughhag about 200

°C on R Sk o el ek Blintl/ Bt oo BRAPGIne i s of the

inventigh folfomirg %@d(ﬁbomabﬁmtﬁ|redl$cedie¢bma¢teés@tfaﬂcet Egemplary metal
surface of sheet to continue the height of the

SIIICIdeétlaqzlueem%rwm gilicidmenalybdenyra silicide; amridothers
material is the same netal material as the second

[0041 1::';: ta? rs't(%:ie 126N Zd(}}?l( IS ta P AHRRSH aﬂﬁ'é‘tdegBSﬁe&’ Bl\/Er R §+| rface of

posi t by sputtering in e a physica
the shapbtq ckerpiwmet therhe]glahbfeme lﬁetaircohtaah hi‘epn:s iembodiment, the bulk

metatr&%hm Hg nggﬁeﬁ%ﬁ eﬁlahfas §h‘F \§gponq qfal a}tgﬁ Jn another
embadifeRE ARk ARSt hﬁél@ﬁ&l lsaﬂﬁﬁés@d"'@{/sspuﬁb'rlﬁgrméﬂe a physical
cormonly used as a solar cell wiring materia
vapomtieposition shaobepecOtharfiimgdenasitinsstec nmup§r6ab'ra|§ﬂd€ used. The
bulk adv%rln Adterial Trrheay include copper, aluminum, silver, their alloys, and
combinations thereof, among others. Silver is commonly used as a solar cell wiring
material, but aluminum or copper wiring has cost and performance advantages. The
thickness of the bulk metal material for wiring formation is not limited, depending on
the requirements of different wiring schemes, and can be about 500 nm or larger,

such as about 5,000 nm or larger, or between about 5,000 nm and 10,000 nm.

[0042] At step 128, to continue wiring formation, a pattern of a second
photoresist material is formed on the surface of the sheet in accordance with a
predetermined wiring scheme. In one embodiment, suitable photoresist materials
are patterned on the surface of the sheet to a thickness of about 100 nm to about

11



t hi ckness of the bulk netal material for wring
formation is not limted, depending on the
wo egpaite@asent s of different wiring schenes, andPCHOS1HE6/060568
about 500 nmor |arger, such as about 5,000 nm or
| arger, or between about 5,000 nm and 10, 000 nm
[0042] At step 128, to continue wiring formation, a
pattern of a second photoresist material is formed on
600 nrhesech fagcabanit 406)9n5hMg ian iajecb pdatiog techrique or other suitable

techrBqE Ao SIRLeGEE 1ers PT 5110n A Gsc BV Gaf b dapgstted prior
to paﬁé'lrrf rf’%ﬂleoéhdtbl%sﬁﬂ ‘Pﬁ‘éteh@l 1 Ber‘é&l&@&%r% i et%HFHgt maSf, nm to

00 nm such as about 400nm wusing an’i nject
prlntlng techni que or other suitable techniques.
[0043]Ad di Af sierl 139, éfn%@hatoce?plat/@ﬁ&rml fermactinto exwidegipafters is cured.

For e, B oPAGBLes el e cifed & RRERRLE"IG LV tiomt,

elect®netpeaka Jor uishﬁg shmmamb&thtmgraph@tedrmiqm into a
wiring pattern is cured. For exanple, the photoresist

1004411 et S0 H2n e PSR SEAtPERl & AbNSIDa &utalgymetal etching
chenﬁsﬁﬁ@@ﬁrﬂ r%bﬂa@i@ﬂﬂgthbﬁryséreﬂetléégfr?‘f’ec%‘ egeAéla result, a pattern

nmat erla Is etc usi'ng suita etch I Ng
of thecbalkinsetal ewaténial ¢o fdrmeat intdesitdd chntactrlinest cemtabt fimgers, and/or
ues attern of the bul k netal

L. 1 i
W'"ngrﬁgg‘lgr: 10N t:t)ef%{r%‘gg q%xtf'%bla‘é% red contact |ines, contact

fingers, and/or wiring patterns on the surface of the

[0o4sp heellext] GR4Ssuifed oftihe SHEéREE caridie afiee ahetdd etchlnﬁ using
cl eaned after metal etching, using suitable post-etc

swtaféleemﬁﬁécft Bleanig FhemishiipsoAnd/onSiNsNAVItR WalekrForrgrample, the
he, |
surta G BFRE snbedt bhAfg Rl b fsd el B 4G bygeptuore

acid Hf)usdleticns. Qther tachnlyuieglissch asvhriags dey tleanindy techniques, can
cl eani ng techni ques, can also be used. [0046] At step,

also hegusedpi i onal |y, the sheet is anneal ed. For exanpl e,
when copper is deposited as the bulk netal naterial,

[oo4ef Ne A QbB $34 eo;ﬂfontah? iy ﬁ\%@?% AsedEPESr dxample, when copper

conS|dera ar e and anneal I Ng at a tenperature
is depdsited assme)bljlhrme’@d guaterialu e g|m6|mMe2a}Bde§@S|ﬂe§ copper is

cons RS Blgb L RFEREP RS LTS b P8 o B suor
as atigpd Rt 20Are! e fedUirees rddury ebmsiraghair bizetihadides t@ lower the
nmet hod 140 for addi tional sheet processing after the

resistanee of the metRlegEe@ by the method 100 in

[0047] Figure 1C depicts another process flow diagram illustrating a method 140
for additional sheet processing after the sheet is processed by the method 100 in
accordance with one or more embodiments of the invention. At step 142, the sheet
processed by the method 100 having the first and second metal materials deposited
thereon is used as a seed layer material and a bulk metal material, which can be the
same or different metal material as the second metal material of the film stack of the
invention as described in the method 100, is deposited over the surface of the sheet
to continue the height of the metal contact. Examples of the bulk metal material may

12



accordance with one or nore enbodi nents of the
invention. At step 142, the sheet processed by the
woredonoeb18©0 having the first and second netal PEL/ES1086/660568

deposited thereon is used as a seed | ayer material and

a bulk netal material, which can be the sane or

different netal material as the second netal materi al

of the filmstack of the invention as described in the
includee tchpper Glymirsinclesitver,t @toay estherse deposived tofa thicknebs eff about

to continue e the netal contact. Exanples
100 nyp qr gﬁﬁlslychﬁsaﬁ’%ng Q@FWJ?W& fude copper,
al um num silver, anong others, deposited to a

[0048th chnasife 0SmBBAiert0GNBMLRAK | RIBRT mALES a5 Géﬁé'élted by an
000 nmor |arger. [0048] In one enbodi nent,

electm%tlngnﬁla@etu piocessing systerad Otherafiime depesitipn éefphrgqtme@an also

vo uBEREHE e BBl SFBEAI o, VERRIBHES ovotom i

descﬂbed:ems Limd PhEEtNoﬂ B,2581220 Stepnitled dRfeetrolCierhizal). Beposition
58,220, entitled "HE ectro-Chem cal

Pat
Systampay Dot obob a6k sssinasdorPRiEdMatatia, 46 grether sxample, is

s 981V 4505 4 VIO B Pk ST P

Cell wthe Constamd VWV afer IRhersiog Aejlé," filednorCOasdbent?, BRADB) by Lubomirsky
| mer si, on g filed. nOcto , .2002, by .
ot al Afcasiaiey’ G Aspiecateriels. snel 6 whian 2 Hiasgby ingogporated by
referéﬁtfé fo thblex@nt Mot HERSRISRNVARY tHe\GOSIBS Rl IR el
reference to the extent not 1nconsistent wth the

di scl osure herein. [0040'13 I n anot her enbodi ment, the
[0049hul kinmanatheraembogiment, dbgobhtkeatgl anateriakis gleposited by an

clectiiFEA MDA RisiEh, i EXAEPIofon EREoB Bl Bkl ano sheet

pIatm@aéysté‘mpls dscribed Qg 6. 32 Pat. Apbl Need 0/63&821 Oémﬁ%d "Electroless
System " filed on Decenmber 26, 2001 St evens

Platlrg Sé{lﬁperg, d‘ll%grgppggemepﬁﬁ,,%qmwgyeﬁegpgs qtrﬁj and assigned to

AppIBE YRS B, Bnoltfor BEARIBER bsdibed FRU;S, B’S%tr ND: 6,258,223,

entltldadiy’lﬂ SEufElelctaNes% Goppzn S:'%eﬂit:t_ayexl lE_hhagc@nemem an Ufyiectroplatlng
t and assi gned to | i

Systaqn (of CRwes o4 318 8bONRLdp ARPRPUMBETABs Uit ek of gitich are

here%%cﬁfﬁ@r? oec%g# referONS & By evehb nbf‘ﬁ‘lcﬁh&%'t l’WIﬁ'\ the disclosure

Herei At step, 144, optiona e sheet i1Is
hereianneal ed to form good cont act bet ween the net al
mat er i aI s and junctions within the sheet and cure the

[0050 tfé ééﬁgﬁlaq&s B a?@%étaﬁe?ﬁﬁeélea tsoh?or?n d: od contact

between the metal materials and junctions within the sheet and cure the materials
deposited on the surface of the sheet. For example, when copper is plated on the
sheet surface, it is usually needed to further anneal the as-plated at a temperature of
about 150 °C or larger, such as at about 200 °C, to reduce copper grain size and

lower the resistance of the metal wiring during solar cell fabrication.

