Thi ck-fil m Conposition Containing Antinony Oxides and their Use in the
Manuf act ure of Sem conductor Devices FI ELD OF THE | NVENTI ON Thi s i nvention
provi des a thick-filmconposition for the use in sem conductor devices. In
particular it provides a thick filmconposition for printing the front-side
of a solar cell device having one or noje insulating layers. The invention
further refers to a process for preparing a sem conductor device, and an
article conprising the sem conductor device. TECHNI CAL BACKGROUND The

pr esent invention can be applied to a broad range of sem conductor devices,

although it .is ecially effectiye_ in |ight-receiving ele S suc
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invention is described with refgsfionductd@evicesel | s as a specific exanple
of the prior art. Mst conmon solar cells are those based on silicon, nore
particularly, a p-n junction nmade fromsilicon by applying an n-type
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cont actionBvikte ahl lafeitidR Edthsrbirdthe sbivcondbdibreddviet i on | ayer to serve as a
front electrode. This electrical contact |ayer on the face or front of the
ceII where light enters, is typically present in a grid pattern made of

“fi ngerTECHﬁRﬁA@BACk@F&)[MS Finally, a rear contact is applied to the
substrate, such as a backsi de sil ver i ] ver/al um num paste
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substrate. SUVMARY One aspect of the present invention is ick-film

conposi $IVBnOTCHNYaldmiym %BSt%fOH%W%ﬂ bb?“ aliminyp pastede tesiitire B§°k§'d6|°§ gt $4b-

oxi de cQpit@iTHe Wbvitkas thehfirdd at@ hlglﬁ’fén%@bthbb t%d%hfléﬁ 2 mairbdblestd rstgIE e
medi um wherein the conposition conprises oxi de. Anot her_ aspect of
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i nsul at i ng films to forma |ayered structure; and (iii1) firing the

Comosi ¢POMETYS It SR B T B o o e cpfiBCis iy hldtle o

i nsul at glags ﬂrua,)aeclscmdaad/elspeaéeoé.g.g sibler partitias), and ah otdemicsmedliomnduct or
substrate. 3 Another aspect of this invention is an article including: a)
a sem conductor substrate; b) one or nore insulating |ayers on the

sem conduct or substrate; and



c) an electrode in contact with the one or nore insulating |layers and in
el ectrical contact with the sem conductor substrate, the el ectrode
conprising bisnmuth oxide and an electrically conductive netal and

anti nony-oxi de. The thick filmconductive conposition according to the

i nvention conprises four essential co nents: netal, bisnuth oxide,

anti nony oxi de, and an organic nmedium ‘The thick film conposition may
conprise further additjves including.nmetals, netal,  oxides or a conpounds
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form anhekysdtaid isnsd @dsifabie. powder, or other irregular fornms and m xtures
thereof. The electrically conductive netal can be provided in a coll oi dal
suspension. Preferably, the netal is selected fromAg, Cu, Zn, Sn.
Especi alip i msvehighlefitidnsy 88mpbsiticiedonisin bass ks Eemphigiig Bhd vt i @de, of wHisker
derivatives, or mxtures thereof. Exenplary derivatives include: alloys of
si | ver ,shepid ke avoideddor egpiqgical 6a89R%: salts such as silver chloride (AgQl),
silver nitrate (AgNG3), silver acetate (AgOOCCH3), silver trifluoroacetate

AgOCCF3), silver orthophosphate (Ag3P , for_exa e, Oher forns
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to about 95 wt. % of the solid conponents. of the thjck-film conposition.. In
a furt H8Rd-ERB 3BT HBAA Tringrenstrateran rrﬁﬂe%ﬁ&eetmwdmﬂﬁe gpodigPPancontact

t her eofyitisthk'seMictRauttor Subds@agbout 92 wt. % of the solid conponents of the
thick-filmconposition. 4 range of 2.0 to 17.0 n2/g. Preferably, the
particle size (050) of the netal is in the range fromO0.05 to 10 pm and
pref er afymMARY he range from0.2 to 6 pm Unl ess ot herw se indicated
herein, all particle sizes or average particle sizes stated herein are 050
particle dianmeters neasured by |aser diffraction. As well understood by
those i®nd BEpedt bf the PpredeRPinterAiBR LA tHiGPHIPSMpositie compasiag: Whi ch hal f of the
i ndividual particles (by weight) are smaller than the specified dianeter.
Such di@fehetakordesiyative haeohetal with suitabl e sintering behavi or and

