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FUNCTI ONAL PASTE Field of the Invention [0001] The

invention relates to functional paste having an
webadsiosgs78 unct i on and conductivity. Backgroundprof/EPhm4/011941

I nvention [0002] At present extensive research has

been perfornmed on conductive paste containing a netal

powder, because it is used for various purposes

i ncluding fabrication of electrodes for solar cells,

formati on of janper pg}N@ﬁQﬁAn@%—p‘gtdroni c
oar ds,

. conmpgonents, e.g., printed-wring and formation
Field gfithednygmian out goi ng 1ines of printed resistors.
[0001] 0003] For exanple, in the fabrication of surface
el ectrodes of solar cells, conventionally, an .
aHie inventier relatasdpdunetinna @asie haviegRaRiabipgdHnetignand

condutfiviBat t erned using photoresist, then a surface

el ecirgge is fabricated (patent reference 1). However,
Backarey vertiQlhr y conpl i cated because it requires

[0002t wo steps: patterning of an antireflection |ayer, and
f bricatioq of. an electrode. To e im'rgjg

t th .
Rresant exlgReiue desearch ias bisendarasmacig conductive paste

‘contaimmg P mepelgssivdeh becalsedit insed firlvegibus purpeysss ineludin%fabrication
e

for only aon an |ight sorption side b ski.ng t
of electBiesgnt aein ROl eimeiin GariHer cable g GieGtbIc domponents,
e.g., pantad-efrirgcboards) aye formkition dftetrhinapovigessy imeof printeteesistors.
0003patterm ng process. However, this nmethod of direct
[ ]patterni ng of antireflection |layers has technol ogi cal

Hof Examble, dis thexfabricationtof patfaseeledtioties dfeolgrealis| cahventionally,

an anfBRLER g8 HRRRLA Sorcaut iy 8 P AEH LER Bbtoreis
then afsiufﬁacemlectgdrd,eﬁ_stflabdc_:ated (paiemt ﬁ]fe;mmm % ddowte_t/er, this method is
very T B5 gt R A8EbRd M SlorhE BofEtnd B BB RFeer@p aver, anc
fabricationdaftaroelectotied, conductive paste conprising a netal
SIS B D B o BB Hhef 5 meprod s
proposemh wdwreini arhantireflectia layel &/formedlantyonain lighd abisorpiton side by
masiifi 830 b Bt R i ot B8 A Rifscion ver i
the prenesisrpeidrée thepatieming preeshatHavwaver oifigintetiood bédireeirpatterning of

antrefgRglTE s g 00100RE 4uMes? a1 o IS8, i frectica
applicatiqui Meanwhilekasg shudices sheéatwicatipn citsudfabe gectrodes of solar cells,
2 so-ohRREEHO S bl s BB T B03s P RAGRSIRh S,y yuich atr
the easy farhwmtivet afrdroantiretiectis layecusingal methqubsudleas éf theonal oxidation
methoftdridudiVE pRER EomphSGH et Bdvertnd £Glass material is printed on
the antireflection layer, then the metal powder is in contact with the n- or p-layer silicon
of the silicon substrate to form an electrode while the glass material contained in the
conductive paste melis the antireflection layer, so that the conduction between the

metal electrode and the n- or p-layer silicon can be ensured. However, because this
fire-through method requires a baking process generally at a high temperature of 850°C,
the glass component and the electrode sometimes penetrate the n-layer, resulting in the
deterioration of electrical properties of solar cells; therefore, accurate control of the
fabrication conditions is necessary. In addition, when there is no uniform conduction
between the electrode and the n-layer silicon, initial electrical properties of solar cells

deteriorate, leading to a problem.
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fabrication conditions is necessary. n addition, when

there is no uni form conducti on between the el ectrode
w@pasohes7h- 1 ayer silicon, initial electrical pPOpPEPL0€611941

of solar cells deteriorate, |eading to a problem Thus,

t he devel opnent of functional paste having a superior

dhosj the devaetopmentoifugoiichat ipaste having @ syparidredchiag function and

good o giEReEs R S bndh cfSted WG lo3ea Pat ent

[0004]r ef erence 2: Patent Application No. 2002-1 761 6

P R L Dt N 2o e above

Catenineferanes 2: EabenttAQﬂhcatmNOﬁ 8RB 10i@IBBpast e whi ch

Disclogﬂﬁ fﬁt‘ﬁg"%@ i vity and good el ectrical properties.
I nvention [0006] Inventors of the
Aims df tve inventionade ext ensive exani nations to resolve the

[0005 ]above i ssues, and found that during the fabri cat| on

ocess of paste by mxing a netal powder, a bin .
e inviertiqyawae pesiotaat undge the Rbove CipUmAtasCeR; ﬁ it provides

fu nchoﬂ%?ést%%ﬁ’icﬁ PasRASKiRg %ﬁmyﬁﬁnétbé@ﬂ fél@étﬁbalf}ﬂ'opértws

| ection |layer at a enper at ure of

Summaphebiiedaveniorro0” C in the fabrication of a surface
[0006 ]el ectrode of a solar cell. The inventi on vvas achi eved
based on this findin 0007] . Thus, ent i
ivesters efdhe imantion ‘aé aﬁp@f@m@ ?5?393\6% above
lssuesan?‘i‘@uer‘ﬂwa%lﬁﬂhg tide RibHdatioA PocEs té byahiiy a nidtel powder,
i nvention also rel at stothefunct ona ste
a bindeanghap AreANEisebens fgﬁmlémfeﬂﬂ an; ?R?é "%t8 tﬁgP&FE%e“ab'es

stable b@bﬁnﬁq gf Emétn*tlfé‘ﬂﬂcg@ﬁiﬁéyér\dﬁ %H@W’tehi‘[%rdtdr@ @ﬁtappﬁoxrmately 200°C in
i nyenti on
the faliaabion @ Sptese oINS i & RBIZECRf TTedyieRioTbaR apbieyed based

on this¥iidivg.t y of oxidati on | ayers on the surface of the

0007 net al “ powders. The invention also relates to the
[0007]f unct i onal paste wherein the etching agent has et ching

ar%lthHé/mﬁ/@htl@méIal%lt@G@mcﬁmnlaa?asm cdmpuising acwietal powder, an
invention glso relates to 5 uncti onal paste wherein

etching ggeat @PIA e%@%‘?}f““r%ga'?'gﬁ&yﬁm activity of oxidation
heaheertich alsonelatesit thayfanstiorial paste which further comprises a

diluent.