[0051] At step 146, the photoresist material which has been patterned and cured
by the method 100 of the invention can be stripped off the surface of the sheet. In
addition, the surface of the sheet may be optionally cleaned and dried after

photoresist stripping, such as by rinsing with water. Stripping is performed using
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sheet surface, it is usually needed to further anneal
the as-plated at a tenperature of about 150 OC or
wo angeegissuch as at about 200 OC, to reduce cOPPEDS2006/060568
grain size and |l ower the resistance of the netal
Wi ring during solar cell fabrication. [0051] At step
146, the photoresist material which has been patterned
and cured by the nmethod 100 of the invention can be
suitalsier sqipentspiifg.1 laeetomef sreond atferss Adet resluﬂtirmjdheetosurface may

ol 8 G757 03 LGB 3P N e P b SaeS: e o

the |a/ye? Rbrwaé %’ntnréﬂe’dm?@'d(b@lt|h§/p@§§'§/9f6??%é’céhé‘lg$¥é' é&é&@t a pattern of
solvents, e.g., acetone, anong others. The resulting

the bylemetalumaterial n&yeveajed:cﬁtea quramnleg rofbthe pbotaresist maderial and

s S R A e e, PR hGo L BRS SnidBn no

surfat@bftheddheehs a result, a pattern of the bul k netal
material is reveal ed after stripping off the
phot oresi st materjal and desired contact |ines,

[0052Ic ot BCRCGATFHRIEGSS WithinBN® OTPTeh gMRATBERE af the Fiveatiopn contact
metaﬁlgﬁloﬁyéﬁ@%ugrgég&nslﬁﬁﬁétl ﬁtgﬁezaéﬁéﬂn@&ﬁpﬁﬂ?%?alﬂétf&n phases,

or nore ments I'nvention, cont
a firshphasd ozfrming amdetal filnm gtaokt with tow contaict oesistance and a second

phasgf%fffarmmﬁaga gu ]tc\na}l:rllnlg;qa 'on {Fh %ermlféé%taﬁ ?he metal
film st&M 84RHes I%‘F&aﬁlysf?ﬁ%a BNERA i dPdsitim %chHld&e@‘E%@éh as by

W ng pattern wth low wiri ng resi st ance.
sputteringnos triyisicahvaper sieppeitian! Yoeposition @fythehbulkf meﬁal materlal for

formifg 2L el Raf 4% podied BuderBB dsopfinifgepniaves, suoh

as sﬁ@&éﬁng‘fﬁbﬁ% ¢igal Vapoif ddposition, elettrdplBtihd,eefedi®Yed’e deposition,
erforned by vari ous dep03|t|on technlques such as

amomme&sr ifgthep kyRhagimentsaeftha dpentiondnclude eerfopping thagteps of

the rﬁé};ﬁi&ééq(ﬁf% ,p?ffd)t hBPne gg’é’é}ll)ﬁtﬁetbé saﬁﬂét&ﬁér as hlustrated in
S0 thelnvenlon clueper or m ng

Figures dps10f Fohexarapleo tire $1@Ps of e rrib4|®od n40 caed%maa dlfﬁeremt order

he sane_order a |IIustrate [ ures 1A-1C. For
and tfeﬁaqﬁipee&%tﬁ@agetr@ §aprbq ﬁH'prP@gh@% the SUkaRe (L ﬂl‘ﬁ gheet to form a
patteFH of tﬁfeeﬁ?§t e sttor Phﬁeféﬁr?étﬁﬁé@ tbeﬁma%é ?Jull@ﬁ@teﬁ ¥naterial can

tripped ace o e sheet orm a
be plamdt ento tife shléadie D@tthetrsdileeheasdeembetbahlstemﬂém abing the film

re t ul k al mat |, can b | ated gnto the
stack EgpTaigipoghe ket aoibe sebbhf cadlal §atbrits B 27epbBVek i ng
the filmstack containing the first and the second
[0053]"et ah diRt &mbatifnéift, thessteps loh 1S metistb 300, TR®nhd 140 may need

enbodi nent, the steps of the nmethod 100, 120, and 140
to ben@peﬁagbsuch that one or both surfaces of the sheet are processed by the
methods of the invention to form contact and wiring on the sheet. The deposition
and annealing processes as described in the method 100 of the invention result in
more effective junction formation and eliminate gaseous diffusion steps, difficult gas
sources and liquid sources, or any complex clean up steps which are required
before and after sheet processing, as compared to prior art phosphorus diffusion

processes.
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to be repeated such that one or both surfaces of the
sheet are processed by the nethods of the invention to
wo eoorileast act and wiring on the sheet. The depPSI/UBI9N6/060568
and anneal i ng processes as described in the nethod 100
of the invention result in nore effective junction
formation and elimnate gaseous diffusion steps,
difficult gas sources and liquid sources, or any
[0054)c onpiFgrther| Comtagt métaflizatibn @ndawieingasfua sel@r leefl usingathé method

heet dt
100 GhibepRuPGIOo PRR e shnTiuscousias PooBeihad.y Lhar: akmetvely, the
methH&tﬁb h%)g%érocp c@ﬁgplé‘fer A 8yv&al 3obf! @l 156 idation! el In ﬁlddltlon

Inventi on can be continued uslng
addltlmeahtayeIIQOanrbe depesiteat onv el yubstl'aatermTMBdlcmn(Bheetduetﬂ@'e and/or

after [ERoSeRIN b, Mg et OPay 20 20ty L' R SPRlF. o, or more
passivHis [23/ef of bnfLréﬂédtﬁ@rbo%hﬁqq%y&f@neo@ﬂéb@éne@f ér?fhe front and/or
processi ng by t ’

back sidepf &)e sheetordn raﬁddlq@asasphnaallty)@f fegtaresocan be patterned on the

sneef e 5 b ¥ 4§ oGS W i S o,y

etch, pmf adteh,y |adferf @mm%e@hém"cévem@@hémbaeqbto Btdhh easd e®Imbinations
sing any of suita atterning techni ques,

therepﬁ&m@bifgfeaéwsna@werwas(a@ontact%rqpnéa@HNIn@I@WSetr@nches among
othergaero‘a% Ehfn%‘ﬁ 'Eo%ghg nﬁ\%?@ﬂ%l& arl Pe %‘é‘épu dfi‘agdlng various

ions t ereof ures inc
dielectriot materials,ostelct asv ml@tmms nittiden ditarsiurma roxide, oaimer;shous carbon

us antl refl ecti atl terjals, c b
matefigl Figh sigtable fof dsaiineP Y celis e taﬁb Sl iiae The Ssorption
[
oot st S OB AER r vo
In one@xahple,ch ailicoh unitride ey eatet @ tbml«mess of fabout é@mnmto aheut 80 nm

can g fehSitedoinythe g anehdik e b tug Besham wdl B Bfityia wali
and ﬁl‘ovféiet B's‘-‘éfrlfé?ﬁerof fy@boéﬁci&u'l’ﬁﬂrfgola%wén%r rHﬁt@éﬂbdﬁ@e coating.

F03|ted to the ont and back side of the sheet
Optionelly, additianal firyers &f matitreflegtionpeantingecagsbe denpsit &r better index

match by AEARRAS K SRR AP B e

anti-reflection coating can be deposit for better

[0055] Ndelysingt alvtingds wnch apparatssed fheoivenitidn, doetants,r sach as
antireflective coating | ayer. [0055] Using net hoFI and
electroggsir e@ntaekwisidowse W'H%ﬁh?@'ﬂﬁ'sc%'ﬁpﬁgt@ ek, SANRE ormed on the

ront ShEFSSEES Sl TRy, LTS ARRROR g fomed

on the Hond loe dack Side bbthe sheat émBbccaridaace ivdth on ebngwre amibediments
of thé‘- ?r{vré%gon. Additional metallization and film deposition required for fabricating
different types of solar cell can be performed, depending on different applications
used for laboratorial or industrial uses. Various types of PV cells may be desired to
manufacture into a solar panel, including, Passivated Emitter Rear Locally diffused
(PERL) cell, thin film silicon cell, Passivated Emitter Rear Totally diffused (PERT)
cell, Zone-Melting Recrystallization (ZMR) cell, Surface Texture and enhanced
Absorption with a back Reflector (STAR) cell, among others. For example, in some

cases, metallization processing on the back side of the sheet in addition to front side
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on the front or back side of the sheet in accordance
Wi th on eor nore enbodi nents of the invention.
w@dairnoasal netal lization and fil mdeposition PEUS2086060568

for fabricating different types of solar cell can be
perfornmed, depending on different applications used

for laboratorial or industrial uses. Various types of

PV cells may be desired to manufacture into a sol ar

sheefpprosiessing anayibegoptienstly veertagnied tor depddtahighoefiectyvity materials

d ERL I [ ,
usingzigeligclifhe e dndetbra e phgRide rpedl s Beurapuagiured into a
solar AfsuIdBF bhAgl. Recrystal | i zation (ZMR) cell, Surface

