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5433 PCT GLASS FRI TS TECHNI CAL FI ELD [ 0001]
Enbodi nents of the invention relate to glass frits,
we2md0eréde i nks including a fpt, and arti cl esPC¢iEUS2009/032107
such conductive inks applied thereto. BACKGROUND
5433[ 3882] Conductive inks, obscuration enanels and
décorative enanel s typically use | ead-based gl ass
frits because they have a | ow nelting range, |ow
nolten viscosity and stability against uncontroll ed
devitrification. Cbscuration enanels are used in the
autonotive industry an@lhutiRtiSve i nks are used in
the electronics industry, including in the nmanufacture
TecPiNI8&I apepl | s or photovoltaic cells. [0003]
Photovoltaic ("PV') cells convert sunlight into
[000H| leCt r iEﬂélBQd(ijIhMift@bDﬂmﬁﬂ\d&gti@i('jmrmo@isB ifiets Scandudtive inks including a
. val ence band of a seni-conductqr into the conduction
frit, g ik hanee sugh B ?6&.5 aﬁpﬁ’égiﬂ}ﬁr%?'acti on of phot ons
in the sunlight and doped semiconductor materials form
BACRIgEbRD hol e pair charge carriers. These
el ectron-hol e pair charge carriers mgrate in the
[0002 ect r i Conklueivd igks) ebatveationyentimelspand doepiaton durmpals typically use

jungtion and collected b conductive grid or, metal .
eoc BT 5 P PEaS: BB IFTLA P PRAVEURFRE Ao Bl viceosity and
stabiB§HoSiaRAdEsRFolled BEQUERATMN, Cbstirafibrodiniel ddi@sce it thendlomotive
circuit. Crystalline silicon PV cells in today's

indugtrycnd cpydugtiee infipate apadyin dhsarlesgroniics dagitya cfudinggip dhepmpapaifacture
ofsoé\%géﬂsr}? ];,& ?51&5@&93' i ght adsorption, which increases
cell &"ep i

I ciency. However, the anti-reflective
[000%joat i ngPhomyokas (‘v cellseotvdrcainligh Sits telatieity by phranoting charge

.charge caryier flowng fromthe sen copductor t h
carifida) Tieg qriees bErPran: i ap T R Y | hydlegpR hetE o the
semi€NARELS Th8 lirltéra@bnYftphbtdes intthd AMlighD MY ddpeddenfitdndGaM materials

oxi de. [0004] Conductive_ inks are used to formthese, )
form cdgriaehiplpepadt fhatseattifet. all hese leatprholegatr rbpieg sayigkmigrate in
. i | .
e PR Yo LR 0 355 oy uEROCNS LlEER 5 S
grid fiomemt tumtacepiddted ondpabicdto tbomatect iof thejsagcoadustqyr thraughl which it

ontg the suybstrate, in at.t erp.,of nigli,ne . her..
now i ey it b Cobtufhr it By sl ol TRy S Gicatly
coate3UISH hdb&i-tdflcbi@ncdatin@th pidbiviengehtali @iiptting 8hichdadreases PV cells

contact is made between the grid |i n%s ar}d t.h .
efficiency. However, the anti-reflective coating imposes high electrical resistance to the
charge carrier flowing from the semiconductor to the metal contact. Such anti-reflective
coatings often comprise silicon nitride, titanium oxide or silicon oxide.
[0004] Conductive inks are used to form these conductive grids or metal contacts.
Conductive inks typically include a glass frit, a conductive species, such as silver particles,
and an organic medium. To form the metal contacts, conductive inks are printed onto the
substrate in a pattern of grid lines or other pattetn by screen printing or other process. The
substrate is then fired, during which elecirical contact is made between the grid lines and the
substrate. This contact is enhanced by the formation of individual silver crystallites at the

glass-substrate interface. Without being bound by theory, it is believed that charge carriers

ate transferred from the substrate to the silver crystallites and then transferred to the gridline
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substrate. This contact is enhanced by the formation
of individual silver crystallites at the
WQLmWeeIRGhstrate i nterface. Wthout bei ng bounRChYS2009/032107
theory, it is believed that charge carriers are
transferred fromthe substrate to the silver
34338 GIstal lites and then transferred to the gridline5433
PCT either through the gl ass |ayer by tunneling or
directly to the silver of the gridline, if there is
eitheditragh tho glhackhyofbyt thenating ot dirtatlydowhe $ilveoohthe lgeidline, if there is

. ridline and t sem ¢o ctor. Lo firi . e
airee gyt B o i EneGEl POBIE Bifins GGhe cbbisORugtons Logpr frine
tempblagirésoNe rdesiomdle imnued yededrdcanerofths ove . coptObO&8edand energy

ot herwi se nentioned herein, the anti-reflective
Save‘.&oating enhances |ight absorption but also acts as an
[000#}”5 ul atqr oi’f@l'v?lﬁe iRAbled hdGin©Hsd LRGLr&leeGid @&ﬁin?r&ﬁhnces light
| owi ng fromthe substrate to the netal contacts. .
absorption batiatgl agis as ke ilsolathn ethichd mpaiks bk exdigd glealsensdtam fipwing from

v S SRR L RE A B 5N SO0 963 B v

refle@0 ddvating/ €o iflkS nhatal Ofcpeactt kavigasbmicr bdsact ovith thewsitblstrate. To
sintering silver particles to a substrate, and t ] .

accoigplithoitis catHBivEAkaARFOGIIIE St Rerabai e e magicles to

a subditebn FOY:8hbte30RkstdAGing YRS @nfict MiREen! RS @8 teldl kéntact and
l'tTquefies, 1t tends to flow toward the interface

the sikstratse rViedneths iglasefrit pigrefics] e endntp flowe tayvard theapleelags hegween the

. coatin t he. I T g .S

svef RSO0t N5 BN g TAATEbb A 1ot Mg e

anti-@fledtive comingImpatals wlvesl @roms ubthe madt« pai@oloe adchaibstrate. Once the
tenperature decreases, the nolten silyer and the .

tempRift e fecsFasep deomoter Shist rafe ipeidy i od SpbefigisgRorystallize

through €hd fidi ?ha@@.a%g a rAulsd8S 8t the sTRARrRfaltELars abM @6 penetrate the
crystallites are able to penetrate the antireflective

antiréflepiéve layet ahd donnoplimie contetaith tietshbstiate. stiis piogese is refargd to as
“fire 18&5%33511{1 q’acrilﬂgtlgg L ?OQW E(?ﬂ&% 1‘e"sfsta'h€' Hl]&g i "ndaans%'onger bgnd between
ita ow contact a

acl es a resistance formation-an
condsdtive mgé or hetdcdedcneenhe arbduati ve grid or netal contact

nd the_substrate. [0006] The. aut tive, electronics .
10000 5o B SBBITOTFITPPIES 1 3l i BT AL SRt on

usingUSivit8nBEMAIRRHERAK AohipohditE Al Yro6BBROMENE SmaRdis has been further
Thi s enphasis has been further urged by the

rocesses.
urgeoﬁ bdhe peadotoptaynply ttithepritoomprAk EBUIAGS alty tpRoNSE, fhe solar cell
indusir Sigm?né {ohainﬁ%t@rﬂ?é:ﬁéel 0 l'agdjﬁwt Edm o?leﬁ@\éh&]%natté?ials used in solar
efi m na he use of l'ead I'n conponents and materials
panela®€cklisn sol ar panels of cells. [0007] Accordingly,

[000 ge; iGr ié%cglid?e?c,j t{le% isaa lnge%dfof‘ gqgadgllre%sg asfsrfjri% wmihcclgn %&'ired at a
lower temperature and that can penetrate the anti-reflective layer and form metal contacts in
ohmic contact with a substrate.