The invention also relates to the functional paste wherein the diluent is
butylcarbitol.

Thé invention also relates to the functional paste wherein the etching agent has -
removal activity of oxidation layers on the surface of the metal powders.

The invention also relates to the functional paste wherein the etching agent has
etching activity for antireflection layers of solar cells.

The invention also relates to the functional paste wherein the etching agent has
removal activity of oxidation layers and/or nitride layers of Si.

The invention also relates to the functional paste wherein the etching agent is
NH4HF2 or NH4F.
[0008]

Furthermore, the invention relates to the functional paste wherein the metal
powder is one or more powder selected from the group consisting of Ag-coated Ni .
powder, Cu powder, Ag powder, Au powder, Pd powder and Pt powder.

2
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The invention also relates to the functional paste

wherein the etching agent is NH Hor NH F. [0008]
wao-anoslosren®dr e, the invention relates to the funeCT/BPEN04/011941

paste wherein the netal powder is one or nore powder

sel ected fromthe group consisting of Ag-coated Ni

]JhwﬂWennGn deowisiatesAg the WarmtionAlpasiedenereirdthsoinder eerfains a

er. 2The invention also relates to the
thermoﬁﬁ“‘%‘@l@ﬁ@l paste wherein the binder contains a

}I’héﬂr{mﬁrﬁlbhl also relaies. to The functional pastel wiereln thecthermoseiting resin
uncti o n the thernosetting resin is an
is an eB??Sﬁ(VS §P @FBYFW%ﬁEL resin. The invention also
Thé dtention alm rélatesttodhalfurpni@nal phsieavhereithe graanic solvent is
ic alcohol or its mxture. The
poWhy‘?%/éﬁ?f]SLg%'FSs%X)?éfgat es to the functional paste
The impentioncalse relatestolthe fungtignel pastsnuh%rﬁl%thﬁfpggf@ygf'c alcohol
. ernore, the invention relates to a
IS glyc%ﬁ%ﬁ&/orkmonpg s?ﬂg a sem conductor |ayer, an
[0009]antirefl ection | ayer above the sem conductor |ayer,

ggﬂh lref HE irfleREbA ?%%t%‘ﬂloci‘ sares! ébﬁﬁ)rfsh”@al @lniitenductor

eCtl on | a e sem
layer, amantlreﬂedmwl layer a @emawswn@ogl@'uatosf&@reﬁog@ Ctorrfa&gi/éactmde

which ;?éh&?eﬁ{e’s ¥ro V\ggﬁ tﬁg‘éhﬂﬂafﬁeﬁoﬁ WY&k it6 Bthg RAS senfleomdiictomigyer into

n etc

conduciion; wheyelﬂdhe &@!ﬂrrc@llll%ah”@ﬁtqcﬁgbté ng""légngf‘ﬁ&l@k' nghthe fynctional
paste dgirﬁl r egg %]O'lg%ﬁ? \é\ﬂ’!sér;ép}ge@?]neg’ Iﬁ%%rgtma\mﬁg bft}l‘ﬁrﬁg hotivity for
antireflantien tayers,& binden ﬁﬂdﬁ@r‘?fﬁénﬁys‘%\f%ﬂ i 1'4'8 nla%aa%ﬁﬁﬁﬁgoﬁ@}e? ina

deswec’j g%ggoag\%hﬁggste conprising a metal powder, an etching

The isventigrea gg ?gloﬁ\g/e%a% ék\él (?lgcu? ogr%tﬁbg)sl éq%mgﬁan%bakmg the
et SPBMg agroR) pser drotning st mare) 2oty of
oxidation laygss |Q51§hﬁr$g‘r§§°§<9 e patal FSs F‘r‘i’é"‘gersaé?ﬁ & ﬁ@%‘tﬁg solvent,

onas*@éﬂ%ﬁe iR fdiretigidtRenl on | ayer above the seni conduct or
, and a surface el ectrode which penetrates

[0010]through the antireflection layer to bring the
ﬁl’ﬂ?h‘é%@k@ttﬁé i Eonirelates wd lm?éthod of idienicsitimgtangolar cell

comprgeg{ggsgm@qrg®sq%§r I%?%ré{a&g rgnd b nglﬁy {] gh{)ﬁ%%{é %é‘r"ﬁkconductor layer,
and a E&Ynécfegﬁegﬁgrbgﬁ QvHicH péhéh‘aflbe rthmﬂgﬂthblaifuireﬁectioaﬂayer todbring the
semicqngusion layer into oRGieon Whefdlh the et a¥drilsS&diAl and baking
the functional paste comprising a metal powder, an etching agent having etching activity
for antireflection layers, a binder and an organic solvent, on the antireflection layer in a
desired electrode shape.

The invention also relates to a method of forming electric circuits, which
comprises coating and baking the functional paste comprising a metal powder, an

etching agent having removal activity of oxidation layers on the surface of the metal

powders, a binder and an organic solvent, on a substrate in a desired pattern.
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desired el ectrode shape. The invention also relates to
a nethod of formng electric circuits, which conprises
weoasiong7and baki ng the functional paste conprPGI/EB2084/011941
metal powder, an etching agent having renoval activity
of oxidation |ayers on the surface of the netal
powders, a binder and an organic solvent, on a
o 1 a desired pattern.Uility of the
Uil Vﬂﬁ§rﬂkﬁn 01 ] According to the invention, an
[0011kt chi ng agent contained in the paste enables stable

rﬁé%falr&gatfro A8, ﬁﬂidtl‘bﬁ' &6 ki é%ésm&mtﬁ ne"a |h°r¥°/e paste enables

era enetra ayer
stablefrade@éDf an aptirflsciion dwgzr@er deurtemergture mdthout penetrating the

n-Iayez;?ée‘l‘ctﬁégggrsl%ogé@%\%v@q S %Jlépéél%aiﬁ&na&fleﬁliiﬁ‘;@a%?, single-step