spr eadi k) WEmbihELXidY sontdinihggreaeiect i ve conposition on the antireflection

| ayer when formng a solar cell. Jass Frit The glass frit (glass

parti cI‘§§Pt'?M|¥taﬂ8W§e%§“ﬁn i norgani ¢ binder in the el ectroconductive paste
conposi i brgidlc Afeafunds @ flux material to deposit the nmetal onto the
substrate during firing. The specjfic type of glass is not critical

pr ovi dedhergintthe cormpegitigneammisenantmey Qféd.pe- Preferably, the glass frit is a
substantially lead-free glass frit or a glass-frit having a | ead oxi de

content of less than 0.5 wt.% based on the total weight of the glass
conposi ARQher gspaste theypreseny inyeglian 63 ROFFSEANA¢diNEad. The gl ass particles
pr ef er 3B proidME adeRAEINdGLST SliairBieandudiAg Bhe 6F maROMEUIBtnG fIMs aBpodited thared
nore preferably |ess than about 5 pm even nore preferably less than 1 pm
and ared'preferably contained in the conposition in an amount of 0.1 to 10
W - % @Péﬁpéﬁﬁ@ﬁ%ié‘@h% ESrpBsilioR copaihg ameétal or@divstie therebha bighhwth owaeght
of the solid conponents of the thick-frlmconposition. The gl ass frit is a
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81203- cgihéritingliating filrAs &Xokh a1dfersPstfudiire! #icabl y a Bi 203-content of 55 to
85 wt.-% based on the total weight of the glass conposition. rjate

% ba . gl ass cg on. Appr o
gl asses(idfisngiherrenicaiduriorsstiaies Ae A BOFERYIRtNgG msy and fickiikp GemRBsien.
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the maj or conponent. Typical glass frits further conprise 0.0 to 10 wt. % of
Sb203, withthegemicapductos sybstspte? 0.0 to 7 wi-% in particular 2 to 6.5 w.-%
of Al203, 3 to 10 wt.-%of zZnO 0.0 to 10.0 wt.% Li20, 0.0 to 8.0 wt.-% of
P205, 0.0 to 10 wt.-%of B20, 0.0 to 10 wt.-%1n203, 2.0 to 15 wt.-% TeO
and 0.0 to 10 wt.-%of MyO all based on the total weight of the glass
conposition, and have a softening tenperature in the range from 280C to
500C, preferably 300 to 450C. The thick-filmconposition may conprise one
or nore glass-frits, e.g. it may conprise two different glass frits.
Accordi ng to one enbodi nent of the present invention the glass frit my
al so conprise antinony oxide in an anount fromO0.1 to 10 w.-% based on
the total weight of the glass conposition. The glass frits can be according



The anti nony oxi de nmay either be added as an additive or it may be part of
the glass frit or both. Antinony oxide added as an additive is preferred.
Organi ¢ Medi um The particul ar organi c nedium vehicle or binder is not
critical and may be one known in the art. Use can be made of any of various
organi c vehicles, which may or may not f£ont ain thickeners, stabilizers

and/ or other comon additives. The orgdnic nmediumis typically a solution
of polyner(s) in solvent(s). Additionally, a small anount of additives,
such ad\natfier aspegisthisiayeiionds an pHiclsingYdingr gani ¢ medi um The nost

f r equeny)laysenfi€shddeloy S®istag: this purpose is ethyl cellulose. Qher exanples
of polyners include ethyl hydroxggtﬁé%l ggl |l ul o wood, rosin, mxtures of
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Wit h othel sl deRichyoride. as kerosene, di butyl phthalate, butyl carbitol,
butyl carbitol acetate, hexylene glycol and high boiling al cohols and

al cohol esters. In addition, volatile liquids for pronoting rapid hardening
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conponelfngraie thege matals pr metaloxigas guing fEing- re discpsadeLein be-
typi calihy. m xed with an organi c nmedi um by nmechani cal m xing to form viscous
conpositions called "pastes", having suitable consistency and rheol ogy for
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properties of the nedium nust be such that they | end good application
propertjygg to the conposition, including: stable dispersion of solids,
appropriate viscosity and thixotropy for screen printing, appropriate
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medi um 443, Y- Okl frredufar IR SIMAHUIE thereok el UGN} EorBkiciVd REfal 8drPbdTi xed
first, 'and they are tthen added to the organic nedium The viscosity can be
adj ust epfovifded inceerligidabsusprasignidi ti on of sol vents. M xing met hods that pro-
7 vide high shear nay be useful. According to the present invention is a
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substrate, one or nore insulating films, and thick-film conposition form ng
an el ec$¥BRUsS contact with the one or nore insulating layers and in

