5433 PCT GLASS FRI TS TECHNI CAL FI ELD [ 0001] Enbodi nents of the
invention relate to glass flits, conductive inks including a flit,

and articl ‘% 4Such conductive inks applied theretg.
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autonotive industry and conductive inks are used in the electronics

i ndustry, including in the manufacture 100f solar cells or

phot ovol taic cells. [0003] Phot ovolAlais$ RRIPY") cells convert sunlight
into electricity by promoting charge carriers in the valence band of
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conductive grid or netal contact printed or applied to the surface of
t he sem cBAGKGROUND hr ough which it flows to the external circuit.

Crystalline silicon PV cells in today's industry are typically coated
with an af@92r ef | eCondrstivsobiks ysquEntioh shees ARdHEcOREY® CPAMESH BPRATY Hse
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oxi de. are use orn1t €ese uctive gr
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conducti V[ﬁ(ll?j? eci eSPho%{(f\ot]}afg%“Pi}”B Yeifs cQtWe&isﬁljﬂ%ﬁt into electricity by promoting charge

carriers in the valence band of a semi-conductor into the conduction band of the
semiconductor, The interaction of photons in the sunlight and doped semiconductor materials
form electron-hole pair charge carriers. These electron-hole pair charge carriers migrate in
15  the electric field generated by the p-n semiconductor junction and collected by a conduclive
grid or metal contact printed or applied to the surface of the semiconductor, through which it
flows to the external circuit. Crystalline silicon PV cells in today’s industry are typically
coated with an anti-reflective ceating to promote light adsorption, which increases PV cells
efficiency. However, the anti-reflective coating imposes high electrical resistance to the
20 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.
Conduclive inks typically include a glass fiit, a conductive species, such as silver particles,
and an organic medium. To form the metal contacts, conductive inks are printed onto the
25  substrate in a pattern of grid lines or other pattern by screen printing or other process. The
substrafe is then fired, during which electrical 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 fransferred to the gridline



and an organic nedium To formthe nmetal contacts, conductive inks
are printed onto the 25 substrate in a pattern of grid lines or other
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SUMMARY

[0008] Embodiments of the present invention relate to tellurium containing frits
having no intentionally added lead and the uses thereof. According to one or more

30 embodiments, the frits described herein have very low viscosity and are particularly cotrosive.




For exanple, in one or nore enbodiments, the frits tend to dissolve
refractory materials typically used in PV applications as

anti-refl egig 6949238 s such as Si02, TiO2 and Silt. [Oop@}@%ggﬂ{sbﬁ.,
enbodi ments include a fit having no intentionally added | ead which
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Further conductive ink embodiments can have a fiit which inclides at least one first oxide




[0013] In one or nore enbodiments of the article, the conductive ink
conprises a substantially lead-free frit and a conductive species. In

a speci fi cyprbpsisrRat . the flit includes B203 and TeO2.pd-08dbddoiB5107
f oregoi ng has outI Ined rather broadly certain features and t echni cal

15 advant ages of the present invention. It should be appreciated by

t hose skid4B®HCTN the art that the specific enbodi ments di scl osed nmay
be readily utilized as a basis for nodifying or designing other
structures or processes within the scope of the present invention. It
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even noréncélbd‘égh |3ca%g;l%8ﬂ| ment has B603 in the range from about 60% by
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{00151 Before describing several exemplary ecmbodiments of the invention, it is to be
understood that the invention is not limited to the details of construction or process steps set
forth in the following description. The invention is capable of other embodiments and of
heing practiced or being carricd out in various ways.

25 [0016] Specific embodiments of the present invention include a fiit having no
intentionally added lead which includes TeO; and Bi;O3; andf/or Si0». In one or more
embodiments, TeO is present in an amount between about 0.01% by weight to about 10% by
weight, In a more specific embodiment, TeO, is present in an amount between about 0.5% by
weight to about 5% by weight. In an even more specific embodiment, TeQO is present in an

30  amount between about 0.5% by weight to about 2% by weight. In one or more embodiments,




1001910ne enbodi nent of the present invention includes a frit having
Te02, Bi 203, 15 8i02, and B203. Another exanple of a frit includes
Te02, Bi 2030 2pbddv268203, ZnO and Al 203. An addi tional estpediRnk@7 a
fit includes 0.01%to 10% by wei ght of 1e02, 40%to 95% by wei ght of
Bi 203, 0% to 30% by wei ght of S1021 0.1%to 10% by wei ght of B203, 0%
to 15% bys4eePgirt of ZnO and 0% to 3% by wei ght of Al 203. A further
enbodi nent of the present invention includes a frit having Te02,

8i 203, Si 02, B203, ZnO and a second oxi de conmponent. 20 One or nore
enmbodi mernsigossik bfekdnt Ui the ﬂn@ 0 dnﬁbuﬁi R0 rawdvi frem alont $096 bpwbngdd toabdut 95%
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about 0% by wei ght to about 4% by wei ght WO 2009/ 097264 5433 PCT

