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5437 PCT CONDUCTI VE | NKS TECHNI CAL FI ELD [ 0001]
Enbodi nents of the present invention relate to
wendoeRéve i nks that are substantially free ofCTU$2089/032112
frit and photovoltaic cells having conductive grid
&B7§EQ§S formed from conductive inks that are

tantially free of glass frit. BACKGROUND [ 0002]
Conductive inks or pastes are used to form netal
contacts, such as silver gridlines and bus bars, on

t he surface of substratgsysuchas ngkki con. Such
substrates can be used in solar cells or photovoltaic

cells that convert solar energy to electrical energy
TECUNERABRSEIAS from sunl i ght ex0|te el ectrons in

em co ctors fr the v anc ta the,cond ' .
ooofig e HeRaE Ghahe Arert PRGRia" it dor Shafels 1hk g are
substﬂi’itﬁ&li?‘ﬁeb Q¢ Fﬁ@s 1By atdghot®bathic @&[Hlﬁlﬁﬁng cofducsivaiid s formed from

licon solar cells in today' s industry are typically

ﬂmd@@&?éﬁ¢ﬁ%¥ﬁ“éﬁb%ﬁﬁﬁﬁbﬁF%%ﬁﬁﬁﬁ fidbating to pronote |ight
BACﬂ%ﬁﬁﬁ phon, which increases cell efficiency. However

t anti-reflection coating al so works as an insul ator
[000y pr evEmtlictiyedhks br pagesf alornsed acmsfﬁm miataj dontsaist buch as silver

i D5 B o e o PR T, A, B con v

used Qﬁ“s&@x &lisSr| ghe@RolNd dels thAQR3YerCoslaluaict pyetol aMdetrical energy when
ypi cal ly_include a glass frit, metal partic

photesb et Jpbeh cite sleaensal s civgufam (hPreage dond (o the
condf?&foﬁ ILGhE STh M AohY which \ﬂ%g' Pft‘l'iet dmbifGion BaRY i @ollected by the metal

conducti ve pr opertl es an uncti on as current
contacsl | @ystallise sfiter sfiarasls inotledayf s iridustrrearaltydenhly seetsd with an anti-

h I
B T I L

antl-lkﬂémﬁﬁ oty AlBo tdeks @n@einaflatabbytprd/afiting ¢lectabeo lﬁ:toerﬁﬁhsfeum g
idis, neegded

In nbst instances, a sintering ai
From s HBSEAE R o PO IBFpe AP G- TOHRGHOR SoR BRI gy silicon
mhuguﬁgghﬁqmﬂgupgﬂggn§*ﬁyer and silicon, and the silver

point. In addition, the conducti ve ink shoul d
[0003enet r zﬂoadmhe'eanka typistllpdtciusie «slass filf, metal @alﬁmmtoalconducﬂve

oo SRRSO R SISEIRRR, L DBV BLL ks, o
cond@tias prdpeities abhd ﬁmnﬁbn/\astdmlsntmoﬁmmg afthefonmatidn qfallnet methesntacts.

To fcgglntgggije? é@%gﬁaq%%g&cggg H%anggeepl%jtgf (S)llltg r%heasrgucg)stlate ‘i’he 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
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 ftits can liquefy upon

firing at a temperature between about 300°C and 600°C. When the glass frit liquefies, it tends

to flow toward the interface between the metal particles or silver particles and the anti-
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metal contact and the substrate. Dependi ng on the
formul ation, glass frits can.liquefy upon firing at a
waQ 209peyatur e bet ween about 3000C and 6000C. WhRGIT/U$R®09/032112
glass frit liquefies, it tends to flow toward the
5437ngfrface between the netal particles or silver
icles and the anti 5437 PCT reflection coating
di sposed on the substrate. The nelted gl ass di ssol ves

the anti-reflection coating naterials as well as
rofleqsfoncqoeting fivRnschAl teu B HeEe Thaedledrgist dirpevet the gntt-eflection

coati ﬁlra%ﬁ 2 s wellSs Eﬁ}nl\é @fqhéklwé?ﬁ gsth?eﬁ @Fde tﬁgﬁg{peraaure cglecwases

substrate recryst rough t
the npiitas silveAandtheeseitet! or dopdval stﬂ)ht&lt@ldcxbetaliaey]gp@gh the diguid phase.

are.able t rat eant flec e .l aye
s ouE oy of HBr et e e auibat PR B En@ile g and
form! $HnfE cBRtadiowRs thd bubetrdthr otighproeed ik asicltd 8 @s “frd-tvvugh” and
contact resistance formation and a strg’ggg bond

faciliggqswie & SPRGErTeHpANaeHRTEHSS: 34t  SUPIESD etjfery sihger and the
Substgc{g.cussed herein, glass frits are not believed to be

gl rraterlalsfor use in the fire-through process
[000$]nd, t héesr\eiﬂldneei,iscassnéh@teimoglasdﬁmam mté’eh‘meg o b ieal materials for

o S B ElT AECEFR SO 5y e
of mtathﬂfo afghhict & estdutd@dinks, weeh db InﬁkmEluldmglﬁt ﬁhﬂ, |1szat;¢u®§ed in the
for Photovoltaics Fired at 3

0
anticlgenti(wes R Wt e d WiaionHe Ve ki i g e " by C.
Sabosék%ﬂ) (ﬁé rbin GhiRrrePRGsthEaaby AW;@]Q‘)S%@ Shl?d Reick pelivily discusses

Oo-organi c corrponent such as silver
uslng’ﬁetﬂﬂec mebHb@reanic omponeiictuicly 8s pilyst aeaglecdnpitetip arenductive paste

or mg.ﬁre ern:a@{n?e%l t(ga g 103111 l“}ag?a? \P@Iﬂe c{ligeg O‘f‘gge%bl{)d 1%191%‘:‘&bstlact

ract rmn
stateél\tﬂﬁ@rﬁhmw ihlgdwdre agillet cosiliveaf vedafsrs of scﬁmi cﬁl’ls dleikd £ 3d Irrumdes at 65°

for 30 mnutes at 65 C fli at a nmaxi num
C ang Hred @F atmgrianigt legperagsrs of 30%’0 Q#)hfﬁ BIUgsH0 6]
[OO(JGL}CCor d'A[b%MmgL)h efe CRABLLAUSE Be Eﬁe&ﬁfo@oﬁ@ ?ad‘sqﬁt Qbh@htes for use
ss frit substitutes for use in conductive inks

in comhlc@he alkd whichsdichiresinteyng, redhge sesisbizity in phatgrolipic applications, and
also P%V%trb {Ja%lllﬁf,'%pdlé)&?tﬁl%gcﬁﬁﬁlgﬁddnal0% Q%ﬁrﬁaéth[ﬁmugh anti-reflection

i“On ‘and m c con
coatlﬁggrough anti-reflection coatings. SUWMARY [ 0007]
According to one aspect of the present invention,