SUMMARY

[0008] Embodiments of the present invention relate to tellurium containing fiits

having no intentionally added lead and the uses thereof. According to one or more

embodiments, the frits described herein have very low viscosity and are particularly corrosive.
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| ower tenperature and that can penetrate the
anti-reflective layer and formnetal contacts in ohmc
w@2n9p/aeme4n t h a substrate. SUMVARY [ 0008] EnboRGTESR089/032107
of the present invention relate to tellurium
containing frits having no intentionally added | ead
5433d%d t he uses thereof. According to one or nore
enbodi ments, the frits described herein have very | ow
Vi scosnty and are particularly corrosive. 5433 PCT For
For @oaa]m:d é ohe oo mero renhodigenish 0w fmme@d chbSSblVﬁthﬁaCéWd myerials

o LR LA LSO TG0 St
[000??' ﬁ@ecﬁﬁb\%mb{)éﬂﬁﬁﬁﬂs et £ fit h@ﬁi’ﬂg(ﬂb ﬁﬁ@ﬁt&onamﬁ hddde lad which
inchcbeGande 20y aIPORICa; Okt g THSBEha Tt GhRIFE Pl (erms no

intenﬁ&gii !yca% LPRadt Qﬁ t‘?u:bgtﬁnmf‘ oAt ﬁ&t”' Qlﬁﬁ‘ldléénaéjﬁ*ﬁ%évﬁ%dlead in an

stanti mean a frit having,
amoung dicks |thanaatb0atT®;ﬁ)ﬁ0 ppesslrt hafn oabmm emb@@@lem@nﬁf e@nisgpresepy in an

o5 SRR i B a1 B RO AR e

inclu@ﬁ%]@jg) ﬁEmcoﬁlnﬁgOto:cdi@ dﬁdjlrbﬁm&?ﬁﬁ the AﬁQﬂHodimdgdéscat dewdt one first oxide
enbodi ment, the frit so i ncl ude ast one first

comoRPTle ASAYH DA et 8 Ei5R SRR B M P b LeP fah 4CBpd oxide

com%&rfth\%llé J‘ﬁh‘d@ﬁﬁ:o@helnﬁﬁiﬁﬁld@snﬁ 1S8CHHR DK BRI CRIRABMAbaent. At
e ath enbodi nent i ncludes at | east one al kal i

least oa¢ akaltmlealéh m@i@b@néms inghder dmanothpn empdigentrd thenipyention.

[001 tal olglﬁdfeftb%ilg? C g&g nk ) %ﬂgtoh%mg%'dﬂﬁ sfggn Hgﬁlde Zn0O

nvent i | rS OoXl de CO onen
and/dFX 180 £ MERdiisprkant daoné Brbodimernid almiﬁmmt Al A6dut (i by |\\$|glat to

oo 5L S RCREDE e 8 R 6, 2084, %P
3% Iﬁf %\Agﬂtt inl sholfr %mBHHEheﬁf ahe ldécoga/oomﬁeV@nﬂﬁhedt Qf aﬂﬁ@ Winb3¥ment

i n anot her enbodi nrent. The second oxi d

lncluciemisgmﬁ)e ﬁbz(bf Gefde I@aﬂaoﬁhﬂmﬁzoﬂ, bt Qrel ! 3@%3“@6@@ pressgy in the
fouowmgsen(fmlfsrﬁ t O’F%g)ovﬁqg ’mftm d/&zﬁ E@%E@%ep{s&&l amount of

abouf\h%%' wagid/toabdia S%bﬁMIg}ht dﬁ@}tand@ Sh;;(b_,rmmpltesqmt irafpoarhount in

% ight to about 8% Db d/ Sh233
the raice BB 0% 9 AP AR S5 R EllB ot BB by
in th¥Bin@h FromCatRROM: BBUVE¥NWBI 8Bt 10908y (R IRt Em@b&ﬁ%ﬂﬁs with at least
an amount in the 'range from about 0% bKZ‘@ ght to

one aipdiunetalonsidsy carnognt. ut@%b@:@r&m% aniion K 1n @R SmoBRicn the range
ﬁom%fé@?! b%niﬁf @}ﬁ{gﬁ%( 'téj%b he rgn\tvelgﬁt' WifE NboRndneCwitRNA/ 1805t one

atkaline earth metal oxide component utilize BaO Ca0, MgO and/or SrO in an amount in the
range from about 0% by weight to about 8% by weight,

[0011] Tn accordance with another aspect of the present invention, a conductive ink
includes a substantially lead-free frit having TeO, and Bi;O; and/or SiO,, along with a
conductive species, and no intentionally added lead. One or more embodiments of the
conductive ink include TeO, in an amount in the range from about 0.01% by weight to about
10% by weight. Another embodiment utilizes silver as a conductive species. In accordance
with one or more embodiments, the conductive ink includes frits which also incorporate B20s.

Further conductive ink embodiments can have a fiit which includes at least one first oxide
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from about 0% by wei ght to about 3% by weight, while
enbodi nents with at | east one al kaline earth netal
Woxiodesresrponent utilize BaO CaO MO and/ or ErIUS200%982107

anount in the range from about 0% by wei ght to about

8% by wei ght, [0011] In accordance w th another aspect
543381Ck he present invention, a conductive ink includes a

substantially lead-free frit having TeO and Bi 2Q3

and/or SiQ2, along with a conductive species, and no
compontreniti lensabieyscaatdleckideapodee, drieaspers dkdlowitabatide gfmponent,

an RPN A RSO e L AR BRY Db men,
is pradBitGhthe ARGIJNOE ifkITRaIEH ABdlint I thé k4h@s il abht BB by weight to about

. conductive species. In accordance with one or nore
5% bgptsighitnent s, the conductive ink includes frits which

| SO | : \V St bstrate, and
0013 50, PERPRPERE FHEL i R AREI I poing g s, on
a corginetivel ink tas alesorlibBd B ciRGlisfosehom éist subsitat¢. e Aseording te @b gy more

i d l. | kal i I ' .
o S SETRRRER) b e8RS0 By My A s o

glass@KéHEEGOPTARER twithACRaT ehndgetbubsiiatedirote odnin arftirietledtive layer
resent in the conductjve ink,ip the anfgunt _i

