5437 FCT CONDUCTI VE | NKS TECHNI CAL FI ELD [ 0001] Enbodi nents of the present
invention relate to conductive inks that are substantially free of

gl ass fliwoas@/gmspovol taic cells having conductive gri #Criuse@®opsined from
5conductive inks that are substantially free of glass frit. BACKGROUND
10002]C32?ﬂ§¢tve i nks or pastes are used to formnetal contacts, such as
silver 1dl rhes and bus bars, on the surface of substrates such as
silicon. Such substrates can be used in solar cells or photovoltaic cells
that convert solar energy to electrical energy when 10 photons from
sunlight excite electrons in semcoNtuzt@ye Nk t he val ance band to the
conducti on band The el ectrons which flow in the conduction band are

col | ected the netal contacts. Crystalline silicon solar cells in today's
i ndust ryl 8y coated with an anti-reflection coating to pronote

light a t|on inc
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anti-reflection coatings often conprise silicon nitride, titanium oxide or

si | i &on condugéve ipbotba) comdsintialy ﬁeﬁl@§8]ta§5pﬁ'éal ly include a glass frit, netal
partlcl§§uﬁ£ ROoglsti ve species and an organic nedium The netal partlcles
usual |y siTver particles, provide conductive properties and function as

current[@Mﬂ]ector@ommmmweiﬂmnmﬂm@msmﬁ:uhﬂ toefoah wetat aotacts, spch To sflvarm t he

netal contacts uctiv rinted onto.the

subst r atggéf SPhd u? Pact Sﬁkﬁ?ceerr%fgsﬁlgﬁtlﬁteé stgh F%%ﬂl?(glnggﬁj%f I‘a‘? © %@% Cto
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flrlng tenperature used is lower than the eutectjc point of silver and
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ohm c contact wth 2bsubstrate. [0004] Conventional conductive pastes
i ncor pocaitectyl Egstatlitetsslicon saliatcalistim tastapsdndustyy aieetypiselll costedtwigh esattp g
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can |i quedi-yeflep@dh coating also works as an insulator by preventing electrons from ttansfeumg
15  from the substrate to the metal contacts. The anti-reflection coatings often comprise silicon
nitride, titanium oxide or silicon oxide.
[0003] Conductive inks typically include a glass frit, metal particles or conductive
species and an organic medium. The metal particles, usually silver particles, provide
conductive properties and function as current collectors after formation of the metal contacts.
20 To form the metal contacts, conductive inks are printed onto the substrate. The substrate is
then fired at a temperature in the range of about 650° C to about 950° C. In most instances, a
sintering aid is needed because the firing temperature used is lower than the eutectic point of
silver and silicon, and the silver melting point. In addition, the conductive ink should
penetrate the anti-reflection coating to form metal contacts having ohmic contact with the
25  substrate.
[0004] Conventional conductive pastes incorporate glass frits to aid with sintering the
metal particles to a substrate and to promote adhesion and ohmic contact between the formed
metal contact and the substrate, Depending on the formulation, glass frits can liquefy upon
firing at a temperature between about 300°C and 600°C. When the glass fiit liquefies, it tends

30 to flow toward the interface between the metal particles or silver particles and the anti-




firing at a tenperature between about 300C and 600C. When the glass flit
liquefies, it tends 30to flow toward the interface between the netal
particl esworoeyaovzsp particles and the anti- WO PCT/US2009/032112

2009/ 097269PCT/ US2009/ 032112 5437 PCT refl ection coating di sposed on the
subst ratg g@,ﬁerrel ted glass dissolves the anti-reflection coating materials
as wel | ? %7 of the silver and substrate. Once the tenperature
decreases, the nolten silver and the rrel ted or di ssol ved substrate
recrystalllze t hrough the |iquid phas As esult, some of thﬁ silver
cryst al |1¢ﬂee§orap@trag|d@ppwdp@n@ﬁ rsabSélateheTlsﬁwwk%# glé%fvt digrelven her angingfleddiopgr m
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SUMMARY
[0007] According to one aspect of the present invention, conductive inks are provided

which utilize etching agents that provide similar functions as glass frits during the firing
process. Specifically, one or more embodiments of the present invention pertain to a
25  conductive ink which includes a plurality of metallo-organic components and a conductive
species, where the metallo-organic components form a solid metal oxide phase upon firing or
heating. In at least one embodiment, the conductive ink is substantially free of frit. As used
throughout this application, the term “substantially frec of frit” shall mean having glass frit in
an amount less than about 1% by weight. Further, as used throughout this application, the

30 terms “paste” and “ink” shall be used interchangeably.




5437 puT [1:1008] While the present invention should not be bound by theory,
it is believed that glass frits are not ideal nmaterials for the
fire-throNgQlOEYOTBW8s because glass is not a conductive BATAISR@EP/03A1MH2
particular, glass has the tendency to cap the silver crystallites at the
metal contact-substrate interface. Mreover, glass forns an insulating
phase an@3TRtérferes with 5 electron flow Appl yi ng conductive i nks
incorporating glass flits using ink-jet printing nethods can al so be

probl ematic as the coarse particulates of the flit can clog or, obstruct the

parts. [[0B89] Accordhiligthe progens imrentior ehoalddperbeitg! yrtheary. i mishieyegbatt he
conduct iye. hiKare ngﬁiﬂeé?%'gl%&}%ﬁtf%pfh' ﬁ'%&f&fgﬁgn‘éges Belch s@?glséif $0t £#Wrlaulihg use of
the conditt Ve EPec et MY st ead 10 Using & plurallty of precursors,

wher ei n n@ingiabr Tnglagicofar,t flessphacthe sardendyotoncap el siltemmetystallioosi atethphmestad and

one or nore colr;d_uctj ve_ net %el e(regrits Apon fi rilng. 100101l n one enhodi ment
of the SPRSHmTPSHFIGrB MAERIED 8 TS o syadng RUFSE S dnErdet 8 he

surf gce btéh SWRST AhRIMPeShdRBING GRE iBRrpRatitde oSO Sits alsrgl nkijdteprahisgnce of
a flit. I'n another enbod nent, upon firing, the conductive ink is adapted

