"1 .- Title of the'lnvention CONDUCTI NG TH CK FI LM COVPOSI Tl ON, Tk LM
ELECTRODE, CERAM C ELECTRONI C COVPONENT AND LAM NATED CERAM C CAPACI TOR
Backaround of the Invention This invention relates to a conducting

thick film conposition and a ceram c ellectronic conponent such as a

| am nat ed cerami c capacitor wherein this conducting thick film conposition
is used for a thick filmelectrode. Conventionally, a thick film

el ectrode of a ceranic electronlc conponent, for exanple an external

el ectrode dti , het d bdemc capacitor, is nade by coating onto an end
surface of a stack of alternately | ami nated ceramic dielectric |ayers and
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resin and aanlﬁ sgl¥§ 1 ! After an external electrode is forned,
plating is he sol derability of the el ectrode,
and for exampl e i/ $0,e8 i35 LaY§Eeks dO" P dRaudl HE5" Wi "B11m

composition and a ceramic electronic component such as a

laminated ceramic capacitor wherein this conducting thick
film composition is used for a thick film electrode.

'$i23ﬁ ' Conventionally, a thick film electrode of a ceramic
electronic component, for example an external electrode of-a
laminated ceramic capacitor, is made by coating onto an end
‘surface of a stack of alternately laminated. ceramic
dielectric layers and internal electrodes and then baking a
conduéting thick ﬁilm composition comprising Ag powder or
Ag-Pd powder, which are ccnducting powders, glass powder,
whicg is a filler, and an organic vehicle consisting of a
base resin and an organic solvent.

P After aﬁ external electrode is formed, plating is

carried out to increase the solderability of the electrode,

and for example a Ni/Sn solder 1laver is formed by
electroplating.

A large quantity of glass powder as a filler is
included in order to maintain the strength of the bond
between the stack an the external electrode. The glass

powder melts during the baking of the electrode and melted
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"A large quantity of glass powder as a filler is included in order to

mai ntain the strength of the bond between the stack and the external

el ectrode. The glass powder nelts during the baking of the el ectrode, and
mel t ed : 2 2 glass powder noves to the
interface between the stack and the external electrode and acts as an
adhesi ve. Ag powder or Ag-Pd powder has been nainly used as the

conducti ng gggggggoga\tﬁar g‘%%tsl *%%mé&[ef& pggg@éeﬂaghesgeggﬁdﬁ%\%e\?gr,

used i nstea powder ~or ~Ag- 0 reduce costs.

when "Cu pOyHer exfi@fna PESTbe it o838 akBe aE0RAUSEREgEROVWEr tO promdte

cost reduction there have been the follow ng kinnds of problem (1)

Because Cu is eapgl ponukdi dedagheli pewiegt hae Bakhi @dindyt uskdias the
non- oxi di zi ng at nosphere; however, In this case the rate of deconposition

of the resi pofdupeiagt powdeic MW@antecenmely ciwexpensivrewCu pewder dreponent
remains until the tenperature at which the glass starts to nelt is
reached andstamuedquenbkeyuged pnsdeaddolfy Agheoddeampas Rpi-®d owdes tesi n
conmponent forns bubbles in the nelted gl ass. :
reduce costs. :

‘ _Hoﬁever, when Cu powder has been used as the

conducting powder to bromote cost reduction there have been
3 the following kinds of problem:

(1) Because Cu is eésily oxidized, baking must be carried
out in a non—oxidizing atmospheré; howevef, in this case the
rate of decpmposition of the resin compénent in the organic
vehicle "is slow, .résih_ compqnent- remains until the
temperature-ét.which the glass starts to melt is(reached and
consequently gas pfoduced by the.decompositipn of the resin
component forms bubbles in the-melted glass. '

As a result, a phenomenon occurs wherein parts of the
external eleétrode,.called bliéters, swell up. Such
blisters are also caused by Qas produced by the ceramic and
the glass reécting with each other at high temperatures.
That is, these blisters tend to form at high temperatureé at
which sintering of'the.surface of the Cu.electrode has
progresséd and there is no way for produced gas to escape.

The strength of the bond between the stack and the

external electrode is sometimes reduced by these blisters.



"As a result, a phenonenon occurs wherein parts of the external electrode,
called blisters, swell up. Such ‘blisters are al so caused by gas
preduced by the ceramc and the glass reacting with each other at high
tenperatures. That is, these blisters tnd to format high tenperatures at
whi ch sintering of the surface of the Cu el ectrode has progressed and

there is no way for produced gas to escape. The strength of the bond
between the stack and the external electrode is sonetines reduced by these
blisters. (2) Because during baking in a gon-oxeg}zgggagggogghpﬁ@

baki ng in a non-oxi di zi ng atnmosphere _the_ gl ass powder, is redugced and its .
properties 8BEePiaFatROWAGH S tFRAYT] (3R (IS RYIRSF HRS Geteriogads  in |
the electrode tends tq dissolve in_the atiEg quuid. COns% uently,
in the mdd"Be% thE RLATHRE prcteSeTEREd pPUL g FPEUIRPEISE o1 Es Yifass in
t he. ext ernal_, el d d. reach as.fa s.the.internal.electrodes, as a
result of F%%E?%égsﬁrgcgsgt%o %s[sﬁzvﬁoﬁasbggtﬁg%ﬁl%%ef*qu@%’nal el ectrodes
and the ceram c Ebﬁé@&ﬁéhgﬁ%?‘yﬂ%ﬁé fa1d HE IHEIGR %r.%%%%%' e
falls, peeling occurs~at se intertaces and cracks occur in the ceramc
dielectric plating liquid dissolves glass in the external electrode and
reaches as far as the internal electrodes, as a result of
this the strength of the bonds between the internal
) electrodes and the ceramic dielectric layers of the
laminéted ceramic capacitor falls, peeling occurs at these
interfaces and cracks occur in the ceramic dielectric
itself.
(3) AlSo,ubecause a large quantity of glass powder is
included, when baking is carried out at a high temperature
and in a non-oxidizing atmbsphere, glass covers the surface
of the external electrode, a plating layer cannot be fo:med,
and the solder wettability of the surface falls.
An object of this invention is to provide a conducting
thick film composition, a thick film electrode, a ceramic
electronic component and a 1aminatéd ceramic-capacitor'with
which it is possible to imprové_electrical reliability by
improving the strength of a bond between a ceramic substrate

and a thick film electrode and improve the adherence of

solder to a thick film electrode.



“itself. (3) Also, because a large quantity of glass powder is included,
when baking is carriced out at a high tenperature and in a non-oxidizing

at rosphere, glass covers the surface of the external electrode, a plating
| ayer cannot be formed, and the solder aettability of the surface falls.
Summary of the invention An object of this invention is to provide a
conducting thick filmconposition, a thick filmelectrode, a ceramc

l'ectroni t_and a | ani d ' i t ith. which .t i
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provi des a conducting thick filmconposition containing Cu powder, glass

powder and gheedaniheVeli Powdeth@iohipt il BHHRAURRN FRNAS Bhd el al
powder and scaly powder. By neans of this constitution, the
i nvention npleedeit : |
| By means of this cOnstitutiog, the invention makeé it
" possible to.preveﬁt blisﬁéring of a.thiék film electrode
~occurring while the eleétrodé ié being formed, increase the
ﬁ%- strength of a bond between a ceramic element gnd a thick
film electrode and improve the adherence of solder to a
~ thick film electrode. |
That is, because sintering of Ehe spherical powder
‘starts and the;sinterea deﬁsity'bécomes high in the range
700 to SdO‘C, which is the température region in which
' - blistering occurs,.with only spherical powder the vbid rate
of the thick film electrode during sintering is insufficient
and consequently”blisfers form on the surface of the thick
film electrode and the strengfh of the bond betweéh the
ceramic element and the thick film electrode is low.
With only scaly powder, on the other hand, because Fhe
' strength with which it bonds with glass is small, it peéls
off relatively easily and the bonding strength of the thick
film electrode is low.
Accordingly, in this invention, scaly powder is

blended with spherical powder. Because sintering of this



'p055|ble to prevent bllsterlng of, a thick filmelectrode occurring while - ..

the el éétrode is being formed, increase the strength of a bond between a
ceram c elenment and a thick f|In1eIectrode and inprove the adherence of
solder to a thick filmelectrode. 5 That' is, because sintering of the
spherical powder starts and the sintered density beconmes high in the range
700 to 800[err]C which is the tenperature region in which blistering

t t f
glcgg'[fod\em d%l;l %y% er :‘%‘gél S g@esr il c@é‘ﬁl q’ ;gldetchoe(r)lste}“% rtﬁ@u bl i s%grbs form
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between the ceramc enent an ‘t hi eis

Wth only sgpbyrRoadefuri qr% fél%t@r'iﬁb' 'ﬂﬁ&i‘ea?%alﬁéséé&s HHU Wil whi ch

it bonds with glass is s Jit peels off relatively easily and the
bondi ng st rppgiticedl yhe idarckesddpen ei:ectfbeﬁhedl andWthis prevesesdichel y, in
this invention, scaly powder is blended with spherical powder. Because -
sintering obcthrrence of blistering of the thick 5filmcaé}epbwdde does
not start fully in the tenperature region '

surface. As a result it is possible to raise the strength of

the bond between the ceramic element and the thick film
electrodeﬁ. | _ | |
3y Also, beceuse by phis method it is possible to reduce
the blended ameunt_of glass powder, which had beeh'ineluded
_in large quantitieslin order to mainﬁain the strength of the
bond'between the ceramic element aﬁd_the thick film
electrdde,'deterioration-of the piating adherence caused by
glass melﬁing and covering the surface of the thick film-
.electrode can be pfevented and solderihg can be improved.
Also, the invention provides a conducting thick film
composition including Culpoﬁder, glass powder and an organic
vehicle wherein the glass powder comprises borosilicate zinc
glass and,bordsilicate.barium glass.
By means of this constitution,'the invention makesnit
- possible ;o prevent cracking of a ceramic element dccurring
during electrode formation, raise the strength of the bond
between a ceramic element and a thick film electrode and
imprbve the adherence of solder to the thick film electrode.

_That is, because .plating liquid doee not readily



in mhlch bllsterlng occurs, the void rate of the thick film .electrode
during sintéring increases, passages through which produced gas can escape
are formed and this prevents the occurrence of blistering of the thick
filmelectrode surface. As a result iteis possible to raise the strength
of the bond between the ceramc elenent and the thick film el ectrode.

Al so, because by this nmethod it is possible to reduce the bl ended anpunt

of glass po h had, been i ncl.,uded uantities in order to
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gl ass and borosilicate barium gl ass. By neans of this constitution,

the inventi eausRieeby blatdsny hlienii@ PedrRiit itIAGHtY tHe & meiddn of aftesrent
occurring during electrode formation, raise the strength of the bond

bet ween a cehdrikc fe.llarmtecaﬂm(i% tdajnclbef iduppteaciad damdrakad ki et titee
adherence of solder to the thick film el ectrode. That is, because
pl ating |i quiedatdesehehentachh ybe prevented.

| Becéuse the softening point of borosilicate zinc glass

fj' is about 570°C to 700°C and borosilicate zinc glass readily

| sinters at over abdut 600°C, which is the'temperature at the

- time of electrode formation,‘aﬁ this temberature'it becomes

too fluid and glass comes out onto the surface of the thick

film electrode during baking of the conducting thick film

composition.' As a fesult, the plating'liquid-does not
adhere well. .

With borosilicate barium gléss only, on the other
hand, because it'does not readily melt during baking of ﬁhe
conducting thick film composition, it hinders sintering of
the conducting powder.l

For this reason, in this invention, borosilicate g;nc
glass and boroSi;icate barium glass are blended togetﬁer.
Because the softéning point of this borosilicate barium
glass is over about 770°C, higher than that of borosilicate
zinc glass, and it does not sinter readily at the

temperature of the time of electrode formation, its fluidity



"6 dissolve borosilicate.zinc gl.ass.or. borosi:licate. bari-um-..gl ass when
“these-are conpared with others in dlssoIV|ng tests and the Ilke reduction
in-the strength of the bond between the ceramc elenment and the thick film
el ectrode caused by plating liquid perrfeating into the inside of the '
thick filmelectrode can be suppressed and cracking of the ceramc el enent
can be prevented. Because t he softening point of borosilicate zinc

I b 0 C to 700] C and I t I di
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does not orosi'icate barium glass only, on
ot her handenb@oak@esuxtfa&e%fneherea%kyfmhteﬂé&tf&i@akl ng of the

conducting thick filmconposition, it hinders sintering of the conducting
powder . . FORcEBTEiIAERBGPNby Bllehidi ngh BYHIiL i dit@siih€ agtagsnand
borosiliéate barium glass it is possible to make a
conducting thick film compoéition to which plating liquid
'readlly adheres, with which the strength of the bond between.
f’) a ceramic element and a thick film electrode is hlgh and
which plating liquid does not readily dissolve.

Also, because by this method.i; is possible to reduce
the blended amount of glass powder, which had béen included
in large quantities in ordéi-to maintain the strength of the
bond between the ceramic element and the thick film
electrode, deteriération of the plating film adherence
.caused by glass melting and cbvering the surface of the
thick film eléctrode can be prevented and soldering can be
improved.

‘Also, the invention provides a conducting thick film
composition'including~Cu powder, glass powder and an orgapic'
vehicle wherein the Cu powder comprises spherical powder and
scaly powder and the glass powder cémprises borosilicate
zinc glass and borosilicate bariﬁm glass.