" el _ ace resistance
fabricatinreal swiacs electades wih & lawl isterfacesiesiptanca.ep

ffwé IrkahtieA a@&? é#a;m% §ta@:§%a% e%i%p?fdb?i@ahsmbﬁ rs@HHé@

pr oxi mat us si Ty
electregps &fa% QW é@m@ﬁr%w@cc@‘@prqvﬁwlwr@mgythtrﬁeSIgnﬁiﬁaeﬂy Slmphfymg

the fal?ﬁé&t%%@és@f Tﬁ@fé‘f&'@t 29 MR sipIBIrbBlageMdr? of @8nventional materials

unctional paste of i nvention, the cost and yie]d
with thﬁawnsaon@lrna@aqe pf thﬁdnzﬁ@épn whe @ﬁswm/ y@& can ggi pa ?ﬁ@@hy improved,

which <5‘\hélé§§ rﬁﬁbérf?cbhf?lbﬁflbn tétHd Bﬁ”mfe because a thin
a ur al OXI dation layer is Iorrre on the %rface

rg]ergmxgelpgceysepqiml@ nafugat exidatien layer & don ﬁwe surface of
metal ﬁ@WﬁbféTBﬁ §étél2:|® BIVeSibF b oRRIsH Hontstinay sitdile biéctnc conduction

tained. However, with th unctj onal past
may npbb@ pbdainade Mqvvﬁvem \With e rwaoaa st @%&%@ﬁ%@%ﬂﬂ% J&’%nﬂom the
etcth@g@@ﬁ bR leardVes suthchidution lefers| @hamitua) tted farmation of an electric

ctric ClyCUIﬁWIth extr%&\ﬁ mal | resistance is
cxrcuﬂé(\@ xirmely dnal FreypianeR B AHeVeH: the | nvention [0012]

Preferfiétf Ehfiddientof thedndéitidr] ed expl anation of the
invention. As a netal powder of the functional paste

[0012]of the inventi on, a Ag-coated Ni powder, Cu powder, Ag
DHY@RHIO\AM @falléd@xﬁlar@ﬁbﬁrofah@mmﬁonAﬁDng them a

wd
??seggﬁé PPY\/QE{ V\ﬁ&e\,fpgg\ﬁ!&%l,p%rg?eaaﬂqhggp{?gép fon, a Ag coated Ni powder,
Cu owa@raacg bivelet,asi de@rCEmuAh owef atchgserht Amangthem, a Ag-coated Ni

powde bﬁtéavviqe&rmd"égwd@r Syetafact e v, S dging
charaa‘rénffhcs[ foﬂf@t hboﬁl%nmﬂct)fethehng’@l lpgwdéa rdlativetd th@cth aiwwélght of the
. past e e iny uori de such
functl past afso reraiany opma a4 MErsPilebuBerdn Al e
[0013)vi eWpoi nt of reactivity. The contents of the etching
t ot al f .the funct

L
557 eltuta gognk Prbeyunsicha FRptpt Br dhyehiot, Pl e spon as
NH HHEs andl N4 F is used; among them, NH4HF: is preferred from the viewpoint of

reactivity. The contents of the etching agent relative to the total weight of the functional
paste are, preferably 0.1-20 wt.%, and more preferably 1-10 wt.%.
[0014]

As a thermosetting resin contained in the binder of the functional paste of the
invention, an epoxy resin, phenol resin, polyimide resin and polycarbonate resin are used. -
Among them, an epoxy resin and pheno! resin are preferred from the viewpoint of coating
characteristics. The contents of the thermosetting resin relative to the total weight of the
functional paste are, preferably 0.1-30 wt.%, and more preferably 1-10 wt.%.
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[0014] As a thernosetting resin contained in the

bi nder of the functional paste of the invention, an
wepwr9sewesi n, phenol resin, polyinde resin anBCT/EP2004/011941

pol ycarbonate resin are used. Anbng them an epoxy

resin and phenol resin are preferred fromthe

vI|ndedilmleroa hesdenergushasdicyandiamide antddady pobaningfis added;

among?ﬁerﬁ faHla id SRk&res) lchpopttéht%%?tlﬁ)é’fféé%é’?ﬁégfglatwe to the

unc ona paste are,
total vegighthefrtbe furstionab pgst;e are, mefeﬁably ad-80 mde%,, and nmréemeterably 1-20
WE%. such as dicyandi am de and fatty pol yam ne is added,
anmong them dicyandiamde is preferred. The contents

dn thﬁeb"ﬂﬁ!ﬁrd @rhaédemleg acrelerater sheh ast3(3 desligferaphenyB-1,1-
dlmetlg)HﬂFéd %te@é@tﬁnﬁ‘{e% ftﬁ’t‘tﬁ%ﬁi{d&df dndng fhéfﬁ 343 ,a0dicA®¥Sphenyl)-

ref er nder ar den

1,1-dimediyleras i rpret%tedasTt@ ¢antants Qfﬂh@rt@gﬂewg)a%epe%ator relative to the
total vii n@ﬁ’(‘ Mhérfﬁﬁctﬁi?ﬁl b&étb'a%}’p@féﬂ&%ly 9 d1U1 & m'%?@h’&ﬁtore preferably 0.1-

4-di chl orophenyl)- , -dinethylureais
70th(°eferred The contents of the hardeni ng accel erator
[oo15] el ative to the total weight of the functional paste