to decompstwds chealpebapioblempte ay haspase parperart of the fitLay cloems co¥rghitec
medi um %Rsform a solid netal oxide phase and to cause the conductive
speci esPf>forman electrical conductor on the substrate. According to
anot her [@09pdi nenhccoumfiog td bné ngmore ¢retatdiments af theridvantiow,eth¢ nendvaiiveniggk a

pluralit f precursors is.adapted to. deconp t he precursors. an ny
organi c c%%g? ﬁﬁ’?gtaflg?lﬁi %E\ees 8? flg %)Elagsé) ‘ﬁfﬂ‘ég‘ie UK ts%ﬁg%dug Y4 %Dr?ge%r%y ﬁ%s?eeaﬁ
condyct iyyigg ABldlit bEFeNisory SRfent 8k drondrobthe Pre€lnesits forpd sotidaend wrider on
the substrate. [0011] When a _conductive ink according to one or nore

enbodi mihtss and oagysimese censlugiiveanelpl S @RIdTIROBATESat i ng di sposed on the
substr Aifozof he COﬁd&&t dnfodint o tﬁ@?ﬁ?ﬂln@ i¥entGD SbAdcting ifkB e r@Mdptedab! ecti on

coating 'to formohmc contact wt e substrate. 100121In a further
enbodi nadiere tchihe sanficta off iawebstrateutriohiappication tnidha stbsttetesip dled abserpgoth adBhs

il wder . | t di t he. i I tillzed i
he condutortas e AEht ShorbFaRa Ry IR AR S CRRRARE RS, o
t hans abepian®@mpbnentsCihli b3 otHer @ne MR, t6mhada seidt Betal dxédafiiaed 4mi-tor gani ¢

conponents are present in the conductive inks in an a nt | h bout
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another embodiment, upon firing or heating, a conductive ink having a plurality of precursors

is adapted to decompose the precursors and any organic medium, form a solid oxide phase,

and cause the one or more conductive metal elements generated to form an electrical
20 conductor on the substrate.

[0011] When a conductive ink according to one or more embodiments is applied to an

anti-reflection coating disposed on the substrate, the conductive ink is capable of penetrating

the anti-reflection coating to form ohmic contact with the substrate.

[0012] In a further embodiment, the conductive ink utilizes a conductive species such
25  as silver powder. In another embodiment, the conductive species utilized in the conductive

ink is capable of being sintered at a temperature greater than about 500° C.

[0013] In one or more embodiments, the metallo-organic components are present in

the conductive inks in an amount less than about 40% by weight. In another embodiment the

plurality of precursors are present in the conductive inks in an amount less than about 90% by
30  weight. Metallo-organic components and/or precursors according to one or more

embodiments include one or more metal elements selected from Group IIIA, Group IVA,




plurality of precursors are present in the conductive inks in an anmount

| ess than about 90% by 30wei ght. Metal | o-organi ¢ conponents and/ or

pr ecur sorwo20009diéAg to one or nore enbodi nents i ncl udePOMAISRAVMBX1E2 et al
el ements selected fromGoup ILIA Goup VA, WO

2009/ 097269PCT/ US2009/ 032112 5437 pc!' Group VA, titanium vanadi um or
zinc. M3f¥ Bpécific enbodi ments utilize metall o-organic conponents and/ or
precursors which include netal elenments selected from boron, alum num
silicon, bisnuth, zinc, vanadiumor titanium {)0014] Accordi ng to anot her
embodi mEmbupoV At kienpme senadiime ainco Mok specficiembodineits ktiBrsanctalieserganic
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aspect eficbd) disaiueig e, Vd&‘d@ﬁmldﬁltltan&mi ains to a photovoltaic cell conprising
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lines f oAl fronfecsdinairen IRgpt ‘i’flsthg H’(?é‘%"g&flf“ggﬁlq'}/@? F%’é&’(#vef i

one enbagi NEMincot ?até-gne Glofﬁgiécﬁﬁogﬁo'lﬁkkcohfhﬁhh@ ESmARn, 9 GersEA AT @
conductive species and lurality of netalloorganic conponents. |In another

enbodi mertal oxide, wdﬁmdudtqndﬂémetﬁﬂ(susnmsmés one or nore precursors capable of
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conductl nk used 1h O otovoltal een
fired tQothpiidinghisainicoaducha\subxgrase, mtaah—mﬂﬁcdm pdmimg, andcandudivdugrid Messpeci es

and has been processed to 1 enmove, t he, or gani edium and ,si.nt er

conduct i i@’@legﬁgﬂ‘@sconﬂ%‘g”@o‘ﬁgd[‘ﬂt ‘§é‘“§§5@§’iag3§q€?§ec§ ‘lnﬁ A o P AR rré‘ﬁt is a

si | ygr Q&M%veaﬂaféllmudé aft BRARIcanQfiuked Behdsétieabedesainda fleRRST Etkitgligr eat er

t han about 500C. In a further enbodinment, the conductive ink is disposed on

an anti orghicecmimnersdat innajodiet embodiasab the spngusHer fink ingidenenc or more
anti-ref {e%ﬁztsblg NSt 61“@1&19@ OQF:LS}]R{[BE%QNQQ £ AGhetf élﬂﬂérﬁ@u gﬁrn{gat Burthéfle

anti-reflgction oat| ng con uct| ve eposited I'n one
or nor e ttendvadidtientisk eselcinbloms ehibgdiimee‘sbfsﬂle\phbgovoltm célhpesdesn tina! whiarge

carrier transfer.in the circu fbre out | ined t her
br oad| ygb‘gll”leél}ﬁ“f’gé’t E Oéqua P#"%%h‘{?lg f"lrﬁé}%{éﬁt %’5 gs 8‘fqd F?‘febeﬁpéjég‘f?tsseflr{\%ent i on.
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embodi ments disclosed may be readily utilized as a basis for nodifying or

25 des illgﬁﬂoﬁyi emhedimsntrig asilyas powrersing s iswraklp phbsing ﬁ@te‘:?é@b%teéfpef%‘ée present
mvent Gt g oslcoey el ey, KRRSpSAL I impbltongiafbet suet
i nvent i eafleaiors etatihgrant i wapdhle ap pentieihg thei angi-reflection coating to form ohmic
contact with the substrate. The anti-reflection coating on which the conductive ink is
20  deposited in one or more embodiments exhibits high resistivity that impedes the charge carrier
transfer in the circuit.
[0016] The foregoing has outlined rather broadly certain features and technical
advantages of the present invention. Tt should be appreciated by those skilled in the art that
the specific embodiments disclosed may be readily utilized as a basis for modifying or
25  designing other structures or processes within the scope of the present invention, It should

also be realized by those skilled in the art that such equivalent constructions do not depart

from the spirit and scope of the invention as set forth in the appended claims.