Texture and enhanced Absorption with a back Refl ector

(STAR) cell, anobng others. For exanple, in sone cases,
[0056}et ANEXtz ANE & nmr@csé@sats@as have @esam(ogesf@doby PR 0§ Fliwe steps

of thé r?m?é?ﬂfo IQQ ote% |5<9&‘ b%\/ggﬁgg §%| ! re I gg?/in\l/rfb(e)tl)ackplane for

ptiona orne

fabrldauhgﬁmtalasular mpdt&éfpadel eﬁch lae byntiany upa mehbereot the sheets of
sheet is read I@;ﬁg&guf acture into a sol ar nodul e

the inyentigRen the g Re WiFinggp @ngﬁ‘é—)& Qetw oﬁél% insulating
wirin BSEk@ bpé’fdmﬁ\/ ‘?ﬁo&ﬁlé%éﬁ étu?lfn t Qﬁclﬁ B4 foil or a
S cribe W ring

above may be arrange
thick imaetiap Fikmeorf arplastic fiatwithy surhatnieansumllahng remdiubavriearprbperties. In

additBfy the Misne, hapkdng fdly M. aBhonias CRg0oaheaigms,bereon
for cdl‘f@i‘ﬂcﬂﬁg tcl]fifreh’ﬂ§(la't|v\ii=,ténnIQVVlde'II’s. th’bﬁ‘ﬁ&‘ﬁn@l ?é@ﬁlﬁt?'lb@'ﬁé Backplane
modul'e manufacturing, such as a net al or a

condwtpt: paﬂertnal arei designedtpmateh withi the design 9@ theawrmg scheme for

the shPR rahpaAano Bl SRRV qeli S MCO oo & taver of a

metaPabh@uidisr hetreowidiny baerplanki treatas tmtnebeéwmnaVThe wiring
cells with mnimal resistivity | oss., The backpl an

paﬁeﬁbrﬁfl%t%thqaaee@%@anecm @ﬁe&ﬁdﬂoo e inali salak ﬁ%" The wiring
condt‘i’&& gpat?érnghg:aw éieng%;f}é &nshcel uﬁtgﬁlosr?éﬂesg;arér@ organization

invention an
(interpanriestion ) glepenairey omfth@derelgalandomthmiedruwpt the fiial isoar panel

ack ane creates the needed wiring., B The ri
to achius dha SPEFTBAPARIUSIRGE 2B sLEaNb BOTIRG chdhe gne or more
sheefs"® E)Héq%nﬁd) P?ér}}é%bh bd rIWrr‘h' 5] s‘bﬂagfécféahnkﬁ‘fe%eﬁmudmg, not

can pe any O e suitable series para
Iimitedr g:ansczldenmg] Withnt @ miimet:tleanh.) epd)eyoetharr@l oanrteiad;ng, ultrasonic
sol

d the f |

annedfiid, 29wBnf oBisEE: et IS, st P ey "&llF s, bonded to

addunsﬁaﬁ%meafvetmmoumeOéxémF@rys b&ﬂéétnié)ﬂmh% mupbngMpT@dlsr® PVF
can erform by suitabl e techni ques, i ncl ud |n& not

(polyvinyl tﬂe@rldgx I%rotemwerfgrrw ean be handesiio theabacle sistey of the wiring
backﬁlgﬁé %brc%@tetﬂl 'c,rbg\dua{otr %?t%ﬂlls and electrical output leads thereon from

environmental corrosion or other damages while lightening the overall structure.

[0057] Generally, one or more sheet processing steps are varied using the
methods 100, 120, and 140 of the invention for metal contact and wring formation
such that contact resistance and wiring resistance during solar cell fabrication and
the manufacturing cost thereof can be reduced. Fabrication of a silicon sheet and
exemplary cross-sectional schematic views of the silicon sheet will be further
described with respect to Figures 2A-2E, 3A-3F, and 4A-4B.
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anneal i ng, anong others. Then, the solar panel
assenbly can be bonded to additional protective filns.
won®7s0@aspl ary protective filmis DuPont(tn) Tedi/a8100§/060568
PVF (poly-vinyl fluoride). Protective filnms can be
bonded to the back side of the wiring backplane to
protect the conductor patterns and el ectrical output
| eads thereon from environnental corrosion or other
[0058p amalgigsrev2A-2E| depitteschematie vieves af la sheeic200 dor f@atidg metal

conteg P dfe,rage Englent bhadnelod K366 B ey ndrgordance with

one bRYRSte! BMbbaIMEREadf fRNIMehtiGRdTHE dHbdt PORMAN ikiisde various
that contact resistance and wiring resistance “during

typessof spalcegll pfgjpnttiens hereindndhieatuiasf suahuas wg arsl{or opening, on
t hereof c¢can b edu ed., Fabri cati on of shee

one drtbEuTes 5 hESlIBERatei B HhietE 1h SeimBodingnt e ghget 200 of

the invdntioAnmabastiude Viad eorméd Rerfrélassiae Red/ov back §i‘éilée§dntact and
to Figures 2A-2E, 3A-3F, and 4A-4B.[0058] Figure 2A-2

wiring defare cantaskmetallization. Optianallye yiasyon thmsurfaemoﬁ@e sheet 200
are fﬂ?& . |tI'F %tQF{na‘?@néI% %af:‘rﬁjggﬁﬁolé rfﬁr'heﬂ'm 'ﬁﬁd&%d fd%xample,

nven ance W|tho

vias anb)dda’meaés onothet firrfacey efitheoshedh206 foant bé@’ﬂ]emstyy inkjet printing,
i ncl ude various t of soagr cel | uncti on

among Gk Bt Spih (e dabriSaHan. due JTant el s BRengurtases of the

0 e S IS
shecCR00mAIPES ALRACE, 5ty WhLA B oo REELonifo g, anc
reduae eefletbomiadst or front side and/ or back si de cont act
and wiring before contact netallization. QOti onal |y,

as on t he su face heet, 200
oosst A heply B EIGES 78 o HndE 0! A ar B sfisgve Eoathd Tayer 202
and/dreahpasgiestior! %ye@xﬁﬂﬂbgosméoﬁ%rﬁm’e fRrfaeeesf QRe tdfeet 200. For
surface of the 'sheet 200 can be filled by inkjet

example,nthiengntirgfieeliveochrating aysr 202 pancee| fcfragxaraalel ¢hthin film of

silicoh nﬁtngﬁocﬂt suﬁ&q{ ch gé Wﬁa‘%ﬁgrdéﬁ‘g‘%ﬁf‘?@%&p gﬁ%@ﬂ%?'\/aagp deposition

xture O assI s

chardbeghtsucrora‘sl aeplasina enitaricedu cleemizal ezebbordelposmon[cﬂ%ﬁt}er to a
shown in Flti*;ure 2A, a thin filmo

thlckra@ﬁs befmesprabaut 29mand %Qﬁén"n@zca@é/%Fh'%rm§af@appbﬁ0 hm to
abouf 2%6'nrh Se ?19 k&0 R tbhéaoo?}’drfo@cﬁnofo\sta}? ?Fe éogllcon nitride

or exanpré e antireflective coating aye
layerbean f e dssmsnbé usinghannfixture aff silitdre-oantaining derecursor and/or

nitroQRR AT e GG sSHSEY Soo dHXGUe o ik, Ga5n gRapgnium gas,

hydrd"dé%n’gﬁélI aHéR)‘Prmf}S&%"'ddsoﬂnﬁaéna’r?rparélfélf;‘)léte' @ﬁ"@ﬁéquency (RF)
bet ween about 20 hm and such as a thickne
plasmd enhasced ghemical vapor deposmon (PECVD) system, avallable from AKT,
a division of Applied Materials, Inc., Santa Clara, California, and good step coverage
of the antireflective coating layer 202 can be obtained. Other suitable materials for
the antireflective coating layer 202 include various dielectric materials, such as
titanium oxide, amorphous carbon material, among others. Optionally, the surface of
the antireflective coating layer 202 may be textured and additional layers of anti-
reflection coating can be deposit for better index matching, such as a second front

side dielectric antireflective coating layer.
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about 250 nm e.g., about 70 nmto about 200 nm As an
exanple, a silicon nitride |ayer can be deposited
W@ gtongo@so xt ure of silicon-containing precur sSPCT/HAHNE060568

ni trogen-cont ai ni ng precursor, such as a m xture of
sil ane gas, ammoni um gas, hydrogen gas, and/or
nitrogen gas, inside an parallel-plate radio-frequency
(RF) plasna enhanced chem cal vapor deposition (PECVD)

[ooeopystlennF@NaiZBa,bda o dtieom ok, pfmtcuféms!simatenﬁl aﬁfbllba‘drmed on the

i al s Cal.i f or n|
surfage @3 t'&%@é‘ CHYG FH@%%% %io@c‘t'*’r'% suiak Préﬂqta?eéistmsks and

photcﬂ@ﬁbé@?ﬁ)bgﬁﬁ% %Eﬁr’il Bt @lﬁ%ee)@ﬁ\ﬁl'é' af ﬁ)rﬁf?ﬁ%tégﬁattern of the

anti at| ng ayer 202 1 nclude vari
phototeelb’ema‘temalrﬁﬁders aih ink jahcminéieg ttechniguen Aiogéipnal dielectric layer

or siighp Sife aEora RE dsHaer HEF DS ubonagPapRomsaRt materia
204 B favé@4k dnestching radsik.t i onal | ayers of _
antireflection coating can be deposit for better index

mat chi ng, such as a second front side dielectric

[0061]ant i |rneﬁgét59|2@ émtnh%one&gﬁérmptﬁm@bﬁ% I$|eggp§e¢so gV light or
electl%?lt¢§érﬂ B%fof%ﬁﬁé’t é%%é ?aéc%[tfn a7yQ?' 02 6 dogst%wn in

surtace o e an a er
Figure D.afdreexzmaploy eﬂacm nitidk san e eﬁtbbed)bct:dildg‘_fgﬂtﬂme pattern of the

atternin echni ques. e l.e of a ) )
Pho’“ﬁ'ﬁ?'ﬁ’ér’ﬁa 'aﬁ h‘éS'BGg?oW@él %ﬁChm?ﬁ@ isfry afa pﬁgs&ﬁorqukaql%tat high
tempéﬁtﬁ‘r‘ésﬁ%.gﬂ %ln?ﬂidﬁld Ap5 o3 | §ligbn xdé el Be' éﬁéﬁéd%rough the