. th
dispopechefethe U hoFRRFYegHE i dspaBighan Bopmrallsrsaver. Ina
moregsp%}‘%% efRERES, @S RAtterREtiveNSyd MERRIEL G0, THe), vgav.an

e conprising a substrdate, and a conductive ink
[0013]s desdniopedr heareicmbdilispotsedf ba artinde, S sondaeteve ink comprises a

s QR HRRTER (o TG BRI ET S R ARpARL B

includésIpos afld Be0a gl ass sheet. Enbodinents with a
sem conductor substrate also include an . ) .
(0014t j - r fficetrsaping wu@pg{a&t@a @Waﬁl%@m%%s b pechnical
advallﬁtgges(b? bécheinvBltionS 1@ E&Bﬁﬁﬁéjﬂﬂbcﬁd?&l BNthbsd &hilkRCh ithart that
ayer. In a nore specific enbodinent, the . _
the spedific eabbdiotentsedibelgsed mac bedesslils witizedriap appassy fg¢ modifying or
. [0013] .1 n.ane or re e [ . [ |

s a8 O B R TRGHLIE B 308 L L fint " souic
also b¢ idalizniobyathosnskiltdd ineths pechassuch nqva@e cofidtaictions do not depart

enmbodi-ment, the frit includes B2Q3 and TeO .. [ 0014]
from flieespfrifaag 7oRg © t&gI%V&Pﬁ'?w&efrfﬁitﬁé&s?waa?ﬁo P n
features and technical advantages of the present

DETANVENDEICRIPTICRhouUl d be appreci ated by those skilled
in the art that the specific enbodi nents discl osed nmay

[001%]e r eadidiyte deickibingdewsalaxbaplsy ¢bodinetits 9f thg imvention, it is to be
oSSR AT o s ERBEAGH A B s s
forth in the following description. The invention is capable of other embodiments and of
being practiced or being carried out in various ways.

[0016] Specific embodiments of the present invention include a frit having no
intentionally added lead which includes TeO, and BizOs; and/or Si0;. In one or more
embodiments, TeO, is present in an amount between about 0.01% by weight to about 10% by
weight. Tn a more specific embodiment, TeOs is present in an amount between about 0.5% by
weight to about 5% by weight. Tn an even more specific embodiment, TeO; is present in an

amount between about 0,.5% by weight to about 2% by weight. In one or more embodiments,
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al so be realized by those skilled in the art that such
equi val ent constructions do not depart fromthe spirit
Wa2o8eBpe of the invention as set forth in theCT/US2009/032107

appended cl ai ns. DETAI LED DESCRI PTI ON [ 0015] Before

descri bi ng several exenplary enbodi nents of the
5433ilvlention, it is to be understood that the invention

isnot limted to the details of construction or

process steps set forth in the follow ng description.
Bizogrrqurésam‘ntlhsaﬁut irsarcapaint & thé ragh ﬁnneﬂboﬁ:iﬁl(}%hy sreghttogibout 95%

bej ng pract [ bel carrie arl us .
by whgh1 41 RS TP HEB LAt & PPt L e B SR S Ry wetehe
to ab'oﬂ@k(wd Q)yaw&ghtt wWARY laR GvEP niohd St fRNehodiraeht éds Bead in the range

i ncludes Te2 and Bi O and/or Si 2. In one or

flomﬁb®l§6§%ﬂl){]\fvﬁﬁiﬁﬂgab0ﬂé@%ﬂb§\w ent in an armount between
[001 bout Q)n%l%jgéflg o ﬁne%& (ﬁ{#ﬁ%lt]lgdﬁ’;l&y SKE';{{J% amblin@in the range

re speC| 1 C resent I n an anount
from b bueEss h@zb.wghtao&fkfmhysu%bg heeigho. éb@pftmiﬁf’/@tbbﬂdmcfght&oﬂ'naﬂ be

an, even nor.e specif nt S. pi.esent. .i.n an
preshiBATSBE VB DB S By Te Ry e B BT SRl
[co18Yei ght . AdcBrd@}eroVne BP FdrerBsHi femi S325)43§aiﬁﬁﬁcﬁdé’cﬂnl the frit. In a
present in the frit in an anmount in the range f

ro

specigip smbodioy B2\l gmserttal HOBLRUNY BB Jange frghr aboyt{). e by weight to
iofi i r

about EW bfysxg%}@gb qg\éqgﬁte speCi ngexlnﬁo %1@/?@92% f|@ ptré'li@nt vblﬁﬂ[rdg gn%ﬁ% the

1angeexﬁe>m aboe Qsﬁﬁécbyf weightido dibnen8%hbhg @1@&13 Irn an exer amyge specific

ht t about 750/ "i{'l b}gw

cunbQAiBaY s BPa &0 Gt o e TR o PbER

bywéggz in an anount in the range from about 0% by wei ght

t o about 30% by wei In specific e od| ents,
[001Yan be Precrhodiment 8 ﬂl&rﬁssﬁfﬂt fnyention ipg YRS 98 1205,

Si0, kbﬁd ‘ﬁebQ h}mtgtﬂel %Egrg{ale%%dkfﬁt H\g%@&t Tedh S @3263 8?@? ardi !ZQOtaﬁd AlyOs.

i's ald0 1Rcluded Tn
An aﬂdltlbnal Iembadisrpemﬂa frit émdbotes feéMifs toREB by svegghe oBheOs, Ho%nto 95%

f 0
o R BT SO HS S B B st 5
by wEing{S@HEnO Bncﬁﬂ%&ﬁ@%by weighbef Atge A fintcatobddifed%iitye present
ght to about 8% wel ght ev nor e, specific
inverdion s 11RO e e RS S GG @ PRORH TR FRjisonent.
One f&o% éjﬁbo%l%’l@ﬁfs ViBhdftbte t 200U 40y WEIORhothbOQERbdiment

ment of the present invention includes a
mcorpmnates hethiZng Ad@, 081 B,

[0020] One embodiment of the invention includes at least a first oxide component

4]
1& &t to about 4%

such as:

ZnO in an amount in the range from about 0% by weight to about 10% by weight; and/or
AlOj; in an amount in the range from about 0% by weight to about 2% by weight.