DETAILED DESCRIPTION

[0017] Before describing several exemplary embodiments of the invention, it is to be

30  understood that the invention is not limited to the details of construction or process steps set




DETAI LED DESCRI PTI ON [ 0017] Bef ore descri bi ng several exenplary enbodi nents
of the invention, it is to be 30understood that the invention is not
limted twWoth®/dexai | s of construction or process stepsPSEUS2000032112

2009/ 097269PCT/ US2009/ 032112 5437 .PCT forth in the follow ng description.
The invention is capable of other enbodl ments and of being practiced or

bei ng cat¥i®dlout in various ways. [0018] Aspects of the present invention

i ncor porate conductive species and/or precursors to forma conductive ink
being substantially free of frit, which will now be 5 discussed in greater
det ai | . fdtheinuths doBoveiag doriatior. nfihgamectupr scupside of other ambedimentaland aift (f or
exanpl e, silve ganl c conponent that forns a

conduct P88 H’é‘?é‘?egé’lré%ﬁ%ml}%ﬂ"tf‘? V"'frﬁ)dls ng?(écur sors [0019] Certai n embodi ments

omt thepodSp of cRgRbEt bivehs pr&kRs ibRftion NedogRiate Uddntlictive Spdcies emifcﬁor s
that, upon tiring, formone or, nore CO'H_‘\gUCtI e rretg el enent si §Sed
her ei n, PEREs@Erth ﬁ’%rﬂiﬁ%‘ﬁ”%"%’é‘ﬂ‘a‘l’e“& svnstptally fee ofddt culpe Villgiaw, &F  gol d,

plat “Umsélﬁgéc% LG e QHSofFRhA DS aﬁ%@iﬂf@)ﬁl@&ﬁéo‘? @&htﬂ%rrﬁ&fﬂ sa@(ﬁn or nore

eq
enbodi ments utl I%Q zZe botL1 conHuctlve speci es and precursors which form
conduct examplet silvee nireit o a 11062103- frxrgemas@nmonmtetémtr sumg avspieductivy metal
conductiyve netal .el ements upon firing can 15be useful to forminks w thout
nmet al pg%gf“ie@l@émfelflgt hin filmapplications. While the present invention
shoul d peécuberbound by theory, it is believed that particul ate-free inks or

i nks which do not _utilize conducti,v pecies prevent ,aggl operation. i ssues
that calf®pl se duFsgn spprdingats SH’“bﬁed‘é‘?}&]ﬁ&?ngé“‘ferﬁi’gmﬁi/g’lﬂii’ F'@E‘?B’p‘t‘ ﬂﬁf’l ng,
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20[ e or nor di ments of the present invention include conducti ve
i nks havmmg“amdectmarneteheiemmaf||oclmlagamp@erprselm; sold, mhatifimnlapg/or other

met al | o; organl C%is an 881%&%'&%% e(fn%}t @n@'o‘ﬂ q@éﬁi&ocﬁ%%unﬁi@% L HRgudiRt al

carboxypé? as n canoa acetates and propionates, netal al koxide
and met aibeclb@ﬁﬁd@xaﬁsow\/whmhf@ﬂecos;ﬁmtivagieyalsmhmbise or insoluble in water.

Met al | 0- organi cs can al so contal ar o tl.c or aliphatic S and are
somet i mEY¥2 ghr ef er FREGUSE P PLecHEspLs whi gk¥%5‘t‘i§’§' YHR qut'ag %&ﬁ géof'%

congk st g gﬁef&rt@l{eﬁn s Wil fefdl pABLIES TR thALMET agpiibailons. WIDRUEE Bresédther

sui tabl e netall o-organi c precursors include netal nercaptides. The,

met al | oinyegjéoni shoeld mpbbrebrund by drgoryn itdnbelisvechibpieragtinybg- ﬁf%mgs eiikhwbish nor e

than oNGo o aﬁltll%%Omnductwe species prevent agglomeration issues that can arise during

application of conductive inks by direct printing, such as by spray or ink-jet print processes.
Metallo-organic Components

20  [0021] One or more embodiments of the present invention include conductive inks
having more than one metallo-organic precursor. Generally, metallo-organics are compounds
containing metal atoms, including metal carboxylate such as neodecanoates, acetates and
propionates, metal alkoxide and metal complexes, which are sparingly soluble or insoluble in
water. Metallo-organics can also contain any aromatic or aliphatic groups and are sometimes

25  referred to as metal resinates when the organic pottion consists of groups derived from resins
or other natural products. Other suitable metallo-organic precursors include metal
mercaptides. The metallo-organic components used in one or more embodiments can have
more than one metal atom,
[0022] Examples of metallo-organic components used with one or more conductive

30 inks include a combination of boron-metallo-organic, aluminum-metallo-organic, silicon-

metallo-organic, bismuth-metallo-organic, zinc-metallo-organic and vanadium-metallo-




