Title of the'lnvention CONDUCTI NG THI CK FIL ITlGN;.IHICK
ELECTRCDE * CERAM C ELECTRONI C COVPONENT ‘AND CERANIC CéggﬁTéfﬁ? qu

Background of the Invention , ThIS |nvent|on relates to a co uct|9g
thick film conposition and a ceram c el ectroni c conmponent such ,

| am nated ceram c capacitor wherein this conducting thick film conposition
Is used for a thick filmelectrode. Conventionally, a thick film

el ectrode of a ceramc

Tit] £ the T t4
CONDUCTING THICK FILM COMPOSITION, THICK FILM ELECTRODE,
CERAMIC ELECTRONIC -COMPONENT AND LAMINATED CERAMIC‘CAPACITOR
Backaround of the Invention
| This invention relates to a conducting thick film

composition and a ceramic electronic component such as a
lamihated ceramic capacitor wherein this conducting thick
film composition is used for a thick film electrode.

Conventionally, a thick film electrode of a ceramic
electronic component,-for examplé an external electrode of a
laminated ceramic capacitor, is made by coa;ing onto an end
surface of a stack of alternately laminated ceramic
~dielectric layers and internal electrodes and then baking a
conducting thick film composition comprising Ag powder or
Ag-Pd powder, which are conducting powders, glass powder,
which is a filler, and an:organic vehicle consisting of a
base resin and én organic solvent. |

After an external electrode is formed, plating is
carried out to increase the solderability of the electrode,
and for example a Ni/Sn solder layer 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-ﬁhe stack and the external electrode. The glass

powder melts during the baking of the electrode and melted
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el ectroni c conponent, for exanple an external electrode of a |am nated

ceram & capacitor, is made by coating onto an end surface of a stack of
alternately lamnated ceranic dielectric layers and internal el ectrodes

and then baking a conducting thick film conposition conprising Ag powder
or Ag-Pd powder, which are conducting powders, glass powder, which is a
filler, and an organic vehicle consisting of a base resin and an organic
sol vent . After an external electrode is forned, plating is carried

ou 10 1 ncr ¢236eL NGoRRLACHARLE! LY Sl Ut e il (1Y

Ni / Sn solder ayer _ el"ectroplati
gl ass powdery3s &xtfdddf ditctrode and acts as an adhesive.

Ag powder or Ag-Pd powder has been mainly used as the

ar ge quan%nty of

conducting powder, but recéﬁil& inexpensive Cu powder has
started to be used instead of_Ag'powder or Ag-Pd powder to
reduce costs.

However, when Cu powder has been used as the
conducting powder to promote cost reduction there have been
the following kinds of problem:

(1) Because Cu 1is easily oxidized, baking must be carried
out in a non-oxidizing atmosphere; however, in this case the
rate of decomposition of the resin component in the organic
vehicle @s slow, resin component remains until the
temperature at which the glass starts to melt is ;gached and
consequently gas produced by the decomposi;ion of the resin
component forms bubbles in the melted glass.

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

The strength of the bond between the stack and the

ekternal electrode is sometimes reduced by these blisters.
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I ncluded in_

and thé& ext

order to maintain the strength of the bond between the stack
&rnal electrode. - The gl ass powder nelts during the baking of

the el ectrode and nelted 2 gl ass

powder noves to the interface between the stack and the external electrode

and acts as
used as the

an adhesi ve. Ag powder or Ag-Pd powder has been mainly
conducti ng powder, but recently inexpensive Cu powder has

started to be used instead of Ag powder or Ag-Pd powder to

(2) Because during baking in a non-oxidizing atmosphere
the glass powder is reduced and its properties deteriorate,
when the plating is carried out glass powder in the
electrode tends to dissolve in the plating liquid.

Consequently, in the middle of the plating process the
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

laminated ceramic capacitor falls, peeling occurs at these

interfaces and cracks occur in the ceramic dielectric

" itself.