el ectrical contact wth the sem conductor substrate. In one enbodinent, a
sem condwoe@mhddimend, the medalor detivatives theoaaf infrem abeutd0do mpputsISut- % of the
junctiony i } . t e Njdr A e, d i~ng
Fm t o GERBAREB! FERAHERE etiioR ( EANG ShbbdinBnbli dieicdly dhRit
appl yi niye(rhetal andenpatves troaedfrigfrom aboutEmto ghouh®2 wiy)% ohthe splidtcompenests ofg
film i ) gde ! shape and thi ckness and at a predeterm ned

posi ti otﬁ?%?'ﬁ{éﬁﬁw}oﬁﬂsﬁ%ﬂﬁ conposition of the invention having the ability to
penetrate the insulating |ayer, then firing so that thick-fil naf)c? 0Si éi on
react s Swadficeydaceaigrandmgrticle sraf® ’f%ﬁ\é@?%tt%@l/ Rparticagmifatieq. ke %gbli"ﬁ ?eby
ef f ect | i ik 8GkAdLAba GPHeARétaVhdriicidde egLAIIte @p nﬁ:b'é)ﬂ'{ahalt@mzlgﬂ?ﬂéférably irf the
production of a solar cell having a dielectric |ayer on at |east one
surface of a sem conductor device conprises several steps. In a first step
of a process for formng the netallization of a front-side of a solar cell
an antireflective or dielectric layer is provided on a sem conductor

device. Typically, the sem conductor device is a nono- or polycrystalline
silicon wafer as is conventionally used for the production of silicon solar
cells. It has a p-type region, an n-type region and a p-n junction. The




O her possi bl e deposition processes are stencil print, extrusion, inkjet,

| aser transfer, flexprint. In this the thick-filmconpositions are heated
to renove the organic nmedium and sinter the nmetal powder. The heating can
be carried out in air or an oxygen- containing atnosphere. This step is
commonly referred to as "firing." The fkrrng tenperature profile is
typically set so as to enabIe the burnout of organic binder materials from

dried thick-filmconpaos as any_ot her organic materials
pr esent’angg pf A§te d7. PH%/Q thﬁfie@m %%&?W?'@é'zéqu))rpfah%@?ta' R Hecen9g fremt he
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nel ts amsbolpasdles through the insulating film depends on the quallty and
thickness of the insulating film the conposition of the paste, and on the
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the fi n_ﬁk?ers 9 During the firing process alum numdiffuses fromthe
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need to forma p+ Iayer At the sane tinme, because soldering to an al um num
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wat er quénc spray pyrol'ysr’s, Toprrare s or nakrng
powder riyooxide rofan ahﬁbugrt ﬁtem 0. Bpetd wbils, eised Ioe the ot weight of the\glasg cbmposrtron
softening points of 300 to 600C are shown in Table 1. Table 1 d ass
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amounts of powders of the individual ingredients, heating the powder mixture in air or an oxy-



8203 MJO Ti 2 7102 BaO A ass A GQass B Jdass Cdass Ddass E dass F

d ass G 75,00 58,50 58,50 81,00 81,00 83,00 80,30 5,00 7,00 5,00 3,00 9,50
0,50 4,00 6,50 6,50 1,00 2,00 1,50 9,00 5,00 5,00 5,00 7,00 3,00 3,00 1,00
9,60 6,00 6,00 6,00 6,00 5,80 6,00 6,00 4,00 7,00 10,10 1,00 8,00 2,00 1,50
8,00 Exanple 2 Thick film conpositionsswere prepared according to standard
procedures. To an organic vehicl e (terpineol solution containing et hyl

cellul ose) the di ff rent and Xl ges as
iR Bt I R S Y e R ek S Y e
BOWdSr ,qLiia-tnﬁhdd maf’élrigl aRé scrée?ng\/:]he illed g@éﬂal anptodide atpowkte owitfa tiecdesireld pan-
ased on e tota the.solid conpo softhethickfi
conp05| tigensize-fiiing tﬁ?%f"g ?%é’ IdgB iSAVRigallsPN rrg {:}ﬁ? {73 Bk WgFatﬁrﬁcPfI?h@oded by
a 3-rol{200P¢] ThesMokdramixeurs ichiv e gaenehedt fov exarsie an \déstillatbd aviatee do form a granu-
late. The resulting granulate can be milled to form a powder. Typically, the milled powder has a

D50 of 0.1 to 5.0 ym.