[0021] Another embodiment of the invention incorporates at least one second oxide
component including:

Ag,O in an amount in the range from about 0% by weight to about 4% by weight;
Sb,0;3 in an amount in the range from about 0% by weight to about 4% by weight;

Ge(), in an amount in the range from about 0% by weight to about 4% by weight;
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Si 2 and B2G3. Anot her exanple of a frit includes
Te2, Bi2G3 Si @2, B20 ZnO and Al 2G3. An addi ti onal
weasodynent of a frit includes 0.01%to 10% byPGEDSED9/032107
of Te®2, 40%to 95% by wei ght OB 203 0% to 30% by
wei ght of SiO2 0.1%to 10% by wei ght O B203,0% to 15%
54338 Mei ght of ZnO and 0% to 3% by weight OFAl 208. A
further enbodi ment of the present invention includes a
frit having Te(®2, Bi208, Si(2,B2G8 ZnO and a second
Tio®; frearcompoh grthe ra@pefrom atrowtd Yehbvdightiatebow dhsby weight;
ZnOwith Al 208, while another enbqodi ment incqrporates
Pif in apgoouridn Ae range fTayn st e yenpetitraiout 6%%13’%618 5
i nvention includes at |east first. axide cpnponent
Vot i ShgimosnGnthe BReSRmAPY: A% Mo vPaie bt Ao s
Wi . | 9 [ ; / 268 i
MR e Aol A ek SV bR R O 4Rbv i
T Y ARGt in 1HRPALL FORPLHAIEF 0% B Qi gHe 1 abdlit 49 By weight.
I'hvention 1 ncorporates at | east one second oxide
[GOZ?OWpong]He dn‘rhﬁblgdéﬂﬁgjdirﬁ@QQOf theagre@nD ihvention inb@poratege least one
from about 0% by, wei ght to about 4% by wei ght; Sb2(3
alkalj metawmwmponwtﬂ%@fﬁ%gg from about 0% by weight to
abeb i % Mol He a8 RonDatR0: GIBYRbeidhi td ARduf 2199 weli ghiR
about 0% by wei ght to about 4% by weight; 5433 P )
| H4€W it an amoantotinthe itinge Heom aheys B bin vedighitto Ghewy2% by weight;
and/\AEi ght to about 4% by weight; P20 in an anount in the
OFange_ from about 0% by wei ght to about 4% by wei ght;
V@)binmnamoamju e riamget fiem bbovy 6% yoweiglitao bV Wybywedigktt
to about 4% by weight; Np206.in an anount jn the ran .
1002417 o a9t ERSLTGHE X ST dOGE oMY g 15 g Akaline
carth haet{Fx1de c@tﬁgé‘f@ﬁt‘ﬁkh'aﬂ the range from about 0% by

wei ght to about 4% by wei ght. [0022] One or nore

enbrdHinrae o upt intthrerapgasfiemn ebout P&y weishtie abgys Azt by weight;

I . on | kal i or'q j b, 0O
R SR AL RSO RS R
abdp® i2%nymonet ghthe eigQiom @boutadibunt weightthebowrije by weight;
from about 0% by wei ght to about 2% by wei ght; and/or
aPB in an anount in the range from about 0% by wei ght

t O5rBRR UL a0l n WRIrSHYe from about 0% by weight to about 4% by weight.

[0024] One or more embodiments of the present invention include conductive inks

; and/or

which utilize the frits disclosed herein and a conductive species, In one or more
embodiments, the conductive ink utilizes a conductive species such as silver in powdered or
particulate form. In one or more embodiments, the silver particles can be spherical, flaked or
amorphous or provided in a colloidal suspension. Other non-limiting examples of suitable
conductive species include conductive metals such as gold, copper and platinum in powdered
ot particulate form.

[0025] The silver species used in one or more embodiments can be in the form of fine
powders of silver metal or silver alloys. In other embodiments, some of the silver can be
added as silver oxide (Agy0), silver salts such as silver chloride (AgCl), silver nitrate

(AgNQ;) and/or silver acetate.
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[0023] Additional enbodi nents of the invention also
i nclude at |east one al kaline earth netal oxide
w@29povieet such as: BaO in an anmount in the raPgEU$2009932107

about 0% by wei ght to about 4% by weight; CaO in an

anmount in the range from about 0% by wei ght to about
54336y wei ght; MyO in an anpbunt in the range from about

0% by wei gh to about 2% by weight; and/or SrOin an

anount in the range from about 0% by wei ght to about
[0026[]% by v(ajnghctnve[ih@ﬂékﬂcccﬁﬁmgom oy @r embedembadimeds dafhthe present

i nvention |ncI de, c tiv ks, whi
inverflor igeineqEoRtS Bamite el GSiecmaY i oS Heotiers i hes been
found RER 1 8S addiflo® R HmUTR rt@ltﬁﬁfb%iﬂ%ﬁ Hignuth REice@Nsiatetsv €an control
Ink utilizes a conductive species such as silver in

crystpibiaaiioned tosr glpger irit dyishifiéng B wnset of ghystallizatigyy o lower temperatures.
Whllg W’R{g it l?'wer;tila Shblii ot AR bd &ﬁ'\g% A0y q %Oﬂa[e'v&ﬁlthat bismuth

or anorp ous or provi I'n a
tellulstdasqlﬂh:ﬁIlﬁmauth)sheater]mwdlersmrbwdg necéaamh&te@fmsunyatdtﬁlewth Ina

ductive.s [ ud cond net
oo T SR S5k WA OB G T Sl U Pencene
layerf t8Tehbié @R2BlverTtaefofih loWRiic sm@kl, Qﬁmﬁéﬁ@ﬁcdﬁﬁmﬂﬂ@ the ag’g?éﬁlveness of
enbodi nents can be in the forn1of fine, powders

glasscfyif \sedesiied @) preyens it fiom pg}qtlétyg th;wggtt%wn@%b%ﬁ th% ﬁqr%tconductm
wlnc?%kf&fhutﬁtq e Sdvicke rOtﬁé%n@%d%ﬂ%%ﬂﬁ%e %Ei"l@l‘bwﬁ)ﬂhgs%s wh 5011 produce

ver salts such as silver l'oride (AgCl
the sahé medimilartef@ttens bigNG Jellnmtl aod/os bisnath mt@s@hmgsmmwoma
h &}% 6] Condu tIdV i nks according to one or nore
PhOSHN; SREREY o&\‘“ HE%r esent invention al so i ncorporate

[0027i sMut THe@bhdlicat€inkNdé@tinB ite oAl é iBdre @indodiawtiBrmsay dldo include a
has been found that the addition of bisnmuth tellurate

il B8 BRI (e BB SO S BBt COThEEnEnts and
faclil?a{té/ ﬁﬁls#ei %@ttllleo[ahklo (j&%n@# %ﬁf% § Shitadly SRbfrching thdBquid vehicle,

cryst tion to | ower tenperatures. Wile
Wthh ha:cptda@wt onqventarombhdinicdtsnist cdsepdseslindl sbiyentse ang, dissolved

01'gar§l1: |r‘ias&rgge ldkg%%g%rtbh FS:Pn@}c gé’l tS hecteglaI iy "B & ?ﬂg’/noz{n Rk%ﬂlglsunable