SUM%&]&#C“WE i nks are provided which utilize etching
s that provide simlar functions as glass frits

[Oﬂﬂ'ﬂur ' ng ACIE?I dfr{ggti) t%ﬁee Q%g&gfefﬁf%e q?%s%gﬂn{nl{/cgﬁﬂoh gcrongtiﬂ:@lvg 'inkggfeeplowded
whicle mnﬁmbﬂchlegiagkntmmm tprovidd sideksr dumthusahﬂ plassofrits during the firing
procersrgt a’épe&ﬁ%&l%?nén% (%‘orrrr{%?en g%%%dl%ggts Bof® re]dll)'llggent invention pertain to a
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 free of frit” shall mean having glass frit in
an amount less than about 1% by weight. Further, as used throughout this application, the

terms “paste” and “ink” shall be used interchangeably.
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speci es, where the netall o-organic conponents forma
solid netal oxide phase upon firing or heating. In at
WO 2680916 enbodi nent, the conductive ink is PCT/US2009/032112

substantially free of frit. As used throughout this
application, the term"substantially free of frit"

5437 | mean having glass frit in an anount |ess than
about 1% by wei ght. Further, as used throughout this
application, the terns "paste" and "ink" shal

.be used

[0008Int er chBfhile disl gresnBinvETP[sHedS povir haun i thsosy g believed that

invent i on \ C ; | §1ads§ ti
o RSB A AL M B TR B ol e pot et
matetible fri partitlmo wiss puo des enbecaus ecaplths silves arpdtalbites at the metal

conductive nmaterjal. In particular, glass has the . .
congERaey e sy Vasesr e brpsed i fubRirafnaid i win
electfoRNIAG! - ARSI AR dhARVET ThRE SrcoldF LAY &flass Ui &siﬁ% liAiG-jed printing

I nsul ati ng phase and interferes with electron flow.
methpghtapiatig heameflematicensi thi soarseawrtsslatasioh gheglrih s ¢lpg pyobstruct the
partSusing ink-jet printing nmethods can al so be probl ematic

as the coarse particulates of the frit can clog or
[00099bsSt r uctccbidéngpiar dre. or[10@0 Fnbadinmnti ofght dveniéong theneanductive ink

enbodi nent s. of I avention, the nduct.i ve ink.can .
can oo QBRPIH TRy PRLAGp o the g o PRGE i Rl Eprstend
usind DRuRARMIPEdVROSPREEER dAY of MStaAthaifitdi@sons Pt raablid yneaf oxide
precursors, wherein one or nore of .the precursors form
phasgansline @r fsteatondystie niskr sbmMand userelidie. nore conduct i ve
[oo16fet 2l 6§l SRERhRolRRA: bl tHeeschCRIHtiohNc ARGARELAK ARMdapted to
f the present 1 nvention,” conductive I nks are adapted
adhetecto alitherfacd of 4 hebstaie fupcte apiflicati@utioghe sitbetratp dnthe absence of a fiit.
application to the. supstrate.in. the nc f f
i anp R HLP s sk 1 Gt 4k PRB A8 BerBlopBol il heat-
orgaili6 cAHFNeRE ah® aflCEABNNEMi¢ heditel & foatragani eneta R @i and to
and any oqther organic nmedium to forma solid netal )
causeoihie FaNPITHERSREARIES 1 I el egtideat somuieter o thepwibpteade.y focording to
el fifle FFHREHE 9 EoRRchian® HRGhE &bRuality of precursor
anort) g%@?%gﬁtt %ﬁ gnot ger g%b%igrr%nt C upgn fi rET; ng g}i.y ¢ I?Iecursms
is adisedt fondpcompaseribiupteicweors akd ey pregnia mudinmal forny agfolid oxide phase,
recyrsors i s _adapted tq dec se, t cur S .
and BHSE SRS o pBECR R, SEGERRARE G HEARICH Fh8 of Weouicn
condGaANSE thh@ibetge.or nore conductive netal el ements
enerated to forman electrical conductor, on the \
00180bst r 8 4 WO IVRRiRCsOIEHIBdR OPS PTG g apRlicd to an
anti-1@AE:Bh cHRIMG RIFBQL JTBME SubshraRPML Bk Bv@Rk is capable of penetrating
anti-reflection coating disposed on the substrate, the
the awbredlectidnweatingdoifgrncelpaipicentadt vidribe subsiialg the
[0012@ Btlsi { a{l lg%?rme? Qm%&ﬁﬁ{eﬂt%’ thteocoB(?Jcm/t? lﬁ@ g QY Afthudihve Qpéctﬂe% such
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
weight.  Metallo-organic components and/or precursors according to one or more

embodiments include one or more metal elements selected from Group IIIA, Group VA,
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[0012] In a further enbodi ment, the conductive ink
utilizes a conductive species such as silver powder.
WO eoogeréer enbodi ment, the conductive speci esPUR/U$109%¢B2112

in the conductive ink is capable of being sintered at

a tenperature greater than about 500 C. [0013] In one
54378 Clhor e enbodi ments, the metal | o-organi ¢ conponents

are present in the conductive inks in an anount |ess

t han about 40% by wei ght. In another enbodi nent the )
Group |\ diiteniymofamadiaoueisting  Moee preeierambiodimangs wilivg vetglipeorganic

i nks in,,an _anmpunt Jess Q % | i :
comgft s PR R G s i Mt SRt oR boron, pluminu.
silicdnObiemethpzinflBaeadeumb odiita®ioins | ncl ude one or nore neta

el ements selected from G | HA, Group. | VA 5437 P .
10014 oup. VhREORH U EHEI ! O U RESTNBVEMIRday gapgitiv ink