?Ar@e) awgrgéﬁ@?ﬁ%i\gﬂnt pg %l%fou@pag(y looa%cge \?;g ﬁwg%ﬁéﬁ bar¥y organlc solvent
whlchfcﬁﬂ%drﬁbgérrl]m@l)ﬁdi@bets{eetherblm%ﬁwtl .earsh mgamc s&ift| inethe functional
can nogeneous ers e,
et B BB S PRCRE S E cR APCLEE e avcol
glucutd!%?@l mBAhitex aned: mmlirtéh)thﬁ ché‘mhglycetln ianaisethylene glycol are

proerfhgfromy e GPUEORbGh LR ‘Slﬂ%%@?\?wtaﬁﬂﬂﬂqaﬁg”d%so'vent relaiive to

the to@l mq@htaﬁ ¢h fictibnaldhdste aré hsreteranlyod.Nt3@ivt.Peaarid miory preferably
contents of the organic solvent relative to the

1-20 Vt’toZa wei ght of the functional paste are, preferably
CFdrtémydrein thedulmi’cmappaﬁter@ﬂthg idvetfliont, a%diluent such as butyl carbitol,

ety G P A L 0B DB BBIEIS b ol o

screen‘a phn’@@g wmb&mtmomse@ @eﬂsa) 0 Aaﬂomg thegeedilientmBiutyl carbitol is

et OB o 0 i 4 R 5 S8 B fppona st o

preferablyr0.¢f 1 wieh, ahtemomnprefiémbdf 015-E wdi%uent rel ative to
0016 he total weight of the functional paste are,
[ referably 0.1- wt.% and nore preferably -0.5-7 wt.%

[16@kGEr to ionpleve tioe elmptrivat cohiackbetweert aletalqravedsars, a colloidal

st 55 e ROIFH Sl rEALELEE) (VBhEh PG ) B oo

(Sumitdrio MetabMiKiGy Caunitdgmaijvbeaddddiiorthe@onctidrtad ppsteagf the invention.

The oA b BT SRR R, 5 A EpUBAB B B fo th tota

weightgf iherfuactienhl gastenare;, ereferaldy tic)-20evtt 3%t ahdwedrghpredérably 1.5-15
£ o the functional paste are, preferably .0-20 w.% and
WL7 hpre preferably .5-15

[0017]

Furthermore, in order to promote the breakage of an oxidation layer on the surface
of the metal powder, unsaturated fatty acid such as oleic acid and linoleic acid may be
diluted in the functional paste of the invention. The contents of the unsaturated fatty acid
relative to the total weight of the functional paste are, preferably 0.1-5.0 wt.%, and more
preferably 0.5-3.0 wt.%.

[0018]
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w.% [0017] Furthernore, in order to pronote the

breakage of an oxidation |ayer on the surface of the
woreaoalos@aexwder, unsaturated fatty acid such as BCEER2004/011941

acid and linoleic acid may be diluted in the

functional paste of the invention. The contents of the

\Rsafunclicedl paste wf g thveatian with the atioyetasinaposition kan b, after

thoroﬁr@ mflﬂﬂe er a%pa‘%@é@&g@r &; q.) P A)ﬁ@%@%ﬁjﬁuﬂt lﬁrnc té‘% c.il’ou%rkﬁllspersmn is
achle\peﬂstpalrUEdtlrme dwedtar@nevusnmg varoushmethedsinehiding prigting, spraying

and b{]&&g ﬁ%ﬁﬁﬁ%t 8068 c-gafbrgyxmé#d.g@ gﬁa @&ﬁ@@réiété“&M 60°C, 8n electric

er un Ion IS ac
cxrcwtpzanheeeasw @rmeﬁubyd@al@mgﬁéaaemp@rature @Ué%é’ﬁ@o@éor 5 20 min.
[001 %ncludlng printing, spraying and brush painting.

ubsequentle/ after dryi at a tenperature of 30-
An grampie ot the febrieatian Er@%h@féoéa@mrsade@pﬁéalawe&%uﬁwg the functional

paste ¥ tife fn’\%@ﬁﬁéﬁLéJéfpa@Ee&E(ﬁrgZﬁ@ @u%P rn-@lp%qmwi‘meé %Qé%}sp‘é'?sed on a p-

exanp rication net O el ectrod
type sd@parSL@@trabe tspsfpﬂ@ ame-tyRmEQgiBR AN+ jRiark BiEXt 1 Fantreflection layer (SiO.,

SiNy) is%?rﬂéﬂ% the nefy@ g% Wriiéh bédombs raﬁtacdép'ta/rlit% surface using, e.g., a

Impurities are rsed on ICcon S

CVD deyies;thend me {qygg, wh_sglp bﬁqa(rﬁglopgyéﬁ)e 3@@9{&0@9’? ﬁlgﬁﬁ concentratlon p-
type uﬂﬁhhﬁ@é i Erhftl bRy om&bﬁte sihfdee of tﬁefévcﬁpthrfb@ édrface

Ehat after GHACHTEDhARR HNIBY O an FUNyanRLaTts e freptign in a

desureﬂeélﬁgt:ﬁ?ciflééghéﬁ@ugﬂngpé l@@c@‘erﬁbmﬁ t @ﬂ'rdcg ahe pasw igfrmked on the
e sur

antrel B i e e S p e e SEh s S e porcuctr
with trfé‘ nIl@@rfs;m&ow &inbe pasricated while ctehirgtheaniirfiacties uam The

functignal Rgats of 16 BuRdprores RofiupEiaRs Sttheltoflgdpablion fir antiefiection
laye=,~rstah1’zbt the Sleefrisconalieidn; aHereibic; Burfabe elsragiestatl Iss basily fabricated by

e gl SN b al L sk SR8 b BGukdl BBk o o ey,

a solaP a8l Yitef sugesior @@Mde@@ré}@@mbsbbnfbm@bﬂam of the
etching reaction for antireflection |ayers and the

[0020]e| ectric conduction; therefore, surface el ectrodes can

bEh@ﬁSlloWn@ alka iése&ketpfoaldsdrfgl' detdiled.illUStradivepurpgsashand are not
ck-surface el ectrode underneath the

mtendﬁd tPa\'?%V'Ct g]es'eyﬁ'?’”%l | with superior electrical

Exampleoperti es can be obtained. [0020] The follow ng
| es are provided for detailed illustrative