[ 0022] Exanpl es of netal |l o-organi c conponents used with one or nore
conductive 30i nks include a conbi nati on of boron-netall o-organic,

al um numwetelvwspgani c, silicon- netall o-organic, PCT/US2009/032112

bi smut h-net al | o- organi c, zinc-netallo-organic and vanadiumnetallo- WO
2009/ 097269PCT/ US2009/ 032112 5437 PCT organi ¢ conmponents. Soneti nes

met al | 058#4BAT cs and organo-netal lics are defined as two categories. As
used t hroughout this application, the term"netall o-organic" includes both
nmet al | o-organi cs and organo-netallics. [00231Wile the present invention
shoul d motaniecdoponehthy Stinetdngs, metallp-srdarics end drgahametabliagpon défined rig twohe
nmetal | o-organi c co nts, wll. deconpose, and the LG Pporti re
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he genenaifd-orddiicsaR®uan®etllidsd material generated after firing is

referred as "solid content or, the, netall oorganic, conponents. b i.ght
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percent. Wthqut.bheing. limted by theory, it is._heliev ith the
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to forman electrical conductor on or form.ohmc contact.wth the
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photovoltaic cell or an autonotive glass. As stated ot herw se herein, one
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can include at |east one netallo-organi e conponent sel ected from bisnuth

i net al | gervicgarhvicios, a Miolavelisic aelt el nowémeRive elisands gptcp SHERVIsRbAPN S Gani cs.
Furt her foge SHBRALEROLEMEMLhOf HilBe e Bn SRIRMEARDARRIonBbRIM! While
nmet al | o-'organics, silicon netal 'oorganics, boron netallo-organics, alum num
met al | otlay gehcinyertion shomd abi e brugd iy ¢seoan df brbeliard dhal thavesealf Inwrothgani cs.

Singl e one mel GptgRpiR0l e dieias haes bF BORTaNaR Met - Cre e ke an be

S Can be

added t gnihme MRtAblReRiGMPndconMponent s as nodifiers to enhance a certain
el ement content or bring in new properties. For

WO
2009/ 09 TBB4PCT/ USPome /o0 B@te gmbodiments of the invention, the metallo-organic components
included bismuth metallo-organics, silicon metallo-organics and boron metallo-organics.

Other embodiments can include at least one metallo-organic component selected from

bismuth metallo-organics, silicon metallo-organics and/or boron metallo-organics. Further
25  embodiments can include one or combinations of bismuth metallo-organics, silicon metallo-

organics, boron metallo-organics, aluminum metallo-organics, zinc metallo-organics and/or

vanadium metallo-organics.

[0025] According to one or more embodiments, to achieve desired properties, single

element or metal oxides or colloidal metal suspensions can be added to the metallo-organic

30  components as modifiers to enhance a certain element content or bring in new propetties. For




5437 PCT exanpl e, phosphorous, P205 or other type of phosphorous-contained
conpound can be added to neke sel f-doping pastes for use in solar cel

appl i cat iIwax00940@6] | n addition, base netal netall o-orgRaTASZWAPIR1ENt S can
i nprove the filmbonding in |ow tenperature applications. For exanple,
silver powders, nano-silver 5suspensions and base netal netallo-organic
conponeld$’ Pebvi de good conductivity and bonding to ceramic and conf brnal
substrates. The conformal substrates can include but are not limted to
soft substrates, such as Mylar, Kaptoe, Kaladex(r) and Melinex.

[ 0027] Mekdiogls, phosphnraus, R:Be oapthewctgpe béphosgioravs-contamed aeropatnd cpik be addedy of
nmet al | o- organhg conpogen s _used N@t@ th gonductive i nks according to
embodi méhPakoielirdpRIMg PAYET lﬂﬁvﬂﬁ%ﬁk?:ﬁ@pﬁﬁ'ﬁﬁﬁﬂdditional factors for

f or mul aggg) et al 1n0adfi@a)i tase HERA NB&AIS-FRnibeoaposimte kad ihproadiths filih he

resulting@&roperties. One consi deration includ?s controlljng the .

aggr essboedies sinolovt HempBHYFC BPRIEAtNS. onf e hexampls, . sver deydst: dBAPTPHE and t o
avoid ¢ L DRtiQn ! i slider @bl dRdnlRgivid esd
selegti§§£§ﬂ%ﬂ§rﬁglb%%8%%%%g#%?%ﬁﬁgﬁ%f?gﬁgg%gﬁage in!$%e rgn{elfgon1about
2000 C bonditg it cdiffic @nd confrnaal stbstiates.age coefpunal isnestiates chie incfude byt feof i | e,

to provide.enough ti and heat [eothe sad i ] r onposed fromthe
netalI098665W?@gé%%ﬂ§ﬁ8%?§5?0z? éﬂ@‘m?gﬁo?hgggﬁﬁgiﬁgﬁggﬂggécies and

aﬂt i-r elfllil}zf;’] i Ondcpﬁfﬂbﬁg kndEhEiruﬂle)aﬁf caifticalsed & fomyland g uralitywitreetpiér-at ur e
chem cal vapor deposition ("CVD') precursors c¢an be cansider for
adj ust i ﬁggaﬂ%éoa@ewﬁb%ﬁeéi% the spiedustive ks Accopfing o RmuEets of ‘38 ATSHY udes
sel ggti ng.ABs 2! | 0- organi c conponents whi ch have a consistency suitable for
printing or ich can al so he used as rheol ogy nodifiers. Conductive

Speci es [(8R9] | n Additional nficerefbodpmpdating meélloongania i cpmppRgatutNaY P8s a

mon- |1 bRk ot BF el BtFhats SR bt Mo Behie AR B Ve
met al s apaBssden@ebdihe coppetiveint op et dntivafléatiop ovatimg@dd ar avpat donturisttionf or m
of the substrate. Another consideration includes selecting a thermal decomposition
15 temperature in the range from about 200° C to about 500° C or in another range depending on
thé firing profile, to provide enough time and heat for the solid mixtures decomposed from the
metallo-organic components to react with the conductive species and anti-reflection coating,
The use of metal carboxylates or low temperature chemical vapor deposition (“CVD”)
precursors can be considered for adjusting the decomposition temperature. A third
20 consideration includes selecting metallo-organic components which have a consistency
suitable for printing or which can also be used as rheology modifiers.
Conductive Species
[0029] In one or more embodiments, the conductive ink utilizes a conductive species
such as silver in powdered or patticulate form. Other non-limiting examples of suitable
25  conductive species include conductive metals such as gold, copper and platinum in powdered
or particulate form.
[0030}] The conductive species used in one or more embodiments can be in the form of
one or more fine powders of silver metal or silver alloys. According to one or more
embodiments, the conductive species should be capable of being sintered at a temperature

30  greater than about 500°C.