PCT/ US200d901882107 Acqotrinestojose ahmammodimﬁntSthQsaﬁgléo melyAsdain dhg fribdn gy
vei ght t %B@cl?ﬁ’é’émm ﬁnpe)ﬁt bg@tples r%fﬁSdn aﬁloaﬁ't Iﬁ%q*gﬁ e bt HButAPI By t&’é%ﬁi to

about 0% t to out ht; 1/205 in an anpunt
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andror sHGehof 8O3 B el I8 Molbop by bagfaHhof vk nss Bibice
about 4%¢dmpovieiegh B.04i0 pR&NTN@n emows iethe ndygd tfmmrﬂbsutd% l@sh‘éelglrtéts bt 4%
I nventi or‘b | ncq]r.por ate at | east one
[0619] One embodiment of the present invention includes a frit having TeOs, BiO5,
15  8i0, and B20;. Anocther example of a frit includes TeQ,, BiyO3, Si0z B203, ZnO and Al Os.
An additional embodiment of a frit includes 0.01% to 10% by weight of TeQ,, 40% to 95%
by weight of Biz03,0% to 30% by weight of Si02, 0.1% to 10% by weight of B;O3 0% to 15%
by weight of ZnO and 0% to 3% by weight of Al;O3. A further embodiment of the present
invention includes a frit having TeOs, Bi;03, SiOz B203, ZnO and a second oxide component.
20 One or morc cmbodiments substitute ZnO with AbLOs;, while another embodiment
incorporates both ZnO and Al O3,
[0020] One embodiment of the invention includes at least a first oxide component
such as:

Zn0 in an amount in the range from about 0% by weight to about 10% by weight; and/or
25 AlyOj3 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>0 in an amount in the range from about 0% by weight to about 4% by weight;
Sb,0; in an amount in the range from about 0% by weight to about 4% by weight;

30 GeQ; in an amount in the range from about 0% by weight to about 4% by weight;




al kali metal oxide component including: Na20 in an anmount in the
range from about 0% by wei ght to about 2% by weight; Li20 in an

anount i n weobaaReRs f rom about 0% by wei ght to about 2%dyy, 9919510
10and/ or | C20 in an amount in the range from about O%Si;Qﬁd wel g

to about 2% by wei ght. [0023] Additional enbodi nents of the invention
al so i ncls4d2PET | east one al kaline earth netal oxide conmponent such
as: BaOin an anount in the range from about 0% by wei ght to about 4%
by wei ght; 15CaO in an amount in the range from about 0% by weight to
about 2% bylny®j ighat amdiyOin the aangeafimn athout a%tuyevai@ng@bﬁutdm abeeight0% by

wei gh to about 2% by wei %&t and/ or in an anpunt in the range

from about &%smyalmogmm rangs oM YRy gﬁlﬁht fP emhf“@?é wiehkor e

whioh L’?Pf "yt P EL b BB ABeLPG bE SR AR os. 1
one or eﬁﬁ@%&ﬂ%ﬁt in tiGa m@g%ﬂﬁ%m% E‘jlﬁwh'?htltbéﬁo“nt L% %&g«m la¥@or

speci es such as silver I n powdered or part’iculfate form n one or
nor e enmbodi T&O0Y & antah@ussiih she ranga fbinabes 0REhy Wegls phebouicHh by fvkighkted or
anor phous or provided in a colloidal suspension. Qher non-limting
exanpl es [8022%ui t abPee @omqwcthpén@p@cqfébe piesdn drveptinmaieqrpareie g feastoone

such as %ﬂ!aﬁmc@a‘?gﬂﬁécd?ﬂ%nmt h{aﬂ@ in powdered 25or particulate form

[0025] The silver speci€s used in-one or nore enbodiments can be in
the form of fNa ipendmontad thsirdnge frommbeilt O¥rbysidight fo QJ;!OW(%?/S by Weiglit her

e_nbodl ments, iPBBm%E %ntsfnl t}{ﬁ g?ﬁg;ﬁ( gﬁj@ﬁj | vekﬁt b&ffb@e%g%@m,(

silver saltssch as Vel nitrate
and/ o0 siahdfer acetate. 5433 PCT [ 0026] Conductl ve inks according to

one o TP, RO A G G B B SR SRR AR
t hat t he [8akd] t i on Additnahahbodireddtupfithe iavifiar also Smmitda atlhtwlcateealkalme
powders Gt &gtgforx?(je component such as:
BaO in an amount in the range from about 0% by weight to about 4% by weight;
15 CaO in an amount in the range from about 0% by weight to about 2% by weight;
MgQO in an amount in the range from about 0% by weigh to about 2% by weight;
and/or
SrO in an amount in the range from about 0% by weight to about 4% by weight.
[0024] One or more embodiments of the present invention include conductive inks
20  which utilize the frits disclosed herein and a conductive species. In one or more
embodiments, the conductive ink utilizes a conductive spccics such as silver in powdered or
particulate form. In ene 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
25  or 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 (Ag:0), silver salts such as silver chloride (AgCl), silver nitrate

(AgNO;) and/or silver acetate.