_exa
Am'X%?nEses and are not intended to restrict the
Ag-coafétENt p@WdelE%rmirts By Weightt(W6® wi.%)g- coated Ni powder:

oleic ac:|d PP pa?’t byywelghgw 8(/\115’/ f) w99,

epoxy resin: 6 parts by weight (4.8 wt.%),

ammonium hydrogen fluoride: 3 parts by weight (2.4 wt.%), and

butyl carbitol: 6 parts by weight (4.8 wt.%),

prepared using a hybrid mixer was added with a mixture of glycerin/ethylene glycol = 3/1
weight ratio in an amount of 15 parts by weight (12.1 wt.%), well mixed, and the resultant
was applied on a Si wafer with a width approximately 1 mm, length épproximately 1cm,
and thickness approximately 400 um, then baked on a hot plate in air at 70-75°C for 5 min
and subsequently at 220°C for 15 min, so that an electrode was formed. The resistance
between the two electrodes was 90 Q.
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oleic acid: 1 part by weight (0.8 wt.%, epoxy resin:
6 parts by weight (4.8 wt.%, anmoni um hydrogen
wo bawsios@des 3 parts by weight (2.4 w. %, and bRCH/EP2004/011941
carbitol: 6 parts by weight (4.8 w.%, prepared using
a hybrid m xer was added with a m xture of
gl'ye preéparetidry bethe aﬁqxxeod:omp@sélﬁomexglhdlngaﬁwoammmmum hydrogen

uorBAC B8 i S g 2 odmtorlhoed=Fh Pofince benueen

the twoialetireggs was 403 1 mm | ength approximately 1 cm
0021ﬂnd thi ckness approxinately 400 m, then baked on a
ot plate in air at 70-75 C for 5 mn and subsequently
Example 220 C for nin, so that an el ectrode was fornmed. The
Amlx%l? Siopt ance between the two el ectrodes was 90 W The
eparati on of the above CO%EOSIU on excluding the

Ag-coatetoNl powds O8geatts by wieight (dad Ws%d: t o form an
oleic %é(?cf EQH%ML{%IQEJI ngg“ﬁa}g}a process. The resistance

ectrodes was 210 kW [0021] Exanple
epoxyxeginaBxpartsebyvweight ¢St we’i powder: 93 parts by wei ght

ammdnfam Gyrod nfll%lﬁzlé; 3%5{-&@3 b}IV\Fé”lk‘?ﬁt (by4 Wﬁp/&)hhnélo 8 w.9N,

€epoxy res parts , ammnl um
butyl crgrbﬂ@gérpaﬂstmwa@hf Btvg By wei ght (2 4 vvt and

prepaﬁééf Mémg%}]@{)ﬂrm m}ﬁgﬁra% \AgdsfdéétPWﬁHta &fb«t@g&"@f @l%/eelﬂi/@ﬂi}ﬂéﬁb glycol = 3/1
welghgrgt@eln.qn @mﬁyn’@gfe@p?ag by-wejght a@ bmt "/[a)atvyeéilr mgeg,, and the resultant
was agﬁ'ﬁéﬂ‘bn &f Silwafe hb§ingya B‘fﬂ)? [Eyet é?aépﬁ&x;rﬁ(é‘selw\eb Innivitbiekhess, with a

he resul tant was a i ed er. havin
width EpRYSKEDEICHo] ip e APBIGNIBBIGY { IREAGLUCKGSRE approXimately 400
pm, tH@nOB%kﬁ%PM 8HoTplab Yn Airen70-B5RE fbr@ﬂir@&hd&bbbéqaem at 220°C for 15
min, sRdnal AR ELaRAg AR oGty o Hes fesistinte bAfivesth (i i efapirodes was 900

Q. at 220 C for mn, so that an el ectrode was forned. The
r si st ance bet%n the two el ﬁctrode

% % 900 W .Th(=1;I

e RreRABiPL P Mechaye,corERRsilioh eREHOINE e ARG hydrogen

fluorld@rWé%‘ Lsad Ry firaoan efédﬁ@ded.%lfﬁ@mels@ﬁetmoé@ssm The resistance between
rg?aje usi \%@ @H@ rocess The resi stance

the tWBeq qwas 180 cqerfS@ was 100 Wor greater.

[0022] 0022] Exanple 3 A m xture of

Example 3
A mixture of

Ag-coated Ni powder: 93 parts by weight (66.9 wt.%),

oleic acid: 1 part by weight (0.7 wt. %),

epoxy resin: 6 parts by weight (4.3 wt.%),

ammonium hydrogen fluoride: 3 parts by weight (2.2 wt.%), and

butyl carbitol: 6 parts by weight (4.3 wt.%),

prepared using a hybrid mixer was added with a mixture of glycerin/ethylene glycol = 3/1
weight ratio in an amount of 15 parts by weight (10.8 wt.%) and a silver colloidal solution
AgE-102 (Nippon Paint Co., Ltd.) in an amount of 15 parts by weight (10.8 wt.%), well
mixed, and the resultant was applied on a Si wafer having a SiO; layer, with a width
approximately 1 mm, length approximately 1 cm, and thickness approximately 400 pm,
then baked on a hot plate in air at 70-75°C for 5 min and subsequently at 220°C for 15 min,
so that an electrode was formed. The resistance between the two electrodes was 160 Q.
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Ag-coated Ni powder: 93 parts by weight (66.9 w.%,
oleic acid: part by weight (0.7 w.%, epoxy resin: 6
W@ 00585193 wei ght (4.3 wt. %, ammoni um hydr ogenPCT/EP2004/011941
fluoride: 3 parts by weight (2.2 wt.%, and butyl
carbitol: 6 parts by weight (4.3 wt.%, prepared usin
al'hg preparatiore of thesalkeueeeompeositian exgluding silver colloidal solution
13y o i ;
AGE-BES LS8 TN AR IS 1175 Ale 1BE6SS. T8 Resistance between
the twosleelrerdas Was 9604l AgE-1 2 (Nippon Paint Co., Ltd.) in
[0023RN anount of parts by weight (10.8 w.%, well m xed,
and the resultant was applied on a Si wafer having a
Exampl@dr  with a width approximately 1 mm |ength
A mixgpdlopxi mately 1 cm and thickness approxi mately 400