[ 0030] The conductive species used in one or nore enbodi nents can be in the
form of one or nore fine powders of silver netal or silver alloys.

Accor di ngvocove78p nore enbodi ments, the conductive speCiras2@bosdiez be
capabl e of being sintered at a tenperature 30greater than about 500C. WO
2009/ 097269PCT/ US2009/ 032112 5437 PCT O her Conponents [0031] The conducti ve
i nk accofdi MgTt o one or nore enbodiments may al so include an organic

vehi cl e. The organi c vehicle disperses the particul ate conponents and
facilitates transfer of the ink conposition onto a surface. In at |east one
enbodi nérther Cvepoegdni c 5 vehicle includes any suitably inert solvent,
resins onmon used .sur.f.act ant.s. ., Speci fj cal ] I.C: i..cl e

di ssol vi@b%tl e resJinK °°£ﬁ8"t8’ﬁé%?"s‘"’8§&‘%‘e" ((g:)néen‘!’ udéﬁ‘?\??ﬁs?g‘té‘%ﬁes?ﬁ%ﬁglsg iéflde

met al | 0RbgARicC/ehRIP ON@Ndgati® vélnelondapasadiie pinieularlcompunangs i theibitages

rheol ogy. Various organic vehicles with ar w.thout thbgﬁlﬁeni nghqggent.s

st abi | | #engeragfetiesink FAMBPSiER R0 G- dBi & 1635k 04 EMLRTiMgRY g Bieafise i n
the prepgfat 9@1&% th Ogm% i TR SoRknt NRsiRE efRANomMARL el shladuxagrpl es of
u S

sol vents include al co (I'ncludin gl ycols) as well as esters of such
al cohol Spedifieaigntbs orgauic vakiclsidirsokyps the resisiand disperaes thheondpriive sppsies agdeci fi ¢

sol vent s_incl ude.di but vyl t hal at e i . m?lile@ I her.,
terpi neg?e,taqﬂg's%%e}nﬂﬁ)ﬁ%%?%/ne?tg!} gtgialﬁoal cagﬁ%&é@%hgm %Yérq% )r/%"lﬁe?%bél , g{gg'ent?gl]rflkg%l i ol
nrolnoit jslolatglayrca_legiclfam aﬂ@?ﬁﬁu}ﬁﬁﬁfl&nhfgi dgems, s?ﬁtih‘némg sgefl’_matntdfajrsﬁ;ecconmmog Ca
volatile Ll qulds (O ronot € aster Iyl alter..a | 1Lon 0 a _supstrate.
15 [ 00324difiveist BUAbl e Fsean e MO o dhe mbaimbTS plfie arses InvhabRy)

cel iyl 0$8amPlel Bfﬁ&%ém@ R5i6de SIRSRMXYMERIDNS 015841k Hsasa andtedd besuck elcbkuigse

derivatives. Qther exanples include resins such as acrylic acid esters,

met hacr Wrpeneasich esbaewil, pobipeoingind diediisel Morgspagifionsalvasis ipelyde digy]

pol yket ones. spegi f i C L:oeat . | OSehor 8% B9 guUCh as
pol ymet Il?g%'? lf/lfe[at% gegho,ol%n%Z@PgOvl\elﬁ&gqupolh%lfersgp%?%ﬂ%ds?’eg?a %h#{oéoip%ea ?mr e spéecific
enbodi NnembethylRE3-peigamidd] \vadtotsobutyng. udescetiyddirceitd ulibgesilvengolhetrtss such

as pine oil, and nonobutyl ether ordiethylenc.glycol. [00341According to one
or nor ecawfﬁ'ad@%eﬁw#ﬁépﬁﬂmed{aﬁ ! %V'@ﬁﬁﬁﬁl WBH%&%%%{%SJ?S?%%S inthe

congygct iy@2) Nk capxailys G@nsdidBleabésnsaneiide @elyprddinete, byncthiye ddlomke,desired
formul ation” t heol ogy which, in turn, is determned by the printin

requi r emisrocelldeset erbeypmasnl qeHulopre apd Oﬂﬁﬁtﬁeﬂu‘@fﬁ)éﬁ?‘f%ﬁ?ss the SEAMES i ve

Lo, conigAkel et 0 rshouts i i ahieolids, paaotofio oo
conduct ipevingkisutyrals aad dolykamssl y conpri se
[0033] In one specific embodiment, solutions of resins such as polymethacrylates of
20  lower alcohols are used, while in a more specific embodiment, the organic vehicle includes
ethyl cellulose in solvents such as pine oil and monobutyl ether of diethylene glycol.
[0034] According to one or more embodiments, the ratio of organic vehicle to solids
in the conductive ink can vary considerably and is determined by the final desired formulation
rheology which, in turn, is determined by the printing requirements of the system. In one or
25  more embodiments, the conductive ink can contain about 50 to about 95% by weight solids
and about 5 to about 50% by weight organic vehicle.
[0035] One or more embodiments of the conductive inks may additionally comprise
further additives known in the art, such as colorants and staining agents, rheology modifiers,
adhesion enhancers, sintering inhibitors, green-strength modifiers, surfactants and the like.
30 [00306] The conductive ink according to one or more embodiments may be prepared

by suitable equipment, such as a triple-roll mill. Conductive species, metallo-organic




further additives known in the art, such as colorants and staining agents,
rheol ogy nodifiers, adhesion enhancers, sintering inhibitors,

gr een- st rEA@00Y/09oWPf i ers, surfactants and the |ike. 30[ @0BAISTIe/080muct i ve
i nk according to one or nore enbodi ments may be prepared by suitable

equi pnment, such as a triple-roll mll. Conductive species, netallo-organic
VO 2009/5887PEBPCT/ uS2009/ 032112 5437 PCT conponents, precursors, organic
vehicles and any other additives can be pre-mxed well then dispersed with
a triple-roll mll. Photovoltaic cells [0037I Another aspect of the present
i nvent i campemvisdpscifrenrs,Rvgangl vehichonmpd sy nipeeaddiivse pirchmpraotised welbgienat e, an
anti-reflectipn, €0 tin pn he substrate and conductive gridlines.