can #NPREPEASordtdr I hA8 pﬂﬁ%ﬂbﬂuﬁ’-‘c@ﬁtgiﬁﬂﬁcco%%pme%ﬂifﬂ&dc‘mﬂ%[uding a
precursors whi ch include metal el énents selected from

metabayidm andtbiiavl lnided metpl suspsnsionsi. snut h, zi nc, vanadi um or
[001%]I tani YWhot eQPaE]sé;ctA&C ﬂ{edhﬂagenttoi Sgﬁfoneﬁerﬁ&gom 'ﬁepfsuggxfroltaic cell

he preésen ention the con I've'ink can a
compriREQrPemaitendacter substriecarphabpiilectitg- aatitgianid rognductive grid lines

ds, di fi i ngl udj. . ' .
o RS A A, SR T I S BB, e

condbdie REERERted HVEBEIIO heBRKT, Al BRdIRIva siiRE Q¥®h hRirdlitg oF netallo-
conprising a sem conductor substrate, an

orgamntcompetidnésc t Tpanetbert pmbodimar, dinevndusive ki igcludgseane or more

S ol r . iy ' Laldy e .
el BB SALEEL M RS SISt Bt
the coibikctictemkanedimgam embeiihent of dhe pindoratiricecet gre ibesn fired ta form

L.plurality of netalioorgani c conponents. |n .anqther
srid i, e R ety o RIS ) @ SORRTRE IAERSs S Do pipeessed to
remolé BeWrsMiSmediRAldg Witerl tAE BbNUCORLspREIeITOTIR EMAGUBE isp&ies used

netal elenents upon firing, Further, the conductive

in anpthir efediment hesirbbVdesARd/BF is cARbITRItS (8| sitigred gley femperature

greatgﬁtﬁarpﬁa%ﬂtdgd(f’ d 1} 9 il @bl dihbehe E@rﬁdu AR dpo@t i anti-
phase and a conductive species an as been processed

refledtionr @atnvge aichés capgbiniof peectiating ahel asfi-m¢fectiorh eoating do doiny @hmic

specjes. The condyctive ci es _used in,another o s
contghgl Mertorets sty e Gy Srtnern SoERoRE angyetive ink i
depodiRi Mo d¥tnedr6 dmBbdimchte BRABIRL Hleregikedtyahattimpedea elhago Qarrier

C. In a further enbodi nent, the conductive ink is

Umﬁ@f@b@@@ﬂ“@h_an antireflection coating and is capable

01, PSR R AR EELRE! ORGSO LD Ry O i
advarctages iofi heopresehi iveritive. dosteubt hevapprackatddshydbpsssikilled if the art that
the SS%S’%% rg@%gﬁgegggcﬁgcg&ggﬁqygﬁg irgaidgljc’; Jﬁli%!gd 3 Séi g’z}s.{sv%o'i‘ Vméd?t%)ing or
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

understood that the invention is not limited to the details of construction or process steps set
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transfer in the circuit, [0016] The foregoi ng has
outlined rather broadly certain features and technica
w@zhoaneages of the present invention. Tt shoul BCHES2009/032112

appreci ated by those skilled in the art that the

speci fic enbodi nents di sclosed may be readily utilized
5437881 basis for nodifying or designing other structures

or processes within the scope of the present

invention. It should also be realized by those skilled
forthiinm thehéliaming ﬁm‘cnimiﬂmh Byuinvaitientis caprbler eicothengmbggliments and of

rt. from L it and scope of the invention as

., de
beingghceg ot iele ‘iah‘ée a%‘ BREE3UYas. DETAI LED DESCRI PTI ON
[001£)0017] ARBpgbas a)fdﬂ}%cmebmﬁgmsamnalncsmmw abyduetitao dpesest and/or

of the invent t t
PrecuFsRVRH A FSSAGECV rirk B8mEc DHENGLY S T0biT Whch will now be
dlscugs%P $# B gﬂléﬁtte{ g&a@r P1Q5ﬁ§&§ ea IS@Q?’mEFg{aE’ﬁ fectilzdr §uQB tal‘»‘a 'nﬁatfﬂ R&it (for
escri ption. e I nven IS capab
examptehesrlv&nimﬂ;rdiebrmﬂtfs Iranta;llooﬁgaam GoMpPEest |thﬁédf0cms @eﬁrqmguctfve metal
rried.out in various ways. [0018] Aspects of the
dmn%&@@%h M8yvent i on i ncor porate conductive species
PreciR@f0r precursors to forma conductive ink belng

substantially free of frit, which will now b i
[001Yi scu S%aqnﬁna?ogg@e@,ts orait the usep}fe@gp%wg seeésll?skﬁgd,aﬁstead utilize

plecdz 5%91{ tggtnh ot a?rfﬁ;‘fﬁﬁroné %Fﬁo?egcoﬁdﬁﬂfﬁv@lmeﬁlekn{eﬁt@r A@X8MHetoin, the

lver or a netallo-organic conponent that
te;mfigomhacava:mdajctiemmtﬁ’etrmlucleis ememt aibeat, £phdi pdptinum and/or other

pl‘em@%ﬁaﬁ@?%récgn(l)bma%ions %% nOﬁ oL ?gﬁeﬁq%d%n{s JiliGe B&E cBhductive

specl es an I Zze precursors

speciésih’iltd,piémﬁsﬁl sﬁklﬁtlﬂ@nmfc@ﬁdﬁcﬁﬂﬁm@ﬂﬁl glenentconduct i ve net al
el ene sed herein :éhe te n1"concht|ve met

[002¢4, ememTile uﬁ:]gy E&%S‘B%B’ﬁéﬁh e uctlﬁeopaata ﬁlﬁtgﬂﬁﬁ YRy k’nmg can
be us@ﬂﬁ“t@ For@ fARE wﬂh@tﬁ'lﬁ’éﬁ Rt sSfoR fin A RIpPRdalions WAAE @f present

One or nore enbodi nent's utilize both conductive

invengipe shadd netdepoerd sbeeryvibisdislievse that oadigeletevecerplessr inks which
do oSl GIEROE Sond 60 ]spg—ﬁgsné%%e&f a%&@%ﬁ&{ s Q}tbtf%nblime during
elrenent's up

conducti ve mnet al can be usefu

apphiﬁe@tbmof okslustiviehigistbyrideet pripéing,isctes tfycsplaan mkEjiet print processes.
plications. Wile the present invention should not
Met“é‘@ %S‘UHHCPQEPOPHEBW it is believed that