crystallization of the glass frit by shifting the onset of
crystallization to |lower tenperatures. 5 Wiile the present invention

shoul d not weobsngkaby theory, it is believed that bi smpgPuiBhddisiate
and/or bisnuth silicate powders provide nucleation sites for crystal

growh. In a photovoltaic application, the glass frit should
penet r at es3APETgh or di ssolve the anti-reflective |layer to enable the
silver to formohm c contact, however, controlling the aggressiveness
of glass frit i's desired to prevent it from penetrating through the
junction pbzdhe seComdohecinks atCordingch srerUbd nohwrMbbdimesievdfcibe fDesar

enbodi nents utiljze other kno ases oduce t he sa

simlar efYWHEN ZSO JROMAALe F“{?lmi" r%[]létatﬁr‘?a 8t EEP‘QM‘“"“ & PIEsESs é’ﬁ% Reels
ti tgnl a, féhﬁvpf(lﬁt the :ﬂﬁ@ﬁ)ﬁWlﬂblﬁutﬁQélliﬁw&dmﬂggb@hhlﬁrﬁhca{eow&ﬁilei’éh&n colntltal
conducti ve ink accor re e nt al so i ncl ude
ot & etnlianion ot e @t e By ShMingIbe Sie o sl irten B loe phetante.
the paytiwyliate ﬁ@ﬁﬁpnﬁr@ﬁtﬁmaﬁduid%t foa Goluind @ Qﬁeoay,anssf BEliec0éd tHaebismbith
conposition onto a surface, Specificall

veh i ch,
acCor di ngelusate gad/py bigpa Sé‘iPBE?d?"u‘?@ﬁ‘tsé’w‘i“ie o] %%”eﬁte& ISB¥ rﬂf‘(‘%‘?haﬁa

di ssol Veqah‘afog@l%&aﬂpﬁédn% Sthe gﬁ&s&ﬂ%&ﬁl‘% Peit@raARAUE b \VBssSNE GicQsiti ddiRciivel t
to obtain an i nk havi ng@sw |l e viscosity. In addition to

i nf | uenci lwl irmenablevihe giber fo,form ohmicyeontaghy Bewevai contidinede AgagssivensisRfe
t he adhesjon sand (o668 % {ré%@ ﬂtﬂbﬂfaer{e{?ﬁ g3§15§gl13{‘i15 Wnch&n &’!EBtﬁe %ﬁ&)nductcu

deposi ted on the substrate and dried Various |iquid vehicles
with B wivhiboweuld Hivekéaderjcen fither smbedimpnts ntliza chﬁ@’éﬁ)ﬁ’@ phasgp Which pieduce

def oaner sn a0 HRPLIEOIRIAINLLYERY B Horhih LBOKE lchilas HRRTal bl

preparatlon 0 I ment s € present Invention. Exenplary
liquid vethogihemuswrindeusdandisthesssed i ncl ude al cohol s (i ncl udi ng

gl ycol s), a[Pg?ier S 0{"116:3&)?1 c?ikrg 9%%%?0{&F§Qh&% ]E %teae?r%ﬂ'ﬂr?eﬁts n@é{cﬁ%%@l}d@%

and phth for 1 nstance ate, terpenes such as pine
oi |, tet diquglotehited It iscbeli¢ved that 36 Iikrbudeleblpledwbeleebllh&qpmtilcu&@hpqm;@gents and

i ncl I b . ,
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nonoi sobut:hld:kataecm&@gmo enbod |nmte$budﬁnhzits: ds \ceﬂnpmsleda&ftsbbtemah snd dissaidn
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Cel | ut osedneriens bt spetncab e e b idhos s Fopenfi o e s an e

QG heragex a\l’ﬁ?ioﬁ§ Ilkpﬁlﬂ Néﬁ]@!es wi@ 2008169 maénﬁé?z%elﬁgl'stdBGHngé’@ﬂl@J Q312 di6fs,
resins such as acrylic acid esters rnethacrylic acid este

pol yvi nyldefaemigtiondior sihey \pompon addiiivey are 355?%&1&35 i3 e tﬂ%ﬁ%%ﬂ%@e

[0029] I'n é&fb%dl%ﬁﬁl%'oﬂlﬁ pREBRGhVERAn. 1BRMplalORfidDehichi i WiiichSdat e @ed include
pol ymet hacryl at es of | ower al cohols are used, while in a nore

specific oJaiGinelnding wheols), et afempl pleohofioyughas the acetales, propionates and
phthalates, for instance dibutyl phthalate, terpenes such as pine oil, terpineol and the like.

25 More specific liquid wvehicles 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 sefting after
application to the substrate.