Accor di € &P?féedg i 'i‘)ﬁ ?"é Bodi ments, the conductive gridlines are | brncd
froma euodneithig@ellsnk substantially free of frit. One or nore of the

enmbodi nrents of conductive i nks di scl osed herein ag bﬁXUS d to farmthe
conduct ilMB7hr i di i Haetherspspest At e Ptfs%}‘r‘ién‘fﬁ““%ﬂ”@v B herttsS CHBPEShEn one

met a%l 0% %Q&m&%?g g*ﬂ%ﬂ&%nﬁn érﬁ1—1§9§dt Sthel SPdhe Tsh%tl%%ﬂ‘é%hd{ﬁtw@b idiean

penetrate or ve the antl-re ect| n coating on the substrate and
establ i s%cmﬂmgctocom amtmoteoe@Bt}dlmenmeﬂ'@r cmnetl\eneo@lmerﬁle fotnppsl from a

sem conduc or, substr sl s, B3R DS & | HRON: more QR oI AOLE SUARLLAL S knOWn

in the & as doped seni con Ofr Substrat es.
Accor di fdgicfo@edoﬁ&elﬁrcaﬁ%alsaﬂhﬂﬂjlﬂﬁhé sondutevaptidlineef Iﬁfmhﬂdmg toomtei argsorean

conprise 15titanium oxide, siljcon nitride or, qther cqatin no n the
art. [0@@@?¢ﬁ@nf§éﬁ91€6%h@{ed?et%ll?o%‘ﬁ?‘%? EOTHRRRCR ﬁﬁ?angg ﬁﬁﬁ&ﬁ‘ﬁ%&?@l IY%‘é‘l‘or

pol MEVY%Mt‘;}Héﬂ%ﬁe d lisQitve Meeanﬁ%ﬂedh%ﬁlc%amgoal eRAbINIGSe G0 RALRMPbIEY to the
substrate using chem ca vapor deposition techniques. In some enbodi nents,

pl asma eonftagiced chem cal vapor depositi on techni ques are used to apply the

anti -reflaglion cpaLing, SeripRnINENRT (R BSHEALERASERLM Gy BO shifopne or

nore e y al'so ore uce reflection of
sunl i ghtotesrcduaadianrciestiatee Idne\mlm afie absanma otilizeAc whchsn@)pbd) sem&onduchor e
enbodi nents, the conductive ink |sh‘t§per eaf er a o.the surface of the

subst r atePsHRCENAFCrURE HMEpedh BB EMRYPIBIS c1 BN e?‘fﬁ“rﬁ?a@gs SEhETREEhni que.

The 1§Ub§1gd'nﬁ¥|ﬁok|§e @ﬁﬁB@gltﬁ’d{eJi'oﬁlﬁgcééﬁnésﬁlmqn%é«tﬁﬁ of about 650" to 950 Cto
formgrid lines i'n one enbodi nent. As otherw se discussed in this

appl i cal®®8] the Thesemigandyctpr sibateic may@mpwwengm&e@wﬁ ine asfpoligeyiilline
conduct Lol "Mhe (B TEd-iN doRRRCLLALE abfift48! the LAILARLIRR ARAdNGapothe

conduct i V& specres used In con |ve according to 6ne enbodi nent of
t he i nvdspdsitionftechaiues.y &t sdrhd bmbochmwmth;qalasrnaecrﬂlamdoﬂnemo:aljumooldspcmmont he
substrate, which engance el ectri

or ohm cont ct be
conduct HeEnigHEs AfEseddfPR H&Q&%‘%&leg?ﬁé@i’ FRHES: | t%%‘%vﬁﬁ‘?‘?aat“%g TPize a
pl unal i ty off oSG WU fmentRy hisé bB@sched or textuled to zeduce reflection of sunlight

and enhance the level of absorption. According to one or more embodiments, the conductive
ink is thereafter applied to the surface of the substrate or anti-reflection coating by screen
printing or other technique. The substrate is heated or fired to a temperature of about 650° to
950° C to form grid lines in one embodiment. As otherwise discussed in this application, the
25  firing process allows the glass frit of known conductive inks to melt and penetrate the anti-
reflection coating. The conductive species used in conductive inks according to one
embodiment of the invention forms crystallites at the interface of conductors and the
substrate, which enhances electrical or ohmic contact between the conductors and the
semiconductor substrate. In embodiments that utilize a plurality of precursors, upon firing,
30 the one or more precutsors form one or more conductive elements which promote the

formation of electrical conductors on the substrate.




30 the one or nore precursors formone or nore conductive el enents which
pronote the formation of electrical conductors on the substrate. 5437 FCT
10040] W twiouvowaatsnadi ng to limt the invention in any nROMAIS200864B0d nent s
of the present invention will be nore fully described by the foll ow ng

exanpl esy4 LES [ 0041] Two inks or pastes (Ink A and Ink B) were tested,
wher ei n "bo inks included 5 silver powders, a plurality of netall o-organic
conmponents, resins and solvents. The anount of netallo or gani ¢ conponents
in Ink A erate % sol i d. cantent ., by. wei.ght and

ot al 1 o RN o cHehER LR F MRMEgmiRLTEd 367 nbifa TR gt i ghe.