Additives

As additives additional metal or metal oxide may be present in the thick film composition of the
present invention and may be selected from (a) a metal wherein said metal is selected from Zn,
Al, Ti, Sn, Ry, Co, In, Ag, Bi, Sb, and Mg (b) a metal oxide, wherein the metal is selected from
Zn, Sn, Sb, Ru, and Co (c) any compounds that can generate the metal oxides of (b) upon fir-
ing, and (d) mixtures thereof. An especially preferred additive is zinc oxide or any compound
that upon firing generate zinc oxide.

The particle size of the additional metal/metal oxide additives is not subject to any particular
limitation, although an average particle size of no more than 10 um, and preferably no more

than 5 um, is desirable.

The range of the metal/metal oxide additives including antimony oxide in the composition is
typically 0.2 weight % to 5 weight % in the total composition.

It is also within the scope of the invention to include additional additives in the electroconductive
paste composition. For example, it may be desirable to include thickener (tackifier), stabilizer,
dispersant, viscosity adjuster, etc. compounds, alone or in combination. Such components are
well known in the art. The amounts of such components, if included, may be determined by rou-
tine experimentation depending on the properties of the electroconductive paste that are de-
sired.

Antimony Oxide

The inventive thick film conductive composition comprises antimony oxide. The oxide may be
any antimony oxide or any compound which upon firing converts into antimony oxide. Sb,0O; is
preferred. Preferably, the amount of antimony oxide is in the range of 0.2 to 2 wt.%, preferably
from 0.2 to 1.0 wt.% based on the total weight of the solid components of the thick-film composi-

tion. The particle size of the preferred Sb,0; is preferably equal to or less than 1 um.
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more preferably from 8 - 15 wt.-% based on the total weight of the solid components of the

thick-film composition.

The inorganic components are typically mixed with an organic medium by mechanical mixing to
form viscous compositions called "pastes", having suitable consistency and rheology for print-
ing. A wide variety of inert viscous materials can be used as organic medium. The organic me-
dium must be one in which the inorganic components are dispersible with an adequate degree
of stability. The rheological properties of the medium must be such that they lend good applica-
tion properties to the composition, including: stable dispersion of solids, appropriate viscosity
and thixotropy for screen printing, appropriate wettability of the substrate and the paste solids, a

good drying rate, and good firing properties.

Preparation of the thick-film composition

In one embodiment, the thick-film composition can be prepared by mixing the conductive metal
powder, glass frit, optionally additives and the organic medium in any order. In some embodi-
ments, the inorganic materials are mixed first, and they are then added to the organic medium.
The viscosity can be adjusted, if needed, by the addition of solvents. Mixing methods that pro-
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vide high shear may be useful.

According to the present invention is a process comprises:

i) providing a semiconductor substrate comprising one or more insulating films deposited onto at
least one surface of the semiconductor substrate;

ii) applying a thick-film composition onto at least a portion of the one or more insulating films to
form a layered structure, wherein the thick- film composition includes:

a) metal or derivative thereof;

b) a bismuth oxide comprising glass-frit;

¢) optionally additives; and

d) an organic medium;

iii) firing the semiconductor substrate, one or more insulating films, and thick-film composition
forming an electrode in contact with the one or more insulating layers and in electrical contact

with the semiconductor substrate.

In one embodiment, a semiconductor device is manufactured from an article comprising a junc-
tion-bearing semiconductor substrate and a silicon nitride insulating film formed on a main sur-
face thereof. The process includes the steps of applying (for example, coating or screen- print-
ing) onto the insulating film, in a predetermined shape and thickness and at a predetermined
position, the thick-film composition of the invention having the ability to penetrate the insulating
layer, then firing so that thick-film composition reacts with the insulating film and penetrates the
insulating film, thereby effecting electrical contact with the silicon substrate.