[0028] Examples of suitable organic resins dissolved into the liquid vehicle include

30  ethyl cellulose, methyl cellulose, nitrocellulose, ethyl hydroxyl ethyl cellulose, carboxymethyl

cellulose, hydroxylpropyl cellulose and other cellulose derivatives. Other examples include




5et hyl cellul ose dissolved in solvents such as pine oil and nonobutyl
et her of diethylene glycol. [0030] The ratio of liquid vehicle to

solids in Waeoenegt i ve i nk according to one or nore esdYekRRESpEaN
vary considerably and is deternmined by the final desired formnulation

viscosity which, in turn, is determned by the printing requirenents
of the sy®B2BECTin one or 10 nore enbodi nents, the conductive ink can
contain about 50 to about 95% by wei ght solids and about 5 to about
50% by wei ght |iquid vehicle. [0031] One or nore enbodi nents of the
conduct i wesihsnkigh nBYyacadidi dcid aadek,ymethagylics ecid wstehepolpdalylt dlaodslsk paywinyin
d staining agents, rheology nodifiers,

the art, such as col orant n

adhesi on l@ﬁﬁaﬁ@glry??erﬁ?'ﬁfpé’?}fk?itﬁn?snhi bitors, green-strength nodifiers,
fﬁr fact anogzognd t h@ driekspecificléntidaiizedl, sbiutiomeofaesimnieh anfadgtherisetdataf of

e present invention, eservative i,s incorporated,into,the,

Coat | ng dBNORTIPBIe st biRaaa ROt Setne DR Rt g Suloinpiudsy
bori ¢ sacidghyl RBBEMRAids6lva® il sotldenth achl Rrpise aitiafd nidnbliitd elidr bt diethylene
sul phuric acid and/or conbinations thereof, while other enbodi nents
utilize ¥k preservatives known in the art. [0033] Another aspect of

the presqpgzo) NVent tiRaRS bt RQUIE valki@fd JofliSM (hd1edndelitRg ik acddtding las bricadre,
and a conductive ink disposed on the substrate. One o

. L | ronore .
enbodi nentae enbedigents caoveuensiderably end defrgmized by the finaldegizgd; fyapplation
herein, thabebSynich, il fupf R REdRIRY by AR%rANA: REVitdEnRQT kHals98Eh OMdbddor
added | ea%hséx@ﬁ és eé# ’subsétr_r at esgri n(2:pllu.dﬁe]Ig %gln]i conduct ors?vvaf ers, _01
gl assllshewers emhedioehe the edndugsive inkuess cpatpia aboi S8 t abquh 5%yt wight salids
i ndustry b : d@aic cells, In one enbodinent,
the sem C%%%%u?%ﬁ@é@(g@eﬁ%xglﬂ%%@ \k/{nht@'h 25 phosphorous, while
anot her df#dii nent Oimel mokssmbogiawnis o dheceondustive joks mag edditiensly compiife
enbodi nme f 0] f,ayent 1:00, ' %g#%g .
conpri seg{%}%{) f %ﬂ(ﬁ;ﬁeg kﬁ %ﬂnl tg‘%@,{é E’;{P]O%ncéﬁ({]}rﬁ]tfr%ﬁg%r y ﬁg’ntgwgl irg%(ﬁf.]els’

[ 0034] | n adhesionrenbances, sivtroidy nbittitoys, ghe-dength oredifictsosurfeeiyys anghthe kikes an
anti - r ctive _coating dis eree t d [ bnk: s
pri nt]éd Jﬁ&{zip of elf"h%neaﬁ‘t %10"135&@?&%18 t?vog tgg ? %}%5 'g%@&gin?ﬁ’%%ﬁ%%t Pve
coat i ng damepodaterintooths osming rixaphsitiont Somerepibbdiments utilizzqgmesdivattved eych as

{/JDt g(r)“og/m(?g)élﬁ gﬁd,%ph%%gﬁg, é%%@ﬁ&: a(t):}dr,1 giliricca%? ! Isuqlglsuulé Q&%n&/ & c;[onz%in%{i&ﬁs
thereof, while other embodiments utilize other preservatives known in the art.
[0033] Another aspect of the present invention perfains to articles including a
20  substrate, and a conductive ink disposed on the substrate. One or more embodiments inciude
a conductive ink having a [ri( as described herein, that is, a frit comptising TeO, and having
no intentionally added lead. Examples of substrates include semiconductor wafers, glass
sheets and other suitable substrates used in the photovoltaic industry for the formation of
photovoltaic cells, In one embodiment, the semiconductor substrate is doped with
25  phosphorous, while another embodiment includes doped conductive inks. According fo 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-
30 reflective coating. The anti-reflective coating according to some embodiments comprises

silicon dioxide, titanium oxide, silicon nitride or other coatings known in the att.