I con oxl ayer can be deposited prior
pattepratdfethei photdresishmatedsli sisingatie butiére2l0 dxide BtchseéB(DEd solution

s an, et chi ng nmask 0 I n, Fi re 2C .the
Cont%WBQOP@PEPO’ﬁ%t%Q“? aQI-[FB %ﬂh‘? eX¥o ?Uﬂtl"?sghwctn as plasma
etchlﬁ%eﬁmtﬂ# él@ﬁﬁgb%F ‘Hizécﬂ\)@zeiofﬂ\”éitb!‘liﬁbI %@é ' &QnQﬂ@é ibadusedy BNext, the

Is etched as shown in Figure 2D. For exanple

surfage [of dhm sheet 2¢E hawingeepatiemeef theqhodonegist mataealp%m isr¢leaned
and/og' %Eie photoresi st material using a wet etch chemstry

fd osphoric acid at high tenperatures, e.g., at

around 175 CC. Silicon oxide can be etched through the

[ooe2pat t &S @hogvnt ineFighrg QEeai filn mtterdmhmm'gmﬂﬁtbuéfaem@tenal 206
and g )énltggn@}péet \atal 5?5 @ﬁ AR %ES'si?ébqﬂgﬂ t%drsﬁrfgg%gf the'Shdet 200

to foﬁﬁ qmonﬁ'retaﬁ e : the dgﬂ?\%toémﬁ eﬂﬁé & intal Et rLég 206 may be

c., can a surface o
tntanumo nlrrﬂybdegnﬂn,paltct edapasited He gpthicloressiaftbatweeniabdou2 @) nm and

50 . PGS BRER A 6 ArShMetalha(eBipb® Uade et Mibgemperature
annealing, to form into a metal silicide material with the sheet 200 and thus reduce
contact resistance of the devices fabricated on the sheet 200. The second metal
material 208 may be copper, aluminum, silver, efc., to provide low resistivity for
wiring formation and device fabrication on surface of the sheet 200 and also serve
as a seed layer at a later fabrication step for forming metal lines, metal fingers, metal
wirings of a semiconductor device. The second metal material can be deposited to a
thickness of between about 50 nm and 250 nm, such as a thickness of about 170
nm. In Figure 2E, the first metal material 206 and the second metal material 208 are
also deposited on the surface of the photoresist material 204 and can be later

removed after photoresist stripping.
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and a second netal material 208 can be deposited on
the surface of the sheet 200 to forminto netal
w@onraetisi o t he sheet 200. The first netal nmatRCT/EHF2080660568
may be titanium nolybdenum etc., deposited to a
t hi ckness of between about 20 nm and 50 nm such as
about 34 nm The first netal material is used, after
hi gh tenperature annealing, to forminto a netal
[0063]sui cindenerserabbodiment,t thet fist shetat n2atériaind06 rarsl thexl seeond metal

mateloeH 25b SopRETEL LGP AuyFIGHLVaPPE ASDOB R, Proess chamber of

the ifv@RREh evéllé’cma BoMVarfdls'§ieet &iZes, stieh RIsAHbEE avaifable from AKT, a
reS|st|V|a§% or wring formati on and devi ce

divisipr tofi Appliegh Materdalsf e Santeh€larae &alifwoiaardowewry, deshauld be

undefiodt eI erfbn haschifty; Arblobl svifhed ShoBfagionsy such as

otheré;ﬂ'ﬂ?smdla@bﬁfdeéasméﬁ sy§f@n§e§ﬁé‘rﬁlcﬁﬁ/§ o8k 6$|ﬂd)n &95tes, and

sited to a thickness of between about O nm and
anymfﬁmdwﬁlwy&tqmsckness of about 170 nm In Figure
2E, the first metal nmaterial 206 and the second net al
r S 0 h r Wﬁg
[0064] hotqfolpem s?‘ rrfgtoé%np%t % %ﬁﬁdbgg’r? gfetal g%e;ér{ :E(gyrrgt\)/rog)r g metal
conta@ttaeld pirotgp oasihet sstface phergof USGR) niethodlemﬂmbdheeinvention in

accorfqggg{e: i t%r(sgglpprrrgt%erl a |@§n&$ﬂgedn &%8 g'@amt al in Figure 3A,
the sﬁ#@BH%h*ebP@OBfrﬁs?ﬁﬁclﬁéé‘@ﬁétt&fn b Qﬂtﬁﬁﬁé@cﬂ/ea&@étlrg?taﬁ]er 202,

for various sheet sizes, such as those avall
the firdTmetaldimaiterial n2Q, wprpltheosemndrnwtaj material Z¥hfarmed on the
Cl ara, i f.ornia. er st,ood .
surfag,Bf 8isheR wEHT iy BELRFhast00; P Bk Bl SHERR Ming various
typesCoNydigrugelt juRBEonsSHICHthas pat [iRictiohy thetrabn VER® Bheet 300 may need
deposition systens, chem cal vapor deposition syste

to beaglganey PsORde ferthen sleeRisprocessisg o M intsoeagd qugtﬁcé $ With the

junctlgﬁ‘ tﬁgre%%p 'F?)P e)stgnﬁ{t’;an@ aﬂtﬁ}cﬁw : ?Jt ﬁa@ﬁ?ﬁﬁmggﬁyéQ for contaminants

I'ng on

on thbhgmﬁalfe oéiting shiebhA01ayatedd € ibevsthipped offt and cleaned using
accordance with one or nore. enbodi nents of the

suitablgsohenth watsr. S Giganing ehemisdiesa, the silicon sheet

300 may include a pattern of the antireflective

[oossfoatlhr]ggh?/ 8A, 3Qatterhof fa' filgt ﬁ?fg?”ﬁgﬁﬁ(e‘t ﬁjgt éﬁé??l rﬂﬁﬂerlal 206,

sec nmetal’ material 20 ace
and thessewond mtat hnahwabaoa He fetreed apOthe surfagey ofithe (sbaet 300 for

formigy 1ap 2h SN 4Tk ERBHEST the Bndens OF e fraiopletaly ATl nd the
sheet’80® haﬁngcb ﬁ'jurﬂftlohg tﬁelrrebheéﬂ&mbam@aﬁﬁ@hrtﬁnipérémww such as

into contact with t
about 200 °C or higher,.

[0066] In Figure 3B, metal silicide materials 210, such as titanium silicide,
molybdenum silicide, among others, are formed at the bottom of the film stack of the

invention into good contact with the junctions of the sheet 300 after annealing and

provide low contact resistance of the solar cell devices fabricated on the sheet 300.

[0067] In Figure 3C, according to one or more aspects, a layer of a bulk metal
material 212 is deposited over the surface of the sheet 300 using a physical vapor
deposition technique, such as by sputtering a target containing the bulk metal
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junction thereon. For exanple, any photoresi st
material, inpurities, or contam nants on the surface
wooorhes18heet 300 may need to be stripped of f BEMUS2006/060568

cl eaned using suitable solvents, water, or cleaning

chem stries. [0065] In Figure 3A, a pattern of a film

stack having the first netal material 206, and the

second nmetal material 208 is forned on the surface of
matetiale2$21eie$ide(m physicabraporgdepositionr ehambes dicheciamenticn. In one

embaiBff e Duk il ghaterl 26,1 6 spie,Retal igteaar #p e Second
metaF ﬁﬁ?@r"aﬁltw&? wISiES ndyp irfdhead c89;9er0(éll9h|rﬁ‘1'n§4h§ﬁ/er érﬂ@ﬁé]others In

ure 38, metal” suicide materials 210, such as

anothertem adimentc thie thiglsngasd of tine ke inaetal amﬁiagalo%%rfgr continued

cona GRS B8 AL AR BLh: S0R ARACH ] o Bhowh 000

or largbg &ir beWeart bbou©es,008InNMenand,go®Kide | ow cont act
resi stance of the solar cell devices fabricated on t he

sheet 300. [0067] In Figure 3C, accordi ngI to one
[0068)pr eF%fﬂﬁfcpgoceﬁs'PSyf&' f@fmbi‘gbfﬁqwr@ét an thatlayenof 2'19 t?l&k metal

mateﬁﬁl Béeﬁeég@p 9. FUF lBahm @%hé\ﬂﬁelh ﬁQQ%eU%E/)PQ Fattern of a

si cal “vapor osition techm
photczrpsnst praitenipl 2 1dan gecondancai withn g prbdetanﬂnhaubwmngmcéteinm may be

ot ou R chtotn be b 05K bl RELRThuRL ddhiave or
other2dditdtle tt@@hﬁé\ﬂ@s ”@tﬁér H@I&Ethé"la?érst be sireANExiaBt@lers can be
material 208, whi may 1 ncl ude” copper, al um num

deposmed/betwmﬂga phh@esnsu material 244 and dhie ik metabmatenal to be

served <88 i PR henEbPlorciag risdorglont? oAt b wirng

patte%rﬁlisgﬁﬁen suUfdY andadsulopad) Buchna® by axmissure @b LYt gt Nelectron-
about 000 nm and_ 10,000 nm [0068] Furt her

beanppé@&@n%abt@rphquhﬁgrap@mt%@yq@ﬁsthe | ayer of the

bul k netal material 212 may be needed. For exanple, as

ho Fi | g t 0, | :
osof 101, ERE 9 102 BuiC Rl il AZPREHSS i sutabls meta
etchisg bhemlstngs aecémingeth the patteraoffthe Epl“@ItOl‘EbBt stadetial3DEL and, as

such_as by _an inject nt tec ue or oth
showd i EBiES BB e Qed iribg 1t it (oAt esagurd a3 ontact lines or
contadt hh@é’r@ ared fPmMeAYSH theCalitfde &Qﬁ@%‘hb@%@@tWBhétﬁ?esmt material
photoresi st material 214 and the bulk metal nateri al
214 cap hesthecsamael ondiftenertt oatatigl asdhe photorgdist roatesiab204.
material 214 fornmed into a wiring pattern is then

070V O M AEY OB shSHE H0BmBY SHRESHAI hBedNo' b Yeaned to

remove surface impurities, etching residues, and/or contaminants. Optionally, the
sheet 300 may need to be annealed. For example, when copper is deposited as the
bulk metal material 212, annealing is required to form into a good conductor material

and lower the overall resistance of the metal wiring.