P on s tes for

viscogit@Winhaddition 2o B0t ﬁa@te&u@pﬁiyl it atbeﬁfved Ttlliw thad raﬁs(s)‘ ihiprove the
shoul d penetrate throu h or sol

adhegipn and-@renatitengld of draiastt gfteribbisdesh Shepiigan theysybgipatp and dried
Var 1&?"3@1&: Q8tiaed wdﬁo&emfloutctﬁﬁk&ﬁll bGhid REIbARET L Sthie B@ TR tants,

ass t Is desired to prevent it from penetrating
defomwgdlfost lathej lsmmtnoomd@ftwleh@mselmabbnﬂums@rm the preparation of the

embodiments of the present invention. Exemplary liquid vehicles which can be used include
alcohols (including glycols), esters of such alcohols such as the acetates, propionates and
phthalates, for instance dibutyl phthalate, terpenes such as pine oil, terpineol and the like.
More specific liquid vehicles include diethylene glycol monbutyl ether, terpineol,
isopropanol, tridecanol, water, and 2,2,4-trimethyl-1,3-pentanediol monoisobutyrate. Some
embodiments utilize vehicles that also contain volatile liquids to promote fast setting after
application to the subsftrate.

[0028] Examples of suitable organic resins dissolved info the liquid vehicle include
ethyl cellulose, methyl cellulose, nitrocellulose, ethyl hydroxyl ethyl cellulose, carboxymethyl

cellulose, hydroxylpropyl cellulose and other cellulose derivatives. Other examples include
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whi ch woul d shunt the device. O her enbodinents
utilize other known phases which produce the sane or
W@ wpoe6ef f ect as bisnuth tellurate and/ or biBEAU$R009/032107

silicate, such as titania, zirconia, phosphorous
conpound and ot hers. [0027] The conductive ink

5433d¥¢elor di ng to one or nore enbodi nents may al so incl ude
a liquid vehicle. It is believed that the liquid
vehi cl e di sperses the particul ate conponents and

resing aaeH it at:@shctaca!nsét@s okthatiglic mkidcestqe spalyomylcrleahols, polyvinyl

L cal I the liquid vehicle, which,
b“tylﬁgcﬂfﬁ SW@S [?’5 tBP or e enbodi ments, is conposed of

[002990! ventif She apifih &SRIdWAEht OScRMING of 88ind (s80h as:lpcsmetsasyiates of
t'he conductive species and frit to obtain

lowen algphrds 8x¢i ysab! whila wico &108g spacificagrapadimeity e qmﬂrdﬂwlﬁ gnoludes

b ! | &Vt INéiBdr of dicthyl
PG URRRLL o e, B B e i BRI o it
glyedf ter it has been deposited on the substrate and

ried. yarious i d.vehicles.
[Oesﬂhl ckenli daté‘b%%}f@qéjga%l? 19 3 1}% - nctonduc\é\{lﬁ% L ciegprting to one or
mored@ARANBNSs @c/asr cdh&id@trab@mﬁﬂﬁﬁl daa@mﬁedvtgstharraalsdasnabfoemulanon
for use in the preparation of the enbodlnegts of th?gﬁne01

viscosit wiliieh, 1nrw@m rmned by the Qllllltl”@dF%P‘R‘PgﬁP‘él dhegystem
moregﬁnlg)ﬁic erfé{]i éﬁ%%d@dtﬁr@ hol Sar %JI‘I&J[I’YI A9 58y GRS D5%EHt |EZNht solids

ol s such as the acetates, propionates and
and gbhttaoabed, SO%d:ry weightdigosl dhisle yl  pht hal ate, ter penes
uch as. pi ne_ oi t and th
10036 ci i 'S e\%)ﬁ’ﬁ eélg Oflth? u%ﬂc}u §Vt’ﬁ§? gng%d m(mﬁuy comprise
furthBOMAUENS k@dviteii, thé et ubieas colbﬁﬂi@raﬂ@aﬂaﬁﬂmg etgentd enhauﬂogy modifiers,
water, and 2,2, 4-trinethyl-| pent

adheSfomentBist i B8 INSORor ST RS MO S el pathe ke

[003islhat al ﬁo OBt ?d(ﬁ’e R lintdts! bl ltﬁedﬁlefséht ﬁﬁ@éﬁ'ﬁbﬁ E;ﬁﬁselvatlve is
etting alter application to the substrate.

incorfated|inte thé ceating abmeomcgvanmtw eubaiments Qbhmeserﬁa jveshach as
bouccaésqﬁaﬁ%sg (I)']rkccz}c%eq» hg Uhq §iié 5(93’ | ltﬁlglalziﬁysgﬁ;ﬁmupg& 33‘1?/01 combinations

ose, rox

there6f Mhlﬂb ofey erﬁl&fdﬁﬁéﬁtﬂﬁilm lotize blewdrogzes knyoamox y}hepn opyl
cel l ul ose and ot her %pllulose derivati ves

[0033y anp| enathee | asaes 443 thecpresgd; fyedigh hpeé@mﬁcﬁpyla t’(?Teécﬁ']Eiludlng a
subst?z?t% Ghda CHFC{)QQ% Mk'&p@ﬁd%nﬁﬁé Qb3tratBO VY bbreAdngsdah&nts include

polyvi nyl ral's, pol yesters and pol yketones. [0029
a conduciineaink padig aémbambamrbsdtlwegmtm |1m§rlfo¢0mpel§masTe @pd having

no nﬁgﬁ%ﬁﬂé&%cﬁ %z}% akeSn %S o?@'ﬁ{sﬂé’{ %%11% qU| &cq L Whtele glass

sheetls @l WUes sﬁﬁzfl;; Isﬁllﬁi(ihtgsk ose i the phu@doliaic B‘xdbstanfqr tk@édn‘nmson of
photopvoﬂaefcotclallsanlgl ggg oeb ubo%lmgntt,het e osfemcljéo%tlg%cln‘ers]gbstrate is doped with
phosphorous, while another embodiment includes doped conductive inks. According to one
embodiment of the present invention, the semiconductor substrate comprises amorphous,
multicrystalline or monocrystalline silicon.