[pozfarti cWRtH-hb@eLnvdindks bthe Meﬁmin‘d&tfdyﬁtmélﬁdié t&@uctive inks
conductive species prevent aggﬁoneratlon i ssues that

havingamora thagend ureiallg-cigania pragurens. Sleneralid meatallpeorpaies aig compounds
contagirugﬁ &é}s%&@ ;alt(m@, Nfeludibf AR cg)/b()?(?fa?ey sufeh ds%oﬁ@c‘én&&éspﬁcetates 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
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
inks include a combination of boron-metallo-organic, aluminum-metallo-organic, silicon-

metallo-organic, bismuth-metallo-organic, zinc-metallo-organic and  vanadium-metallo-
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Met al | o- organi ¢ Conponents [0021] One or nore
enbodi nents of the present invention include
wed0e6% e i nks havi ng nore than one netal | o-RCTYEHSA009/032112

precursor. Cenerally, netallo-organics are conmpounds
contai ning nmetal atons, including netal carboxylate

5437d%ch as neodecanoat es, acetates and propi onates, netal
al koxi de and net al corrpl exes, which are sparingly
soluble or insoluble in water. Metall o-organics can

otrgardt somparhii rSwemyings ondalloeorganied dndhaginp-getoliios arwendbliagd as two

sanet i,es ferred 0. as tal ,resinat
catcaBfigente it Froreegnts Bl dlpRAahERui el Taghdes bou
metaﬂdS oﬁgtahﬁﬁ aitied iRl mpanidsict s. (1 her suitable
rca

|1 o- organi ¢ precursors i cIu tides.
0023 e e HRIG PERI MBI RISHILD o BE o on e s eved that,
[ v
upon@ﬁ‘@g tﬁge%tfsalig %‘i‘gﬁhﬁ:o@ogﬁﬂygﬁ?tg Q@g rﬁ%gﬁgﬁg %hg gﬁ@gﬂigtaﬁiggﬁ)g&ons are
remowed ﬁmneha:mhd ilimttlnavsnetnlkcs mgtd|allde omoxddavinixieres ean hefgencrated. The
amougw? |0? 8%1%? grl'fa genglragegneliﬁcer lfWﬁ‘g qyﬁ'&?ga‘?‘!{% |388§) %@1%1& of the metallo-
orgatdit BEmp@icals Ly-\igarjeccenrtd v awﬁaum Vﬁiha:lnb 054'3)?6: Ei(ﬂ]'odlments, the
Qrgani ¢ conponents. %@netlnes [.| o- or ganj

metallp gaaa@%em&qué%swlé dFSFRginae kg @A EEHHRS %@ﬁm?&g to generate

at Ieé‘s‘f %dS% @BQ&JQBQHM & bv%iglﬁplﬂlaﬂc@rﬁt ' thel Eh8odifleils have metallo organic
| o- organi ¢™ includes both netall o- o%ganlcs and

Commmqaﬂ bam atl Ipast 8:3% ediRiaontant beweight paressioniVitheyebpinglimited by
theor$; tsj’p Ejsl l;?ehg\(/)etd tget O\HPQ {l@ﬁsé HF gl%% fiit n éo%dﬁ)&’v'e ?M&dthf: I?tﬁ‘ltount of solid

I'C conponents W
mateﬂﬁcgéﬂ@ﬁﬁé b@ﬁﬁhti[hﬁmgmgamfmenmes theamditp e theengedvé ko form an

electﬂ?af@m@gwg gﬁtog 0‘5’6 %tcaafgctmg’ %ﬁghﬁ% vy iF@FW consequently,

duvegethgrﬁe%lr%ﬁ@rﬁtﬁl@ @cfv‘ic%r ttat ihddgporfted GleeLhRRhchE nﬁ@'duﬁh as a
content of the metall oorganic conponents by weig

semigrad peser; aphcptnva@mediam @B agiortivhelasy Arﬁo%ﬂée%tb%ilwémeén one or
more, eﬁ%oﬂﬁaﬁ(e% s Stifd ﬁ@éﬂt %?1 Bsféttﬁf%rﬁ(?f%%&alpoeo Aats @&fx%éﬂ%nt White

I'n an anDun I Cl en enera e at
the p&s&%lmhtidl slantdmit bb)bomal nthepr (tembehe@:th that the use of more than

enbodi nent s have net al onent s .havi t
one 8T B4 E BRI or ST 907 Pt fo use of
onlybﬁérﬂ&ailém £l cBypbigery, it is believed that, as with
he use of glass frit in conductive inks, the anpunt

{0024if sol ild opgeEnpig| en;j@ﬁ@?eafseﬂ thyyinpentiqn, the msfajjgrirganic components
1nclugénlif le; fhr Sndidifo- (ﬁ'g%ll idst %ll&fontxﬂgta % Wik Mid | Bfort (Pheftﬂforﬂtgamcs

ica UGt or on or ohm c contact wt
Othet Renbsdibshisatan. inthids ablehstt mecommﬂqwegmiw comwlpénees selbﬁéed from
bism@tgnra I?’a&%%ug{( stligcgaﬁge\éél?emtggnazgs M R tme'%’allo -ofganics, Further

embodiments can include one or combinations of bismuth metallo-organics, silicon metallo-

organics, boron metatlo-organics, aluminum metallo-organics, zinc metallo-organics and/or
vanadium metallo-organics.