By means of this constitution, the invention makes it

possible to prevent blistering of a thick film electrode and



".glass and borosilicate._bariumglass are. blended together. _.Because-:the. -- -
“seftening point-of this borosilicate barium glass is over about 770[err]C,
higher than that of borosilicate zinc glass, and it does not sinter
readily at. the tenperature of the tinmegof electrode formation, its
fluidity 7 at that tenperature is | ow
Maki ng use of this, it is possible to adjust the fluidity of the
glass with borosilicate bariumglass and prevent glass_fron1conin% out
onto the sueFaekiBg Phe a HFeFaRI¢ nPdeBEREPSCUITing QURIRE nglpctEpde

bl endi ng borosilicate zinc glass.,and ,borosilicagte pariu lgss It iIs
possi bl e t ot RERATEON¢0 HEEPgﬁngﬁF@ktﬁq i t9 nt?%ngﬁpghgﬁFgfﬁﬁg

liquid readily adheres,, with whi.ch,the stre h t 0 a
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i quid does. ' Ly 4 % 0,1, be : | dit is
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bond between the ceramc elenent and the thick film electrode,
dEtefiOrati@BmﬁiiébﬁgpéﬁﬁéfEbél|§Bﬁ5&¥”&ﬁ&“§caly powder the occurrence

of blistering of the surface of the thick film elecﬁrbdg is
.prevented, it is poSsiBle to réise_the streﬁgth of the bond
fi).' between the ceramic element and the thiék'film-electrodet
Also, as a resﬁlt of the glass powder comprising
bprosilicate zihc glass:and'borosilicate_barium glaés,
platipé liquid adheres well to the qonducting thick film
cOmposiﬁibn and does not  readily dissolve it- and
consequently it‘is_possible to méke_a conducting thick film
composition with wﬁich ﬁhe strength of the bond between the
ceramié element and the thick film electrode is high.
Furthermore, because by this method it is possible to
reduce the blended amount of glass powder, which had been
included in large quantities in order to maintain the
strength of the bond betﬁeen the ceramic element and the
thick film electrode, deterioration of the plating adherence
caused by glass melting and'éovering the surface of the
thick £ilm electrode can be prevented and séldering can be
improved.

"In the invention, preferably, the Cu powder and the



;caused by..gl ass..mel-ting. and.covering.the surface of .the . thick.film.

el ectrode can be prevented and sol dering can be |nproved ' Also ' hé"';'

i nvention provides a conducting thick film conposition including Cu
powder, gl ass powder and an organic vehiocle wherein the Cu powder
conprises spherical powder and scaly powder and the gl ass powder conprises
borosilicate zinc glass and borosilicate bariumglass. By neans of

thi's consti tytionoothe Laventho rmkes,l s ROOSOLSLR BEKET, RYJgtEL! N0

of a thick f fode an
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further raise the strengt
thick filmelectrode. I's, because a powder
conpri sing Sﬁﬁwrdoﬁ@hctﬁﬁg\dﬁﬁcﬁnﬂlﬁrp@b&pﬁ%. t MerOGREERRAG, @le LI at€ring

of the surface of the thick filmelectrode is prevented, i{ I's possible to

rai se the stghsgttomstitite bost 6beforesweyd.he ceramic el ement and the thick
filmelectrode. Al so, as a result of the glass powder conpri sing

That is, when the total amount of the Cu powder and
the glass powder is over 65wt% of the conducting thick film
composition, the viscosity of the conducting thick film

composition is high, the levelability of the conducting

o

thick film composition after it is coated is good and
sagging and the like does not occur. Also, when the total
- amount of the Cu :powderr and the glass powder is under 8S5wt$%
of the conducting thiék film composition, because the
conducting thick film composition is pastelike, it is easy
to coat. Thg amouﬁt of the organic vehicle is the remainder
of the conducting thick film composition excluding thé Cu
powder and the glass powder.
; ' In the inventiéﬁ, preferably, the glass powder is about 3 to
l 15wt%, more preferably about 5 to 10wt% of 100wt% of the conducting
thick film composition.

That is, when the glass powder constitutes over 3wt%
of the conducting thick film composition, é high bonding
strength between a ceramic element and a thick f£ilm
electréde formed after baking of the conducting thick film

composition can be obtained. Also, when the glass powder



borosilicate zinc glass_and_borosil. gt
“adheres well to-the conducting thick film conposition and does not
readily dissolve it and consequently it is possible to make a
conducting thick film conposition wthl®hich the strength of the bond
between the ceramc elenment and the thick filmelectrode is high.
Furthernore, because by this nethod it is possible to reduce the bl ended
anount of gl ass powder, which had been included in |arge quantities in
order to nuioksAiitutes bIésenghahnoflSwitd bmhdthet worduthéngetiriiak ef £lrent and
the thick filmélectrode, deterioration of the plating adherence caused
by gl ass nelompogi&idneogtassgdods mot fsepanste ot ohitok thel ausfacerofle can
.be prevented and sol dering can be _inproved. In the invention,

pr ef er abl y thenetlaclpofititn ghgctrede and the Ni/Sn plating adherence g

gl ass powder in total are contained in the amount of 65 to 85w % of the
100wt % of fFETOY®Eucting thick fil mconposition and the organic vehicle is

contained in the anmgunt, of 15 to 35w % of the 100w % of _the conducting '
thick film corrpgg’f 55, T AR é?%%ﬁ/?/‘;akf% %1\;1%“ RPYAST (oRT 188% about

0, .
65 to 78Wté?pherical powder and scaly powder and the average particle

diameter of the spherical powder is 0.3 to 5.0um.
- That is, when the average particle diameter is over
) . 0.3um, because the particles are large they are not readily
oxidized. When_the average particle.diameter is 5.0um or
less, because ﬁhe Sinte:ed dénsity is high the composition
becomes fine and Ehe moisturé'resistance improves.

"In.the invention, more preferably, the Cu powder
comprises spherica; powder and scaly powder and the average
.particle diémetér of the spherical powder is 0.3 to 1.5um.

The reason for this is that an averége particle
diameter of the spherical powder in the range 0.3 to 1.5ﬁm
is optimum.

In the invention, preferabiy, the Cu powder comprises
spherical powder and écaly powder and the spherical powder
comprises a fine sbherical powder of which the average

particle diameter is 0.3 to 1.5um and a coarse spherical
powder olehich the average particle diameter is in the
range 2.0 to 5.0um. |

That is, by m'ixing a scaly powder with a fine

i.cat.e-barium.gl ass,.ptating -liquid- - e -



 That is, when the total .apount. of the.CQu.powder .and ..the-.glass- powder-.is-
“fover 65mﬂ@6of ‘the conductlng thick film conposi tion, the viscosity of the
conducting thick film conposition is high, the levelability of the
conducting thick filmconposition aftenlit is coated is good and sagging
and the |i ke does not occur. Al so, when the total anount of the Cu powder
and the gl ass powder is under 85wt % of the conducting thick film

TS casy TPBeESRRL PREGSTOGH DRI RS GHTTASRRAGITLS CHEMGARE tfr o
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bondi ng strength ceramcC enent an I 1m electrode
formed after bakm&oof :Hi'e t‘h%ndiﬁéﬂﬁlbh' C‘bféf@iaﬁQWO%ﬁé Oﬁuc%‘bvﬂfer

obtalned Al so, when the gl ass powder - 10
- comprises a spherlcal powder and a scaly powder and the
average length of the scaly powder is 10.0 te 40.0um.
| That is, when the average length is over_l0.0um, an
. ~ ample effeet of retarding the sintering can be obtained.
When the average-length is under 40.0um, the Cu poWder is
easy to coat oneo the'cefamic element itself, which is
small, and its'sﬁrface can belmede smooth. |
_ Preferably, the scaly'powder is coﬁtained in the
amount of 10wts to 70wt® of the total 100wt% of the fine
spherical powder, fhe coarse spherical powder and the scaly
powder. .

The reason for this is that when the contained amount
of the scaly powder is over 1l0wt%, because it does not
become very fine during eintering of the conducting thick
film composition the'amount of Qlass flowing out onto the
surface of the thick film electrode is small and as a result
plating adheres easily to the Surfaee of the thick film
electrode. When the contained amount of the scaly powder is
below 70wt%, the coatability of the thick film electrode is

good and the sintered density is high and consequently the



;constltutes l.ess_than 15wt %.of. . t-he. conducting.thick .film  conpesi.tion,-
“gl'ass does ‘not separate out- onto the surface of the thick f|In1eIectrode
and the Ni/Sn plating adherence inproves. In the invention,
preferably, the Cu powder conprises spherical powder and scaly powder and

the average particle dianmeter of the spherical powder is, 0.3_t .Olerr]m
That i's, whePPRdUREing, dhigle F3aMtFEPESHiIQReTHISES hecpeneiratign fﬁ]&ﬁg@ﬁlse t he

'partlcles are large they are not readily oxidized. Wen the average
particle di &hBHe, is 5. 0[err]n1or | ess, because the sintered density is

high th t] f
R T o g R e
‘powder and %{3}&% ?9%%6” d R 2UaA ASoroRlildate © RrAFP! §laktf de eRdIeri cal

pomder‘ls 0 The reason for this is“that an average

particle d*oafa’éﬁicétte leilﬁcsmegl ¢8| mARWBER | Bodute SO &0 180wt bESERE r] m

IS optjnmum In the invention, preferably, the Cu powder conprises

spherical poyiass Poddseal )Préﬁémn.yﬂn& tcbastiphess caoupostieto 8owtmIdfsesea fine
spherlbal powder of which the average particle dianeter is 0.3 to

1. 5[err]n1a@maa;coarse spherical powder of ‘which the average particle
di-anetier is in the range 2.0 to 5.0[err]m
That is, when boros111cate zinc glass constltutes over
50wt% of the 100wt% of the glass powder sintering is rapid
.¢> because the blended amount of boros111cate zinc glass is
.large and the blended amount_of borosi;icate barigm glass is
small, at the same tempereture the composition becomes finer
and the sintered density is. higher and eoneeQuently the
composition ﬁas'a better heat shock property. .When the
borosilicate zinc glass is made 100wt%, excessive fluidity
causes a glass 1ayer to fdrm,on the surface and cover the Cu
powder and cpnseqdently the plating process .becomes
difficult. Therefore, because the plating adherence is
impaired, a borosilicate zinc-glass content of 100wt% is not
preferable. |
In the invention,’ preferably,' the glass powder comprises a

borosilicate zinc glass and a borosilicate bariunl glass and. the

borosilicate zinc glass contains about 3 to 35wt% of ZnO in 100wt% of
the borosilicate zinc glass.
That is, when the amount of the ZnO is greater than

3wt%, the composition has better Ni/Sn plating adherence



sThat.: 1.8, By.-mi-xi.ng-.a--scaly .powder. wWth.a:fine. : e
11 spherical powder of which the average partlcle dlaneter S
0.3 to 1.5[err]mand then further mxing with this a coarse

spherical powder of which the average paBticle dianeter is 2.0'to
5.0[err]m the coating formfurther inproves. Al so, in the

I nvention, preferably, the Cu powder - conprises a spherical powder

and a scal IR wnen th8YERSNS, (PR de MIELSEALK BRULE! | °

.10.0 to 40 wheh avera e I's’ over

'\%@eg[ﬂ]e] ?vel?gagﬁ@%#igﬁhr%r ?% err]lhg%lsal ﬁ aﬂeQE Cglll&‘l:ﬂegasy

to coat ontgdheiHriaPiese! ement itself, which is - snall and its
surface can be made snoot h. ‘Preferably, the scaly pomder S
contained in therqn the iatPertieh,! QPrUreeatd % afhd hertaial Pdpaeso of
the fine spheri cal powder, the coarse spherical powder and the.
scaly comproises. a borosilicatéhezimasglaber drnd sai bdiwdilbeatéhe
cont ai ned anount ~of the scaly powder is over 10wt % because it does

not baeiunegVasy dndetierbogosibieatagoatiwheglassiuconbgingi tR
| to 40wt% of BaO in the 100wt% of the borosilicate barium .
glass. |
f:) | That is, when the amount of the BaO is greater than
10wt%, the composition‘has beﬁter insulating, Ni/Sn plating
adherence and heat shock charaeteristics - When this amount
is less than 40wt%, the composxtlon has better 1nsulat1ng
- and heat shock characterlstlcs |
Also, in the invention, preferably, the glass powder |
comprises a bor05111cate zinc glass and a bor05111cate
barium glass and the borosilicate zinc glass and the
borosilicate barium glass contain at least one of alumina,
an alkali metal oxide and an alkali earth metal oxide.
| The reason for this is that when alumina is added the
‘acid resistance of the composition is improved and when an
~alkali metal oxide or an alkali earth metal oxide is aaded
the softening point of the borosilicate zinc glass and the
borosilicate barium glass is lowered and the glass powder is
made to melt more readily.