[0034] In one or more embodiments, the semiconductor substrate has an anti-
reflective coating disposed thereon and the conductive ink is printed on top of the anti-
reflective coating. The anti-reflective coating according to some embodiments comprises

silicon dioxide, titanium oxide, silicon nitride or other coatings known in the art.
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gl ycol [0030] The ratio of liquid vehicle to solids in
the conductive ink according to one or nore
we2sodynent s can vary considerably and is det eRCiH/HEH09432107
the final desired fornulation viscosity which, in
turn, is determned by the printing requirenents of
5433t system I n one or nore enbodi nents, the conductive
i nk can contain about 50 to about 95% by wei ght solids
and about 5 to about 50% by weight liquid vehicle.
[003$]003 1] Mo krvmmeinetiid aeti cmeritesusedl to Ipeoducn sensivondacton Issbstl ates

il SRR L GTRR Bt Bt S DM Byt
sﬂic(fnhs‘i‘l@llx e&lY b Biiel hRbHhodd RRBbEDstEMAGBE R BicrstalliRl | M@tings may be
i nhi bitors, green- strength nodi fiers, surfactants and

applicthéo tieleabstiaonazd sushsratings ordaxerermdi Predicsd groarfis to known
pmca{%ae%s ith 'c{snc\f]gmdap(}a 0? d@é&ﬁg{)}f{gfagﬁgo Orhla cﬁ:?@é'lt@&{ 3h&%hd kL The

coat’l ng s utrlize
ant1~mﬂeas;e\cantnnge$a1$ latsh basiphided u:sng:a:mtmupﬂ] asmmdepwtam {gchniques. In

some_ iabime briog e capes s Bet kup” SRBUH R AL aRR e v

dispdRt AR anBLEBAkIVALOMRE ok RRYUbRaté. hSelﬁicbndukﬁﬁaﬁﬂcle&l’mtdnﬁfng to one
aspect of the present invention pertains t arti

or mpygcepfptidiipents, SuaYstlpabe etcherh o tex i ot Leguce; lﬁ ecio Fy% §gr&1ght and
enhaf?dé tﬁ@%va%}?ﬁ%ﬁtﬁaﬁog e Al fﬂ?lﬁgeto%ﬁp B IR MnSh o fd el ﬁwa&:ﬁnductlve

conductive |ng a r|t as described herein
ink ik $he1 aftbr applied ip the sunfped eOtheasutbsihay ion gntnceﬂentu\@n@qabn& by ysereen

prin g URERETiTpaperd gl BELHEVTTeA R BRemuge ol g 750" o

850° EURSdiftat tBs phisieRds bﬂtifeh@mﬁlhﬂtf@itm ihw@i gi‘idlhﬁdsl,ISA:{ Mhémﬁsetdiﬁ:ussed in
formati on of. photovol ioﬂsc cel]ls,. In o nbodi ment

this gpplicasion; s Adinetsrces oM dhe lass B e i PSR Gsiglve the
antl-ﬂ@!ﬁh&ﬁle ic i ?gﬁsﬁ%%%l e E\Ibsﬁ 5’[@ lHdgs ofjﬁB%den%H%tté ¥R conductive

g to one enbodinent of pr esent
species femt icorsiallitbeatstberiienfaga of @he Blibad ﬁwwa@dmrfﬂ@e@hwh enhances

et ERR ] bS] B b Pl ERDBEINEHIL A fppanv ik nd
the s%ﬁi@bmﬁsgugfqﬁg&atsubstrat e has an antireflective coati ng

I sposed t hereon t he onductlve [ [ rinted on \
[003¢lop of Qiferrame F@SPSH‘PW ity shgon 4 Sﬁﬁr@ﬂ}sg st %@?W%S with
condﬁcq Jiere pgﬁ%grmbl@gnt Qn SP§RcBRDAGHFRN (Be GREPEARESs an automotive

i con oxi de, titani um oxide, silicon nitride or
backbtbhérr ot@@tamamgi;as,kth@mﬂss sheetthas an enapart dispesed flpo@s)and a conductive

ink Ig éamngg @{) RIS Hﬁ\aﬁ‘[ R4 19 OH%eéinl;o%nRén%dHﬁ? be obscuration

or SU St ra
enamels which provide protection from ultra-violet rays which can deteriorate the adhesive

glues that bond the automotive windshields to a vehicle body. Embodiments of glass sheet
substrates may also include a pliable interlayer usually made up of polyvinyl butyrate
(“PVB»).

[0037] As with embodiments of the invention related to semiconductor articles with
conductive ink disposed thereon, the conductive ink can be applied to the glass sheet substrate
or enamel substrate by screen printing or other known method. In further embodiments, the
substrates are fired heated or fired to a temperature of about 600° to 750° C to sinter the

particles of the conductive ink into grid lines,
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havi ng a conductive ink disposed thereon. One or nore
enbodi nents enpl oy crystalline silicon such can be
W@Raopey72e4ror phous, nonocrystalline or mnulticryREEUSI0AE032107
Coatings may be applied to the substrates, and such
5433;{Qg|tcings or | ayers can be produced according to known
rocesses, such as chem cal vapor deposition, plasm
vapor deposition, and the |like. The anti-reflective
coatings. can al sq be applied using, chenm cal vapor,
[0038jeposi t Vihou! detriding &slimfthe gyentigmdanrgnsien smbedients of the
. 1y Wot=1\ £ ik : | s are used
U TR ST s R A e
EXAMMIY at e. Sem conductor articles, according to one or

re enhodi nen ma | be etched or t.extur t Og.:

0039 e T8 H 1B DR o e B el B PR g ond o
condhétiBtspahisO milsl QrandAB c@i¢lipR@alc® BIRG D EerBdl @rocedure. The general

enbodi nents, the conductive ink js there ft?r _ppli?d )
procgdyre ipgludasrbpichinegnd diseorsing dhercxpariss using HinGrofldpylinge Alternative
dispe?sqgf be%s@é’s, BEMGER PE RSP sBh A el heGistiemitliiEand colloid

substrate Is heated or fited to a tenperature of about
milliTEeuidalgtie Ged to disperssrthe sodid particles irelbe ofganisdilshaodiviny e

i,nk int i_dl ines. t.herw s ' i n_.thi
“m4gpplicéﬁ?%%?n?ﬁgmi?P@ﬁ%ﬁgfﬁggggﬁgﬁ%g&E&%%QaGfgégfE}?Rmnomﬁ
of 97ePbyrakighad eihidé baiss Bothdtissedry eistriueh borbsiHeaef domgiosiviens, had
._.coating disposed on the sab?trate.,ln one or n?re :
similgosticior harmal CompRIANd glasp Brsaiondgppsiatuieys {154 peregined a

fiit k\;ﬂ\t}]w Eﬁthie REGUHiAE BacPo RLibRAITY a8l RaPSIkas Borlth&F 4 Ak &nown in

i ch enhances electrical of ohmc contact between the

the arfmthigh had mo agewiohallyedded feadrpndhdscopeperfoddeOak and t he

en co t Ubs ) 6).: (ne ) .
0045 SO R P Wbyt Be Niicdle 0 U OWRh 8 40 ohm/square
phosshobst dopteamitiet mddanahiddpid Base hkvipg b siliech tivédeaati reflentive coating

woroSEEE, P B ot U5 A S8 R RSO G we

back QOARR! alfth RSB dndediRONaN oifact GNE U B Rkk Merd Thoroughly dried.
printed on the enanel. Enanels used in sone

Four giafseiwensriben priechen b oot arfaenvish dried singiadRs preshy pateen (Cells
1-4). SE??lsl‘ea?atdlitPOrﬁalf fvgg}sujgglrezlir}ﬁlte%l ﬁ‘f tl{eaﬂ(ﬁt\'gﬂgﬁ& &!ﬁﬂ Ink B in an identical
e e aanhesi at e

eriorate ve glues t ond t
mannat {OomparstivenwCeltbs Hige| ddetRV acNehir! hebadyd akdifoed et dnfrared