[0025] According to one or more embodiments, to achieve desired propertics, single
element or metal oxides or colloidal metal suspensions can be added to the metallo-organic

components as modifiers to enhance a certain element content or bring in new propetties. For
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sem conductor, a photovoltaic cell or an autonotive
gl ass. As stated otherw se herein, one or nore
Wepiddnent s of the invention utilize nore thaRCoH$2009/032112
net al | o- organi ¢ conponent. \Wile the present invention
shoul d not be bound by theory, it is believed that the
543706 of nore than one metallo-organic in a conductive
i nk reduces resistivity to a greater degree than the
use of only one netall o-organi c conponent. [0024] In
examplee phosphapes, Epboati ot tgpeaft phixphproventritangd ¢dmepound can be added
t al.l,0-.organi ¢, conponent s..i ngl uded bi snmut h
ﬁ”ﬁﬂgﬁaﬁ98@ﬁg ﬁﬂ?ggfmgﬁ}ﬁﬁ%ﬁe%ﬁm?FW&ynganics and boron
[0026et al | an QfdgRIdhC BaseGnbRl nRlocdirg@id Sompsheh3Ctandienpbve the film
|'east one netal | o-organic co%ponent Eflected from .
bondisigs it IAW e r fRRNFEons.s FOE gkamplen | 3ilyero PgRARIE,s nano-silver
r C :
ssp B K80 s S b QA Syl gpo RO TRy
bondimettalcbanie gahémdornel bibswatesreTiad tandorgah substrateoeayninclude but are

net al |l o-.0organi cs | upd nusn akl - ani 7]
not e SrovamSs sha) S i i ST arEMetBble
[002£]0025] MeR&tsdindguntia thnert @hn BB LecEmblothniertthe ptusality of metallo-
achi eve desired‘groperties,,single_elenen% &r ne%gl ]
organg coRERONSAIs Ased Withahe FRRdUgHVE jAEEEITEINg 18 SbRLMEHtie thgpresent
inverdtldf, et al | o-organi c conponents as nodifiers to enhance
a certain elenment content or bring in new properties.
[0028]or 543 Addtionek dngibre, fash Exphbtiog smetpieprasnicocpraponeyisemay be
qf phosphor qus- cant ai ned .conp i t !
cons R SR PSSO P B TOUE At RS BlRe e
agerdsf0&fels éMhaethduitdm inlbaste art-adfleondraddatingngbiniagoid contamination
conmponents can_ i nprove the fi bondi.ng in_|low s
of theg ﬁ‘rﬁ'éﬁtr&’ieur ARG E%ﬁSFdGWé‘.O“ F@F,“g% PN %Fmﬂoaﬂ’é’@fmnon
tempBARRE Hi th RS HOREMSLTIDB° 8NE aBRE S00PRE 8f inTRbAk! @nfY &PBiding on
--conponent s %rOV|de ood conductivity and bonding to
the ficieg arvifide, amprovida taough timsuind theattfersthe THid reishfres degpmposed from the

ubstrates can.incl . 1. J¥ : : :
et GO, et be FORulie oMb ff s SRtdion coating
The agd oMehdtal eoef5xylaf0a7 JowVadrineakaulcnciwmicah vaher dejtosician HEVD™)
used to fornulate the lutaliﬁ%(ff net&llo rcan%q third
Precusiih GitBnbSs CQBELETH (AT PRRSEHN AU ICHE RO 2 BRI ¢ 6 i
consiBBRAGH MR ds Ofeldchfy RAGSRNSrghmlY edhipefentd QA& have a consistency
_Additional factors for formulating netallo-organic
suitalle fipyamisting ommelich eancbieshedisedes theplegy medifigtie resul ting
roperties, One consideration includes controlling the
C°“§§§§%§§?W§ness of the conductive ink on the
[0029nt i - r &f bee bi morecaaliddgerts) dhd condvaivd Iidontilénes aabndative species

such as silver in powdered or patticulate form. Other non-limiting examples of suitable

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

greater than about 500°C.
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of the substrate. Another consideration includes

sel ecting a thernmal deconposition tenperature in the
WO 2009097M6Om about 200 C to about 500 C or in aP@k/EH$2009/032112

range depending on the firing profile, to provide

enough tine and heat for the solid m xtures deconposed
5437#H(dm t he netal | o- organi ¢ conponents to react with the

conductive species and anti-reflection coating, The

use of netal carboxylates or |ow tenperature cheni cal
Othev&papaepdsi ti on ("CVD') precursors can be considered
10030501 qelt ol RE T qbeo SaReb A" REPS AL Fen ol i include

an orgiTp QélﬂEIES W%ﬁm@ﬁ diopesdes tﬂ&npzytxaﬁaté a«’mhparfenﬁs and facilitates
inting or ich can al so, be ysed rheol o
trans i i i e CmAOR BpWHpEss Flb@%@ﬁf‘ﬁ RO mepy the organic

vehw‘Fe!beﬂgih{i@n%1%{~I stungbl?onlgHCtsdniVﬁlt' stk ighdl Z&mBoPNEedt kieactants.

speci es such as silver in povvdered or particul ate

Specffmalﬂry it dreaninwehi¢lé dissalyns tescernips ead dispasies thetsoaductive species and
onductive S,

iSRS PR B A h RO GOUEHAL P CRIBLR, SERog vstous

orgardi@Bhicled O3 ]or Wiéloﬁmhﬁ:hkerﬁmg agamcstabﬂlzugexgem aodver other common
nore enbodi nents, cq%n be in the for

additpienarepytighly £rgpe & g SFepawtigh Ophe %gweagf"é%e preseit invention,

E oAt SRR MohFR(BicRAMAI RN Ss wehes B siokealcohols,
Xa"@%‘%ﬁ‘f eg s?wu be gapab( g Hy%ggel ng sf ntergd at conem

terpetesnpeh aisurlee gri,etaaemneod lad tipbke. FdoOCrsASy Spwtéxa}wéwde dibutyl
phthag%mongl Eggy%glllrto-ggﬁtgf:%{ﬁlg %wﬁ L& pgﬁﬁg&d'tﬁ&cﬁlﬂﬁ a8 2,2,4-

rganic
trimetgiH1 3l psntaﬁbﬁobrr@ams@buv;eblecl Bordé spdodiesntsheilzarwobeotsathat also
conponents, and facil.itates transfer of the jnk
contagt HYBAF HAGHS Brivemate it SEane 176 Apjcalan togrpgbstvee
[003gmbodi rE%\In 1ek NEF QA Cleyﬁbl ﬁqlcl%ldb n@chyld Rslladke, SHithalblcyllulose,
i'nert sol vent resins and conmonl Y used surfact ants.

nitroglakiss,i eabasymethiyk celtujessi andy et cellidosssdsrivaidvesh e Ofheg jexamples
includd qesﬁl SRESES. a‘i:n%c cang légt%fsv qne??a%?j}'lﬁs 2% texs polyvmyl alcohols,

0- Of gani ¢ "conponents’to forma con duct ive
polyﬁﬂyﬂbﬂt}nﬂﬂﬁﬁd&]jjjb&etdnesal ogy Var| ous organic vehicl es
or. Wi thout.thic ents. stabilizin

10033t or T8 OHE SO R0iogs 8F i Ahgtes B ARG fates of

lowet RRoIRIIERRNAE, Whikfin tahﬁm@"&’?&ﬁﬁé@ﬂb@dzﬁi@ntt he dugasenshicle includes
i nventi on. Exa | es of solvents include daI cohol s

ethylcethdpsedn ﬁrglvgltgl%@h &y piag oiheng mgnobutyl sther gfdigtydpne glycol.