The invention also provides a thick film electrode



f|In1conp05|t|on the amount of glass. flow ng out. ont.o the. = - -surface

- ofrthe "thi ek f il mél ectrodé i's smal’l and as.a result platlng
adheres easily to the surface of the thick film el ectrode. Wen the
cont ai ned anmount of the scaly powder is14 bel ow 70m % t he
coatability of the thick filmelectrode is good and t he sintered

density is high and consequently the

12 conduct i Egr}nlydck {-;i lghcoé’g]ven%l O&éxﬁ’éﬁ ts, Ih%’ p?ﬁgg{nﬁtcl Oglg\%a@o?ﬁjd”'g

- liquid. en I on, pre era e glass

conpri ses L Sompo QLes| 'ﬂh‘éa‘tﬁzlzd}@(’fﬂirﬁ‘séléé?@ﬁ%éoébfn ‘E'i‘k?mga%' WirleAssy and

t he boro lcate zinc ass 1's nore than about 50wt % of 100mﬁ@60f t he
gl ass powdehlmanaHar %9’ Yintlera®@styd idenfuctaiy 2 dx0 80w %dfpddition
gl ass. i's, when borosilicate zinc glass constitutes over
50wt % of thac&GQaiﬁgofottﬁggﬂﬁngrumnukﬁ sintering is rapid because
" the bl ended anmount of borosilicate zinc glass is | arge and the
bl ended anount ofthhar dsi,| ixasinbaredmfdlastd sconstitisml &, thtickhe idane
_tenperature the conposition becomes finer and the sintered density is
hi gher and edeségodiet Igan Hee formedoipos$intering bhbedbeversentsicosd

property. When the borosilicate zinc glass is rmade. 100w %
excessi ve fpgpgppylng thick film composition by heating the conducting

thlck film composition at a specific temperature for example
in the range SOO‘C to 800°C. '
'The_invéntion also provides a ceramic electronic
component comprising a céramic_element and a terminal.
electrode formed on the ceramic element the terminal
electrode coﬁprising a thick_fiim electrode according to the
invention. |
That is, it is possible to.prevent blistering of a
thick film electrode and cracking of a ceramic element
occurring dufing formatipn of a terminal elecﬁrode of a
ceramic electronic component, improve the‘Stfength of the
P bond between the ceramic elemenﬁ and the terminal electrode
and improve the adhesion of solder to the termipal
electrode.
Also, the invention-provides a laminated ceramic
capacitor comprising a stack made up of a ceramic dielectric
layer and internal electrodes disposed facing each other

with the ceramic dielectric layer therebetween and external



;causes a glass |ayer to formon the surface and cover. the Cu . . powder . -.

‘and consequently the plating process becones difficult. Ther ef or e,
beeause the plating adherence is i npai red, a borosilicate zinc gl ass
content of 100wt % i s not pr ef er ablis. In the invention
preferably, the glass powder conprises a borosilicate zinc glass and
a borosilicate bariumglass and the borosilicate zinc glass contains
about 3 to nQ_i i cat | g S.
That 15, wererheoantumedh PRbldhoone eng, 3BnAEIIN | €8" o Uy LB

conposi tion ﬁéitéi%$&$§@% |aﬁh@9eﬁggfﬁ§%f€le trodes consist lngtﬁe

13 characteristics e anount of ess t han 35wt %

conposi ti onchiag: et e ldetoabknacasdabsgt tshosk iwbharaceri stics. I'n

the invention, preferably, the glass powder conprises a borosilicate
zinc glass and aripet oskl, i da eis bpbkstiiblleastso apfetrbatb®ldyddrGaie SAraum

gl ass contains 10 to 40wm % of BaO in the 100wm % of the borosilicate barium
gl ass. thiltlat fiidm wekacthedamaimd ofatkénBa@f sagistaick ¢dbaurring
during formation of an external electrode of a laminated
ceramic capacitor, improve the strength of the bond between
the stack and'the externai electrode and impﬁove the
) adherence of soldeér to the external electrodg.
ﬂ;_e_f_l;g&up_tm_oj_t_h_e_nmmgs |
Fig. 1 is é seétibnal'view of a preferred embodiment
of the invention; and |
‘Fig. 2 ‘is a sec;'tiorial view of another preferred
embodiment of the invention. | |
A preferred embodiment of a thick film electrode
‘consisting of a sintered film made by sintering a conducting
thick film composition according to the invention will now
be described with reference to cases wherein such thick film
eleqtrddes are used in a platelike ceramic capacitor and a
laminated ceramic capacitqr, which are ceramic electroﬁic
- componernts. |
.Fig. 1l is a séctional.view of a platelike cer#mic

capacitor.

As shown in Fig. 1, this platelike ceramic capacitor



10wt % the conposition has . better insulating, N/Sn-plating -adherence -and - -
~heat” shock  characteristics. Wen this anount is |less than 40m % the
conposition has better insulating and heat shock characteristics.

Al so, in the invention, preferably, thedeéglass powler conprises a
borosilicate zinc glass and a borosilicate bariumglass and the
borosilicate zinc glass and the borosilicate bariumglass contain at | east

one of al u"}q%%’ t%?ébliﬂég?]}%k? n&%?‘lamq)&i des dnd-ap; @l gauhi%ﬁf s MB Yo 24538

. i
The reason a en alumna 1S added the acid resistance of

the conposi Lheheht,i @g%md 8pdcuhainal dld@dod®d a3 gxkgesel Fadld! |

earth netal oxide is added the softening point of the borosilicate zinc

gl ass and tachbopehkli Cahe thad | @it aEsaksS d@WEaBdsansiEt ithdl degapEdler is
made to nmelt nore readily. The invention also provides a thick film

el ectrode dielectric 1, lead terminals 4 séldeir@detb otha carainal
el ement of a ceramc electronic conponent, the thick filmelectrode

conprisi ng aleckhireded 3§ iamd nesieedincsiresdmi @g a conducting thick film

conposition according to the invention. _

' The ceramic dielectric 1_is_made for example o? a
porcelain material suéh.as barium titanate or lead niobate,
the terminal electrodes 3 are formed oh-qppbsite main flat

— isurfaces éf the cerami¢ diéléctric 1 and the cbvering reéin
2 covers the ceramic dielectric 1 aﬁd the terminal
electrodes 3.

The lead terminals 4 are prdvided for connecting the
terminal electrodes 3 to a ciréuit board not shown in the
drawing and each have. one end embedded in the covering résin
2 And connected to one of the terminal electrodes 3 and the
other end projecting frém the'covering resin 2 and connected
to the circuit board.

Fig. 2 is a sectional view of a laminated ceramic

) capacitor. | |
| As shown in Fig. 2, this laminated ceramic capaci;or

-has a rectangular parallelopiped shaped stack 5 and a pair
of éxteinal electrodes 7a, 7b disposed facing each other on
the ends of the stack 5. | |

Here,'the stack 5 is made by sihtering and thereby

integrating a laminated plurality of ceramic sheets 6 which



 That:is, a sintered filmto.constitute a thick film .electrode can be. -
“formed by sintering the above-nentioned conducting thick film conposition
by “heating the conducting - thick fil mconposition at a specific tenperature

for exanple in the range 600[err]C to 800[err]C. The invention al so
provi des a ceram c electronic conponent conprising a ceram c elenent and a
termnal. electrode formed on the ceramc elenent the termnal el ectrode

conpri sing a-d hbgkahis na%%&&gge qsgig&gi Pk g I &Y Wample aThat

is, it is possible to prevent Istefing of a thick filmelectrode and

cracki ng ofpdrdesdH matleTRNt suBRCHS M baE 't hriaHd R Q@28 ndobgeal nal
el ectrode of a ceramc electronic conponent, inprove the strength of the

bond between t hepefsIt ti & S ntRhalnelleetFodas Shectbodee afgpbspaove
t he adhesion of solder to the termnal el ectrode. Al so, the

i nvention pElhemnsstelyt dnsidiecettheestatk 5capacitor conprising a stack nade
up of a ceramc dielectric |ayer and internal electrodes disposed facing
each other witHrhée iodrernal disleztrodesals siver ebennesteshdtext ehaal

external electrode 7a disposed on one side of the stack 5
and are insulated from the external electrode 7b disposed on
the other side.of the stack 5. | |
_.) ' The internal electrodes 9b are connected to the
external electrode 7b and are insulated from the external
electrode 7a. The internai electrodes 9a, 9b are disposed
in parallel with each other. |
The terminal electrodes 3 of thelp;ateiike ceramic
capacitor and thé external electrodes: T7a, '7'b of the
laminated ceramic éapacitor described above are thick film
electrodes consistiﬁg of sintered films formed by baking a
conducting thick £ilm composition according to the
invention. | |
-~Next, conducting thick film compoéitions according to
the invention will be described in detail.
(First Preferred Embodiment)
Conducting thick film.compositions'according to this
ihvention all contain a Cu powder, a glass powder and an

organic vehicle.

.In this preferred embodiment, the Cu powder and the



15. el ectrodes each having one end connected to one of the. internal

el ectr odes,

the external electrodes consisting of thick filmelectrod

according to the invention. That is, it is possible to prevent

‘blistering

of a thick filmelectrode antB cracking of a stack occurrin

during formation of an external electrode of a |lamnated ceramc

capacitor
ext er nal

el ectrode.
view of a-

Descrition

thick filme
.caonducti ng

of a platel

| nprove the strength of t he bond between -the stack and the

es
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%%%?Ssﬁ@er. TRt are PLAGE o the g SF 2R ¢ Final
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sect i onal VI ew of é{%%"grﬁ%} erf?Ea:gE g%&%(??r{e%%l?%ﬂ flllrﬁnvecg)t osg'tE'%et

JEod BMred in AHY ahuhed o%ﬂbo%miemf

ectro S|st|ng of a sintered filmnade by sintering

aile
a
a

of i ﬁOdme%C‘UB)tht b@ﬁdﬁéﬁﬂﬁé' fiidle £imn 'dbﬂfiﬁs'l(?ﬂow Il now be
described with reference to cases wherein such thick fil'm electrodes are

used in a platelAketkered gowasasi 4onirbdrd of agl sphediealapbedeapaadt or,
whi ch are ceramc electronic conponents. Fig. 1 is a sectiona

a kécaly powler having different particle shapes is used.

Vi ew

This spherical powder' consists of substantially

spherical Cu particles and is made up of a fine spherical
powder A of aﬁerage particle diameter 0.3 to_1.5ﬁm and a
coarse'sphefical-powder B of.average pérticle diameter 2.0
to 5.0um.

. The scaly'powder is a scaly powder C consisting of

- £lake-shaped particles.of about several pm in thickness and

average length 10.0 to 40.0um.

As ﬁhe glass powder, borosilicate zinc glasses and
borosilicaté barium glasses set forth in a second preferred
embodiment described below are used.

That is, the bofosiliéate_zinc glass is glass.powdef
containing Zn0-Si02-B203 and bonded with other compornents
such as alumina, alkali metal oxides such as Lij0 and alkali
earth metal oxides such as CaO; o

The borosilicate barium glass is glass powder

containing BaO-SiOz-B203 and bonded with other components

such as alumina, alkali metal oxides such as Liz0 and alkali

earth metal oxides such as Ca0O, BaO.



'.capaC|tor As shown in Fig. 1, thls platellke ceram.c capacitor -
16 has-a platelike ceramc dielectric 1 which is a ceramic el enent, a
pair of termnal electrodes 3 disposed facing each other on the nain.flat
surfaces of the ceramic dielectric 1, I9ead term nals 4 soldered to the
termnal electrodes 3, and covering resin 2. - The ceramc dielectric
1 is nade for exanple of a porcelain material such as bariumtitanate or

| ead ni obate, t term nal .el ectrodes 3_are f.ormed on osite,main flat
sur f aces of tmaihﬁahPE°aFéF€@Fﬁ(?HP%ﬂQ 18f8 ddver ﬁgg}ég Poyqd&fel€  the

Terminal s Sk é?)cjf'o’&ﬂ o e SO 4 R "BEPrORaE B &epwsaegget#ead

circuit bo 5“&% in the draw ng and each have one end enbedded in
the coveri%% Tesim dnd connected to one of the ternminal el ectrodes 3 and

the. other emjFﬁé&gcéhéngEBEEREGaEQV%&h@Qdwﬁgé‘é%ﬁ%&kﬂé"iﬁ@tfﬁ the the

circuit board - sectional View of a lamnated ceramc
‘amount of 3 to 35wt% of the 100wt% of the borosilicate zinc
glass and the borosilicate barium glass contains-BaO in the
amount of 10 to 40wt% of the 100wt% of the borosilicate
barium glass.

i) ' As the organic vehicle, an acrylic resin base resin,

diésolved.in butyl_celloso1Ve, which is an oroanic solvent,

is uséd; | | _

Table 1:shows for copducting ﬁhick film_comboSitions
of preferred embodiments.l%l to 1-16 the Cu powder blend
ratio (the_respective blend proportions of the fine
sphefical powder i,'the coarse spherical powder B and the
scaly powder C of the 100wt% of the total of these three),
anlNi/Sn plating film adherence evaluation, the electrode
bond strength, the presence or absence of blisters and an

overall evaluation.



capacitor.. As shown.in Fig. 2, this lam nated ceram c capacitor has
a rectangul ar parallel opi ped shaped stack 5 and a pair of external

el ectrodes 7a, 7b disposed facing each other on the ends of the stack 5.
Here, the stack 5 is nade by sintering &0 thereby integrating a |am nated
plurality of ceram c sheets 6 which 17
are ceramc dielectric |layers consisting of for exanple a porcelain

materi al such as bgrium|t]tlapag r[ Tledd] i ¢bht]e. HryrRlities of
internal el ectrodeq 9, |9p |ajel di $ppde dl tefnafjelyd nsildé fhe stack 5.
The internal electrqq§s oh lafe| domnpdt ¢d| tjo |t hd |ekt @ npl| ¢lfctrode 7a
di sposed on one sid& 9f b Recid RS [Slole O'a? a8 a;g@d falainek he external
el ectrode 7b dlsposédgon tlhg¢ ptlher| qi de| df |t he tﬂt@ 5 | The i nternal
el ectrodes 9b are [Copnectdd|tp [t el |extprnal] dl ¢ci? gde| bl ahd are
insulated fromthe exfelu : —ectrpoetF Fptrt-er-red—qeef r odes 9a, 9b
are disposed i-n pdmall ¢l}w th| da¢h ct*e Thge teymn el ectrodes 3
of the platelike cqfgani H
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~capacitor and the external . electrodes 7a, 7b of the |am nated ceramc
capaci tor described above are thick film electrodes consisting of sintered
films formed by baking a -conducting thick filmconposition according to
the invention. Next, conducting t28i ck film conpositions according to
the invention will be described in detail. (First Preferred Enbodi nent)
Conducting thick filmconpositions according to this invention all contain

a Cu powder, a glass powder and _an _organic, vehicle,, In, this
brof er red ebodFAENFELEREAER, (AR o7 Sonehows an Ni/sn plating

18 wde her, | d. i f..65 |
10 oo« AR ORRERLe! P MR oo B ol 8%,
| wd ' | ' 5w8.9 . 100wt % of
g 2 Povge ks BLERHEfA AL ST S ek el gyt cusadffy 00U 5
~n1Xture"Ofﬁ@rSEﬂgééC@$%§5§§%ioﬁH¥jrefenﬁﬁceae QﬁgiepQMEEthﬁgféﬁbﬂEéfe*ent
ap e IS sp powder

particle s es 1S used:. rical consists of

EBEi ?2;: alh¥mple 1-3, SPAGH | SSHed3hiRRy bne ¢ 2RE EsnEBgshepicd1 a fine
powder A, the coarée spherical powder B and the scaly powder
C as 100wt% of the Cu-powder.
NéXt, measurement methods and measurement results of
o) the evaluat%ons of the Ni/Sn plating film adherence, the
electrode b&nd stréngth and the presence or absence of
blisters wiil bé described as will thé'overall evaluations
based on these results;

To evaluate the Ni/Sn plating film adherence, first,
external electrodes were formed on both ends of d laminated
ceramic cépacitor chip by baking at about 800°C in a
nitrogen atmosphere and Ni/Sn plating was cafried out.