In detail the production of a solar cell having a dielectric layer on at least one surface of a semi-
conductor device comprises several steps.

In afirst step of a process for forming the metallization of a front-side of a solar cell an antiref-
lective or dielectric layer is provided on a semiconductor device. Typically, the semiconductor
device is a mono- or polycrystalline silicon wafer as is conventionally used for the production of
silicon solar cells. It has a p-type region, an n-type region and a p-n junction.

The passivated or dielectric coating layer on the front side may be made, for example, of SiN,,
SiO,, AlOy, TiO,, HfO,, or combinations thereof, such as a dielectric stack of AlL,O,/SiO,/SiN,,
AlLO,/SiN, or, SiO«/SiN,, SiO«/SiOy. Deposition of the dielectric layer may be performed, for ex-
ample, using a process such plasma CVD (chemical vapor deposition) in the presence of hy-
drogen or sputtering, ALD (atomic layer deposition), thermally grown (SiO,). The silicon oxide
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film is formed by thermal oxidation, sputtering, or thermal CFD or plasma CFD. The titanium
oxide film can be formed by coating a titanium-containing organic liquid material onto the semi-
conductor substrate and firing, or by a thermal CVD. Typically the dielectric layers have a thick-

ness in the range of atomic monolayer to 200 nm.

In a second step the front side electrode of the wafer made of the thick film conductive composi-
tion of the present invention is applied as so called fingers e.g. by screen printing on the antiref-
lective coating layer on the front side of the cell and subsequent drying. The front side bus bars
are subsequently screen printed forming a so-called H pattern which comprises thin parallel
finger lines (collector lines) and two or more busbars intersecting the finger lines at right angle.
The busbars are featuring two or more continuous lines or separated pads overlapping and con-

tacting the fingers.

In addition, commercially available aluminum paste and back-side silver paste are e.g. screen-
printed onto the back-side of the substrate, and successively dried. It is possible to apply the
aluminum paste first to the dielectric layer and later apply the thick film composition for forming

the soldering pads or vice versa.
Other possible deposition processes are stencil print, extrusion, inkjet, laser transfer, flexprint.

In this the thick-film compositions are heated to remove the organic medium and sinter the met-
al powder. The heating can be carried out in air or an oxygen- containing atmosphere. This step
is commonly referred to as "firing." The firing temperature profile is typically set so as to enable
the burnout of organic binder materials from dried thick-film composition, as well as any other
organic materials present. Firing is then typically carried out in a belt furnace with the wafer
reaching a peak temperature in the range of 700 to 900°C for a period of 1 to 5 sec. The firing
can be conducted at high transport rates, for example, 100- 500 cm/min, with resulting hold-up
times of 0.05 to 5 minutes. Multiple temperature zones, for example 3 - 11 zones, can be used
to control the desired thermal profile. The front electrode and the back electrodes can be fired

sequentially or cofired.

On the front-side, the thick-film composition of the present invention sinters and penetrates

through the insulating film during firing, and thereby achieves electrical contact with the emitter.
This type of process is generally called "fire through." This fired-through state, i.e., the extent to
which the paste melts and passes through the insulating film, depends on the quality and thick-
ness of the insulating film, the composition of the paste, and on the firing conditions. Upon firing

the busbars form an electrical contact to the fingers.
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During the firing process aluminum diffuses from the aluminum paste into the silicon substrate
on the backside, thereby forming a p+ layer, containing a high concentration of aluminum do-
pant. This layer is generally called the back surface field (BSF) layer, and helps to improve the
energy conversion efficiency of the solar cell. The back-side silver paste may be fired at the
same time. During firing, the boundary between the back-side aluminum and the back-side sil-
ver assumes the state of an alloy, thereby achieving electrical connection. Most areas of the
back electrode are occupied by the aluminum electrode, owing in part to the need to form a p+
layer. At the same time, because soldering to an aluminum electrode is impossible, the silver or
silver/aluminum back electrode is formed on limited areas of the backside as an electrode for

interconnecting solar cells by means of copper ribbon or the like.

Local contacts between silicon wafer and aluminum paste may be also provided by laser fired

contacts (LFC) after firing the aluminum paste.

The wafer is fired at a temperature above the melting point of aluminum to form an aluminum-
silicon melt at the local contacts between the aluminum and the silicon, i.e. at those parts of the
silicon wafer's back-surface not covered by the dielectric passivation layer.