{003{1' COhO:\%crcgl h éptg I§ (?§ ggﬁ]% gtﬁl%aésﬁlfﬁﬁré@ 'uthee ufti%r(ﬁ"di?a?l c fsbid Resolids
in the conductive ink can vary considerably and is determined by the fy nal desired formulation
rheology which, in turn, is determined by the printing requirements of the system. In one or
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.

[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
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pht hal ate, diethyl ene gl ycol nonbutyl ether,
terpi neol, isopropanol, tridecanol and 2,2, 4-
WQ 240897194 - | , 3- pent anedi ol nonoi sobutyrate. SoPE&I/US2009/032112
enbodi nents utilize solvents that al so contain
volatile liquids to pronote faster drying after
543741l i cation to a substrate. [0032] Exanpl es of
suitabl e resins include ethyl cellul ose, nethyl
cellul ose, nitrocellul ose, carboxynethyl cellul ose and
com;mhh&s poetsotsy saie vehiales wmbanyGitherradditiapptas deipieminkd well then
di a @astuc[é ﬁ ﬁryllc acid esters, nethacrylic acid
Speé? &l atgBleyf ML al cohol's, pol yvinyl butyrals and
phﬂtgﬂlhwkeéeggles [0033] In one specific enbodinent,
solutions of resins such as, pol ynet hacryl at
[003F| coholAnoties agrest of Hsi ngsephmg(elpﬂgneplg E%lfql cpe\§
semigdﬂpﬁg{)%ﬂgtlaté h& aﬂfl-géma'cﬁoﬁ’ @(ﬁitlﬁé %n'tﬁ@étﬂb@l@zﬁe ehdWdnductive gridlines.
ce ose 1 n 'solvents such as pine oil and nonobutyl
Accoedihgrto odnedetriny eamd)oglnwlm .th§ oc@»quoﬂA@ cayiddinesg ateo fmed offom a

re. |
o35 3 LA A0 S S o
disclbsed ARkt BanNBE ubd tbf’fﬁnﬁItlﬁ@bord&&i\fe@xcﬂmésrluhadfdldnng to one or more

heol
embqrdgggntqg g%/%%?@g gpe Ifq%glﬁ g{pggagiﬁsco?rfptog%g [ n(?esprg{ $0 tlljnat tRe conduct%/e ink
x{%ﬁ@l‘?ﬂé R Solvk NRe GRAGUGEHNE cddithg RNt Ndbiale AaRPYitabiRh ohmic
0 out 95% by wei ght solids and about 5 to about 50%
contagly wei ght organic vehicle. [0035] One or nore
[003@()”8?: n({;%r(?lgréltropeg CI cfj @g@%,ﬁﬁgbﬁﬁ%ﬂﬁcﬁdg brsfraﬂg%hh Yoe silicon.

Othef @li@hRNEubsiadies Bbh@vmiim theagie rtus be rnhdiatd gychmaslidopet se,mlconductm
adhesi on enhancers, sinterin

subs e rh GOGGOrOB eebod s e o GRiop Faingg g compris

mamb%%@de FNGoroRRRYGE ber doahnga%@mhmetaﬂ one or nore
mbodi hent s may be prepared by suitable e§U| pment

[003%]uch aslhg scmuopn@wtqmsubaﬁﬁam mayCemeiise imaaogtyaiailiae or polymystallme
| - o 5

i 05 QEARRN G2 Ty ANANER 5, PLBSHE g chemica vopo

depoﬁﬁ@n mcmaciueuel In stoherendjoﬁpmrmeqﬂamna renhartced phemicall apon ddposition

h I
tech ngqlgatggl\f/q:?us}: | C C 3.6{]?% [:\B\llgfge]gg@r? gcga%gé/ %’gg%i%ﬁplgﬁ“ﬁfﬁs gccmdmg

to ong nFRE gl’ﬂB&dlhe% kﬁ%yfa@éoebe @bhedNritet@bll @S tddode &ﬂ@étloﬂgaf@ﬁlnhght
the substrate and conductive gridlines. Accordin

and ephance thenloyad of pbrotitivaniscording te @W%@PV@WﬂWﬁ%%e@@UCUW
d W€

L e

printing ks othiesteblosqe. e aibstraaris beatedsadirtdid orempeiagire of about 650° to

uctiv ri.dlin . . .
950° orm gr 1c? hges 1g one gr?lbo et qﬂ'\s (ghérevls%%?scgsrsemrt%is application, the

cel § compusmg a

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,
the one or more precursors form one or more conductive elements which promote the

formation of electrical conductors on the substrate.
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enbodi nents, nore than one netal |l o-organi c conponent
is desired so that the conductive ink can penetrate or
WQ2We09R26 t he anti-reflection coating on the SREBUSADE032112
and establish ohm c contact. [0038] In one or nore
543 di ments, the sem conductor substrate can be
silicon. Oher suitable substrates known in the art
can be utilized, such as doped sem conductor
ubstrat.es. Accor.di .1 ne or,.nore enbodi ments.. th
fo0afct ¢ obiBerigRntn i ind B4 im i S RERsT diktagingdt of the
presedl InvERRBnRitlbe deorofull§ldeskibedry ihegslidwiayexanipldshe art .
0039] The sem conduct or substrate may conpri se
EXA&@ﬂﬂﬁiystalline or polycrystalline silicon. The
nti-r [ ' Pl d oles i
00480 G v o T BEPERE(ARIR IR TS R, Wbt nks inluded
silvet powsden® agpiiveliiynmdmbatallopdrgsnie cempransotsdresine gk stlvanggoofhe amount

deposi tion techni gue re used t ppl.y th .
of P N RosTomeR St ThG A Sonraah R RBIY chhEpt by giight and the
amow€ 60 frdtallg-ck @n@ @niPoneids B BRIBD géneridds3%aylidit&ed @y weight. The
etched or textured to reduce reflectiag of .. sunl