Then, the film thickness of the Ni/Sn plating f£ilm was
measured with a fluorescence X-ray film thickness meter and
when Ehe film thickness was greater than 1lum the film was
deemed good as indicated with a @ in Tablell and when it was
less than 1pm the film was deemed defective as indicated
"with a x in Table 1.

| In both reference example 1l-1 and reference example 1-
2 the film thickness of the Ni/Sn plating film was less than

lum, it could also be seen from the external appearance that



'-pomder A of average particle dianmeter 0.3 to 1.5[err]Jmand.a - -coar se

spherical ‘powder B of average particle-diameter 2.0 to 5.0[err]m
The scaly powder is a scaly powder C consisting of f | ake- shaped _
particles of about several [err]min th2Zzkness and average | ength
10.0 to 40.0[err]m As the gl ass powder, borosilicate zinc

gl asses and borosilicate bariumglasses set forth in a second
preferred enbodi nent descri bed bel fsed. That
is, the borBB?I?Ea?%ﬁ%??Rﬁ%ﬂWﬁﬁsq&?ﬁjﬁ saﬁamﬂg ating qhfRnenGe,yas
ZnC>S|C2 Oﬁ % ﬁ th other conponents such as al um na,

al kali net aF 8§? §e THe Wﬁ Terr] O, and al kal i earth netal oxides

h CaO. wd
igﬁt a?ﬁl ng BaO S| télrl?] &i C%)&'éﬁsé and ongiél rr}g{._ﬁ hxéérésc%{rrpa%%eﬁ?s o
-such as al ugh9g. ; 8l gaby aﬂ'ﬁ} adhwlﬁé%au%ctsnﬁ bhbesphék A Pdidldr a

earth nmetal oxides su as CaO, BaO 19
The borosi | {yg3t B1&hd6d W8 Sthd Ttd Wle3S nROVEEE Fate hbended I dkhe sagpuNt
of 50wt % or nore of the 100wt % of the glass powder. Here the

bOFOSI|lCatélébﬂfodéadﬁriﬁﬁﬂéﬂﬂﬁbﬁﬂﬁa wast Rasufficient and consequently
' deterloratlon in the Ni/Sn plating film adherence caused by
glass melting and coverlng the surface of.the thick £film
fj . electrode occurred. |

In the case of reference examplerl;z the reaéon_is_
probably that because only the spherica1 powder-B was
blended as the Cu bowdex deterioration in the Ni/Sn pla;ing
film adherehce occurred in ;he same way as in reference.
example 1-1.

Accordingl&, from the evaluation of the Ni/Sn plating
film adherence it can be seen that not only just the
spherical powder Aior just'the spherical powder B but also
the scaly powder C which increases the void rate of the
thick film electrode is necessary in thg Cu powder. |

With respect to the electrode bond strength, first é.
wife was soldered to the end surface of the thick film -
electfode, both ends of the thick film electrode were pulled
and the size of the force (units: N) at the time when the
thick film electrode and the wire parted is shown in Table

1; the electrode bond strength was deemed to be good when



amount of 3 to 35wm % of the 100w % of the borosilicate zinc glass and the
"~ borosilicate bariumglass contains BaOin the anount of 10 to 40wt % of the

100wt % of the borosilicate barium glass. As the organic vehicle, an
acrylic-resin base resin, dissolved in2dbutyl cellosolve, which is an
organi c solvent, is used. Table 1 shows for conducting thick film

conpositions of preferred enbodinents 1-1 to 1-16 the Cu powder bl end
ratio (the respective blend proportions of the fine spherical powder A,
t he coar sethgh€bireal waevghtsa tdmnthanh @ ONs aallydpemedr t€ loé ddfect(itrm % of t he
total of these three), an Ni/Sn plating fil madherence eval uation, the
el ect rode whendthéer fontd,washelguseddare 30N.absence of blisters and an
overal | eval uation. - 20 | [err
' In reference example 1-3 the electrode bond strgngth
(N)‘was, at 26N, .less than 30N and theréfOre deemed to be
déféctive,_and the thick film electrode had peeled off at
its interface with the chip. . |
The reason for this is prébabiy that in feference
example 1-3 because.only the scaly powder C was blended as
7#) thé Cu powder the bonding force with glass was small and the
thick fiim electrode conseéuently peeled off relatively
easily and the electrode bond'Stféngth,had therefore
decreased. | ' |
The presence or absence of biiétefs wasﬁdetérmined
from the external appearance of a thick film electrode of a
laminated-ceramic capacitor formed by the manufacturing
method described above. When air bubbles formed at the
Su:face of the thick film electrode and irregularities had
formed in the thick film electrode it was deemed that
blistering had occurred and this was shown by a x in Table
1, and when not this wé.s shown with a© in Table 1.
Blistering occurred in both reference example 1-1 and
reference example 1-2.
. In the case of reference example 1-1 the reason for

this is probably that because only the spherical powder A

was blended as the Cu powder the void rate of the thick film



21 For reference, Table 1 also shows an Ni/Sn plating film
adherence evaluation, the el ectrode bond strength, the presence or absence
of -blisters and an overall.evaluation for three conpositions, reference
exanple 1-1 to reference exanple 1-3, edch containing one of the fine
spherical powder A, the coarse spherical powder B and the scaly powder C
as 100w % of the Cu powder. .Next, neasurenent nethods and neasurenent
results of the evaluations of the Ni/Sn plating filmadherence, the

el ectrode behdcttodagiuring sintepingewes dnsuffsatenvfand|caisamentily be
described as will the overall evaluations based on these results. To
eval uat e t h&hereSvas| »e iway fiaxnpresucedcgast tpsescaps tant Pl iA @ Ngdes wer e
formed on both ends of a | am_nated ceram c capacitor chip by baking at
about 800[ ePFFEXFRA2S R t4@%JehT at nosphere and Ni/Sn plating was carried
out. Then, the filmthickness of_the Ni/Sn atin | Il mwas _neasured with
- xIpah 1242 B

a fluorescence > Fi FAPE 1P K RRET SRS £XAR fi EHB FPRFR MiTkness was

9r oAt LMl RERDE) ARE AL P RIRY BRR ARy pist g N e L

I ndi cat ed ’ﬂiﬂeﬂd@dxaé ntﬂ-é‘bé\? ﬂowder_ the void rate of the thick film - '
electrode during sintering was insufficient and consequently
there was no way for.préduced gés to escape and biistering

13) _ occurred as a result as it did in the case of reﬁerence

| lexample 1-1.

Accordingly, because preferred embodiment 1-1 to
preferred embodiment 1-16 were deemed good inTNi/Sh'plating'
filﬁ adherence, electrode bond strength aﬁd the presencé'or
absence of blistering, this is indicated by a © in Table 1.
Because reference example 1-1 to reference example 1-3 were
deemed to be defective in Ni/Sn plating film adherence,
electrode bond strength or the presence or absence of
biistering this is indicated by a x in Téble 1.

The conducting thick £ilm composition of the present
invention is not-limited to the preferred embodiment
described above and various changes can be made within the
scope of the invention.

For example, although in the preferred embodiment
described above borosilicate zinc glass and borosilicate

barium glass set forth in the second preferred embodiment



In both reference exanmple 1-1 and reference exanple 1- 2 the film .-

thi ckness of the Ni/Sn plating filmwas |less than 1[err]m it could also
be seen fromthe external . appearance that

22 the Cu el ectrode was exposed, and% he pl ati ng adherence was

t herefore defective. In the case of reference exanple 1-1 the reason
for this is probably that because only the spherical powder A was bl ended

as the Qu agwfib&?%é/ﬂvﬂ weétle® ued! B8 ﬁ:ﬂécﬁl&é MboRdeE] Mgk during

sintering was 1 nsufficient and consequentl deterioratioon in the Ni/Sn
plating fijpradheienece £ausildis mavape {raéal 88 fh6c Qevesd g ddte surface of
the thick film electrode occurred. In the case of reference exanple

1-2 the repagiuhsglasohed) bod hafedhecalsernatyveby, sphes i sthep@idass B was
bl ended as the Cu powder deterioration in the Ni/Sn plating film adherence

~occurred i mayhbesasedwayImsarnyn aeafee tiec objerhspbE thd . inventiokcmndi ngly,
fromthe evaluation. of the N /Sn platlng fil madherence it can be seen
that not ohbyaphseve@e

Also, for example, although in the preferred
embodiment described above an acryllc resin base resin
dissolved in-butyl'cellosolve, which is an organic'solvent,

'“) is ueed as the organic vehicle, a cellulose resin or a
butyral resin or the 1ike mey be used as the base resin and
terplneol may be used as the organic solvent

(Second Preferred Embodiment)

Conducting thick £ilm compositions aocording to this
iﬁvention all contain a Cu bowder, a glass powder and an
organic vehicle. | |

In this preferred embodiment, the Cu powder'and the
glass powder together are blended in the amount of 65 to
85wt% of the 100wt% of the conducting thick film composition
and the glase.powder is blended in the amount of 3 to 15wt%
of the 100wt% of the conducting thick film composition.

As the glass powder, borosilicate zinc glass and
borosilicate barium glass are used.

That is, the borosilicate zinc glass is a glass powder

containing 2n0-Si05-B303 and bonded with other components

such as alumina, alkali metal oxides such as Liy0 and alkali



. spherical powder A or just the spherical powder B but also the scaly
powder C which increases the void rate of the thick filmelectrode is
necessary in the Cu powder. Wth respect to the el ectrode bond
strength, first a wre was sol dered to2dhe end surface of the thick film
el ectrode, both ends of the thick filmelectrode were pulled and the size
of the force (units: N) at the tlne when the thick filmelectrode and the
wire parted is shown in Table .the el ectrode bond strength was deened to
be good whesarth metal oxides such as CaoO. 23 the force was
greater than 30N-and deened to be defective when the force was |less than

30N. I n r ethe dwmaaﬁamplte bagiumegbisstinde Daas sowseath (N) was,
t- 26N, | th S30N_and t.her re d ned t ective, and the thlck
?l I m el ecte?%?fé a?f‘?f&‘}?e@ag’d &Bﬂ §283| ?E‘ ‘ic"bﬁ(ﬁt 8fe COffPgRents e
f t hi,s i s prohabl eren e | e 1- a nly the
S ooma U A€ AR sibahyoR E{ SR AT BB 2.

was smal |l and the 4i) Jilmel ctr ﬁe co) sequently peeled off relatively

easi |y and ¥#e %I‘Eﬁﬁ ds’s‘F efigt a‘ﬁa rerefore
As the Cu powder, the same Cu powder as that set forth

in the first preferred embodiment was used.
That is, as the Cu powder, a mixture of é spherical

':)- powder and a‘scaly powder having different particle shépes
is ﬁSed. )

-This spherical powder consists of substantially .
sphefical Cu-particies and is made up of a fine spherical.
powaer A 6f average pérticle diametef 0.3 to 1.5um ana a
coarse spherical powder B of average particle diameter 2.0
to 5.0pum.
' The scaly powder is a scaly powdér C consisting of
flake-shaped particles of several’um in thickness and
average length 10.0 to 40.0um.

As the orgaﬁic solvent, an acrylic resin dissolved in
butyl cellosolve was used.