In this process, the semiconductor substrate can be a single-crystal or multi-crystalline silicon

electrode.

Articles comprising the semiconductor substrates may be useful in the manufacture of photovol-

taic devices.
Examples

lllustrative preparations and evaluations of thick-film compositions are described below.

Example 1

The glass frits described herein are produced by a conventional glass making technique. Ingre-
dients are weighed then mixed in the desired proportions as indicated in Table | and heated in a
furnace to form a melt in ceramic crucibles. As well known in the art, heating is conducted to a
peak temperature 800-1200°C and for a time such that the melt becomes entirely liquid and
homogeneous. The molten glass is then quenched under distillated water. The resulting glass
was then milled to form a powder with its 50% volume distribution set to a desired target of 1 to
5 um. The glass frits have a BET according to ISO 9277 of 1.0 to 2.5 m?/g. One skilled in the art
of producing glass frit may employ alternative synthesis techniques such as but not limited to
water quenching, sol-gel, spray pyrolysis, or others appropriate for making powder forms of
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glass.

Specimens of the glass frits having low softening points of 300 to 600°C are shown in Table 1.

Table 1

Glass composition % by weight

Glass No.: BizOg SiOZ Al203 Zn0 L|20 P,0s B,O3 MgO T|02 ZrO, BaO

Glass A 7500 5,00 4,00 9,00 580 1,00
Glass B 58,50 7,00 650 500 3,00 600 600 8,00
Glass C 58,50 5,00 650 5,00 3,00 600 6,00 2,00 8,00
Glass D 81,00 3,00 1,00 5,00 6,00 4,00
Glass E 81,00 9,50 2,00 6,00 1,50
Glass F 83,00 0,50 1,50 7,00 1,00 7,00
Glass G 80,30 9,60 10,10
Example 2

Thick film compositions were prepared according to standard procedures. To an organic vehicle
(terpineol solution containing ethyl cellulose) the Ag powder, two different glass frits, and metal
oxides as indicated in the Tables were added, resulting in a mixture of 84 wt.-% Ag powder, 3.5
wt.-% glass, 1.0 wt.-% oxides, and 11 wt.-% organic medium based on the total weight of the
solid components of the thick-film composition. This mixture was premixed by a universal mixer
and kneaded by a 3-roll mill, so that a silver conductive paste was obtained.

The silver-powder used in the examples and comparative examples had an average particle
size D50 of 2.4 ym and a specific surface area measured by BET according to ISO 9277 of 2.3
m?/g.

Monocrystallline (cz) p-type silicon wafers of 156 mm? having a thickness of 180 pm were man-
ufactured using screen printing processes. The silicon wafers comprised an n-type diffused
POCI; emitter (70 Q/square sheet resistance) and a 70 nm thick silicon nitride anti-reflection
coating deposited by plasma-enhanced chemical vapor deposition (PE-CVD) on the front side.
Onto the full area of the backside of the silicon wafer an aluminum paste (CypoSol S55-10,
available by BASF AG, Ludwigshafen) was screen printed. The front side metallization was
printed using different sample pastes according to the invention as indicated in Table 2 for print-
ing H-grid screens with fingers and bus bars. Every H-grid comprises 75 fingers with finger
opening of 80 pm and 3 bus bars of a width of 1.5 mm. The dried film thicknesses were in the
range of 20-25 pm.
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The coated silicon wafers were dried in a box furnace at 150°C for 10 min and fired in a conti-
nuous infrared firing furnace for completion of the metallization process. The spike profile with a
throughput time of 1 min had a residence time of 3 s- 5 s at a temperature of more than 700°C.

The busbars of the fired samples were soldered to fluxed solder ribbon (ribbon: Sn62PB36Ag2,
flux Kester Soldering Flux 961-E) with a soldering machine (Somont GmbH, Germany, 260°C
soldering temperature, 1.5 s contact time, 175°C hot plate temperature). After soldering the bus
bars were cut out with a diamond disc saw and glued onto alumina substrates using double-

sided tape.

The solar cells were tested using an |-V tester (h.a.l.m. elekironik GmbH, Germany). The Xe arc
lamp in the |-V tester irradiated the front surface of the solar cells using simulated sunlight with
a known intensity to generate the |-V curve. Using this data, fill factor (FF), efficiency (Eff) and
pseudo fill factor (pFF) were determined.