! ht
inks avee BHAIGA It IoBMeceiant eNtaghs B PYP FHYSALRG PUiFRRY SPIEF 6k The
perfog%%lﬁ%réaz RO BN Was nleBRr&ONNGhE VRudsHOrhSliZeD SFiBAEHREL to Tnk

to the surface of the substrate or
A, ardnveprodigktl ecTabdnl.coat i ng by screen printing or other

v ERE Golid i agb B8y BegBF-EhpR plbhFai B Finsse

Ink i N 0BBli@UBAGHNEV (VAS ot er(wissemti sckiig@ackot n | Bifiency (%)

appllication, the firing lprocess alliows the glasst of

...... Poveoo

A knowR%conduct i VBO# nks to Wt and peh@d r at e t he00

B antiggftection ggat i ng-|Tfig3 CONUUCT | @5 Speci e>1_17|Eed in
condicti ve i nkis accor di ng t'o one enbodi nent of the

invention forns crystallites at the interface of
onductors,, t hg substrate, ,which enhance o
10048 act 1381 GF by orEREa B eSS ol eEPEM S of o
semiddPBuGST TIRNEHE Al HUAS i Adfred hb tRNRAS bR BaiRah power (Vi x
utilize a plurality of precursors, upon firing, the
Jmp) Gvidedby themsodncbelishadreictibeuricahdensity ey antenfudryiygoltage (Voo)

. ] [ f.Or [ oct ] .
e LTI I 08 00 Syl o 0
maximotrevidiaggotteinhbloubddr loperi-civaittdonditioms. dFhe shraw raeyit current density
Y O R I T
factof QP 1ls e deNk&l & (RS IV LI DK wherdNK,, lahk WB), téResnt the current

tested, wherein both inks included silver powders, a
densipy| andatoltege abtherrpaxdmumaoyegeitte conponents, resins and

[00435]0| Ventg, tgztﬂ?“&ﬁgﬂénéy” is the percentage of power converted (from absorbed
light converted to electrical energy) and collected when a solar cell is connected to an
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,/ (E x A).

[0044] As shown in Table 1, Ink B exhibited a greater fill factor and efficiency than

Ink A. Based on these results, it is believed that a conductive ink yields greater fill factor and

10
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15

of nmetal 1o -organic conponents in Ink A generated 2%
solid content by weight and the anount of
WOrza0ah9mB6or gani ¢ conponents in I nk B gener at edPGPAUS9D9/¢B2112
content by weight. The inks were printed and forned
5437 F@Nt contacts on two crystalline silicon solar cells.
The performance of each solar cell was neasured, wth
the val ues normalized with respect to Ink A and
c L& 1. e enli
efﬁmeﬁ(ﬁigv ? ﬁ%nllél;}a-[&g! ggt?% r%)}%%h&_t% Fongénlf'x&f he%ﬁn %gxlne'tlége a hlglﬁaé solid
contgnast e. [0042] The "fill factor" and eff|C|ency are

asur of th erfornance of conduct _— .
[0043]er m - ﬁ?qf‘l’re’?cﬁcﬁkﬁ ughout §ais ﬁ?&lﬁégt‘ g] r ‘got"le e@goqlﬁ]@m certaim
embd Ty MBRNGF n{o\/éném’éaoélfﬂé)ltswo\t‘l 'd8 Enidsdinftt PmeshsCthaoh particular

short-circuit current density (Jsc) and open-circujt
featuiep [strangere rpareyial; o ehapactesistic d%l{ll@@g@ c@nnegylon with the embodiment is
t
mcluﬁ&f ngég%égdr (/gr%én%bd?ﬁ%lﬁ ?r)lg)‘rf(ﬁl{e rrlﬁrgnérl\&% Eggs gﬁ@%p‘r‘?kgaiéegs tlj)g é}g:rphlases
such @péin- arierarundre cobdditricotss’. “Ifl hertas embod}mmts "t9irc omer enbodimen

dens s, t he maxi num.cur r.ent
“in @ PTGl VG RS CIPRREOh e saHERoRY. 4 (npP Hecessarily
referfid€ t@ the( Sl erhiSoduhe drathé negnasn. ( ViRdermbld, BE $pa€itular features,

where Jnp and Vnp rg&resent the current density and
structpgst agterigls, %@w@ of panbe cpibied in gy syitaplremaegin one or
Inmee &ﬁﬁﬁ SRACY" is the percentage of power converted

\bsor bed light converted to electrical energy)

{00463]nd coIAEéngfdthanaom btrain leelbeen descobmderitte cbferoncgrio particular

embeRHESI S B i iBtateec i T pieimgrs AR BrisRLACsvE e e
prmcgﬂés&ﬁnd lapslicd@siis df teAsieRACRVEHon MBASHIRGppaeWd Zosasidiled in the
vice area (A, neasured in nR) under "standard" test

art thatyagiops wgffw apd arfatjong @wb%}wde[tedlmletb@d anbawparaps of the
I d

S, PSR 6 SRR, T,

1ntend>®l iheivéld présant iavendiool umiudﬁempdﬂﬁcguoe!; dud yriisdions tifaf bt W{thm the

s e %34EWP gf|0|e Smhen the netal | o-organic
op %ﬂ%ﬁ? & %@HE 'fﬁ%?gi generate a hi gher solid
content. [ 0045] Reference throughout this
specification to "one enbodi nent,"” "certain
enbodi nents,"” "one or nore enbodi nents" or "an
enbodi ment” neans that a particuiar 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 enbodi nents,"
"in certain enbodi nents,” "in one enbodi nent" or

11
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"in an enbodi ment” in various places throughout this
specification are not necessarily referring to the
W@ 2008/0€12600di ment of the invention. Furthernor eRCT/1i£2009/032112
particul ar features, structures, materials, or
characteristics may be conbined in any sui tabl e manner
5437iiCTone or nore enbodi nents. [0046] Although the
i nvention herein has been described with reference to
particul ar enmbodi ments, it is to be understood that
What Reémeahibodi nents are nerely illustrative of the
princi ples and applications of the present invention.
It will be apparent to those skilled in the art that