5433 PCT [ 0035] Met hods known in the art can be used to produce

sem conduct or substrates having a conductive ink di sposed thereon.
One or nor ey@ehiboemnt s enpl oy crystalline silicon suchpepistagbioher
anor phous, nonocrystalline or multicrystalline. Coatings may be
applied to the substrates, and such coatings or |ayers can be
produced #38®Cdi ng to known 5 processes, such as chem cal vapor
deposition, plasma vapor deposition, and the |like. The
anti-reflective coatings can al so be applied using chem cal vapor
deposi ti ojgossjchni qivizthod$ Rnsank wekadianbatused fol @sdme sethiaociacioc hubtra e
vapor deposition techni.ques are used to dispose the anti-reflective
coating offviNge? g%‘ﬂg‘f%r"ﬁt”g‘. @%%F‘f&iﬁb?&& of%af't %‘Fecénfbo‘il@c?gtﬁ R yt%ysgﬂléneor
rr?r e eer’_DOﬁIiidm rsgaa, (gmw ﬁah@(mbﬁ:hetlxg; h@?io@?steltlﬁief]mrnagtidr@taﬂﬁdu(Iiébati@slr&g’tEeon
of sunlight a nhance the |level o i ght sor,pti.on. Accordin
2o one. oramptiRbieh st AR €nd fib <Geiienct v oo F B afior5E T 1P
t o thes susb@sRs Oduch RE cifenligdl vagoR deposaidh) plaeid Qb N@osifa, iand thaylilec r'Hen
printing or, other technigue e substrate i eated or fired,

h is h d.to
t enper at wAE-TgRecioeRatingrap glsg g applies @qutcgi*m{cﬂe"aﬁ%ﬁ PRy tB“I'imH‘\‘%S' “In

conduct i V@iendtybddlrent! iptHsin @Sha®&d QhMEMM vaBordidposiSSe tbchilqieliade used to
application, the firing process allows the glass flit to nelt, and

penet r at edignosgiihs gui-idledtive coating gA the substraiee (Sopdcosguriar icles 564 dile dhotehe

substrat ey fhre QRBoAMeAR! BayF MBO L ERALSor £118red W HdGEd MEediBR i Q8nlfeRf AR
crystallites at the interflace of the frit and substrate interface,

whi chl®nhenhanss thellesst of light ahserpbony Accerdingde prastmgsepmiadiments He cershyetivet s
formed fraom: . Vi o ] t. : .
100361 nel o BEERE SIS b hurBlriol 16 SO HE Moo AFAIH By soren
subst r at ewinfing br othg teshniducs t Thesubstiteps hasted ¢r fitrdrie s temperstuge srbeRt15¢" to
exanpl e, ¢e g}, ?ﬁ?er ﬁﬂﬁa%ﬁ'cle oﬁfﬁe%%cﬂl'm‘}e{ iﬁ%h&@%ﬁlﬂih%@.' Al ch&’\\;i'k%(rfiscussed in
exanpl es, the glass s Get has an ename i sp seé t hereon and a
conduct i vibisiapgidationp therfirgng moresthallos diseglass Eribtvohell andgunétratesayrdissolve the
enbodjrent .be c ion .en | Rrovi egt i : QM
ol tr ol o BTy TR MR B0 RABRe Wb bR BB Bl B p AT
t he aut onspediascfomhanetgsiaibitesi st the irderfoeh iof the flibatyl. substadinietfades which ghbases

sheet 25sybstrates na I i_ncl ude pliabl e interlayer | 1. de
oo ot porgoRispl ot Kordher Bty e Fasdu bt FrnBL Rhn I Lord B4 e AR

i nvent i onh¢ enfit@dudia ssiemeonduct or articles with conductive ink

di sposed eon, the conductive ink.can be.applied to the glass .
Chene cunbPLs o™, DiparaRe Sibadiehp e Buptihn fridiiaidsd stsr uBERS withun
met hogb | dandustivd @ik gireaidihgREA.S In tahspedific Whahplat e ghise siidet Bdarhaabotiver

I):c ' ? ﬂ et gd:f%alhggp ﬁlréJt teg rgy?qnoqua‘? @g g 8 y lgeéi\gs g\%al%eltd?spgée ttl?eﬁ‘eotnhagd g%&;[ ugtEV%S

2009/ 097264 RCHiMSP QR I 3RhT.  Enamels used in some embodiments may be obscuration

enamels which provide protection from ultra-violet rays which can deleriorate the adhesive

glues that bond the automotive windshields to a vehicle body. Embodiments of glass sheet
25  substrates may also includc a pliable interlayer usually made up of polyvinyl bulyrate

(“PVBY).

[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
30  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,




5433 PCT [0038]Wthout intending to |limt the invention in any
manner, enbodi nents of the present invention will be nore fully

descri bed Wo dobgoshsll owi ng exanpl es. EXAMPLES [ 0039] Twopd-PESoddiidkiof
and Ink B) were prepared having at least a flit and a 5 conductive

species. Inks A and B were prepared using a general procedure. The
gener al p?‘@é@@ﬁ‘re I ncl udes hatching and di spersing the exanpl es using
triple roll mlling. Alternative dispersion processes known in the

i ndustry such as bead m|ling, sand mlling and colloid mlling could
al so be uSB¥lto di Spbpulntepding by iimit the inventies i ant wanmsy, gabPEMENtA @é the
medi um [ QOAR btk o Wit n%r@ﬁﬂlg dBRFBAY dylthd ARG Blanffles3% DY wei ght
and silver in an anmnount 10 of 97% by weight (on a solids basis). Both
flits werlBXHMEREEh borosilicate conmpositions, had sinlar