TS B T o A6 e A P
tempérafiMBol -a{lel‘aQi%Ya]telﬁS 1WAt facB.O N TR BdSin@f thiehRArts AéRNEsteN for their

related to sem conductor articles with conductive ink
curregirgpesed-\OrdpBetstisticde conductive ink can be applied to

TABLES: Y NiBARMESY GHRSAMISLAYERS

Cell 1 Cell 2 Cell 3 Cell 4

Fill Factor (FF) 0.467 0.523 0.494 0.562

Efficiency (Eff) 9.8 11.4 10.8 12.3

Peak Firing Temp | 800° C 820°C 820° C 820°C
Comparative Comparative Comparative Comparative
Cell 5 Cell 6 Cell 7 Cell 8

Fill Factor (FF) 0.519 0.659 0.659 0.681

Efficiency (Eff) 11.2 14.3 14.3 14.8

Peak Firing Temp | 800° C 820° C 820°C 820° C

10
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or enanel substrate by screen printing or other known
met hod. I n further enbodinents, the substrates are
wWo 2ooedomeat ed or fired to a tenperature of aboRET/BHM09/€32107
750 Cto sinter the particles of the conductive ink
s433ipete grid lines. 5433 PCT [0038] Wthout intending to
limt the invention in any manner, enbodi nents of the
present invention will be nore fuIIy descri bed by the
foll owi ng exanpl es, EXAMPLES [0039] Two inks (Ink A
and Ink B) were prepared having at least a frit and a
[004onductTheefiflFagoe aind FetfisieAcyeindfeBiovaeBuRmeparog theysifognance of
general procedur procedure includes

Th
a SenHﬁQrtSiHFtﬁ‘g Hierm . fglé PO%CF‘ﬁg%t dekin %L%Sn%? 10 thMPH Y MEP P (Vimp X
Twp) Hividel th@lsﬁ&f &?éu'ltvc%u@hts ej§ﬂ(pﬂpeﬁfc@l‘%§§%§aéér@""gﬂc ih Mighh&urrent
| P an

ndustfy such ¥ ng, sand m | l'ing
densigyot voltage V)i qhgact@mtm:s @f solabeellys ekhet apenicypeit geltagad Voc) is the

maXl[ﬂHWSV(AP %é)lbgll'glo hf:!& %h%adfgrﬁ{é %Bg‘i ‘i%ltO#E%gi(})lAE%/ [Tﬂgégﬁ%lt circuit

curregﬂdierﬁii)tjlr gl id the atnxanmm mttllélft tRretpitbshevieddgintdef S‘mntamﬁ:ﬂltlcdsditions.
S| S BoH1 rits orosilicate
e BRiigd 17508, (i i Sieth 25 reloel R i 67 fon ey Yo represent he

cutreRXRARRY A ANdoohede Iﬁarxﬁﬂlﬁhtp'o%l ﬁ(ﬁﬂ@?ﬁé‘%ﬂ @ﬁicneh&k wA\is given by
contai'ned a frit known in the ait which

the ecmtxenw o flaMoof Fi{Bid edherealacqualp kheBshedd mm@iﬁ@@t@t,f\‘m equatotha open

o, o 0E . BN PSH Y AAGEchosiand
mﬂiﬂﬁnocawﬁeanl%mm1amﬂeﬁ?g?m§b§Cbg?§ﬁhwgCQﬁ;Eﬁnwﬁﬁggfmmnikoz
was BT EOY Mebe Ben RuT 1o hEn il B CRat P Qe T, BaOvEReRt was

obseREE Kt KK hﬁﬁg%nﬂfelattlﬁ\@s e'\?\gfhbut\/\@é‘iﬁg; BouhB e tREdrNtier BMikved that the
comercially avail abl e back surface al um num i nk and

use ofToperreduses theongcasity pinthe mByten frihkberoler enabhieg Hggfiit yo penetrate,
. fer . n

sl i T WU BB A i conc

betwdendhe sifvotisr fadnﬁdtmﬂaiaionmwthmbmamaaﬂt ed on the front

urfac th Ink B |n n i dent.ical manper (ARY
004l | Reltntnnibiopphod fEs SRR & S aEORIREE | . cortin
embA@Tmdnaf ¥ agiRdof HohaeRbbdinRnieeak "hih feibgdihRATEhadnd ftﬁataé paltlcular
noted in Table 1. Each wafer was fired at the pea

featugeg ﬁﬁpéatta@,un@te%f orzghragteripti ¢asgribgdiip connselégnwih t %lrodfment is
mclugégi?r ;ag%aetg P ??‘qé\{ﬁ Bﬁﬁltaeﬁg%e?lg?é g:flhlgég e a;&geal ances of the phrases
such @ONIRARE SO OF ebiddEents AYHRSSthd 8B iments,” “in one embodiment” or
“in an embodiment” in various places throughout this specification are not necessarily
referring to the same embodiment of the invention. Furthermore, the particular features,
structures, materials, or characteristics may be combined in any suitable manner in one or
more embodiments,

[0045] 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

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, if is

11




[0042] The "fill factor” and "efficiency" refer to
nmeasurenents of the performance of a sem conduct or
wapmonered "fill factor” is defined as the ratiRCHUS20pE032107
maxi mum power (Vnp x Jnp) divided by the short-circuit
5433quFfFent (Isc) and open-circuit voltage (Voc) in |ight
current density - voltage (J-V) characteristics of
solar cells. The open circuit voltage (Voc) is the

mtengaenn}éme c% ﬁ‘pﬁw(gn*%{o% 1999!16]_111%51%%?011? %ﬁ&i VH[SF?E)%% lﬂl}art gﬁet within the

FAUrY condi th ons
ampﬂehﬁemgmﬁdﬁmﬂmnsamm&mmnqmnﬂanmurrent through t he | oad
under short-circuit conditions. The fill factor (FF),

is thus defined as (VmpJdnp)/(VocJSc), where Jnp and
Vnp represent the current density and voltage at the
maxi mum power point. The cell efficiency, h, is given
by the equation h = (IscVO FF)ZPi where |Iso equals the
short circuit current, VO equals the open circuit

vol tage, FF equals fill factor and Pjn is the power of
the incident solar radiation. [0043] The fill factor
and efficiency of Conparative Cells 5-8, which contain
Te2 was significantly higher than Cells 1-4, which
did not contain TeO . This inprovenent was observed at
both firing tenperatures. Wthout being bound by
theory, it is believed that the use of TeO reduces the
viscosity of the nolten frit, thereby enabling the
frit to penetrate, dissolve and/or digest the anti
-reflective layer of the PV cell and inproving ohmc
contact between the silver or formed netal contact and
the substrate cell. [0044] Reference throughout this
specification to "one enbodi nent,"” "certain
enbodi nents,"” "one or nore enbodi nents" or
enbodi ment" neans that a particul ar feature,