Table 2 shows for conducting thick £ilm compositions-
of preferred embodiments 2-1 to 2-10 frit numbers showing
composition ratios of respective borosilicate zinc glasses
(Zn type) and borosilicate barium glasses (Ba type), the wt$%

of the glass powder with respect to the 100wt% of the



- decr eased. The presence or absence of blisters was determned from
the external appearance of a thick filmelectrode of a |amnated ceramc
capacitor formed by the manufacturing nethod described above. \Wen ai.r
bubbl es formed at the surface of the tBfck filmelectrode and
irregularities had forned in the thick filmelectrode it was deened that
blistering had occurred and this was shown by a x in Table 1, and when not -

this was shomaydtiihg? thetkl fhmmTé‘&kﬁ‘oé-ltJ.on, uﬂ itietngnaccurred in both

reference exanple 1-1 and reference exanple 1-2. [n the case of
reference ecyayigikatet &Qneegiassf@ithtfve@e@c nfdnbﬂd& wobkél becense only
_the spherical powder A was blended as the Cu powder the void rate of the
.thick fil mglass powder, the insulation resistanc¥® NG ceuatir ade Nily&ng
sintering was insufficient and consequently there was no way for produced
‘gas to escapatimyy Aiilst edhegenoecuthedheat shagulproperty ahd ahe case of
reference exanple 1-2 the reason is probably that because onIy the -
spheri cal g@mﬁ@ﬂhgqm@iuatlon based on these



bl ended as the Cu powder the void rate of the thick film electrode during
sintering was insufficient and consequently there was no way for produced
gas to escape and blistering occurred as a result as it did in the case of

reference exanple 1-1. . Accordi ngl y28 because preferred enbodi nent” 1-1
to preferred enbodi nent 1-16 were deened goodin Ni/Sn plating film
adherence, el ectrodf bond syrENg aTe TEeSEence [0 ESETICE JO
blistering, this is |&d|cated Qy % ra]} in T§b|e 1.| | Berdupg [ 4{f grence
exanple 1-1 to ref-efEace exdnplle| J- rie emed t4 pe Hefpdt|jvelin Ni/Sn
plating fil madherefitd, el 4e[BHYC Plhgt h. or [khe*prlesdnbyd *br absence
of blistering this{ag indidajdd]Qy]a i le 1. The tdnpucti ng
thick filmconpositjon of the|gdredent! |ijnyention is|nptl |ijn tlef |tp the
preferred enbodi nen descr1ibE oyg quavirrous cianges TR Py ade
within the scope of the inyjept|i pn. Hor,exanpliel |al thpygh|i p the
preferred enbodi mengs . descrijbpd adoyd bor S|Iﬂcate 3ing pllag4 pnd
borosilicate bariu uass def |forthijini e*sggond preflef nep |ephofdi nent
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. described bel ow were used as the gl ass powder, just borosilicate zinc
gl ass may be used or just borosilicate bariumglass nmay be used.
Alternatively, sone other.glass my be used. In any case the objects .of

the invention can be achieved. Ak%o, for exanple, although in the
preferred enbodi nent described above an acrylic resin base resin

di ssolved in butyl cellosolve, which is an organic solvent, 1is used as the
or gani ¢ vehi cl e, | r esi esi ot | i may be
‘used as the baseF-c-’?re(si:leer?egjr?g‘é%t’ e?%k%’é%{‘c%a?/’?%&eg%%eoi 2 than%r c?r Ig;gﬁ'l %‘l'(tg& vent .
(Second Prefy L,mgnt) Conducting thick film conpositions
accordi ng S%ﬁﬁﬁfgmﬁﬁﬁggﬁ??én all contain a Cu powder, a glass powder and an

~organi ¢ vehicleaigo, id RableS 3Ph2ECEREHN CEBRSBIRNon R 108 RANIRE and the
gl ass powder together are blended in the amount of 65 to 85wt % of the

100wt % of tdvee MU FgithhGitbérs AL OBPASiWHiMh skl prieFeghags powder is
bl ended in the anount of 3 to 15w % of the 100w % of. t he conducting thick
fil m conposestangles of bofestilécgtassipevglbissdxr evmpozditdon ratgbass and
borosilicate barium glass are used. That is, the borosilicate zinc
glass is a Qlrsss powdert$donfafningnznieeS - B0 aid dio aded pueferoeder
~conponents such as alumna, alkali netal oxides such as Li[err]O and

al kal i examples of borosilicate barium glasses, composition ratios

(units are wt%) of frit numbers D, E which are reference
) exaﬁp;es of borosilicate zinc glasses, and composition
ratios (units are wt%) of frit numbers F, J which are

reference examples of borosilicate barium glasses.



26 earth netal oxides such as CaO The borosilicate barium gl ass
.is a glass powder containing BaO Si O2- B203 and bonded with ot her
conponents such as alum na, alkali netal oxides such as Li[err]O and

al kali earth nmetal oxides such as CaQO ¥aO As the Cu powder, the
same Cu powder as that set forth in the first preferred enbodi nent was
used. That is, as the Cu powder, a mxture of a spherical powder and
a scaly powder having different particle shapes is used. -Thi s
spherical powder consists of substantially spherical Cu particles and is
made up of a fine sphertecatTTppwheT particle dianeter 0.3 to
l1.5[err]mand a coars sphFHi al |pp r qf gverage particle dianeter 2.0
to 5.0[err]m - Téf?,s,pa,;’m Wil .2 kdal ygpowder C consi sting of.
f| ake- shaped particl es|/Qf spderal [pm|“ thi dknds$ and average | ength 10.0
to 40.0[err]m As It he crbanic dollvent .| anf gcrylic resin dissolved in
butyl cell osol ve was usdd:
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Tabl e 2 shows for conducting thick filmconpositions of preferred

enbodi nents 2-1 to 2-10 frit nunbers showi ng conposition ratios of
respective borosilicate zinc glasses (Zn type) and borosilicate barium

gl asses (Ba type), the wt% of the gl ass3lpowder with respect to the 100wt %
of the 27 conducting thick film
conposition, the wt% of the borosilicate zinc glass with respect to the

o T e PR PRUHRLrehOSe S Uhd Fea3ldRnEn b EoUILs She N /Sn

plating film adh pr oper y an overal I eval uation
based on thegg evaluatloﬁg of the irfifllation resistance NG count, the

Ni/Sn plating film adherence and the heat shock property
will_be described and then the ovérall evaluations based on
these results.willlbe discussed. o |

To evaluate the insulation resistance NG count, first,
external electrodes were formed on'bqth ends Qf'a laminated
ceramic capacitor chip by baking ét about 800°C in a

F") nitrogen atmosphere and Ni/Sn plating was.carried out.
.Then, the insulation resistaﬁce across the two electrodes
was meaéured and deemed to be NG when the resiétance value
was below 1#109£2. This measurement was carried out for 20
laminated ceramic éapacitors and the number 6f NG capacitofs_'
shown in Table 2. When there were no NG.léminated ceramic
capacitors the exaﬁple‘was‘deemed to be good, but if there
was even. one NG'laminated ceramic_capacitor the example was
deemed to be inferior.

In reference example 2-1 there were 15 NG 1aminatéd
ceramic capacitors out of 20 and the example was therefore
inferior.

The reason ﬁor this is that because the added amount
of glass powder was small, at 1.0wt%, deterioration in
insulation resistance occurred due to cracking occurring in

the laminated ceramic capacitor and shorting occurring and

the like.



29 For reference, reference exanples 2-1 to 2-9 are also shown in
"Tabl e 2. Al'so, in Table 3 are shown conposition ratios (units are
w% of frit nunbers A B, C which are preferred exanples of borosilicate
zinc gl asses, conposition ratios (unitg2are w% of frit nunbers G H, |
which are preferred exanples of borosilicate barium glasses, conposition
"ratios (units are wt% of frit nunbers D, E which are reference exanples

of Do ool 1) 0oL e RASRES GAPOTRIS hitR weBb' B A TIATIRI Y,
glasses.  ceramic éghacltori‘ﬁﬂa of 20 and the example was therefore
inferior. |

The reason fof this is that because_in the composition
ratios of the frit number F borosilicate barium glass the
proportion of BaO was low, at Swt%, with réspect to the
100wt% of thé glass powder,;deterioration in insulafion

__resistance occurred dué tq cracking occurring in the
) . laminated ceramic.capacitor and éhq;ting_occurring and the
like. o
In reference examplé 2-5 thére were 3 NG laminated
. ceramic capacitors'out-Of 20 énd the example was therefore
inferior.

The reason for thls is that because in the composition
ratios of the fr1t number J borosilicate barium glass the
proportlon of Bao was high, at S55wt%, with respect to the
106wt% of the glass powder, de;erioraﬁion'in insulatioﬁ

resistance occurred due to cracking occurring in the

S

_iamihated ceramic capacitor and shorting occurring and the
like.

In reference example 2-6 there were 10 NG laminated
ceramic capacitors out of 20 and the example was therefore
inferior.

The reason for this is that because in the composition

ratios of the frit number D borosilicate zinc glass the



31 Next, measurenent nethods and nmeasurenent results of the

eval uations of the insulation resistance NG count, the N /Sn plating film
adherence and the heat shock property wll be described and then the
overal| evaluations based on these resw3ts will be discussed. To
eval uate the insulation resistance NG count, first, external electrodes
wer.e fornmed on both ends of a |lam nated ceramc capacitor chi p by baki ng
at about 800[err

out - Then,? mo#t?es%}”a&aﬁb&rﬂi r@f:heﬁaa% 3B Shefnoedtn 3 | RN N S
NG

Tetoferr] - TM R [T e Sk oHPP? oHBET PR AT 11 AT B o c

capacitors fé'&'iéé@ué&é‘rﬁlf‘cfur‘ifed\‘ﬁu%a%cl:}:&é&eéQﬁéﬁh#ﬁr\%‘ﬁf the VWen there

were no NG ceram c capacltors nple steered to be good,
but if therfamﬂ?été‘a’%ﬁ&ﬁé“@ab%@h%kegneeéﬁ&6119&%&&1&51G‘arﬁ(ftml e was

deened to be inferior. - In reference exanple 2-1 there were 15-NG
| am nated tTgk&m C capaC|tors out of 20 and the exanple was therefore
inferior. . The reason for this is that because the added anmobunt of

gl ass powder wasisnpéferdticel .duinisled@t-6r theati warenlsims Ulatimatad@si st ance
occurred due to cracklng occurring in
ceramic capacitors out of 20 and the example was therefore
_1nfer10r,_

31) - . The reason for this is ehat because the added amount
of glass powder was small, at 2.0wt%, deterioration in
‘insulation resistance occdrred due to cracking occﬁrring in
the laminated ceramic ceﬁaciter and shorting'occurring and
'the like. |

Accordlngly, 1t can be seen that in 1nsulat10n
resistance NG.count it is preferable that the added amount
of glass powder be above 3.0wt$%.

It can also be seen that it is preferable that the BaO
in ;he boroeilieate barium élass compositidn cens;itute more
than 10wt% of the 100wt$ of the glass powder.

It.can also be seen that it is preferable that the_
BaO in the borosilicate barium glass composition constitute
less than 40wt% of the 100wt% of the glass poﬁder.

It can also be seen that it is preferable that the ZnO
in the borosilicate iinc glass eomposition constitute less

than 35wt% of the 100wt% of the glass powder.



the | am nated ceram c capacitor and shorting occurring and the |ike.

32 In reference exanple 2-4 there were 10 NG |lam nated ceramc
capacitors out of 20 and the exanple was therefore inferior. The
reason for this is that because in the c¥#mposition ratios of the frit
nunber F borosilicate bariumglass the proportion of BaO was |ow, at 5w %
wWth respect to the 100wt % of the gl ass powder, deterioration in

i nsul ation resistance occurred due to cracking occurring in the |am nated
ceramnmi ¢ capacit oTo cevhBlavd ithe dNd¢dnr phgting fikm adierence, fimstreference
exanple 2-5 there were 3 NG | ami nated ceram c capacitors out of 20 and the
exanpl e wasexherrdbreledurogiesowere form&fiecon dertdn dnsis tafi @ ileminatefecause
in the conposition ratios of the frit nunber J borosilicate barium gl ass

the proporEeEANts FHBGESThICHAP BY Bakiing aF tabouls RAX'G dx Be 100wt % of

the gl ass powder, deterioration-in Lnsula{ion resi stance occurred due to
cr acki ng chh;¥9ggpiqpqqﬁghere and Ni/Sn plating was carried out.

Then,_thé film thickness of the Ni/Sn plating:film was
measured with a fluorescence X-ray film thickness meter and
when the film thickness was greater than 1lpm the film was
deemed to be good as indicated with a© in Table 2 and when
J:)' it was less than 1pm the film was deemed inferior as
indicated with a x in Table 2. ._
In reference example 2-3 the film'thiCkness of the
Ni/Sn plating film was less thén 1uﬁ, it ¢oﬁ1d also be seen
from the external appearance that the Cﬁ'électrode'was
exposed, and the plating adherence was therefore inferior.
The reason for this is that because the added amount -
of glass powder was high, at 20.0wt%, glass separated out
onto the surface of the thick film electrode and the Ni/Sn
.~3" plating film adherence consequently fell.

’ In reference example 2-4 the film thickness of the
Ni/sSn plating film was less than ipm, it could also be seen
from the external appearance that the Cu electrode was
exposed, and the plating adherence was therefore inferior.

- The reason for this is that because in the composition
ratios of the frit number F borosilicate barium glass the

proportion of BaO was low, at 5wt% with respect to the



-l am nated ceram ¢ capacitor and shorting occurring and the 1like.- In
reference exanple 2-6 there were 10 NG | am nated ceram c capacitors out of

20 and the exanple was therefore inferior. The reason for this is
‘that because in the conposition ratios3sf the frit. nunber D borosilicate
zinc glass the 33 proportion of ZnO

was high, at 50m% w th respect to the 100w % of the gl ass powder,
deterioration in insulation resistance occurred _due to crackhggﬁoccurring

in the |arktdntd ethi g1885aBPYERT anthe P45 PIAEERE: fAd™an 8NCE| ke,

In reference exanple 2-8 there were 15 NG | aminated ceranic capacitors out
of 20 and t¥@® |l e was therefore inferior. The reason for this is
-that because t_hen?

deterioration in :jlﬁ% rgﬁr;}%(%gteﬁgg%)sl%ggz g@%ﬁf{rled uzzé@loelscsr %gfki%rtll%\/\goc/qcur ri ng'
inthe lagab e GANGHY G19aPFEL5! 2bs8NEnsOf)ih " PL3NE 39 s8N8e kBER! I ke
ffom the external_appearance that the Cu electrode was
exposed, and the plétihg adherence was therefore inferior.
The reason for this is that because in the composition
ratios of the.frit number D borosilicate zinc glass the
) prbportion of zZno Was'loﬁ, at 2wt% with respect to the
 100wt® of the glass powder, the Ni/Sn plating adherence w&s
low; B |

In reference example 2-9 the film_thickness of the
‘Ni/Sn plating fiim“waS'less than 1lum, it could also be Seen
from Ehe external éppearanée that the Cu electrode was
exposed, and the piating adhefence was therefore inferior.