[0071] Figure 4A-4B depict schematic views of a sheet 400 for forming metal
contact and wiring on the surface thereof using method 140 of the invention in
accordance with one or more embodiments of the invention. As shown in Figure 4A,
the surface of the sheet 400 may include a pattern of the antireflective coating layer
202, covered with a film stack containing the first metal material 206 and the second
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or other suitable photolithography techniques. [0069]
In Figure 3E, the bulk netal material 212 is etched
waigiongodsi t abl e netal etching chem stries accopdi/nsRoe060568

the pattern of the photoresist material 214 and, as

shown in Figure 3F, desired wiring pattern and

features, such as contact |ines or contact fingers,

are formed on the surface of the sheet 300. The
metabhuterials?G8. The eshest 4004 megnbbethehehestn20@ror darfyf silicoh sheets

naving iR 'Pos 2 SeRE ST 0P RS LN BiLNpRR dohBop@nd other

mateﬁéle%gé% f&t §QHP Rl JEURE fabridatbh. TRE sh%te? |2lO@gmag optionally be
resi dues, and/or contam nants. Optionally, the et

clear@dmrmyoﬂﬂ'&tertsaebépmsamed For exanpl e, when copper
is deposited as the bulk netal material 212, annealing

00721 3, KOG B OF P RefleB8TH (GRAVAEYED. Hibeial et sucn

as thé BRklinekl gnateridle #Bigieepasited arethat smfadeayﬁhéfshée’slﬁwtlsmg an
400 for form ng netal contact and w ring

elect@@}at@géhqeéméwewgquﬁt@%é’& S in Figive dbe 6 shephd00 may
includ¥ ‘éoﬁlﬂ‘?@féack"‘%ﬁ‘t ur efgﬁzﬂé{éﬁ aF 908 arid'h sepond metal

I nven e surface o
matedale208 déﬁomeﬁ ihecdamrdasaa pedzd tayer ohatetiel fontthe dlllestetalanaterial

t i th m.sta .
212 GoRenihen e helht 1ol Dainerel fanta AN i A dormation. In another
embogzﬁrggltqu”ﬁ{é"bdmt Richa! n?é}énalﬂiﬁlZShﬁ eHa)bsE\? e electroless

200 or any silicon sheets having vario types
depositios syahenteAbcqmlmgiy dhe botk oetadmateriaj 22 mayre tHeesaoa metal
mat er i al Ila?rsf sol ar_cel | dVI ce .
matefghnf 05| eFtorn e BEad A%y Dk MAGITYR Bpeghcauminum,
silverPahfing 6thers,tdegosBaab Ptslelasssisner abdlit 1o ﬁﬁﬁ@f fHrgér, tsuch as
one or nore aspects of the invention, a netal

abouh$,080irmn or targer-as the bul k metal material 212 is
deposited on the surface of the sheet 400 using an

[0073]F' eCA¢ Qﬁg\?’hitiﬁgfi@ﬂggs,%gﬁéﬁi Sﬁthﬁﬁ%}éﬁﬁﬁt@f%ﬁg}a@g lgHE is formed

gure may I nc

after csm]jmmgnoﬁgthd‘l ehbtoresistredateriaie2@®4 izad d6§irethdohtaet simesndontact
mat eri al . 208 deposit er eg seed

flngerﬁ.a@gg/qgwmrag Pafierns Are TRENE OHEIF%ISP chfﬁﬂ}%smtﬁ%ﬁr@dditional
anneélﬂ% lopi AHacef ¢ fe?ﬁ rﬁ%@pscgﬁgﬁ?[?oaﬁg b rted gf‘nnﬁ{é %Heet 400.

anot her enb mat eri 212
Alterrtaiwelan tlmiphmrergstanamrtatﬂ%lrmysbel e!:nnpetdu afftheysuréane of the sheet

400 HeEGR' ek g BF mifery s SIBCFIP dler 51 ol leRs depgsited onto
the s@fsce'@btheshedtle copper, al um num

[0074] Suitable vacuum deposition chambers of the invention may include
various physical vapor deposition chambers to deposit one or more metal materials
for contact and wiring formation on a surface of a sheet. Alternatively, other film
deposition systems, such as electroplating systems and electroless deposition
systems are used to deposit the bulk metal material of the invention. In addition,
annealing the sheet of the invention at high temperature, such as at a temperature
of about 200 °C or higher, e.g., at about 1000 °C, can be performed inside a furnace,

such as those available from Tokyo Electronic Limited, or rapid thermal annealing
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silver, anong others, deposited to a thickness of
about 100 nmor |arger, such as about 1,000 nm or
wo 200ga0618§ 0073] As shown in Figure 4B, a patt ePCT/0820061@60568

bul k metal material 212 is fornmed after stripping off

t he photoresist material 204 and desired contact

lines, contact fingers, and/or wiring patterns are

fornmed on the surface of the sheet 400. Additional

charrﬂmnse,abﬂdg ay tlsasd awvailable ainomg Appligas Mat;enal doc.b&he invention is

lusti3Fyely eerbad befo ki 20t age b aeAiataeBpr deRasiton system in
ugf f 0 b
P 2 & S ORI R eI, Hofh, ERafible from Applied
Mategalso In¢e Samta £JarapfCaliferniaetor . prpcessing Sariousd|tgpes ofi aheets or
eposi.tion ch i,nyention may include
subs@a@soqjgh%wgnggpl gﬁ%‘?usdgbet%lsﬁ €n chanbers to deposi t
one or nore nmetal materials for contact and wring

[oo7sf or NBigued s @ schidragtic Arogs-séstRinal AMdverafadhe &nybodiment of a
ot her film deposition systens, _such as el ectroplating

physigak vaper APRDSIIQIL Prasass e 500 A\eiablentrory AKTs @ddiision of
Appllggg\ﬁ’aehafshﬁ'\(pué?nl%gélt%he,'@%l%fn% R éé‘@pr‘o&‘é?ﬁﬁg%g?teh? r}%:ludlng

annea eet of t e i'nven
one bemEeapracess hambesabna drenoee qihysmabfvapbotdepaemoﬁCprocess

r hi gher at ahout 1000 erfor
chanfﬁ% &t i SRS, & eain diAnsTaieDr RS iranstging sheet
g & E;H@étclngb l?ﬁt cﬁémrb%Pé daﬁd‘ﬁrrﬁﬁlnfram? controller for automatic

annea |ngc such as those aval |
sheempmcessing'moatrphCam Also bhgsed{amrooessing the slseetaZOOJéloQ 400 in

accor %rg: b g Rel O i refféﬁnc"ﬁgé@q@ DP% )fsbciﬂ a‘(é% deposition

procesés tRgmber FSGDJ rr&:l@de&“@i lRhakdek BB BORMaABPA | IR assembly 508,
Materials, Inc., Santa Clara, California, for

definipgor emeﬁg V@Hime H§0; y b@§h@mtzﬂﬁév@ﬁy %2 @db@lpa%ﬁ tabrigated from a
unitawgsg)'cqu?nélhﬁ{hdrﬂ o\fa\hél%a sig?\ sssétéSIs one i n‘g é’ﬁnsg%r?s of the

Cross-secti ona

chamb‘erab(ﬁdWSiOQabndamatedepomlpbheﬁtspaf:@eﬁﬁ rhited esnddb Ynerally are
avallablefromAKT a division of lied Materials,
propqriignallydzrger thep the sz and dinansien §Iﬁ@e$hq9rt K EstOi %processed in

the pﬁ%s?&g' p%?'dléﬁbé‘iﬂoﬁlrfb?od&ss@hraﬁw&li r&ppSs chanmbers, one or

physi cal vapo eposition process chanbers sheet
i nput/ out put chanbers, a main transfer robot f or
[0076} r anElierahianpes Haety 5ﬁﬂr@erta1rallyehmhldempidewaus fi2 and a bottom
er. for, auto