coeffi ci of th [ . |t t r .
Tk A comtiPhod a FrPanE SRR (R 180% A broph@E k@b 1ERPE (AL he
added 3 eamnductike Becientinknddand B were uapared ising hageneral pupdedire.h dde rponeral
intentio I . o I L rela, 11 Ei "
toxt ur ed. Aot ERer AR AsaR DA RARRT L FAe Ak S\ Hhbacie
phosphor ulispdsipechrewsses &novanch thorimhstdopet abdsel mllingygaral willingcod colloid
nitride anit reflective at. n re.used The ck surfaces.of the

ol ght “var EPiraeE s B b Bl PR bR MBI P BRI ER ST e

al um num [0640] and slnky Arantd @abotic bat aftit condnt oBd¥eHbyi weight wed dlvehiarao agbhiyt

dried,, Four fers re then printed.on the.fr sur.face W th |Ink A
51 g% 3ET el B RGP PRIk hA A8 wl ittt bRl g b
E)E:iont ed (Hi]niﬂdﬂgcéélﬂl’iﬂéﬁts gﬂlhérﬁﬁbex\pﬁﬁsi’bn:afw glBssi tﬂmﬁﬁoﬂ ﬁmpérhtg&ls. H)@fA[ rﬁﬁllgﬁred a
npar at j.v s 5-8).. The PV. cells were n.dried and fir i n_an
e r o e i Eiesdn st Bhigk b 10 WET R e T BT A o e
Each waf ahe #shibh h@ichodhtehtiPaldeaided RADAHAsY ofpdfatalPRORXi Mately 3 to 5
seconds. A$ter cooling, the parts were tested fo thii’?r

| h
current - B Ege (16 ersbt aloperyiaiiner afieen waeien Btk SAP HMAGANEL
LAYERS  GRbdphdrui@bed SmbtRl hndbokd dopdi také haviaGiicoh ffdeQntt Gefleblive @dating

were used. The back surfaces of the eight wafers were printed with commercially available
back surface aluminum ink and silver rear contact ink. Both inks were thoroughly dried.
Four wafers were then printed on the front surface with Ink A using a 325 mesh screen (Cells
1-4). Four additional wafers were printed on the front surface with Ink B in an identical
20  manner (Comparative Cells 5-8). The PV cells were then dried and fired in an infrared
furnace to a peak firing temperature as noted in Table 1. Each wafer was fired at the peak
temperature for approximately 3 to 5 seconds. After cooling, the parts were tested for their
current-voltage (I-V) characteristics.
TABLE 1: COMPARISON OF ENAMEL LAYERS

Cell 1 Cell 2 Cell 3 Cell 4
Fill Factor (FF) 0.467 0.523 0.494 0.562
Efficiency (Eff) 5.8 1.4 10.8 12.3
Peak Firing Temp | 800° C 820°C 820°C 820°C
25
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




0.494 0.562 Efficiency (Eff) 9.8 11.4 10.8 12.3 Peak Firing Tenp 800
C 820 C 820 C 820 C 25 Conparative Cell 5 Conparative Cell 6
Conpar at i vegoG@bdiotasionparative Cell 8 Fill Factor (FF) fc®doosns2107

5433 PCT

[0042] The “fill factor” and “efficiency” refer to measurements of the performance of

a semiconductor. The term “fill factor” is defined as the ratio of the maximum power (Vp, x

Jnp) divided by the short-circuit current (k) and open-circuit voltage (Vo) in light current

5 density - voltage (J-V) characteristics of solar cells. The open circuit voltage (Voc) is the

maximum vollage obtainable at the load under open-circuit conditions, The short circuit

current density (J;.) is the maximum current through the load under short-circuit conditions.

The fill factor (FF), is thus defined as (Viplmp)/(VocJse), where Jup and Vi, represent the

current density and voltage at the maximum power point, The cell efficiency, n, is given by

10 the equation 1 = (I;cVeFF)/Pi whete I equals the short circuit current, Vo equals the open
circuit voltage, FF equals fill factor and Py, is the power of the incident solar radiation.

[0043] The fill factor and efficiency of Comparative Cells 5-8, which contain TeO,,

was significanily higher than Cells 1-4, which did not contain TeO, This improvement was

observed at both firing temperatures. Without being bound by theoty, it is believed that the

15  use of TeO, reduces the viscosity of the molten fiit, thereby enabling the frit to penetrate,

dissolve and/or digest the anti-reflective layer of the PV cell and improving ohimic contact

between the sitver or formed metal contact and the substrate cell.