1. Vaki@Hsuchivdidlkd saiprRig Apelrality bAke@iis-oginid@nipraentt that form a
t he net hod and aépar atus of the prese fil%l nvent i

solidynetiutdecripse tnon diring ondrarondyrtive ﬁp@a‘rra, gsese Selﬁ%amlally free
of gllas@\fq{]%ddQHe m];hcrlldgpged {o e{élﬁ?te% BadghdeNAt shﬂﬁraf@lﬁfbﬁ%nﬁhcation to the
nven I'n i cations and vari ations at )

subs@ate imi thbiabs¢rive sfcoplet oidg hporarfp@gdétd detampese dhel métaja-organic
com;g)glﬁrlbt\é ﬁtafg)t tﬁeéso 18%%?1 Solxhcf& pélas& alrjlr & e?xsé tchlp C%ﬁdL{AthG species to form
an elBREi@ kRt eAt theeobmparents that forma solid netal

oxi de phase upon firing; and a conductive species, the

i nk being substantially free of glass frit and the ink
2, adﬁr&)ﬁﬂl&ﬁe NS fsﬁxgté"ﬁluﬁall’iw 8EFreflrsts AP FiPd SollPRBtal oxide

application to t substrate in the absence of a frit
phasanpln fiiegorf hieaiimgy one or d!@tﬁo@ﬁ:ib% preciisotmsapablecaidpiyaing cone or more

ts that f or

con RGN bR PAL TS PRl LA ETRRS RS nd e
ink ad@etet @her@fo tH&&uﬁhﬂé&If faatiBstral, upbn @epithativn toethe mibstrate and, upon

conprising a plurality of rec rsors th S
firingyge Apcasnoge eSO MBH PFECHISAL ¢ Bet Then SHSé “rf?f’é e rﬁﬁ‘r%e which

pionﬁiesgﬁ‘e,eo&r &QHBI%CE'oﬁdMQ@Me?ai QfenfeRfsTh TknP BE eREtriEBI @nductor on the
conductive netal elenents upon firing, the ink being

substsaib st theabhsahdeyoffarglass 6it. gl ass frit, and the ink adapted
to adhere to the surface of a substrate upon
application to the substrate and, upon firing, to
3. deTipRsE dldim one Zprwhmr're upsreapplzaticn dhtie ihbrionaa amdhredection

contigl e e HEL SI0SGH Bn OnFE b o CUPElLof Befating the ant-
reﬂe?t?ifﬁs:ﬁﬁtﬁr%r to %hﬂ &ﬁmé WhRhdt i@ thdsubbeat@bsence of a gl ass

3.” The ink of claim1 or 2, wherein upon
appllcatlon of the ink to an antl-reflectlon coati ng

4, Sla lp 1 £]in'H] k’%? {he%ﬁnﬁ ucﬂb&f@%@??%ﬂdﬁ% 4 QK/el gowder

peri I Ng ect'l on coat|
form ohmc contact with the substrate.

5. The ink of claims 1 or 4, wherein the conductive species is capable of being sintered at

a temperature greater than about 500° C.

6. The ink of claim 1, wherein the metallo-organic components are present in an amount

less than about 40% by weight.
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4. The ink of claim1, wherein the conductive species
conprises a silver powder. 5. The ink of clains 1 or
wa20000¢12¢4 n t he conductive species i s capabl e RET/HEI0NY032112
sintered at a tenperature greater than about 500 C. 6.
5437?@;% of claim1, wherein the netall o-organic
onents are present in an anount |ess than about
40% by wei ght. 5437 PCT 7. The ink of claim1l, wherein
the netal | o-organic, s include one o
7. molhg Gkef] delied FRYRNCPE] tfﬁﬂm OreRHE GEMPURI ARG YRe or more
metals! Ee"l’&'téd”ﬁo%a@ﬁﬂipum@rG?duﬁciVﬁ GI® WAK tRhnighakvMadium or znc.
wherein the netalio-organic conponents include neta s
sel ected from boron, alum num silicon, bisnuth, zinc,
aﬁaehdi'ng W(t:‘ g{%rb é%ﬁ'eﬁéﬂ% thg me-{ﬂ% 6r 5’&% % #(ﬂr:eﬁ?a Jir&c%r?%imetgis selected
ﬁomb@mn:l'hiemluﬁrlm aflicor, aarsmulh arnczvanﬁdmmhemtamn‘mr ising a
nodi fier, including a net al oxi de, or a colloida
nmet al suspension. 11. The ink of claim2, wherein the
9. PltHeBhk b¥ci@in PHEL WiBRF Sorffiiki e@;ﬁﬁﬁ hdris-@RtaMTBUES P RES,
t han abod% 90% by melghfﬁﬁ ﬁg ?nk of claim 2, p
wherein the plurality of precursors i ncl ude one or
net al I ’ |
0. T2 TEEbRE, A B OGN bt BB Bn G e, o«
colloldd] medabsuepansiohe plurality of precursors include boron
alum num silicon, bisnmuth, titanium zinc and
vanadi um 14. A photovoltaic cell conprising a
11. SeMeCiaRdbelafh 25 WaSkMAhE pluddlitP BT breb@bdi afd RBscBORL dn@irount less
and conductive grid Iines forned froma conductive ink
than alewbP@fo by veéehéiny of clains 1 or 3-10 that includes an
organi ¢ nmedi um and that has been fired to form

12. Sohiueke) sTBeb BsrTiisr BHRBY PRRTAS T50EH BF S5 s el

selecie@ ROV tlhﬂ @E(Q@TI‘VSA RSt afivenisinD y Sfadiubtan@enuct i ve
speci es. f The photovoltarc cell of claim14,

wherein the anti-reflection coating is di sposed on the

13. Suﬁfeaﬁﬁ folefl%]relf%}éh‘?tt | @ﬂgﬂl{ &t gr%@rgjs‘&js'irﬂﬁr.lecie%r&ﬁ aluminum,

i sp ose he’anti-re cti ating,
mhamnbmmnﬁfhEEMHDnmcamiwmghemhrbltrng high resistivity
that inpedes the charge carrier transfer in the
circuit.
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 photovoltaic 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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