554. TR oayalseass Antlts BotB 58 Bengsine/Gta & GERtty St apertures,
such RISOfEa8¢eHs Hdte 558e81d 2BUmphelY potQRot Shown). Other apertures, such

as a shutter disk port (not shown) may also optionally be formed on the sidewalls
552 and/or bottom 554 of the chamber body 502. The access port 556 is sealable,
such as by a slit valve or other mechanism, to provide entrance and egress of the
sheet 512 (e.g., a solar cell sheet, a glass substrate, or a semiconductor wafer) into
and out of the physical vapor deposition process chamber 500. The pumping port is
coupled to a pumping system (also not shown) that evacuates and controls the

pressure within the process volume 560.
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accordance wi th enbodi nents of the invention. The
physi cal vapor deposition process chanber 500 incl udes
w@2@haedier body 502 and a |id assenbly 506, dePCHUSIPOE060568

process vol unme 560. The chanber body 502 is typically

fabricated froma unitary bl ock of alum numor wel ded

stainl ess steel plates. The di nensions of the chanber

body 502 and rel ated conponents are not |inmted and
[0077geneflae lig msen’qbiyoﬁ% gbneaﬂllyynd:ladgsaa target Sodearsd aggraund shield

di ' d i .h
ML TR R Ry NN ———
be dé_ﬂlféltéﬁadmﬁrthé%‘@b‘fa%?of%eeé@e't 351'2”@L|1r'fﬁb‘3§ BV BeyRckss. 5ﬁ?e target

and a bottom 554. The sidewalls 552 and/or bottom5
564 qretacget! plate m@b/lhﬁafabrplatﬁdabf aynafenabmatum&sbecgmﬂwtrwsdaposmon

speciBf 4 Tr8Y boflh a3eauRaRt iR AaPSlion sPeciefofe Heimle Sruytering.
a h|gﬁ|v$)ﬂag@gb%a|shpﬁllyesuﬂi BEG sowéMsourtd 584! ik Tohhdctatdb ke target
bottom 554 of the chanber body 502. The access port

-556 is sealable, such as by a slit valve or other
mechani sm to provide entrance and egress of the sheet

[0078512 The darget 5641ganecally inchusies, a pegpheral poptinr 863 ,ansr a gentral
. sepl.co ct or .waf.er)..i nt.o.,and  .out t h I

portidjE 85§18 G nSTF et S0 GrBposgh vt RS RsFRYs 232 of the

chamiber CPHE | deshtraP partiBHTBEH Dhfsthet @rgdtabed nidy pedtad, drhéttend in a

evacuates and controls the pressure within the process

directjen uiewasd®. a oshrEmgt $H§pq>rtd5%séhﬁ5ycgraiswgtéai§daltmqi other target
contRElIEy b5 LABIerP B v B, SBURSD SRE bR BTN cPppri o

backinguplate hiaingcancdrtral quotion ed @M&lréhemstérfaadmrﬂbdtdneattached
sheet 512 during.,a PVD process. The tar% or
theret"ar?j@? '@Ir%ﬁte"}?é ”%e”@é{bﬁ‘isc‘:"atcéﬂ’%'lseaaﬁﬁp p é'l eSt 1Pht sggments of

mateh&%ﬁ?téiﬁih@ﬁﬁ?ﬁf ﬂw'eotrér?&e@ﬁ%nﬁﬂ 'thﬁgﬁi]}/ %ﬁ'ﬂ'ﬁﬂgr’s@ may further

ting the deposit ecl

compsiset a enagrstran Assgmblyl ﬁa@ewbmheenhmmelsycormumhptm af the target
ower . source 584 is connected to the target 564.
mateF @lﬁg}

NOECE3H'd@t 564 general Iy includes a peripheral

ortion 563 and a central portion 565. The peri pheral
l0079ﬁort%ﬂn%@sswt%@pew%mr depesitsy mtﬁr'alsogébeoﬁhe@héﬁ the

target gamgeth@%&&r’é r@ortp%éi ?é‘gg’étil%gﬂftatl%tmﬂ,};er %@érg%m] % tH&Y power
sourwuﬁMrA pd¢ess tgaiss saohtasplent ges tanat otitenegasesy geg., argon, and
nltroglcq%gflql gﬁ@g%dg%}hglﬁog%%%llg@%:%@ ?ro\r/heglg'aslzs?c{urgé( %galtﬁr‘ough one
or more apertures (not shown), typically formed in the sidewalls 552 of the physical
vapor deposition process chamber 500. The process gas is ignited into a plasma
and ions within the plasma are accelerated toward the target 564 to cause target
material being dislodged from the target 564 into particles. The dislodged material or
particles are attracted towards the sheet 512 through the applied bias, depositing a

film of material onto the sheet 512.

[0080] The ground shield assembly 511 includes a ground frame 508, a ground
shield 510, or any chamber shield member, target shield member, dark space
shield, dark space shield frame, efc. The ground shield 510 surrounds the central

portion 565 of the target 564 to define a processing region within the process
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backi ng plate having a central portion of a desired
mat eri al bonded or attached thereto. The target
woreaoend@Bo may al so conpri se adjacent tiles or BEDDEW&060568

of material that together formthe target. Optionally,

the lid assenbly 506 may further conprise a nmagnetron
assenbly 566, which enhances consunption of the target

mat eri al during processing. [0079] During a sputtering

volunpe &66sand ds deppledt toatheapenipterabpottioa S63:ef thd 2argeh&64 by the

groundfrdiie, S0 T8 wbtias Tire ROE Mimiticall piSiea 4RS Groynst sield 510
rom S8 trBE BSAWAIES oy Y GBS0 e hafbordSro? o the

and ni'trogen, IS su ed"to the process vol une
physrcabnaaogdepgaluonep@sess rehamprerob@O ditypically tpeughuirtbe sidewalls

t _sh f.or d|nthe . dewal | s 552 of .
552) i gt aniel Bl Bndisaft TR nibstd Suti D ediem giredgerives
by th@ @@@Lﬂﬁ‘ﬁslﬁiéﬁi 550 tehs i that l@r@et@o@%n@fé*lalwén?dlﬁbﬂged from
the plasma are accelerated toward the target 5

the ceabglepqraageﬁﬁ%@ft e targaliady Tmesgwdoshleldrﬁ‘tqwmayaalg@tfacmtate
| T
copogfife] BRogRTeG Fgel ool 40P IRAELh B piest g2 i

maximizesahelefficient s ofdhpaarget ngaterial agwell asgiretecd otbiet Oeglons of
the sheet 512. [0080] The 8r ound g_hl el d assenbl
the Chﬁmbea@@dx Qoliam dergationar afiagh fionyt %ﬂ@ﬂqﬂ@ﬁospwes or the

rom 3 pERER e Why S hFRIR o hBorienodliy b TBEERo 1Edeymime
and edsteteduied mmteamnds crthermwtmaﬂntq)ormeoma'fﬁBeanntheer benefit
cenvsf 254 3 ik 1§58 BR3P A SE0 g Kb B 5105

the réHUdtlbﬁrbﬁﬁé’m@IfestthSt Wﬂﬁéc&ﬁé d?éﬂo&@@d Srop sk Ichafer Bddy 502
round franme 508 éelectrically Tnsulates the round

(for es(a el due® to flakinghef depegiteds@msnbr ptiagk of ithie shamber body 502

from Jh8 AarBRb il OB GREEL Sonfind, Sk of pfieliigp 12, thereby

improviigop@authgualitd enalyisid 552) . The ground shi el d 510
- constral ns the plasnma within the region circunscribed

round shield 510 to ensure that target source
(008 1Tva Ao Ry CHATaoOr Po e HEOGRHIATS abridiohs adapted

to be?u@ﬁt %onh NRet i%(/@ﬁﬁ?r?%‘}et% I 'é ufﬁdc e%'dﬂgs% l'éﬁyS?étég Patent

I'i'tate depositing e di's od e tar sourc
Applicaticer Satiainbosal $0/863t 152, éitmiabn&lﬂhe Th2@04rabmed flémo tDimensional

MagriiigcSEa PR 1748t BAGEDPLHENER abheToRBEY: 03 36,53, filed on
June 62P065 ! étlic@rMUIiREKSEARThE MagHettoPdUB(Y 1 SRAGE/S3 1016 7L 5D, filed
on June 27, 2005, entitled “Method for Adjusting Electromagnetic Field across a
Front Side of a Sputtering Target Disposed Inside a Chamber" by Le et al.; and
(docket number: AMAT/10173) entitled "Evacuable Magnetron Chamber’ by
Inagawa et al., all of which are hereby incorporated by reference in their entireties.

[0082] The sheet support 504 is generally disposed on the bottom 554 of the
chamber body 502 and supports the sheet 512 thereupon during sheet processing
within the physical vapor deposition process chamber 500. The sheet support 504
may include a plate-like body for supporting the sheet 512 and any additional
assembly for retaining and positioning the sheet 512, for example, an electrostatic
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fromthe plasma, thereby enhanci ng chanber |ongevity

and reducing the downtine and cost required to clean
w@roootib@smi se mai ntai n the chanber. Anot her beP@f/U82006/060568

derived fromthe use of the ground franme 508

surroundi ng the ground shield 510 is the reduction of

particles that nay becone di sl odged fromthe chanber

body 502 (for exanple, due to flaking of deposited

chuck ahd®tisr misititlingedans. Thasheet fuphorb®@4 hiaynintlinge one or more
| asma) and regﬁ?gvsmed upon .t he surface of the sheet

electis Bdes at”ﬁ’éqré'lﬁ?t'ﬁ PRt ipsdded wjthin the platetlike QP@Y support. The
tempE G of ! 4 &?@1238%&?@5&% ctaﬂrtﬂﬁg ?zet r‘?l?ﬂwtameﬁ to a desired

nmagnet r ons t bene rom-t
temperatenet iangear e descrl bed in co- pend| ng United States
Pat ent Application Serial Nos. 10/863, 152, filed on

[00831) UNEA haRB3¥, extendethrodgw tHa btter G54 ofl\t’hé ramtarrmer body 502 and
Scanni ng for Flat_Panel Sputtering