mm_ t hen haked on hot plate in air at 70-75 C for 5
Ag-cogied %lhlaowa%géﬁﬁ%a?y !ﬁ’@'&ﬁgG@gﬂﬂ-% in, so that an

oleic &li@ct paRdyYWRSIghP(OTRWt.981e resi stance between the two
el ectrodes was iL _(%(VThe grepar ation of the above
[

epoxXyJ8aine §i R PEWE ¢ Whé)si | ver col | oidal sol ution
ammo?mﬁnhyard@ fissrite: @ patsbpwvetdqRIoueA)sand the sane
but I%ggesg. h%resgﬁ)?@%e tbo‘; ween the two el ectrodes was
uty itQly O RFGERY Wk Mo xture of Ag-coated Ni
prepamd/\dsit Igg a%,{mﬁ{ m&e@)ﬂvaﬁ?ﬁd With . Pmibttu e of %iy@ém@mgxbbnelglycol = 3/1
. . part Dby wej L%, e si.n; ar t. . :
weighb Bt 2Byt 66 1S mifts BneBORISLER ) epd AesiveP faliqigal solution
AgE-1og (‘hﬁ;{)[ﬁﬂrz Peiht E%’\@t L), inambrigoum_ ofctd b'ﬁttglb_.y Weight {10.8wt. %), well
. wei : . 9%, pr.epared_usi a hybri .
mixedagd 416, /95utaNhivEE arBIH o § SLPTTAHG A D AT o Bpoximately
90 nm/micgﬁfnbss,ahiitro aiwidéhapprxithately 1maldrgttivpppeoxiinatdlyd.@n, and .
ikt Aol 38 S8 BR81 hPab 40 4 LR Yor s min ana
subseqliontly at 22«]2°,C fox! 115 ming ao, tha’nldn electroeleuvasfdrnmvects  apelrésidtance
on | V] LN | ayer of approximately 90 n
betwe?ﬂitﬁﬁﬁﬁg\é@%@%gvﬁ&&@pproii mat el ypg mm | eng%/h
a'mzi]pvépmtwyoﬂtherabmmbdmpm&ﬁmexelpdingydhean'edtureélﬁo m
t.ne on X ' ' - .
alyoerip/oighasdiiy T Mbaf il 1 ot i forf A &igetidle Being the same
process. eThe oelsistanse hatween tfidhivo ekbctiodes evds=29%En t he two
0024]? ectrodes was .9 kW The preparation of the above
[ onposi tion excluding the mxture of glycerin/ethylene
Exampley®ol = 3/1 weight ratio was used to forman
Amix@tg?%mde usi ng the sanme process. The resistance

Ween the two el ectrodes was 29 kW
Ag-coated Ni powder: 93 parts by weight (66.9 wt.%),

oleic acid: 1 part by weight (0.7 wt.%),

epoxy resin: 6 parts by weight (4.3 wt.%),

ammonium hydrogen fluoride: 3 parts by weight (2.2 wt.%), and

butyl carbitol: 6 parts by weight (4.3 wt.%),

prepared using a hybrid mixer was added with a mixture of glycerin/ethylene glycol = 3/1
weight ratio in an amount of 15 parts by weight (10.8 wt.%) and a silver colloidal solution
AgE-102 (Nippon Paint Co., Ltd.) in an amount of 15 parts by weight (10.8 wt.%), well
mixed, and the resultant was applied on a Si wafer with a width approximately 1 mm,
length approximately 1 cm, and thickness approximately 400 um, then baked on a hot
plate in air at 70-75°C for 5 min and subsequently at 220°C for 15 min, so that an
electrode was formed. The resistance between the two electrodes was 0 Q.
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[0024] Exanple 5 A m xture of Ag-coated Ni powder: 93

parts by weight (66.9 w.%, oleic acid: 1 part by
wowighsos(®. 7 W . %9, epoxy resin: 6 parts by wePQITEP{044/611941

W . %, anmmoni um hydrogen fluoride: 3 parts by weight

(2.2 wt.%, and butyl carbitol: 6 parts by weight (4.3

W hé&preparatian efithesalmayveacdmpositiomiexeludivasthedunedurs ofh a

m X 0 YCE4 I I [ [,
alycerySlniienedonEons SMeBreiag Skl o Jor 4l Hghrddé Ling the same
process.| The resislamicddletwobntth® iwdglEchoriet WaHd:i8 Rai nt Co. ,

[0025t:9d.) in an anount of parts by weight (10.8 w.%,
Il mxed, and the resultant was applied on a Si
Exampbf@r with a wi dth approximately 1 nm |ength
. reximately 1 cm and thickness approxi mately 400
Amlxrﬁf%gofhen baked on a hot plate in air at 70-75 >C/:for 5
Cu pomidera9ipaud Hyqueight (669 Wt36),C for min, so that an

: : ; ofhe resi st bet the t
oleic &1 b By IR DI s oRe oS oL nee ot e above
epoxycresio i partsrbyeweighli(hg wh¥)nmi xt ure of glycerin/ethylene

. = 1 i o
ammdfidth HydTog¥rliEhd!ts paitd By WlghSeh weod)oayan

( using the 'same The résistance
butyl ¢arbiielef pals hywyeight ¢4-BoMe®)mas 9.3 W [0025] Exanple 6

prepaﬁﬂ%ﬁ'f@ a%ﬁri@ﬁi%\og&r added Wﬁhtasrnli%tuﬁéebgﬁl?cérf)ﬁ@e&ylene glycol = 3/1

weight eafionn & @mfwgtc iny1 @@agg{bIﬁging% "‘&g/ﬁ)“rﬁ'\i% '@«gikﬁggg@ﬁﬂm solution
Ao G A L1y WGl f s bpAID ), v
mixeda ang e esulteat W@Mgg@%@ ﬁhwg?qﬁ gjiqﬁpgo‘%fnﬁer 80 nm th?ckness, with