The mechanical adhesion of the ribbon soldered to the bus bars was tested with a GP Stable-
Test Pro (GP Solar GmbH, Germany) under an angle of 45°.

For each sample the data of 5 solar cell samples were measured at settings of firing peak tem-
peratures between 820°-880°C. The best results are presented in Table 2.
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| ead-free font-side thick-filmconposition in conparison to solar cells
using other lead-free thick filmconpositions. As a reference a solar cell
with 80L9273MA is used. 8CL9273MA is anopactual high perfornmance paste based
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2.5 n2 were prepared. G ass conpositions are shown in Table 3. 13 Table 3
5b203 gl ass _conposition of singleTgbesses in w.-% dass No.:

Addition of different metal oxides to thick film compositions

stand stand stand
ardiz ardiz ardize
% % % ed ed d
Extra Extra Zn Total Eff PFF
Oxide Oxide O Glass* FF(%) FF (%) Eff (%) PFF
82,
Sb,05(inv.) 0,5 0,4 3,5 75,4 8
In,Os(comp. 81,
0,5 0,4 35 744 95% 1 95% 3 101%
17, 81,
SnO(comp.) 0,5 0,4 3,5 752 96% 3 9% 1 100%
16, 80,
ZnO(comp.) 0,3 0.4 3,5 728 93% 8 93% 5 100%
micro milled
B0 03 04 35 748 96% 117 ' 95% 73' 99%
ZnO(comp.) 0,2
micro milled 16, 81,
ZnO(comp.) 0,5 0,4 3,5 736 94% 9 94% 3 101%
(SOL9273M 18, 80,
Reference A) 780 100% 0 100% 9 100%

*ratioGlass B/ Glass G = 2,5/ 1

Table 2 shows the better performance of a solar cell using a lead-free font-side thick-film com-
position in comparison to solar cells using other lead-free thick film compositions. As a refer-
ence a solar cell with SOL9273MA is used. SOL9273MA is an actual high performance paste
based on lead containing glass commercially available from Heraeus Precious Metal GmbH &
Co. KG, Germany.

Example 3
In the same manner as already described in Example 1 antimony oxide containing glasses hav-
ing a BET between 1.0 and 2.5 m? were prepared. Glass compositions are shown in Table 3.
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Table 3
Sb,0; glass composition of single glasses in wt.-%
Glass No.: Bi203 szOg TeO, In,04 Li,O B,O; Zn0 MgO 2r0;
Glass H 69.00 5.00 5.00 9.00 9.00 3.00
Glass | 80.00 8.00 2.00 300 4,00 2.00 1.00
Glass K 80.00 5.00 5.00 200 6,00 2.00

Glass L 78.90 5.02 7.04 7,04 2.00
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Claims

1. A thick-film composition comprising:
a) a metal or derivative thereof;
b) a bismuth oxide containing glass frit;
c) optionally additives; and
d) an organic medium,

wherein the composition comprises antimony oxide

2. The thick-film composition according to claim 2,
further comprising zinc oxide.

3. The thick-film composition according to claim 1 or 2,
wherein the glass frit is substantially lead-free or the glass-frit has a lead oxide content
of less than 0.5 wt.% based on the total weight of the glass composition.

4. The thick-film composition according to one of the preceding claims, comprising
60 to 95 % by weight of the metal and
0.2 to 2 % by weight of antimony oxide based on the total weight of the solid compo-
nents of the thick-film composition.

5. The thick-film composition of claim 4, comprising
0.2 to 5 % by weight of metal additives and metal oxide additives including antimony
oxide based on the total weight of the solid components of the thick-film composition.

6. The thick-film composition of one of the preceding claims, wherein the electrically con-
ductive metal comprises silver.

7. The thick-film composition of one of the preceding claims, wherein the organic medium
comprises a polymer.

8. The thick-film composition of claim 7, wherein the organic medium further comprises one
or more further additives selected from the group consisting of solvents, stabilizers, sur-
factants, and thickeners.
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b) one or more insulating layers on the semiconductor substrate; and
c) an electrode in contact with the one or more insulating layers and in electrical contact
with the semiconductor substrate, the electrode comprising bismuth oxide and antimony-

oxide.

14. The article of claim 13, wherein the article is a solar cell.