COUP'ﬂ/“ﬂQ@hPGt supppd PUntoadE Bmechanism éﬁg Thedt: rnsp'ﬂarius@ 588 is

configi) gL sHESE syPort S0% pdiesnidl I, Bcplior enBtan upper

posmﬁhei‘fhe shaghsipporFbed & @eplolxesl ia aﬁrlntWWGdCHie @bsiion in Figure 5. A

bellow B865H 1Ypiga bk BreDRRROHEIVARA 11a 6098} SURRaT B84 and fhe thamber
bottomE5§43 %ﬁ@'pﬁo%%% fISRDbIENEH BhereBétwW et aHEreB z rﬁblntalﬁilng vacuum

are hereby 1 ncorporated by reference in ir
mtegrehytofrllee pmesp@@&ﬂ’]\eﬁﬁe sheet support 504 is generally
di sposed on the bottom 554 of the chanber body 502 and
[0084]s upOpticndllye & lshatowl fratteerSE@panddar cgmbéeshield 562 may be
de

cispoBpd WEE: MaperBees Do SheeiThe SpBHOWS B AL %ana gperally
configurlib &drinke dlgﬁﬁéltfo‘hrtosé‘ PRAIdr BO1tHeNen&dtanta BlgoltFdNgh the

t1ona for retaining and p03|t|on|ng
centes lof ¢he Shadow cﬁnanwéﬁﬁl Whearthelsbeet sgppart 604 is nowrd to the upper

positiBh YR OSLALA0. B, GREF SaoBhGL 30 et e isReed B e sheet
supp@rﬁ’@@d@@a@eg e shadow idinte 558 anBaity the!BRAAGW frHiGe 558 from the

nperature of the sheet 512 to_be processed can thus

chamlbsr ishiald H0RedVhen theisbeetestnparhedhis neowedn@éo tf[@tmqr position
for Io%ﬁg'f%gﬁgg%rg&g@gsthtehgﬁé‘&h ﬁ@% tth%néﬁe'sez* éﬁ EBQ{ the sheet
y

and~cou eet sup

suppert 1504t isnEesitiorietbeloé: thEhehémbér skielth6562 rarﬁzlSﬂhel access port 556.
conf i gured to _nove the sheet supgort 504 bhet ween
[

The pboR Spasmayolicandearempyed R8I of Giacemhintanthe Physical vapor
opoR e namBEP56S Stlobgn e ebSETROHBSD BRME sRbwdts 552

while cleaning the shadow frame 558 and the chamber shield 562. Lift pins (not
shown) are selectively moved through the sheet support 504 to space the sheet 512
away from the sheet support 504 to facilitate the placement or removal of the sheet
512 by a transfer robot 430 or a transfer mechanism disposed exterior to the
physical vapor deposition process chamber 500, such as a single arm robot or dual
arm robot. The shadow frame 558 can be formed of one piece or it can be two or
more work-piece fragments bonded together in order to surround the peripheral
portion of the sheet 512.
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bellows 586 is typically disposed between the sheet
support 504 and the chanber bottom 554 and provides a
wo b@xitidieo seal t herebetween, thereby maintai ni PCI/USZ060G0568

integrity of the process vol une 560. [0084]
Optionally, a shadow franme 558 and a chanber shield
562 may be di sposed within the chanber body 502. The
shadow frane 558 is generally configured to confine

[oosspepoBVD chatbess froatt may bé ddapted ¢etbenklit drgposthd invention are

throygh the center. o he adow frane, 558. . t he
descdbecd{ ﬁ?p?fd?‘ﬁ"@ ”'F‘%df %ea%enhé\peﬁatwnpggngrﬁﬁsf gr1/131’009
i-n h 5 '
(docH¥tSRERTPAMATI00H6 e 8AEY 1672065 MRlecd Birothd BEHGE 16Fa PVD
chambefrt sby hé&salllbolkskyf r edoeksb8namber:t AMATATARE0)s hiitkdd “Substrate

562.. Wien_the sheet su rt 504 ed into the
MoveTBa AR3oPiatsS fehamBEEL FineshlnamByntl ity Phets AlE 144167377
(docKet Hunis: ANVEST/1804PRPfiled WM Jurd 19750668, HRigPPrbceiMKitDesign to

positi oned bel ow the chanber shield 562 and the access

Reduser Padiss: Generatinpetbyshe ated/., talleaf pbicheats bargyoincorporated by
refergﬁ%ﬁ@gpgggglﬁf%fégphysi cal vapor deposition process

ugh the access port 556 on the
sidewal I s 552 whil e cl eaning the shadow frane 558 and
[0086f he Abashoeyn BhFigjule K2 confrdllgri 580 (nirclirteamy imedace with and
sel ectively noved through the shee supPort 504

t
contrgbg%rg)L{%@o Regents oJ t yeicahyapRr tiagy prosess §8ﬁ”‘tb&" 500.
kdni b hes t
The pARICIICY 9D, By 3RAURES o bl Bhething YCHEFN) 384, support
circuits 596 smd & xmamoryr592 ThHeeCpluy 5§94 ahaw be anedafparsi foirmnof computer
rocess chamber 500, such .as a .single armtobot . or
procesar Tt anohis sed e anrindhistial Skting der caliraying Yarinlis gambers,
appafitBséd, €58d BhamberapeMshdrafd, OThadWiemBBY K9P &R§ software, or any
fragnents bonded together in order to surround the

compsder-isiadable pedivrorcaspledhto dheiPY 1594 owssbe e or more readily

avai g oRETar Pt Tl A KRR AGRRS sl By read only

B Ratdcaisk 0CDSEIobpY dS .or Bhylsther @5tth ofl@Rfital storage, for
memnﬁﬁ er':w)gl\/AT/ 9566) fil ggyon Ma;l; 13/, 2865, titl gjgt@ o

local "oty iemmRie JBT énempbt storegey ERardPorthgiredis dIy kg coupled to the

( . ) i " S . .
CPU R 187 0Lt BE CPE 2Rn e fEniichahiaRhr. Thege cirouit
include caclepolidrigiipples, dlocic&iecuitsy inpat/oufphTirtGitry2 sutbsystems, and
.on June 27, 2005, titled "Process Kit Design to Reduce
the lik®y ¢ i cl e Generation” by Le et al., all of which are
her eby i ncorporated by

[0087] Figure 6 depicts one example of an electro-chemical plating system that
may be used herein, such as an Electra integrated Electro-Chemical Plating (iECP)
System or a Slim Cell plating system, available from Applied Materials, Inc., of Santa
Clara, California. In addition, any system enabling electrochemical processing using
the methods or techniques described herein may also be used.

[0088] An electroplating system platform 600 generally includes a loading station
610, a spin-rinse-dry (SRD) station 612, a mainframe 614, and an electrolyte
replenishing system 620. Additionally, the electroplating system platform 600 may
be enclosed in a clean environment using panels, such as plexiglass panels.
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reference in their entireties. [0086] As shown in

Figure 5, a controller 590 is included to interface
wowao/1eq18o cont rol vari ous conponents of the phpGT/U81006/060568

vapor deposition process chanber 500. The controller

590 typically includes a central processing unit (CPU)

594, support circuits 596 and a nenory 592. The CPU

594 may be one of any form of conputer processor that

[oosgran Tiee mzﬁdfr;%meaﬁm eénetallyainciees ijan grqéinnﬁgamentramsféi station 616
varil ous anpers, apparatuses, and chanoper .
and aplurglie e P@C%ﬁ'@grﬁégﬁ?’}ﬁ éﬁ% Ak PrOseENAL Statign 18 includes one
o | ' ' .
or m¥TRLSLeh GAE ROTRY| UG Rashig SRS pone:
adjaceat duenetectepdatingeystenRpldiformetD anldycomestgd (g processing

cos oo By el R s s ShE e b pocess. e

lect@pitM@Csystérd SIHEBRN 60D BIEY! heluads icBnfBHBYsEm 622 "picall
o I?BU @g4s¥sor S?Jpporti ng the lCPU 594 i nna cg*lventi onaflglplca ya
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[0092] Although the invention has been described in accordance with certain
embodiments and examples, the invention is not meant to be limited thereto. The
PVD process and electroplating process described herein can be carried out using
other PVD chambers or plating systems, adjusting various processing parameters,
pressure, and temperature so as to obtain high quality films at practical deposition
rates. It is understood that embodiments of the invention include scaling up or
scaling down any of the process parameter/variables as described herein according-

to sheet sizes, chamber conditions, efc., among others.

27



programmabl e m croprocessor. The control system 222
al so provides electrical power to the conponents of
wao b@789asem and i ncl udes a control panel 623 tP@EL/US2006/060568

all ows an operator to nonitor and operate the
el ectropl ati ng system pl atform 600. [0090] The | oadi ng
station 610 typically includes one or nore sheet
cassette receiving areas 624, one or nore | oading