B RRe | 7 i thici imat
a wndtg %ﬁ?itﬂa@éllgﬂ @ﬁ%géhg{lﬁ%pmoﬁhﬂa@@ 08, Bl itRickRes® approximately 400

rts by, wei_ght 8 w.9 I
i, them aedodn 30 HIAR GE-SGB-(KIGH 55 i ARd SyDSBaReRth At 220°C for
15 mikNsAifRY Bh elctidtePRbE SolYedeTEE redidnBeWetbenre two electrodes was
m xed, and the resultant was applied on a Si wafer of

10 KQappr oxi mately 80 n thickness, with a width
apiRs BrdpERAIRIY oﬂt%ﬁbdﬁ@rﬁp@ﬂﬁé@é&ﬁl&d?g\ﬁhﬁ &fmaorigin hydrogen
ake

.t hickness approxi mat el y, 400 t hen on, a _hat
fluoridg e Used I [T a7 GloRTASerUSING iy SATHRPTORRRS q BRI P5/Stgnoe between
the twdXeétrddds wae 2 MO.t hat an el ectrode was forned. The

resji stance between the two el ectrodes was
Example 7

A mixture of

Ag-coated Ni powder: 90 parts by weight (66.7 wt.%),

oleic acid: 1 part by weight (0.7 wt.%),

phenol resin: 9 parts by weight (6.7 wt.%),

ammonium hydrogen fluoride: 3 parts by weight (2.2 wt.%), and

butyl carbitol: 2 parts by weight (1.5 wt.%),

prepared using a hybrid mixer was added with a mixture of glycerin/ethylene glycol = 3/1
weight ratio in an amount of 15 parts-by weight (11.1 wt.%) and a silver colloidal solution
AgE-102 (Nippon Paint Co. Ltd.) in an amount of 15 parts by weight (11.1 wt.%), well
mixed, and the resultant was applied on a Si wafer, with a width approximately 5 mm,
length approximately 5 mm, and thickness approximately 200 pum, then baked on a hot
plate in air at 70-75°C for 5 min and subsequently at 220°C for 15 min, so that an
electrode was formed. The resistance between the two electrodes was 34 kQ.
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10 kW The preparation of the above conposition
excl udi ng t he amoni um hydrogen fluoride was used to
wo or0s1050878| ect rode using the sane process. ThePCT/EP2004/011941
resi stance between the two el ectrodes was 2 W Exanpl e
7 A mxture of Ag-coated Ni powder: 90 parts by wei ght
( The preparigion off ¢he abovel tompasitiobexekiditd tHedammaniafn, hydrogen

fluoricﬁe{)%ﬁcgbgr&%tggh? (PZ)@H?? 1%\&5%99\%\% @ﬁ{ n{% ?%tﬂ{géoﬂ‘é'i}fg‘lhe same
procebsi Theaesisianme: béweantthe kbwomcgmdes was VBOKQ. prepared

Exam g a hybrid m xer was added with a m xture of
———éféygerln/ethyl ene glycol = 3/1 weight ratio in an

A mixture it o:‘ 15I parts by weight ( .1 w.9% and a silver

- i Co. d.) i
Ao 8 BB Sp e AU AAR ERLPREI T Tt 0. LEd)
oleic adisteti padry whaight & @Iwi?), was applied on a Si wafer, .
phencgnrégnag:ﬁggﬁis%}pﬁgmwgtﬁy 5 mm |ength approxi matel y \

approxi'mately 200. nm then baked
ammaitium hystrogerflaoride:ad pags bymagh&f%wt Soyigfdand
butyl ?%ﬁ&ﬂ@%ﬁé’b g@qé% fet n,so that an el ectrode vvas

e resi en the two el ectrodes wa
prepaged Wsingrechyhrishanixen was afded wntatﬂawtutﬁrebgw@e@wethylene glycol = 3/1

welghﬁ‘&tidém_aq@nagg‘?g gééd'ﬁswggm‘g] 1. ‘PQ\Ft'%?aﬁB% Sfe? @éﬂ@idal solution

t
AGE-eniNippot Beitt Gadddn cnameLbaldecparts by waight (131 WEs), well
mlxecﬁlla‘ﬁattHQ‘?@éJlt’ﬁﬁ F\Jt\;a}oaﬂﬂhe@w ISt wifér ﬁé\)ﬁhg' EaeSinzI légeﬁ@pé;gﬂ'ommately

80 um tbmlmew, withghwiqth. apnmw%atelb (F?erﬁm, lw&th@ppgoymatglyb@mm and
thlckn‘éﬁé@ r&@mﬁté’}% 24D, m W%@dwéw até liy afri z3€70-85°C for 5 min and

subsqw,efl’gyg 2ag° ﬁ@r ‘ES ngn,\,ﬁo lga’t agn |: Wég&é)}ntaeqiwg‘%pdeswtance

betwe@nxtﬁé twa%léﬁé@jbg\%hg 1th xture of glycerin/ethylene
ratio in gn

15
V\E%@ Rfeqargtiop \ﬁ/éh%ﬁ'amé? §9m98$'t'96|%ﬁ@m9 &]ﬂ %m?'g?ﬂ'%@%wmgen
fluoride érﬁ\!! R@bea?éd INi p@Wde'r—H‘d)z)waQ uséd estuiht amelgttrdde Ll:ve{ng the same

nd t t
proceipil e sAIANCS batieEn THa i §1aesBs w100 or fidre than.
[002@1Ppr oxi mat el y 80 thi ckness, WI th a wdth

R R e ik Sl 2 RS et e Tl o suriece
eloctrBbi@s 6f salarbslltnd foriheGofmaticn of sledinid circuits.
Brief Description of the Drawings
[0027]
Figure 1 shows a method for the fabrication of electrodes of solar cells.
Description of Symbols ‘
[0028]
: p-type silicon substrate
: n+ layer
: antireflection layer (SiOy, SiNy)
: p+ layer
: surface electrode
: back-surface electrode

O 0 A~ WDNHD =

10



10

15

20

25

30

35

subsequently at 220 C for mn, so that an el ectrode
was fornmed. The resi stance between the two el ectrodes

woRwsAN6RIN The preparation of the above conpoRCT/EPR2004/011941

excl udi ng the amoni um hydrogen fl uoride and Ag-coat ed
Ni powder-1 2 was used to form an el ectrode using the

Paten? &mr ocess. The resistance between the two .
— erectrodes was Wor nore than. [0026] The functi onal

1.