The i nkgrapitenhiiod Rl BndofeaniEdtsédiiea by tenodewmgeRarhptes.cryst al [ ine silicon
solar cells. The perfornmance of each solar cell was neasured, with the

val ues ﬁ%@ﬂﬁ?Lﬁ%d with respect to Ink 10 A and reproduced in Table I.

he. pasti 1] nic o TR R T R I B R B RNy (o9

A 2951. @Dvdt.pﬁﬂldti@_a plulahty of metallo-organic components, resins and solvents. The amount
of metallo-organic components in Ink A generated 2% solid content by weight and the
amount of metallo-organic components in Ink B generated 3% solid content by weight. The
inks were printed and formed front contacts on two crystalline silicon solar cells. The

performance of each solar cell was measured, with the values normalized with respect to Tnk

10 A, and reproduced in Table 1.

Table 1: Effect of solid content generated by metallo-organic components in the paste.

Ink

Solid Content

Voo (V)

Js (mA/cm?)

Fill Factor

Efficiency (%)

A

2%

1.00

1.00

1.00

1.00

B

3%

0.99

1.03

L.75

178

15

20

25

[0042]

The “fill factor” and “efficiency” are measures of the performance of a

semiconductor., The term “fill factor” is defined as the ratio of the maximum power (Vi X
Jmp) divided by the product of short-circuit current density (Js¢) and open-circuit voltage (Vo)
in current - voltage (I-V) characterization of solar cells. The open circuit voltage (Voc) is the
maximum voltage obtainable under open-circuit conditions. The short circuit current density
(Jsc) is the maximum current density without the load under short-circuit conditions. The fill
factor (FF), is thus defined as (VipJmp)/(VocJse), Where Jyp and Vi, represent the current
density and voltage at the maximum power point.

[0043]

light converted to electrical energy) and collected when a solar cell is connected to an

The term “efficiency” is the percentage of power converted (from absorbed

electrical circuit. Efficiency (n) is calculated using the ratio peak power (P divided by the
product of total incident irradiance (E, measured in Wm?) and device area (A, measured in
m?) under “standard” test conditions where 1 = P/ (B x A).

[0044]
Ink A. Based on these results, it is belicved that a conductive ink yields greater fill factor and

As shown in Table 1, Ink B exhibited a greater fill factor and efficiency than

10




1.00 B 3%0.99 1.03 1.75 1.78 [0042] The "fill factor" and "efficiency" are
nmeasures of the performance of a sem conductor. The term"fill factor" is
defi ned aWoRbh®@/maePo of the maxi num power (V'," x 15 J, pCHivse@ed3ny2 t he
product of short-circuit current density (J") and open-circuit voltage (V.)
in currengypcyoltage (1-V) characterization of solar cells. The open
circuit voltage (Voc) is the maxi num voltage obtai nabl e under open-circuit
condi tions. The short circuit current density (J") is the maxi mum current

density Q ctor
(e Moy gl fug RS BOR B S0 Rphyrhs Bl Whhish Wheraf 1P niehts oI T
the cur rcemt:ntZOdenS| ty and voltage at the maxi num power poi nt . 10043 1The
term™ ency" _is the rcent age of r conyerted fro gb§or hed | i ght
convert é@"% el ecB?%ff’&Fe éﬁ'é’l"é%"t %&F éﬁ?qptg‘}é}ﬁ% RBhef?% & mEI | gegam

connect @fhbb&nRhAts®! €ak drGbreCdrikddichentd™ &i CdneEdodikent? $ne@zﬂé ehak at gtisisdrng the
rati o peak power (Pn) divided by the product of total incident irradiance

(E, freadentuwe stmctwel Matasiall of éharaderistie slegoaibedrisnenupneddion yvithsihp pmbadigrent is
" standar 'i“f{%gﬁﬁ ﬁlgkgl [ﬂlé g&ﬁod’}’fﬁ%ﬁteof]tﬂl? Jrlv%f?‘tiojncl TihE, ?ﬁg%‘%ﬁﬁ[ﬁ%‘é‘ﬂfﬁﬁe Efﬁ‘ﬁ&@g i n

Tabl e 1 a greater tor an Iciency t
Based omudhhestn pasui mere érhbddémded,? Ewneddrtbinambadmendittinwee ienﬂbo@mehﬂsmgr eat er
it faq;t n°an em od15m46:i%1t7” Elc-\l;arious places throughout this specification are not necessarily
referring to the same embodiment of the invention. Furthermore, the particular features,
10 structures, materials, or characteristics may be combined in any suitable manner in one or
more embodiments.
[0046] Although the invention herein has been described with reference to particular
embodiments, it is to be understood that these embodiments are merely illustrative of the
principles and applications of the present invention. It will be apparent to those skilled in the
15 art that various modifications and variations can be made to the method and apparatus of the
present invention without departing from the spirit and scope of the invention. Thus, it is
intended that the present invention include modifications and variations that are within the

scope of the appended claims and their equivalents.
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efficiency when the nmetall o-organi c conponents contained therein generate a_
hi gher solid content. [0045] Reference throughout this specification to "one
enbodi ment," "certain enbodinents," "one or nore enbodi nents" or "an

enbodi ment” neans that a particular 5 feature, structure, material, or
characteristic described in connection with the enbodinent is included in at
| east one enbodi nent of the invention. Thus, the appearances of the phrases
such as "in one or nore enbodinments,” "in certain enbodinents,” "in one
enbodi nent” or "in an enbodi ment" in various places throughout this

speci fi cati onyaggeis BRimdgsessarily referring to the same enbodi nent of the

i nvention. Furthernore, the particular features, 10structures, materials, or

characteristigs nay chene@rinkethniflisRBYa SRENRPLE HRINRSredrlc 0REp&HenfIOr €
enmbodi nent s. &Qpﬁ)ﬁh%lsbﬁ@mmwﬁebﬂa’serﬁbb&ﬂn raﬁa@ceﬁ&mh@@ eeli%§<%ﬁé iﬁﬁd Wi th
reference to Mégﬁu% f’z'tfal B it afF&thl:,-%n Qafeq Hndacstoad drhese

enbodi ment s m—he A i, ugcabé SRk SR AL ons of the
{h@ &f art that
n

Eﬁ% éah
present |n\ée][1 ggl (fec\_?d’{! t
various nodi n appar at us
of the pr esen%l né/ceg')Jl fl aon chfhﬁ gg:?c E,Spe o Wﬁ%ee‘fémlpa CO?%lguc?to o pe of the
hoentt on: ol SRS S o b S P R e