The reason for this is that because the added amount
.of glass powder was high, at 17.0wt%, glass separated out
onto the surface of the thiék film electrode and the Ni/sﬁ
plating adherence consequently fell.

Accordingly, it can be seen that in Ni/Sn plating film
adherence it is preferable that the added amount of glass
powder be 15.0wt% or less.

It can alsoc be seen that it is preferable that the BaO
in the composition of the borosilicate barium glasé

constitute more than 10wt% of the 100wt% of the glass



“Accordingly, it can be seen that in insulation resistance NG count it is
preferable that the added amount of gl ass powder be above 3. 0w % I t
can also be seen that it i.s preferable that the BaO in the borosilicate
barium gl ass conposition constitute nore&e6 t han 10wt % of the 100w % of the

gl ass powder. It can also be seen that it is preferable that the
BaO in the borosilicate bariumglass conposition constitute |ess than
40wt % of the 100w % of the gl ass powder. It can also be seen that it

'is preferalowdeat the ZnO in the borosilicate zinc glass conposition
constitute less ‘than 35wm %-of the 100wt % of the gl ass p%$?er.
34 To el &t alFe Re/ 8Rep| BhrRgitids ' thatsthe 2nPey ng)

by baki ng 4 SHSLEBBBEOFPE PR RS TSt AU SRS, SARS RORSALFIERI ng ©
Teasured W HAtioPEE S AEe cher SOVEY FE itk e HeBRBd  Wen the 111 m
aneas v SR HRE bR RS e biig000c o
' electrodes were formed on both ends of a laminated.ceramic
capacitor chip by baking at about 800°C in a nitrogen
atmosphere and Ni/Sn plating was carried oﬁt. Then, this
f?) laminated ceramic capacitor was dipped in a'460’c solder
tank for about two secoﬁds.

When at this time cracking occurred in the laminated
ceramic capacitbf it was deemed.to be inferior and this was
indicated by a x.in Table 2. When cracking did not occur
the laminated ceramic capacitor was deemed to be.good and
this was indicated by a © in Table 2. In Table 2, AT =
375°C means AT = (400°C solder tank - 25°C room
temperature).

In reference example 2-1 cracking occurred iﬁ the
laminated ceramic capacitor and it was theref§re deemed to
be inferior.

The reason for this was that cracking occurred because
the added amount of glass powder was small, at 1.0wt%.

In reference example 2-2 cracking occurred in the

laminated ceramic capacitor and it was therefore deemed to

be inferior.



it was less than 1[err]mthe filmwas deened inferior as indicated with a
X in Table 2. In reference exanple 2-3 the filmthickness of . the
Ni7Sn plating filmwas less than 1[err]m it could also be seen fromthe
external appearance that the Cu el ectrode was exposed, and the plating
adherence was therefore inferior. The reason for this is that because
t he added anpbunt of gl ass powder was high, at 20.0wt% glass separated out
onto the surface of the thick filmelectrode and the Ni/Sn plating film
adher ence conse@henregser|for this qrackingr efeurExpgpYas 2thrt e I m

thickness of the” Ni/Sn plating filmwasg |ess than 1[err It could al so
be seen f¥Wbh ?ﬁet}é?t]%?lf%ﬁﬂéﬁﬁgﬁré&(?& Eﬁréﬁst?@s O¥} e%'{'r%)@ét%s exposed,

To%that_ becauseTinPEREREORpASATAS Tk OB e eoPFFE LB R
'S us | u
‘Dorosi | cal g baLLU GLASR d MspdtiRRY LN S6' WEECEHBEGRON ol o 11

gl ass powdgg, 3 i/ Sn plating filmadherence was |ow. In reference
exanpl e 2-§éth%£§f¥%#ihickness of the

The reason for this cracking occurring was that in‘the
composition ratios of the frit number F borosilicate barium
glass the proportion of Béo was small-éﬁ Swt% Qith réépect
) to the 100wt% of the glass powder. |

- In reference exampié 2-5 cracking occurred in the

lamiﬁated ceramic capacitor and it was therefore deehed to
. be inferiof. l_ | |
The reason for this Cracking_odcurring was that in the
'qqmpositibn ratios of the frit number J borésiliéate barium
glass_the proportioﬁ of Bao wasilarge at SSwt% with respect
to the 100wt% of the glass powder.
In reference example 2-6 cracking occurred in the
laminated ceramic capacitor and it was therefore deemed to
'be inferior. | |

The reason for this cracking_occurring was that'in'the
composition ratios of the frit number D borosilicate barium
glass the proportion of ZnO was large at 50wt% with respect .
to the 100wt% of the glasé powder.

In reference example 2-8 cracking_occurred in the

laminated ceramic capacitor and it was therefore deemed to



“Ni/Sn plating filmwas |less than 1[err]m it could also be seen fromthe
external appearance that the Cu el ectrode was exposed, and the plating
adhierence was therefore inferior. The reason for this is that because
in the conposition ratios of the frit rsgnber D borosilicate zinc glass the
_proportion of ZnOwas low, at 2wt % wi th respect to the 100wt % of the gl ass

powder, the Ni/Sn plating adherence was | ow. In reference exanpl e
2-9 the filmthickness of the N /Sn plating filmwas less than 1[err]m it
could al so _ l°frromthe external appearance that the Cu el ectrode was
exposed, and th b r The reason
for this is that r} %2’ g@ig g%%u%%ﬁé %gé‘%ifs%ﬁ% V&V\%{arthv%s e at

17. Omt % glégﬁb |ng a g& Sgnbgwagg §é§f§m§?fﬁ éé“%tdwﬂ%k f|In1eIectrode

and the N/ ence” consequent “Accordingly, it

can ‘be seen thatAééb,}\a{rglypl q_ttl @qnf b[enge@gh@ﬁggc&lﬁed@ g}{d@‘]@rabl e that the
added anount of gl ass be 15. 0wt % or | ess. It can al so be

seen that ipréseRtelad 61@! %rb'ié'&rabhlé BR&: the tA@SDEMAIHY OF eflable
‘borosilicate barium gl ass constitute nore than 10m¢@6of t he 100m¢@6of t he
gl ass . . powder be over 3.0wt%. _
| It can also be seen that it is preferable that the
borosilicate zinc glass constitute more than SOWt% of thé

Y 100wt$ of the glass powder. | |
| It can also be seen that it'is.preferable that the BaO
in the'composifion qf-the borosilicate barium giass
constitute more than 10wt% of the 100wt% of the glass
.powder. | |

It can also be seen that it is preferable that the BaO
in the composition:of'the borosilicate barium glass |
constitﬁte less than 40wt% of the 100wt% of the glass
.powder. |

It can also be seen that it is preferable that the ZnO
in the composition of the borosilicate zinc glass constitute
less than 35wt% of the 100wt% of the glass powder.

Accordingly, the_ovérall evaluations show that the:
reference examples 2-1 to 2-9 were inferior in one or more
of the charactéristics insulaﬁion resistance NG count, Ni/Sn
plating adherence or heat shock property and were_inferiof

to the preferred embodiments 2-1 to 2-10.



-36 powder . It can also be seen that it is preferable that the ZnO
in the conposition of the borosilicate zinc glass constitute nore than
3w % of the 100wt % of the gl ass powder. To eval uate heat shock
property, first, external electrodes wes% forned on both ends of a

| am nated ceram c capacitor chip by baking at about 800[err]Cin a
nitrogen atmosphere and Ni/Sn plating was carried out. Then, this

|am nated cer am g, ¢Aag ULy d'end RGN cDa 00 6L OB AL e @il

about two seconds en at this tinme cracking occurre

lam nated egagHlés C?-Dﬁ%é 01-9 larens dﬁameatiﬂgbehaef@&épra@ciééy S was
I ndicated by a X in Table 2. Wen cracking did not occur the | am nated

cerani c cappgkteraibs m@{rﬁﬂlé prefegoed amBodiméstyes-ingh catiey] hese err]
in Table 2. In Table 2, [err]T = 375[err]C nmeans [err]T = (400[err]C

sol der- tankreféﬁ{aﬂce]éicampﬂras taampeldt saeisfactory | compdmed micctexanpl e 2- 1
cracking occurred in the |lamnated ceramic capacitor and it was therefore
deenmed to benvehbtiomal exampleEhendegsonathievéi sheasbidrits mfadihieng
_occurred because the added anpbunt of glass powder was small, at 1.0wm %
invention. _
- The conducting thick film composition of the present
invention is not limited to the preferred embodiment.
- desCribed above and various changes can be made within the
| scope of the invention.
For example, although iﬁ tﬁis preferred embodiment the
Cu powder set forth in the fi:st preferred emedimeht was
uééd, as long as the Cu powder comprises a Sphéricél powder
and_a scaly bowder the particle diameter or length need not
be particularly limited. Also, just a spherical powder or
just a scaly powder can be used if the partiqle diameter or
. length is adjusted. Furthermore, the particie éhépe need
not be particularly limited. In any case the dbjects of the
l;) invention can be achieved.
Also, for example although in this'preferred
embodiment an acryliclresin constituting a base resin
dissolved in butyl cellosolve, which is an organié solvent,
is used as the organic vehicle, a cellulose resin or a

butyral resin or the like may be used as the base resin and

terpineocl may be used as the organic solvent.



~In reference exanple 2-2 cracking occurred in the |amnated ceramc
capacitor and it was therefore deened to be inferior.

37" The reason for this cracking occurring was that the w % of the
borosilicate zinc glass was |ow, at 20wd6 In reference exanple 2-4
cracking occurred in the lamnated ceram c capacitor and it was therefore
deened to be inferior. The reason for this cracking occurring was

that in the conposition ratios of the frit nunber, F borosuilcate bari um

gl ass the proporkd ¢h smdsehings thigk é@mSW@PQ\?’tW?rbﬁféﬁqr 9 e 100wt %
f th | wd f cki d
The I ant nakied) RAFRAC ioHSREReDy SRR FoSuCt o il Feld (o Ubes "
f hj h th
comosi 1 oreRA R 5 RPherSFar bRwAES % PHEA A AES i g%alsg the

ol 35?.21;33 RIS [ HeYent! DIIWEYThE N F CEREur ddtd RiE LORR%0T ¢ he

fllm electrode and consequently it is possible to improve
the strength of a bond between a ceramic element and a thlck-
- film electrode. |
Also, because by this method it is possible to reduce

.¢3 the blended amount of glass powder, which had been included
in large quantities in order to maintain the strength of the
bond between the.ceramic element and the thick £film
electrode, deterloratlon of the platlng adherence caused by
glass melting and covering the surface of the thick f£film
electrode can be prevented and soldering can be improved,
and therefore_it-ie possible to improve the electrical
reliability of a ceramic electrohic_component.

In the invention, as a resuit of.the Cu powder
comprising a borosilicate zinc glass end a borosilicate
barium glass, pleting liquid readily adheres and plating
ligquid does not readily dissolve and consequently reductron
in the strength of the bond between the ceramic element and
the thick film electrode ceused by plating liquid permeating
into the inside of the electrode can be suppressed and |
cracking of the ceramic element can be prevented.

.Also, because by this method it is possible to reduce .



"In reference exanple 2-6 cracking occurred in the |amnated ceranic
capacitor and it was therefore deened to be inferior. The reason for
t hi's cracking occurring was that in the -conposition ratios of the frit
nunber D borosilicate barium glass the 4roportion of ZnO was | arge at

50m %with respect to the 100wt % of the gl ass powder. In reference
exanpl e 2-8 cracking occurred in the |amnated ceram c capacitor and it

th f \
N eror °€he W] Smount of, glasg, Rewier. S s e ﬁﬂ%luﬁl@ﬁ added
t of b
amunt 0 %1 healt%c%\%g'{ wag szekl, s2he?- Qéﬁ'tn{ 1nt ‘?ﬁ%t %}ég@é:  C an be

seen t hat property it I's pre er ab annunt of

gl ass pow%n@%&o%erﬁ (B Yeramic ehbmeab &lxéotﬁ’@ BeRIk thalm it s
preferable that the. borosilicate zinc glass constitute nore than 50w % of

the 100w %Déctinid) atar@vdation of thé PBat G aditerdfie dadised biys
preferable that the BaO in the conposition of the borosilicate barium
gl ass glass melting and covering the surface of the thick £ilm
electrode can.be prévented and soldering.can be impréved,
and therefore it is possible to improve the electrical
. reliability of a ceramic electfonic component;

' In the invention, as a result of the Cu powder
cgmprising a spherical powdef and a scély powder and the
giass pbwdér comprising a borosilicate zinc;glasé and a
bb:dsilicate,baxium glass.it is possible to prevent the
occurrence of blistering of the surface of Ehe thick.film
.electrode aﬁd cracking of the ceramié-element and -
consequently it is.possible to further improve the strength
of the bopa between the ceramic element and the thick film
electrode.