» “certain

[0044] Reference throughout this specification to “one embodiment,
embaodiments,” “one or more embodiments” or "an embodiment” means that a particular
20 feature, structure, material, or characteristic described in connection with the embodiment is
included in at least one embodiment of the invention. Thus, the appearances of the phrases
such as “in one or more embodiments,” “in certain embodiments,” “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,
25  structurcs, 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

30 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

11




0459 0.659 0.681 Efficiency (Eft) 11.2 14.3 14,3 14.8 Peak Firing
Tenp 800 C 820 C 820 C 820 C WD 2009/ 097264 5433 PCT

PCT/ US200XHy@&3xdddhh726ls 00421 The "fill factor” and "effici eﬂeﬁUqu]@}[gﬁmtyo
measurenents of the performance of a sem conductor. The term "fil

factor” |§43g%@1‘ned as the ratio of the maxi mum power (Vey X

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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~ di vi ded by the short-circuit current (lse) and open-circuit voltage

(1/00) in light current 5 density - voltage (J-V) characteristics of
solar cells. The open circuit voltage ('toe) is the nmaxi mum voltage
obt ai nabl e at the | oad under open-circuit conditions. The short
circuit current density (Le) is the maxi mum current through the | oad
under short-circuit conditions. The Ell factor (FF), is thus defined
as (VmJ",p)/(V,,,J"), where Je,p and Vey represent the current
density anghuoid slagnad j§:he naxi mum power point. The cell efficiency,

n, is givgn OVid0ke, 89N R {nicfiéd § o] [ apWiqse |se equals the
i el B R e o
e M S %f?;:‘%%ﬂ k1,
contalnﬂf ?t tie 9‘% E}] gﬁ |r|ng

t enper at U?lb,?f [fofPrgst 5“38 %9:0{1 Behye lﬁﬂl‘ B8 i eved that the

15 use CFIHEPBIVEPces the viscosity of the nolten fit, thereby
enabl i ng thdhe Eitef gebnck dudher reswirizng atilesst ang &sst t he

ant i - r efdrdde companent sglectek ipyn ese|oranare abZel,myl.6hni ¢ cont act
bet ween artbecamnbumsticors thereodd net al contact and the substrate cel I.
[ 00441Ref . ahedrit bf Gla@indl fukthescappesingealétoneséavid enbodi nent,
“certai rb:-ﬁa@@dmﬁmemsele@m BemBicoafibesoNBaL o, SBLO, an enbodi ment "
means tr@éo@ ng@ , U, V.29, BIL CTa, 83 atkd Eb@binRicds al . or

char act dedcribed in connectl on with the enbodi ment i's

i ncl udea I ﬂﬂ‘g%% af‘zﬁmeﬁéll mfeaspxsegé&q; Thus, the

appearance

ealsets ] é’m(;dl nents,” "in
t d t" o
ot AT Saldgm e

referrirt e’f‘??the same errbodl ment of the invention. Furthernore, the
parti cul a5-fidw friteaf claga: } festhereomprising abaut & addadact eri stics may
be conbialkaliimetahpxids campenentselecied fsom ore pomeorendOdi ment s.

[ 0045] AINasDghi DK, Gvamt combimstizing thasedfeen described with reference
to particu.ahefrask dleiihs, furthdrcon@pisingnid desst ong dikat t hese

enbodi ngfSedie uﬁmlebycjelddsﬁpé@émvsemfted henpbhBeirthée and

appl i Catdl%ﬁoota@%/ﬂg@% ahﬂ\é%ﬁiﬁxﬁﬂtmﬁ& tl’(&rle&f be apparent to those
skilled in thé 30art that various nodifications and variations can be

made to t n arat us resent Aventi on wthout
depar t | ng 1 L7 ?ﬁﬁgﬁﬁ' T I fEOR S Bt BB 1001 1S
WO 2009/ %@?y@ﬁu rom Abowt f&b‘ifwel to about [0%
by weight.
8. The frit of claim 7 foriher comprising at least one first
oxide component selected from one or more of
Zn0O in an amownt in the range from about 0% by weight to
about 15% by weight; and
ALO, 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

13



5433 PCT PCT/ US2009/ 032107 intended that the present invention

i ncl ude nodifications and variations that are within the scope of the
appended clains and their equivalents. Wat is clained is: 1. A
flit for a conductive ink for application to an anti-reflective
coating on a sem conductor for use as a photovoltaic cell conprising:
TeO,, B203, Bi 203, and 310,, the frit containing no

intentional ly-added | ead, such that upon firing, the flit penetrates
the anti-reflective coating to enable formation of ohm c contact

bet ween the conductive ink and the sem conductor. 2. The frit of
claim1l1, further conprising at |east one first oxide conmponent

sel ect ed ApaMinga atoriltis 1k rafipe) froadh 2b3ua0% bpwieiglat | ons t her eof