[0093}st at\i’vcvmettherfef@omg)iwﬁﬁ?eﬁé& terembddihmemts obtiee phesint invention,

ntor 630, The nunher of sheet cassette recejving
Otheraff‘ @“h%a%mhad'é'ﬂ%ﬁtﬁ the dRegndion; meytke G‘?S'seﬁﬁwﬂ&%éiepamng
I

from B B8 o 1TE0E A 1h8 OB AAACLRR Bl AR Ao faims that

follow.he system A sheet cassette containing a plurality of
sheets is | oaded onto the sheet cassette receiving
area 624 to introduce sheets into the electroplating
system pl at f orm 600. [0091] The | oadi ng station
transfer robot 628 transfers sheets between the sheet
cassette and the sheet orientor 630. The sheet
orientor 630 positions each sheet in a desired
orientation to ensure that each sheet is properly
processed. The | oading station transfer robot 628 al so
transfers sheets between the | oading station 610 and
the SRD station 612. [0092] Although the invention has
been described in accordance with certain enbodi nents
and exanples, the invention is not neant to be limted
thereto. The PVD process and el ectropl ati ng process
descri bed herein can be carried out using other PVD
chanbers or plating systens, adjusting various
processi ng paranmeters, pressure, and tenperature so as
to obtain high quality filns at practical deposition
rates. It is understood that enbodi nents of the
i nvention include scaling up or scaling down any of
the process paraneter/variables as descri bed herein
according to sheet sizes, chanber conditions, etc.,
anong ot hers.[0093] Wile the foregoing is directed to
enbodi nents of the present invention, other and
further enbodi nents of the invention nay be devised
W t hout departing fromthe basic scope thereof, and
the scope thereof is determ ned by the clains that
follow Clainms: 1. A nethod for formng netal contact
and wiring on a sheet, conprising: depositing an
antireflective coating |layer on the surface of the
sheet ;
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formng a pattern of a photoresist material for
contact netallization on the surface of the sheet;
w@enorngpishe photoresi st material; etching the PCT/US2006/060568

antireflective coating | ayer through the pattern of

t he photoresist material; cleaning the surface of the

sheet; depositing a filmstack having the first netal

material and a second netal material over the surface
Claimé: t he sheet inside a physical vapor deposition

chanber; stripping the photoresist material off the

surface of the sheet; annealing the sheet for formng

B I PR
t 1R pe5iEiRY -anfantitefediRE ROALIAG 15)crioM the SHHAEE I0R tHd 8heet;

ant i r_efl ective coating | ayer ‘conprises si [icon nitride
f donmeing i an piatterm of len pbetoresisic vtaterialrfomaontadrroetallization on the
nsi,sting.of a plasma enhanced cheni cal vapor
S“”aggaiﬂle{ ?'?J%etthanber (PECVD) and a physical vapor

denday the phetoredist matdyi);. . 3. The nethod of claiml,
wherein the Eattern of the photoresist material is
2]

f Gi¢hing Be iankjedleciive pating layer tvoughtthedpaiteraiofithe photoresist
mateligerein the first metal material conprises a material
sefected fromthe group consisting of nickel,

t ictemmingrthensurfdodesfuhe shbef;r al | oys, and conbi nati ons
t her eof .. 1, wherein the second

5. _The nethod, of claim
meERPSIHAG A ifilN ¥arpMaying theniisirmatal featespkand ra secped metal
i sk A Skl s~ B ANH hei .
matofipler IR0 SLTALE B the SHRRRfsid 2 HFficaly 50 teloghigR chamber.
clstrippirlg thehphatoresistandterikl oféthe surbdcer ofdheiskedtEposi t ed

tl f f .the sheet insi . Ch
S anDeelitp A SR J0G arling R8N Seiart detwBER 165 Buf "akCand the
sheetl@p@si tion chanber, an electroplating cell, an

el ectrol ess deposition chanber. 7. The nethod of claim
1 dephsiting @ bulk imgiahgatearial prer ibecstirtaceraithke sheet s

2. The method of claim 1, wherein the antireflective coating layer comprises
silicon nitride formed inside a chamber selected from the group consisting of a
plasma enhanced chemical vapor deposition chamber (PECVD) and a physical

vapor deposition chamber (PVD)..

3. The method of claim 1, wherein the pattern of the photoresist material is

formed by inkjet printing.

4. The method of claim 1, wherein the first metal material comprises a material
selected from the group consisting of nickel, titanium, molybdenum, their alloys, and

combinations thereof.

5. The method of claim 1, wherein the second metal material comprises a
material selected from the group consisting of copper, silver, aluminum, their alloys,

and combinations thereof.
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performed before the bulk nmetal material is deposited
over the surface of the sheet. 8. The nethod of claim
wa00rheried n stri ppi ng the photoresi st materi al PEHUS2006/060568
performed after the bulk nmetal material is deposited
over the surface of the sheet. 9. The nethod of claim
1, wherein annealing is perforned inside a chanber
selected fromthe group consisting of an annealing
furnace and a rapid thermal processing chanber. 10.
The nethod of claim1, further conprising depositi ng a
6. pzﬁ@i wgthashof %l?'@? Towbereindhe huflgietalimatediak isedgposited over the
. r . .
surtaf3 Sy §5 Bcthg 8 ke Loy SOBRILE 98 HELFL08 consising o
a phisjpati vapbrowdapositiens whbaterofan helestreplating 2cellhean electroless
..th%?_ll of claim 11, further conprising filling
depoglggp BIMG 't h netal materials. 13. The nmethod of claim
1, further conprising formng a pattern of a second
photoresi st material after depositing the bul k netal
7.  mdther iragthod oheclaimf 4cewlgreimestdppiog. thet. photoresisthoraterial is
of claim rein,the f.irst, netal  material i
perfofjpgf bR e tha BAK Fiefhy iserit S ePhatve BRGTheRyrigke gfine sheet
about 80 nm 15. The nethod of claim1l, wherein the
first metal material is deposited to a thickness of o
8. bdthgednethpduof sdain Andvherein HUppiRg the. photeresisthoepterial is

il YRR 1 ShodHs Al g s

17. A nethod for formng netal contact and wiring on a
sheet, conprising: depositing an, antireflect

9. cdke methed &f d@m e V_%!mrfaiacenraﬁalmse'ssﬂ%ré@r,meﬂneﬁi% 8 chamber
seledtéd &I tRE %oﬂﬂ%t sgs'ifggﬁ?ﬂﬁheér?r?eﬁiﬁarfu?%@%d_ a rapid thermal

nmetallizatidn on ace o e~sheet; curing

processotgchenber.mat eri al ; etching the antireflective
coating layer through the pattern of the photoresist
materi al; cleaning the surface of the sheet;

10. The method of claim 1, further comprising depositing a passivation layer over

the surface of the sheet.

11. The method of claim 1, further comprising forming features before the

antireflective coating layer is deposited over the surface of the sheet.

12. The method of claim 11, further comprising filling features with metal

materials.
13. The method of claim 1, further comprising forming a pattern of a second
photoresist material after depositing the bulk metal material on the surface of the

sheet.

14. The method of claim 1, wherein the first metal material is deposited to a

thickness of between about 40 nm and about 80 nm.
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depositing a filmstack having the first netal
material and a second netal material over the surface
wooorhes18heet inside a physical vapor depositiPCI/US2006/060568
chanber; depositing a bulk netal material over the
surface of the sheet inside an electroplating system
18. The nmethod of claim 17, further conprising
stripping the photoresist material off the surface of
15. THee nséthed off claimt he whereinmthelfirstatstalamaterialeisodepesited to a
.19, nmet hod o | ai m fu er conpri sing
thickigssigf heargeeR@opHboG PaLpad Shabbsdd iyt { The suct ace of
the sheet before the bulk netal material is deposited.
20. The nmethod of claim 17, further conprising
16. Theneaethad othelaimed: whareinothe figstgowtalc ovaterial isedepesited to a
the film k and, the sheet. 2 1. The nethod of claim
tthkl’ie)SS qfﬁ%g%a@&%PrE ﬂ% formng a pattern of a second
photoresi st material. 22. The nmethod of claim2 1,
further conprising etching the bul k netal nateri al . 23.

17. AAnmethad fos fomingimejaheariactcané wwmga?ma\ﬁheeh@ompr@mg
> B8Ry HpArtBfotBRRBING MR Brfib subBbL 8F e/ Sheet,

p&brneing anpaﬁenh@f@I phoiresist atatedialffor obatacmcrhetalllzatlon on the

metallization on the surface of the sheet; curing the
surfagp of Hiecshast; material ; etching the anti reflective

%?Ebgaléa%{?(oréggmgﬁefahe pattern of the photoresist

eani n Surface of the sheet;
degpciing itme aatifaflectiva aoktinmiayeg tlmtwghlthetpaﬂanalof the photoresist
ma]terl al and a second netal nmaterial over the surface :
mategal t he sheet inside a physical vapor deposition

C RpgHig th%tgdrggyertgtﬁgghggptoremst material off the

surface of the sheet; annéaling the sheet for forning
gdeuosmng a il estagemaving the first traetal anateﬂabasdeeetsecamj metal

matefiFi e s Spfertior ik wiss T e raBiEL Y REpSER aoer

TiiepBBitingda Wulk| et drateridl oher tn@rmrrfewengf $ie igheiebdnside an
t he phot oresi st materi al
electroplating system.

18. The method of claim 17, further comprising stripping the photoresist material

off the surface of the sheet after the bulk metal material is deposited.

19. The method of claim 17, further comprising stripping the photoresist material
off the surface of the sheet before the bulk metal material is deposited.

20. The method of claim 17, further comprising annealing the sheet for forming

good contact between the film stack and the sheet.

21. The method of claim 17, further comprising forming a pattern of a second

photoresist material.

22. The method of claim 21, further comprising etching the bulk metal material.
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off the surface of the sheet.

WO 2007/106180 PCT/US2006/060568

23. A method for forming metal contact and wiring on a sheet, comprising:

depositing an antireflective coating layer on the surface of the sheet;

forming a pattern of a photoresist material for contact metallization on the
surface of the sheet;

curing the photoresist material;

etching the antireflective coating layer through the pattern of the photoresist
material;

cleaning the surface of the sheet;

depositing a film stack having the first metal material and a second metal
material over the surface of the sheet inside a physical vapor deposition chamber;

stripping the photoresist material off the surface of the sheet;

annealing the sheet for forming good contact between the film stack and the
sheet; and

depositing a bulk metal material over the surface of the sheet inside an

electroless deposition system.

24.  The method of claim 23, further comprising stripping the photoresist material

off the surface of the sheet.
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