Also, because by this method it is possible to reduce
the blendéd amount of glass powder, which had been included
in large quantities in order to maintain the strength of the

bond between the ceramic element and the thick film -

- eiectrode, deterioration of the plating adherence caused by
glass melting and covering the surface of the thick film
electrode can be prevented and soldering can be improved,

and therefore it is possible to improve the electrical



Eonstitute nore than 10w % of the 100wt % of the gl ass powder. It can
al so be seen that it is preferable that the BaO in the conposition of the
borosilicate bariumglass -constitute | ess than 40wm % of the 100wt % of the

gl ass powder. It can also be seen4khat it is preferable that the ZnO
in the conposition of the borosilicate zinc glass constitute [|ess than
35wt % of the 100w % of the gl ass powder. - Accordingly, the overal

eval uati ons showet oty ! Bp o [ALLAN LIVRIBLES Bodph@oRsd Were inferior in

one or nore aracterls cs I'nsu ion re ?ﬁEte NG count, Ni/Sn

| dh e I eclyn o
21T SO T S A, LTI o8 B,

Al though heggabbepowasal in avt1atiranonl at RAr %eaﬁac fqlé 3:01- to 2-9
are x indicating that they are less preferable than t e preferre :

embodi ment s82wtt of 2tHd, 100wt off alhey ednauexany! eridkeralh SHidorfiagiay v
conpared with conventi onal exanples and can achi eve the objects of the

i nventi on. and the organic vehicle is contained in the amount of 15 to

35wt% of the 100wt% of the conducting thick film
composition. |
| By this method it is posSible to increase the
:)' . conductlng thick f£ilm comp051tlon levelablllty and improve
its coatablllty
In the inVention,'preferably, the glass powder is
contained in the amount of 3 to 15wt% of the 100wt$% of ohe
conducting thick film composition. |

By this method, by further increasing the strength of

the bond between tﬁe ceramic element and the thick film
 electrode and increasing the plaoing adherence it is.
possiblo to further increase the soldér adherence.
| In the invention, preferably, the Cu powder comprises
sphefiéai powder and scaly powder and the average particle
diamete:_of the spherical powder is 0.3 to 5.0um.

'By this method it is possible to prevent oxidizatioo
of the conducting thick film composition and improve its
moisture resistance.

In the invention, more preferably, the Cu powder

comprises a spherical powder and a scaly powder and the



‘The conducting thick filmconposition of the present invention is not
limted to the preferred enbodi mrent described above and vari ous changes
can be made within the scope of the invention. For exanpl e, although --
in this preferred enbodiment the Cu power set forth in the first '
preferred enbodi nent was wused, as long as the Cu powder conprises a
spherical powder and a scaly powder the particle dianeter or |ength need
not be particularly Iimted, Also, just a heri cal wder or . just a
scaly pomdéﬁfeesfﬁebegﬁ%al?fdw'éeﬁﬁ.ﬁ tqécl & ﬁgFéFa rp°‘f9‘gﬂ’@thsi‘i~%a‘i%sted.
Furthernnrg, the particle shape need not be particularly imted. |In any
case the o ré&?s of the invention can be achieved. Al so, for exanple
-al though in thi .er nbodj t ryl,) Sj ituting a base
resin dissolve%yfﬁﬁ%gtégg%%§1d§o éggjﬁéﬁiﬁ% |ék§%aé§ggﬁrg9§%%vent, I s used

as the orggnig.yeli ¢keagdpt&d! Ul 0se resin or a butyral resin or the like
may be use? asethe %as% §%§?% and terpineol may be used as the organic.

sol vent. In the invention, preferably, thHe Cu powdbf dofgPdséséi ng
thick filmconposition according to '

a spherical powder and a scaly powder and the épherical

powder compfises a.fine sphéfical powder of which the

average particle diameter is 0.3 to 1.5um and_a cbarsel
{1) ~ spherical powder of_which the average particle diameter is
| 2.0 to 5.0um. | | |

By this method, it is possible to further improve thé
coatability of the conducting thick £ilm composition. |

Also, in the invéntion,_preferably, the Cu powder
comprises a spﬁerical powder and a scaly powder and the
average length of éhe séaly powder is 10.0 to 40.0um.

By this.meﬁhod it is possible to increase the effect
oﬁ the scaly powder of retarding the sintefing and shapewise
also imprqve the coatability and make the surface smodth.

. In the invention, preferably, the glass powder
comprises borosilicate zinc glass and bo;osiligate barium:
glass and the borosilicate zinc glass is contained in the
amount of over 50wt% of the 100wt% of the glaés powder.

By this method it is possibie to impréve'the heat
shock property of the conducting thick film composition.

" In the invention, preferably, the glass powder



the present invention, as a result of the Cu powder conprising a spherical
powder and a scaly powder it is possible to prevent blistering of the
surface of a thick filmelectrode and consequently it is possible to

i nprove - the strength of a bond between & ceranmic elenent and a thick *film
el ectrode. . Al'so, because by this nmethod it is possible to reduce the
bl ended anmount of gl ass powder, which had been included in |large

quantities in order to maintain the strength of the _bond, bet ween t he
cerani c el eREAPrafASt ALPFPTII¥Ga4R Zdnccolags, andt arbey¥esibicake the plating

oo At odh R TR SRS e AR e V3
oot o' ) LopEAPRR AR e PR 0P o ShDER or' b BAMN Ha . o,

powder conpki,si borosilicate zinc glass and a borosilicate barium °
gl ass, pLa?P%%éI?ga?%'readily adheres and plating 1liquid does not readily

di ssol ve and conggquaik! ¥etRIUCIE Ofk ddbdiftd eStbeRAbRo0E thE %T?Qéiﬁget ween

the ceram c el ement and the thick filmelectrode caused by ating liquid
perneating atihkeehbe, | DetdEaion thlRtlradeieanaha BeREr Svs@d and

cracking of the ceram c el enment can be prevented. Al so, because by .
t hi s net hodpirbpegtpossi the d¢ompasiitcion. .
~In the inventién, preferably, the glass powder
: j . comprises a borosilicate zinc glass and a borosilicaﬁe-_
| barium glass and the borosilicate barium glaés contains 10
to 40wt% of BaO with'respect to the 100wt% of,thé- '
borosilicate barium glass.

By this method it is p@ssible to improve the
insulation characterisﬁics, pléting adherence 'and heat shock
property of the coﬁposition.

Also, in the invention, preferably, the Qlass pbwder
comprises a'bbrosilicate zinc glass and a borosilicate
barium glass.and the borosiiicate_zinc glasé and the
borosilicate barium glass contain at least one of alumina,
an alkali metal oxide.and an alkaii earth metal oxide. _

By this nethpd, improvement of the acid resistance of the

camposition by the addition of .alumina and improvement of the

softening of the glass powder by the addition of an alkali metal

oxide or an alkali earth metal oxide are possible.



11 t he bl ended anmobunt of gl ass powder, which had been included in |large
quantities in order to maintain the strength of the bond between the
cerami c elenment and the thi.ck film electrode, deterioration of the plating
‘adherence caused by glass nelting and ca¥ering the surface of the thick
film electrode can be prevented and sol dering can be inproved, and
therefore it is possible to inprove the electrical reliability of a

oS oot 2?&@@%@32&5#1%&%&‘%&%‘ascccaq“ve“t %b For k &ifl%é%tg%aéi‘e ™
ri s i er: | e grass
O ass i1 15 odd BRestEly, koot iR Td el rop RrBBkekifece FhLeR
surface of theuf RhekebbhD pe! §64E NG, & T Ak NGB 1 bR’ SCELATL S B §MENt
by Erateiing g, ¢6ad

and consequently it 1s po er 1 nprove t stre t he

bond bet weertyiu ERNATeomBbETRIo KM Idhddiidactyl B cBheR! FoTlR Al so,
because by thfé-nethod i?ﬁis pos%igle to reduce l"‘Jthe gkgndeg anmount of

gl ass powdeleledtiredeh&Fdrbacsetrani &deTectrbdid @onibdaRhi! L&A He order to

mai ntain the strength of the bond between the ceram c el enent and the
thick fil m manufactured easily.

: With a ceramic electronic compbnent-according to the
invention it is possible to prevént biisterihg of a thick
7y film electrodehand cracking ot a ceramic element occurring
when terminal electrodes of the ceramic electronic component
are being férmed and impfove the strength of the bond | |
" between the ceramic element and the terminal electrodes and
'~ improve the,adhefence of solder to the terminal electrodes.
-Wiﬁh a laminatéd ceramic capacitor according to the
invention it is poésible to prevent blistering of a thick
film electrode and cracking of a stack occurring when
external electrodes of the laminated ceramic capacitor are-
being formed and improve the strength of the bond between
the:stack aﬁd the external electrodgs and improve the

'adherence of solder to the external electrodes.



el ectrode, deterioration of the plating adherence caused by glass nelting
and covering the surface of the thick film electrode can be prevented and
sol dering can be inproved, and therefore it is possible to i nprove the

el ectrical reliability of a
ceram c el ectroni c conmponent. In Ehe [ nvent i on’,l‘ln tenaame,yne & Cu
powder and the glass powder in total are contai ned | 65 to
85wt % of the 100wt % of the conducting thick film conp E!u”mm &
organic vehughq qg %ng%t@ed in the amount of 15 to oO Owt % of
t he conduct rmg—thrckR—TT I —conposi tion. By this method it is possible
to increase the conducting thick film conposition levelability and inprove
its coatability. In the invention, preferably, the glass powder is

contained in the anount of _3 to 15m¢@6of the 100w % of the copnducting
thick film conposilti-oh. c°ndu°t¥§HtQH iek €8 COBPOFREL AR CPMRF E3X9%g t he

strength o th bon bet n_ the ceramc and the thick film
el ectrode Igﬁ PRY eJf)l |?F§a5ﬁcﬁé?§ﬁ%'geel"'be¥%m the
Cu powder comprises spherical powder and scaly powder and
the glass powder comprises borosilicate zinc glass and

borosilicate barium glass.

2. A conducting thick £ilm composition according
to claim 1 wherein the Cu powder and the glass powder in
total are contained in the amount of 65 to 85wt% of the
100wt% of the conducting thick film composition and the
organic vehicle is contained in the amount of 15 to.
35wt of the 100wt%¥ of the conducting thick £ilm
composition.

3. A conducting thick film composition according
to any of claims 1 through 2 wherein the glass powder is
contained in the amount of 3 to 15wt% of the 100wt% of
the conducting thick film composition.

4. A conducting thick film composition according to
any of claims 1 through 3 wherein. the Cu powder comprises

spherical powder and scaly powder and the average particle
diameter of the spherical powder is 0.3 to 5.0um.

5. A conducting thick film composition according to
any of claims 1 through 4 wherein the Cu powder comprises
spherical powder and scaly powder and the average particle

diameter of the spherical powder is 0.3 to 1.5um.

* c L N s *



possible to further increase the sol der adherence. In the invention,

preferably, the Cu powder conprises spherical powder —and-—scaty—powder and
the average particle dianeter of the spherical pgudg! Oferr]m
By this method it is possible to preverit oxidi zati Hlﬁeﬁ aiBgeﬂ?i{e lg(ﬁgctl ng

thick filmconposition and inprove its noisture r In the
I nvention, nore preferably, the Cu powder conpris pomder and
a scaly powder and the aver age
particle diameter of the spherical powder is 0.3 to 1. 5[err]n1 By
this nethod, a nofe optina era rt e dianeter is adopted. In
the invention, prefer bF9n5¥$E&%%q§H%§bﬁ 851;&°§pﬁ5FPE§FnSoﬁﬂer and
a scaly pomder he s rical 0 I ses e_spherical powder -
of which tf&Y ééé%p%a tﬁgf el% gB? E@ f%gﬁggrf Bht"E° coar se

spheri cal Bﬁﬂgﬂcé’i WEL: g aé’@a[ﬂﬂ%o‘%ﬁe? ehe €haMebbrtdal 2pdwdlr

5.0[err]m
comprises fine spherical powder of which the average

particle diameter is 0.3 to 1.5um and coarse spherical
powder of which the average particle diameter is 2.0 to
5.0pm.

7. A conducting thick film composition according to
any of claims 1 fhrough 6 wherein the Cu powder comprises
spherical powder and scaly powder and the average length of
the scaly powder is 10.0 to 40.0um.

8. A conducting thick film composition according to
any of claims 1 through 7 wherein the glass powder comprises
borosilicate zinc glass and borosilicate barium glass and

~ the borosilicate zinc glass is contained in-the amount of
over 50wt% of the 100wt% of the glass powder.

e. A conducting thick film composition according to

any of claims 1 through 8 :@ wherein the glass powder
comprises borosilicate zinc glass and borosilicate barium

glass and the borosilicate zinc gléss contains 3 to 35wt% of
ZnO with respect to the 100wt% of the borosilicate zinc
glasé.

10. A conducting thick film composition according to
any of claims 1 through 9 wherein the glass powder
coﬂpriges borosilicate zinc glass and borosilicate barium
glass and the borosilicate barium glass contains 10 to 40wt$%

of Ba0O with respect to the 100wt% of the borosilicate barium

* c L M S *

glass.



By this method, it is possible to further inprove the coatability of the

conducti ng thICk filmconposition. Al'so, in the |nvent|on
preferably, the Cu powder conprises a spherlcaITb yH y powder
and the average length of the scaly powder is 10. ﬁ ﬂi By
this method it is possible to increas#8the effect pomder of
retarding the sintering and shapew se al so inprove the coatablllty and
make the surface snooth. In the invention, preferably, the gl ass
powder conprises borosilicate zinc glass and bor03|I|cate barium gl ass
and the borosi lilat A Aondugtigy ithicknfilmegomposhsionnaonordingvee 50w %
of the 100wt % of the gl ass powder By this nmethod it is possible to

i nprove tRBYHeftclairgid fhmsunghy 18 whaseinnthet ghass ibewder | m conposi ti on.
In the invention, preferably, the glass powder

44 conﬁ?’?‘%’é’ss%ts B?ﬂwﬂl&at@ ZiRE gﬂa§§ aﬁé laose%%w%at!aarwl um gl ass

and the borosili zi,nc SS contai ns 39wt % of - ith respect to
The 100w 075 (i (e mabiti ekt dyPaglasd and e hpontitenke 1ol s

possible L0} TR Pked Mo AH W 1east one of alumina, an alkali

metal oxide and an alkali earth metal oxide.

12. A thick film electrode formed on a ceramic
element of a ceramic electronic component, the thick £ilm
electrode comprising a sintered film made by sintering a
conducting thick film composition according to any of claims
1 through 11!