3. The flityyahoft 884 By ,_uffl er conprising at |east one second
oxi de cogﬁgo iy seﬁegky cflgl

Om one, or e 20, .Sb203, Ge0,, 1n203,
P205, V2 35 2rReBRE N hA TR ANONE ofe b BsIER . The flit of
claim 2 furolhboutbHpby svaightat | east one second oxi de conponent

iglzggt e%%é@”‘nﬂﬁﬁa&(dlﬂﬁ'i&ﬂiﬁéﬁ: grfgo(?]ﬁ%@%ut %1%“1 K OFZSFaI \4285
further cos‘ g acb%t‘}eggo addded. al kal i netal oxi de conponent

sel ect ed Iy mﬁg aproundria thye rangedromiabont @%by meigldnbi nat i ons

t her eof . to@boiﬁhﬁ%‘hy@mghtcl aim1l further conprising at |east one

al kal i ne one or nore of

BaO CaOlg /’%%’% T ERERE %‘?ggﬂ’%’% e flit of claimi,
wherein th E) ¢ }' in an anount in the range from about 0.1%
by wei ghthOgﬁman a&ﬁ%mynvimgimge froif.abdbhe0% by welghtl ai m 7 furt her

conpri si ng tatabbgas%ppevéigmst oxi de conponent selected from one or
nor e of

range.,fr out .Q% by weight to
about 159 -ﬁ\g} ?HIOHHEHIAEIS‘ eaﬁuﬂlrﬂhﬂlﬁabfg‘(ﬁ'glg nge from about 0%
by wei ght tt@abﬁkl 8%gby mieight; grd 9. The fit of claim?7 or 8,
further Cm;m iaianthrdéuhtsadhe PigesRsObox 0YEbe (Eiglitent sel ected from

one or %fnou r;,ov tarmunt in the range from about 0% by
wei ght to agout .Sb, 03 in ?lm)un in the range from
about 0% M} AEPH ctt mg%lagw Fﬁmla y lead-free

frit accordmg to claim 1, a liquid vehicle, and a conductive
species.

11. The ink of claim 10, wherein the frit further comprises
at least one first oxide component selected from one or more
of ZnO and AL O,.

12. The ink of claim 10, wherein the frit further comprises
at least one second oxide component selected from one or
more 0f Ag, O, Sb,0,, GeD,, In,0,, PO, V,05,Nb,O;, and
Ta,0..

13.51113 ink of claim 10, wherein the frit has about 0%
added alkali metal oxide component selected from one or
more of Na,0, Li,0, and K,O.

14. The ink of claim 10, wherein the frit further comprises
at least one alkaline earth metal oxide component selected
from one or more of BaQ, Ca0, MgO and SrO.

15. The ink of claim 10, wherein the TeQ, is present in the
frit in an amount in the range from about 0.1% by weight to
about 10% by weight.
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GO in an amount in the range from about 0% by wei ght to about 10%
by wei ght; 1n203 in an amount in the range from about 0% by weight to
about 5% by wei ght; P205 in an anount in the range from about 0% by
wei ght to about 8% by wei ght; V205 in an anmount in the range from
about 0% by wei ght to about 8% by weight; Nb2Gb in an anmount in the
range from about 0% by wei ght to about 8% by wei ght; and Taps in an
anmount in the range front about 0% by wei ght to about 8% by wei ght.
10. A conductive ink conprising a substantially lead-free frit
according to claiml1, a liquid vehicle, and a conductive species.

11. The i bk The dilabfnclim ¥hewbemin the fritiis presephir conprises at | east

one fir i () re of ZnO and Al, 03.
12. Theﬁ?}%ﬁﬂ%&fﬁﬂﬁ?%ﬁfﬁgrgﬁ qhéié[gllt fu?f/% r conprises at | east
one secoffBxi de corrponent sel ected, fromone or nore of Ag, O, Sb, 03,
Ge02, 1n2i% Thedokof shins10.Mbeber coapuismg ape or morgof The ink of clai m 10,
an%r elt n bidft@thﬁ&]lurﬁteﬁndib@ummmmnhm lz&rbm(ljmﬁslmh- OXI1 28 gﬁrmpnﬁnt f

sel ec e an e ink o
claim 1 g}( &Eﬁﬁdﬁf%‘&{l @}s ig%ﬁéo i ses a@ | east one al kal i ne
earth rret&u ﬁﬁ@lec%(?ﬁiﬁﬂgﬂgas‘@ %@HHR@WW C8¥¢ nore of BaO CaQ
MyO and issk 6f claint $8 diSpesddron the substiate. 10, wherein the TeO, is present
in the f' féaﬁibl@mmm“%emem straRiBoalipidbs 0. 1% by wei ght to
about 1 16. The 1 nk of clalmlo wherein the frit is
present _ﬁ]ﬁ n the rs e from ahoui 1% wei ght to about 5% by
wei ght . 2@.7 hepiacle akclam &9 avbaraig aneniveldeciive '15'1' sing one or nore of
bi smut h i$ dis wedtcbreaﬂyl ohitherwhlistmtd ackthe conductive ank zi r coni a,

phosphor &pﬁw natl ons thereof. 18. An article
conprisin of claim 10 di sposed
on the su % aﬂ’é@éllcwg‘gﬂ'ﬂﬁﬁ.@id}eﬁl ﬁé'Fg‘?ctIﬁv_eLg’} hherein the substrate
conpri sé’anhers:emlmseam&zamd 1,80 The article of claim19, wherein an
anti -reflective layer is disposed directly on the substrate and the
conductive ink disposed on the anti-reflective |ayer. 21. The
article of claim?20, wherein the anti-reflective |ayer further

conprises Ti 2 and S13N4.
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