structure, material, or characteristic described in
connection with the enbodinment is included in at |east
one enbodi nent of the invention. Thus, the appearances
of the phrases such as "in one or nore enbodinents,"
"in certain enbodinents,” "in one enbodiment” or "in
an enbodi nent” in various places throughout this
specification are not necessarily referring to the
same enbodi nrent of the invention. Furthernore, the
particul ar features, structures, materials, or
characteristics may be conbined in any suitable manner
in one or nore enbodi nents, [0045] Although the

i nvention herein has been described with reference to
particul ar enmbodi ments, it is to be understood that
these enbodi nents are nerely illustrative of the

an

12
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principles and applications of the present invention.
It will be apparent to those skilled in the art that
W 200p/02R6410di fi cati ons and vari ati ons can be nRUEU$2909/032107
the net hod and apparatus of the present invention
ré;lj;out departing fromthe spirit and scope of the
S433ibkdent i on. Thus, it 1s5433 PCT intended that the
present invention include nodifications and variations
that are within the scope of the appended claims and
What ik elaimeskfsii val ents. 5433 PCT What is claimed is: 1. A
frit conprising: TeO ; and one or nore O Bi 20 and Si O
, the frit containing no intentionally-added |ead. 2.
1 Thee ffir edmmfsing: Tey;landfone tonemore ofiBiiCsiand B2H the Bit cPhiaining no
) f,riajJl of %p‘aiilfgw 2, further conprising at |east one first
intenfignalfx-addefis¥bnt sel ected from one or nmore of ZnQ
Al 2033 and conbi nations thereof. 4. The frit of claim?2
or 3, further conprising at | east one second oxide
2c SFsdtibeiclainl béuder eqanisidB8h nore of Ag20, Sh2CB,
G2, I1n2G3 P2Gs, V205, Nb20G5, Ta205 and conbi nations
thereof. 5. The flit of claim2 further conprising at
3| edmtfrioofclhiy firtive cahprisiigit lastmpe fiesi vxslelcewpawnt setneted from
one or e Na BLj 20. K conbi nati ons thereof.
O“G%W%%fﬁ@t‘d‘;%3 %ﬁdﬁf’m*’%‘a?w ﬁeé?oqgorrprl sing at |east one
al kaline earth nmetal oxi de conponent selected from one
or_nore of BaQ, CaO,_ MyO SrO and conbinatio
4¢ FRhcelsit of zlaimnd of 3, tfulBTel CPRPHFIDE a{ufaplePe ifﬁ%n(‘sre@ée jcgmponent
t | e g b n
seleo R ok o B O U S e R IR Py R g0 and
comtﬁlwtfbhetmemoﬁprl sing at | east one first oxi de conponent
sel ected fromone or nore of ZnO in an anmount in the
range from about 0% by wei ght to about 15% by wei ght;
Sanﬂleﬁﬁgw dlfiman ﬂﬁmrﬁorﬂﬁﬂlsin@&ut rla.m g@né ratiailiadetdl oLide kymponent
i ght to about 3% Db . The frit of claim?7
selecig fpm prerar e ebNwQ ii‘ng Ka@ an@ S@fiblaﬁémé tesnd oxi de
conmponent selected fromone or nore of Ag20in an
anount in the range from about 0% by wei ght to about
68% ey frite iy lotajB 4B FuMET comprising at least one alkaline carth metal oxide

component selected from one or more of BaO, Ca0, MgO, SrO and combinations thereof.

7. 'The frit of claim 2, wherein the TeO, is present in an amount in the range from about

0.1% by weight to about 10% by weight.

8. The frit of claim 7 further comprising at least one first oxide component selected from

one ot more of
ZnO in an amount in the range from about 0% by weight to about 15% by weight; and
AL O3 in an amount in the range from about 0% by weight to about 3% by weight.

9. The frit of claim 7 or 8, further comprising at least one second oxide component

selected from one or more of

Ag,O in an amount in the range from about 0% by weight to about 8% by weight;

13
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Sh233 in an anmount in the range from about 0% by
wei ght to about 5% by weight; GeQ2 in an anount in the
WO 2009/@9M6oHm about 0% by wei ght to about 10% byPQEUSZ009/032107
In20 in an anmount in the range from about 0% by wei ght
5433tf.t,?gabout 5% by weight; P Os in an amount in the range
about 0% by wei ght to about 8% by weight; V205 in
an armount in the range from about 0% by weight to

about 8% by wei ght; Nb205 in_an ampunt th
Shytdrit aBaUEIHI hy 1y T4 iom abuBls by “smiéuhgw t)@gt’b%g bY JpREEP
GE@'Z arl dh Gt ﬁt@@fﬁﬁ}g%ﬂo&@%oﬁt@@ﬁﬁy &E%m BReMit lg%Wwelght

wei ght to a bout 89 conduct i ve i nk
IreOrT msamgmamstb@smgmfrotalalbyutl%/ably fveight torabeutabely weight: t o

of clains,.2-9 a 0
Pingh ok 45 uafod SRR QTh Vg e ARty wel i,
VzOs i@ dhdsageinfthomh aBOt0Ys veweight tb abal G4t b)a%lgt,t,
Lght. 12. The in of claim10, further cog@rl S

Nbelds By giontgR UisirSPes e aPUEP Bl wslehts Shit o) Wf‘d%}teﬂnd
I3 aphA améut{t‘?ﬁ)ﬁle @ang@ %%%%9@9% ?%HPQM Rftsbou@dYd by weight.

cortbi nat i ons t her eof icle conprising a
substrate and a conductlve |nk according to claim 10

193‘& 'r%té%ql E:gmiw % zjgstan]t'léll%-lrgg fﬂ%r tﬂttc LC%OI%EH&?'OBB!H of clalms

sem con

29aﬁdi@3§ncﬁb@t%tsp@¢iesﬁn enanel di sposed on a gl ass sheet.
15. The article of claim 14, wherein an
anti -reflective layer conprising TiO2 and Si Nis

'ﬁﬁﬂﬁl@gf AL 80, WheRi tHRETiBpBEEALIR amdnttih eheCraneiRdrh WBout 1%
I sposed on the anti-reflective |ayer.

by wetght to about 5% by weight.

12. The ink of claim 10, further comprising one or more of bismuth tellurate and bismuth

silicate, titania, zirconia, phosphorous compounds, and combinations thereof,

13. An article comprising a substrate and a conductive ink according to claim 10 disposed

on the substrate.

14. The article of claim 13, wherein the substrate is one of a semiconductor, a glass sheet

or an enamel disposed on a glass sheet.

15. The article of claim 14, wherein an anti-reflective layer comprising TiO, and SizNy is

disposed directly on the substrate and the conductive ink disposed on the anti-reflective layer.
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