13.. A ceramic electronic component comprising a
ceramic element and a terminal electrode provided on the
ceramic element, the terminal electrode comprising a thick

£ilm electrode according to claim 12.

14, A laminated ceramic capacitor comprising a stack
madé up of a ceramic dielectric layer laminated with
internal electrodes disposed facing each other with the
cer&mic dielectric layer therebetween and external
electrodes disposed facing each other on both ends of the
stack each connected to one end of the internal electrodes,
thé external electrodes comprising thick film electrodes

according to claim 12.

AT



~adher ence,

i nsul ati on characteristics and heat shock property of the

composi tion. In the invention, preferably, the glass powder
a borosilicate zinc glass and a borosilicate barium glass and

COI’TpI’ i ses

the borosilicate barium glass contains 10
the 100w % of th
possible to inp
heat shock property of

conp05|t|on Also, in the invention,

borosilicate barlun1 Iass and the borosilicate zinc %qass and t he

borosi | i cat e bard wwenfugding fbdick ﬁtllmeﬁ@tip@ﬁbtkﬁn:al%

oxi de and

of the aC|cF¥%§ﬁ¥949uﬂéqﬁ=th§1n58ﬁ$BS|¥h%ﬁ1?RWRQ%%Q%ﬂH'tﬁﬁﬁ 8f C§F

~inprovenent of the, softenin Iass . the addltlon of an
alkal i mot o1 e%a%%ﬁoawoaﬁﬂa P R PedEa e et

45

gk fidmg) kal i

to 40wt % of BaO with respect to
%a@ﬁi;@b'hﬁ%ﬁ' It GRS FRR, ick Elicipigg hod it is
1¢ tcgﬁgiﬁ BRS L 8 n@ms@%@é icAga@dbRr ence and

Bses a borosilicate zinc glass and a

nmet al

an al kali earth_netal oxide. y this method, inprovenent

°|5‘5’§§r‘*5
Vv\gﬁ{]cl'i”‘ tt'hh'I 3 th 9&8‘&8 orél I!Psgeé OJEt %1c?1v%ﬂt | on

electrical reliability is improved by the strength of a bond

A-Aa and

between a ceramic substrate and a thick film electrode being

increased by the elimination of blistering and cracking of
the electrode during'sintering of the composition and the
adherence of solder to thé electrode being improved by the

elimination of glass separation out onto the surface of the

- electrode during sintering.

The conducting thick film composition comp:ises Cu
powder, glass powdgr and an organic vehicle, the Cu powder
comprises sphericél powder and scaly péWder and the glass
powder comprises borosilicate zinc glass and borosilicate

barium glass.

Figure 1



it is possible to forma sintered filmto constitute a thick film

el ectrode by sintering the above-nentioned conducting thick film
conposition and consequently a thick film electrode for a ceramc

el ectroni c conponent can be manufactured easily. Wth a ceramc

el ectroni ¢ conponent according to the invention it is possible to prevent
blistering of a thick filmelectrode and cracking of a ceram c el enent
occurring when term nal electrodes of the ceram c el ectroni c conmponent

are being fornmed and i nprove the strength of the bond between the ceramc¢
el ement and the term nal electrodes and inprove the adherence of solder to
the term nal el ect Figige. 1 Wth a | am nated ceram ¢ capacitor according
to the invention it is possible to prevent blistering of a thick film

el ectrode and cracking of a stack occurring when extjernal el ectrodes of
the | am nated ceram c capacitor are being fornmed s i nprove the strength

of the bond between the stack and &he extermal el ectrodes and inprove the
adherence of solder to the external 3 3 '
-46- - \What is clained is: 1. A condgs 4 f11 mconposition
conpri sing pow ’*




der consi sti ng of Cu netal, glass powder and or ani om’élmmm%%fr{%@%t neg&U
powder ‘conprises about 30 to about 90 wt % spherii caPepoider: : phgkaabowy F;L&dto
about 70 wt % scal y- shaped powder . 2. A condUan@ ialid)ckK : h [ . to naced 44

conposition according to claim1 wherein the Cu pom@e{m@a@ t ggfgl as&g er'

rrety) 2p0”
geni

-----

total about 65 to about 85 wt % of the 100 wt %ot gbg;rég@ndui;gl,;egg t
filmconposition and the organic vehict 863 con§a| ned:in t he aﬁmun

.......

about 15 to about 35 wt % of the 100 wt % of th (ippduc,tt ck f@
conposi tion. 3. A Whatdstclaimedis:k il m conposi-t+ & atcorHg o 618 m 1

wherein the gl ass popdAreongueting! thick filrakom tt‘éhé’ r1§1ﬂ Ez\pductl ng

thick film conposi accordi ng
to claim1 wherein ééblgs\ésﬁfiéf@ % Eélgsst eér1| cal powder

is about 0.3 to ab 5°°'!!P%?ﬁj ttﬂlat‘?f?“? §BnWEorrp03| tion
according to cl ai snh@mealrmwdebaadageubdotﬁm uti Zonwtefo sealyne Cu
‘spherical powder i shapedupo®d8r.t o about 1.5 [err]m 6. A conductl ng thick

film conposition acczr.dlcaadﬁenﬁgauekmmlﬁ sih"ibﬁa%%?dih |

arret er is

gggﬁ{l Seg IB”Sbiﬁ?%‘*’@é‘lg“Pg‘@Q%“o r er & ﬁ“ﬁ%he aver age
particle di ameter f3 10 abou ggéwt Et chgC cting thick
film conposition aflBcomMpositon OA'E&“GN? lamn&gee nthe of the Cu
scal y- shaped powdeamosnt of absut iS&Oahouﬂlﬁm%mﬁﬂle@QWt% of thes. A
conducting thick fehndisetig gﬁbkqm@@g isitibg.0 claim 7 wherein the Cu

powder and the gl ass&p‘q\g’?ﬁ ub@h& thi %%5 L&cc%ﬁﬁ‘ﬂk & he 100 wt %
f th d
contained it thak {%3:;&2% °S'v§ u& BT B o e

conducting thick f e glass pomder I s about 3
to about 15 wt % of Ghécoodugungﬂycmmmmmpﬂsl&mmmdmg taclaimer e t he

average particl e dilawherein the average papticle diaingtes\of thé Cuadpherical 3 t o about
5.0 [err]m 9. A wa@nglabgutblykoﬁbbmsmﬁﬁltl on accord| ng to claim$8

wherein the spheri cag R ahcﬁgg’ﬁilcg?@n{é&ﬁgag@ﬁ whi ch the
average particle d ek | ﬁ ﬁ @EE ﬁoarse
spherlgcalo powder o %ﬁf‘@ﬁ"i ﬁﬁi Q %ﬁ 2.0 to
about 5.0 [err]m POWMgerAs AUt 5 MMy conposi ti on conpri sing pow
der consisting of Cubndicondugting thic \ﬁdmcmpoat@chomngdos:l
1 wherein the spherical powder comprises fine ‘spherical
powder of which the average particle diameter is about 0.3
to about 1.5 pm and coarse spherical powder of which the
average particle diameter is about 2.0 to about 5.0 pm.
- 7.Aconducting thick film composition according to claim
1 wherein the average length of the Cu scaly-shaped powder
particles is about 10 to about 40 pm.
8. A conducting thick film composition according to claim
7 wherein the Cu powder and the glass powder total about
65 to about 85 wt % of the 100 wt % of the conducting thick
film composition and the organic vehicle is contained in the
amount of about 15 to about 35 wt % of the 100 wt % of the
conducting thick film composition and wherein the glass
powder is about 3 to about 15 wt % of the conducting thick
film composition and where the average particle diameter of
the Cu spherical powder is about 0.3 to about 5.0 pm.
9. A conducting thick film composition according to claim
8 wherein the spherical powder comprises fine spherical
powder of which the average particle diameter is about 0.3
to about 1.5 pym and coarse spherical powder of which the
average particle diameter is about 2.0 to about 5.0 pm.
10. A conducting thick film composition comprising pow-

der consisting of Cu metal. glass powder and organic vehicle
8 glassp This is %19 raplacement sheet
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- 47 - wherein the gl ass powder conprises nore than 50 wt % borosilicate

zinc gllass and | ess than 50 wt % borosilicate barium gl ass. 11. A
conducting thick film conposition according to claim 10. wherein the Cu
powder conprises spherical pow der and scal y-shaped powder. 12. A

conducting thick filmconposition accgrding to claim10 wherein the
borosilicate zinc glass contains about 3 to about 35 wt -%;of.:ZnQ wit.h
respect to the 100 wt % of the borosilicate zinc glass. 13. A conducti ng

th ck fi : M CONPQghéredn tﬁé;fl gs powder Cé 585 \Mierecttiant 50 Werdsi | i C?tte o
arium gl ass co espec o the
100 wt % of ther%gpg&c??e 'éclg!ﬁt'sgtﬁr\lajrgass aWtSq(}W OA#??H dc?‘i“’jr’?g thick film
conposi tion acc &l‘llﬁgg $%| ai m 10 vvherel n at | east one of .the borosilicate
zinc .gl ass and borKsiAi coridudting thick! itm cmmmrtmmuetwd:ngctoe of al umi na,
al kal'i metal oxigqgig B&Nponductl ng
thick film corrpor%qtqg g}ﬁﬂgggﬁgx&e@c{ég Iwa’ggnﬂaélo erel%hcrﬁﬁl orosilicate zinc
glass is nore t POV e t ot al gl ass powder and wherein the
borosi | i cate zi nc k& aAscwuqmgs thigkfilns eompositionzacoprdingtozno wi t h
respect to the Jélﬁmﬁlﬂ’/whbrenhethbtbmesmcaw zinci glasgtontaimsnabouter ei n t he

bor osi | i cate bar be%&l Pt wito %of BaO with
respect to the éwbﬁ}%? rosilicate Egtrl umgogs)s éfiG A

conducting thic a%cor di ng to ¢laim15 wherein the Cu
powder and the gl &3 lbo%lld“qtmgalhls ofitmseomposision ageordingotor the 100 wt %
of the conducti ngainyi D Whémmah;aotmﬁosﬂtcataobadmo gbssi contaimscl e i s

Conduct i ng ¢ hi Q%Wg“@gttﬁdéibj@p*%mt ﬁ*gﬁ%ﬁi‘% 0 s about 3
SraRE iy

to about 15 wt corrp05|t|on and where the
average particle ddand eenducting Hu mmmtmmerﬁondsn&tteut 0.3 to

about 5.0 [err] rolaim 10 wherd:mdt léadtrond eﬁthc)berdmhoatd zinc glassr ami ¢ el enent
of a ceram c el ogid BurositicaR? f gms CBohlatns NitCleakt 'dﬂae'dfC: r gge |
ri In 1Tl

;g(r:rgrdlsﬁ; ?oscl : n:]; A%ﬂ 'R,E@g g’g Wﬁ%@i} g{g&@%rrprl sing a
ceramic el ement arkP-oft eprducting. dcm&%ﬁﬁﬁr@lﬂg dfent

claim 11 wherein the borosilicate zinc glass is more than

about 50 wt % of the total glass powder and wherein the

borosilicate zinc glass contains about 3 to about 35 wt % of

ZnO with respect to the 100 wt % of the borosilicate zinc

glass and wherein the borosilicate barium glass contains

about 10 to about 40 wt % of BaO with respect to the 100

wt % of the borosilicate barium glass.

16. A conducting thick film composition acoordlng to

claim 15 wherein the Cu powder and the glass powder total

about 65'to about 85 wt % of the 100 wt % of the conducting

thick filin composition and the organic vehicle is contained

in the amount of about 15 to about 35 wt % of the 100 wt

% of the conducting thick film composition and wherein the

glass powder is about 3 to about 15 wt % of the conducting

thick film composition and where the average particle diam-

eter of the Cu spherical powder is about 0.3 to about 5.0 pm.

- '17. A thick film electrode formed on a ceramic element of
a ceramic electronic component in ‘which the thick film
electrode comprises a sintered film of the conducting thick
film composition according to claim 1.
18. A ceramic electronic component comprising a ceramic
element and an electrode provided on the cer%ﬁx;‘ci Sclﬁ(gngl acement sheet
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- 48 - i n which the el ectrode conprises a thick filmelectrode according
to claimil7. 19. A lam nated ceram c capacitor conprising a stack
conprising a series of ceramc dielectric layers |am nated together with
pairs of internal electrodes, each pair of internal electrodes separated by
a ceram c dielectric ther- ebetween and gyternal electrodes:disposed an
external ends of the stack, the external el ectrodes conprising thick fllm

el ectrodes according to claim17. 20. A conductive thick film conposition
according to claim12. wherein the borosilicate zinc glass is about 50 to
about 80 wt % of the total glass powder. 21. A conductive thick film

conpbsi tion accordin ai wher ei the me wder contains
Shont 10wt s o i Ginlcho T dbciroqens omprises aﬁ’é&?ﬁa‘%e‘?ﬁl bout 30 wt %
to about 90 wt @6ecanﬂuu§ﬂhﬁhhuhﬂ7shaped pomder
19. A laminated ceramic capacitor comprising a stack
comprising a series of ceramic dielectric layers laminated
together with pairs of internal electrodes. each pair of
internal electrodes separated by a ceramic dielectric ther-
- ebetween and external electrodes disposed on external ends
of the stack, the external electrodes comprising thick film
electrodes according to claim 17.
20. A conductive thick film composition according. to
claim 12. wherein the borosilicate zinc glass is about 50 to
about 80 wt % of the total glass powder.
21. A conductive thick film composition according to
claim 11, wherein the copper metal powder contains about
10 wt % to about 70 wt % of the scaly-shaped powder and
about 30 wt % to about 90 wt % of the spherical shaped
powder.
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