nodi ficati ons 5%‘3918? %ﬁerhﬁt? f %ﬁne W|th| n the scope of the appended cl ai s
and their equivalents. What is clained is: 1 A conductive ink conprising a
plurality of petallo-organic conponents th rma soljd pnetal oxide phase
upon firing; 4and & CHHERYS K gisigg 2 PiHg ?‘ PB@F‘H@O%LE ta%aaqf’f free of
glass frit an@e&ah@tlﬂ%wﬂaa%qﬁnéamg&réeﬁ@geowr%e @UihPaf?éL‘fé‘PrS&a@élﬁé% rate upon
appl i cation tBIRHE umer rare JoRdychze dpaelnelements qippp tfitdg the) e bengi ng, to
deconpose t hesubgeaiially-fineqp{ralass dohpon divt isk pRanted wradberelodbe purfase 08k oxi de phase
and to cause Wheira®neRicaPlieatiop s thesubsgratecindy upen dirivet toideegmpaspdhecmer on t he
substrate, aner mpremegonrsptsahasifonmad palid roftalmxidel pheseoyigjalh promotasplonenstas i ncl ude
metal el ement mosaloadicse Mewhelsibts tnform 2n elacigion dondictoe ot Hie soostpteiisi ng a
plurality of theebiensooisglashdit, int wheremche pduraityadf otaltteonghisis eorupomntsi ri ng or
heat i ng, one woclud®metabélembres palevadrfsmom silicapabl e of form ng one or nore
conductive nmetal elenments upon firing, the ink being substantially free of
glass fit, andl th&hernkk aflapined dra2, adieesie upen hfpdicsionf eficie ok @ sulgi-rate upon
applicati on teflehiRnsttathy dispoAchn theogubktiatd, e chedrdEeO MXOGEcdphifle e or nore
precursors t h@dnefr@n@ e S@ikdfTchii @atifiodrnPhasie coithe ividtRe®ibesatd, e one or nore
conductive netal elenents to forman electrical conductor on the substrate in
the absence of gl gss ifif igk.claAd) V\@Eér&hnth& f&endﬂcﬁwkpéciés%lﬂﬁa&@A@ﬂ@érgam c
conmponents i nglude netal el ements selected fromsilicon. . The ink of claim
1 or 2, wherein upon application of the ink to an antl-reflectlon coati ng

di sposed on the s € ating the
antirefl ecti oglntgl%gil;ﬂj El{kaéf%b[:%? g} %E&Eﬂ %gggﬁﬂﬁ\?\}l& \tﬁeh@gﬁgﬁégﬂgtglreg)? @@5@4 The ink
of claiml1, erern e con trve speC| es conprises a silver powder. 5. The
ink of claimQl or e con ve species | of bei ng
sintered at aéLte Fflhelvgghgi}'gt@? ?hg ﬁ% rg@m%%ponﬁ?(tsglfep(g?sg rﬁll wher ei n
the metall o- o?rb%{n;}og% Y3r®%resent in an amount |ess than 40% by
weight. 7. Telgjf15 ml V\/nerglnt e netall o-or amcgﬁo onents incl ude

one or nore netal lp FRFERS i‘)mﬂa 9 OTGANIS FOMPQICTIS ARG Ctitani um
vanadi um or Zz¥AE, mega ”FFJ@th"‘h TR GIONP iR, GEEPel YAt (FEORR M aB’r“&hnl c
conponent s i NEARAYEAEZHCS sel ected from boron, al uminum bisnuth, zinc,

vanadi um or titanium ) ) ) )
8 The ink of claim 7, wherein the metallo-organic components include metals

selected from boron, aluminum, bismuth, zinc, vanadium or titanium.
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9. The ink of claiml or 2, further conprising a phosphorus-containing
conpound. 10. The ink of claiml or 2, further conprising a nodifier,
including a netal oxide or a colloidal nmetal suspension. 11. The ink of claim
2, wherein the plurality of precursors are present in an anount |ess than 90%
by weight. 12. The ink of claim2, wherein the plurality of precursors

i nclude one or nore netals selected from Goup MA, Goup WA, G oup VA
titanium vanadiumor zinc. 13. The ink of claim 12, wherein the plurality of
precursors include boron, alum num bisnuth, titanium zinc and vanadium 14.
A phot ovol tai g celtihe ot slhing 1ao§emfmwaL@h@hs@glastphaépﬁomaamﬁﬁimngr eflection
coating; and gmmgdusdive grid lines formed froma conductive ink according to
any of clainms 1 or 3-10 that includes an organic nedium and that has been

fired to formgri dhinascOMRL | Tr NI ARHRELAhprANlde rBbARE iRAGHiAR; GlICt i Ve

speci es, V\/ner@,hgb(grr’éecoqlgigafqﬁgtalq%%n%lqcessed to renove the organic nmedi um and
sinter the conductive speci es. . The photovoltaic cell of claim 14, wherein
the anti-reflecti trate and
(he Sonauct v, AN S r%ﬁaz g Ry HELAGR AL oHAs Sy

anti-reflection co |ng ex |t| g high resistivity that |npedes t he charge

carder transf 7] I [}hc in cg:fl clialm , Wherein the plurality of precursors include one or more
metals selected from Group IIA, Group IVA, Group VA, titanium, vanadium or
zinc.

13, The ink of claim 12, wherein the plurality of precursors include boron,
aluminum, bismuth, titanium, zinc and vanadium.

14. A photovoltaic cell comprising a semiconductor substrate; an anti-reflection
coating; and conductive grid lines formed from a conductive ink according to any
of claims 1 or 3-10 that includes an organic medium and that has been fired to
form gridlines comprising a metal oxide phase and a conductive species, wherein
the ink has been processed to remove the organic medium and sinter the
conductive species.

15.  The photovoitaic cell of claim 14, wherein the anti-reflection coating is
disposed on the surface of the substrate and the conductive ink is disposed on the
anti-reflection coating, the anti-reflection coating exhibiting high resistivity that
impedes the charge carrier transfer in the circuit.
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