10.

11.

12.

Pasétored phbe covipnsihga matal pewdeedar @tctﬁd@a@@ht, ladsihtienand an
of surface electrodes of solar cells and Tor the

PHIARNG SUMCF el ectric circuits. Brief Description of
the Drawi ngs [0027] Figure 1 shows a nethod for the

R St anb L b B e s B "
Ifayer ?: ant: ;g{lrecti o.n Iayef (SIO, SIN) 4: p+ |layer
il B S0E S BB B RPN el
powder, an etching agent, a binder and an olrg_ani c '

= . , .
EOnRM pgote SREURB™0 SPTRR FRITR Fia povbisRyfiine sighjng agent
kasaremavaltestivity of heiddtioméyers eniibe gudaceiof the metal powders.
Functi onal paste according to any one of clainms 1 to

3, wherein the etching agent has renoval activity of
Pumatimniab pastayascordingtth @ny wneaafeclaims héo dewhiergintbe eiching agent
| : ; ' f clainms 1
S T ST e T

for antireflection |layers of solar cells. 6.

F'-:Wn%?ﬁéstt@aa%c%rﬁﬁg% DDk Rinff t@tls, Fh2raR the %?bhing agent
5, eref'n the etchPng agent has renoval activity o

liad o eal aciyidy of axidation layers aediosyiride dayess of Bi.

Functi onal paste according to any one of clains 1 to

6, wherein the etching agent is NH HF or NH F

Fungiionehpastg:ancerding de ani @necfalgintnt te b, whereis the eiching agent
& NMAESONNHGE, Metal powder

Functional paste according to any one of claims 1 to 7, wherein the metal powder
is one or more powder selected from the group consisting of Ag-coated Ni powder,
Cu powder,.Ag powder, Au powder and Pd powder.

Functional paste according to any one of claims 1 to 8, wherein the binder
contains a thermosetting resin.

Functional paste according to claim 9, wherein the thermosetting resin is an epoxy
resin and/or phenol resin.

Functional paste according to any one of claims 1 to 10, wherein the organic
solvent is polyhydric alcohol or its mixture.

Functional paste according to claim 11, wherein the polyhydric alcohol is glycerin
and/or ethylene glycol.

11



10

15

20

25

is one or nore powder selected fromthe group
consi sting of Ag-coated NI powder, Cu powder,. @

w@owdoes067AU powder and Pd powder. 9. Functi onaPCPEB1084/011941

13.

14.

15.

16.

.Ssem conducto

according to any one of clainms 1 to 8, wherein the

bi nder contains a thernosetting resin. . Functional

pastar @&iloemnpms;ng @ sgneiconductahiayer,ran aptineflectiors yer agove the
}E_glﬁcétbl 'gﬁlgﬁﬂ l n& %%Jr‘fa%@%lé’étrcﬁﬁlfﬂ/ﬂtchr oﬁé‘r‘n{lrates tllrough the

accord
antgeﬂeﬁthm@yer trahring the s@nthnéugélr}aw&tﬂm@ canshigtipn owherein the

L8y Béﬂ( Snca eﬁtt%ﬁagmgl Cﬁ%ﬂﬁ%ﬁn@‘iﬁ??%&%n‘aﬂ’g%@dBmprlsmg a

erern cerin a

mq@lnmdejl gQ @ltCh"lg @Qentéh@\dngtetqi’émg a@’@wﬁb’rﬁog iangreflection layers, a
GiRdkF A %t&parﬁyﬁlverﬁnoﬁmé éﬁ?r’eﬁ@&iléﬁ‘ IdyRY & a%‘é%i‘r@dtdl@ctrode

ayer a surface el ectrode wnich
‘rates through the antireflection layer to bring
the sem conductor layer into conduction, wherein the
solar cell is fabrjcated by coatin nd baki ng the - ..
AQ eieatde gircwih farmeddmn eealingand h@k@% tBsmuor@% papteFagrrising a

el p di)ﬂiérnﬁn @tahn@ agéﬁtt Ihé’\hrﬁy rémbvalrﬁcttmi/ |o¢©§<ldéiﬁon layers on the
an Qorgani c sol vent

ers
sitageco! Beanl PayRes.  BindeoRRd aRargabic AvaTlcpR 2 substrate in a
desipdesatter®, circuit forned by coating and baking the
functional paste conprising a netal powder, an etching
agent having renoval activity of oxidation |ayers on

Ahﬁem@dfo’ﬂébﬁ&aﬂr@% ﬁblb&belpcmﬂlslngea benﬁtedncﬂmblaayer an

i c.solvent, on,a subst d tt .
el qaigyob oo e SAT G auior Taveceind agwiaceidigtizpde which
p@ﬂ@tﬁeﬁég tieioayh :tﬁa‘ ehtireflection lay@‘fr ke bhhlgrthdta AT cc\azhimmort lager into
senj can uc or a surface plectr
B0 o ShBisn S MetBodrPrpUReE corfng Phjdiskitd l tygetiona
éﬁe%@mpﬂymbiatmetal pa\ﬁder rangetghilz@ emmafvwigeelchmgd{mlwty for
conprises .coating, and ba ction . .
FaplcciEyefng G 4 38 RuiNoTiNg e, orh e gfiBtecton layer i
Hdebingd elaviiode stepevi ty for antireflection layers, a
bi nder and an organic solvent, on the antireflection

| ayer in a desired el ectrode shape. 16. A nethod of
Aonethod of femhing@ledtric gircuits, mhich comppisies esating einddaking the

N RN e A e e

activity of mlddmenslayéram ik sunacerdfdhe peetdbpewdarshiariieder and an
S s NGEToR SOlokke PR BsRURTEALE 1N @ desired
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