(3) Also, because a large gquantity of glass powdér is
included, when baking is carried out at a high temperature
and in a non-oxidizing étmosphere, glass covers the surface
of the external electrode, a plating layer cannot be formed,

and the solder wettability of the surface falls.

s E !] ) ! ]
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An object of this invention is to provide a conducting
thick fllm composition, a thick film electrode, a ceramic
electronic component and a laminated ceramic capacitor with
which it is possible to improve electrical reliability by
improving the strength of a bond betwéen a ceramic substrate
and a thick film electrode and improve the adherence of

solder to a thick film electrode.
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reduce costs. However, when Cu powder has been used as the '
conducti ng bomder to pronDte cost reduction there have been the follow ng
ki nds of problem (1) Because Cu is easily oxidized, baking nust be
carried out in a non-oxidizing atnosphere; however, in this case the .rate
of deconposition of the resin conponent in the organic vehicle . is slow,
resin conponent renmains until the tenperature at which the glass starts to
nmelt is reached and consequently gas produced by the deconposition of the

resin conponent ¢ dr4sLPebl! ehe mBdife "Bbedtlad®s other oBjeatkgsuiie a

phenomenon occurs -wherein parts of the external electrode, «called

blisters, SWRtdntion pPdifides a conducting thick £film composition
containing Cu powder, glass powder and an organic vehicle
wherein the Cu powder comprises spherical powder and scaly
powder.

By means of this constitution, the invention makes it
possible to preveﬁt.blistering of a thick film electrode
occurring while the electrode is being formed, increase the
strength of a bond between a ceramic element and a thick
film electrode and improve the adherence of solder to a
thick film electrode.

That is, because sintering'offthe spherical powder
starts and the sintered density becomes high in the range
700 to 800°C, which is the temperathre“region in which
blistering occurs, with only spherical powder the void rate
of the thick film electrode during sintering is insufficient

and consequently blisters form on the surface of the thick
film electrode and the strength of the bond between the
ceramic -element and the thick film electrode is low.

With only scaly powder, on the other hand, because the
strength with which it bondé with glass is small, it peels
off relatively easily and the bonding strength of.the thick
film electrode is low. | |

Accordingly, in thié invention, scaly powder 1is

blended with spherical powder. Because sintering of this
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blisters are al so caused by gas produced by the ceramc and the gl ass
reacti Aig with each other at high tenperatures. That is, these blisters
tend to format high tenperatures at which 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
el ectrode is sonetines reduced by these blisters.
3

scaly powder does not start fully in the temperature region
in whiéh blistering occurs, the void rate of the thick film
electrode during sintering increases, passages through which
produced gas can escape are formed and this prevents the
occurrence of blistering of the thick film electrode
'surface. As a result it is possible to raise the strength of
the bond between the ceramic element and the thick film
electrode.

Also, 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 between the ceramic element and the thick film
electrode, 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.

Also, the invention'proﬁides a conducting thick £film
composition including Cu powder, glass powder and an organic
vehicle wherein the glass powder comprises borosilicate zinc
glass andﬁborosilicate barium glass. |

By means of this cqnstitution, the invention makes it
possible to prevent cracking of a ceramic element occurring
during electrode formation, raise the strength of the bond
between a ceramic element and a thick film electrcde and
improve the adherence of solder to the thick film electrode.

~That is, because . plating liquid does not readily
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(2) Because .during baking in a non-oxidizing atnosphere the glass powder
is rediced and its properties deteriorate, when the plating is carried out
gl ass powder in the electrode tends to dissolve in the plating Iiquid.
Consequently, in the mddle of the plating process the plating liquid .

di ssol ves 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 ceramc dielectric |ayers of the

| am nated cepaglse1q@PASEESE11fbhte RAS YL 966 Uox BorSEPPich béebaadem and

cracks occur 1n the ceramc dielectric sel f (3) Also, because a

| arge quanti yya@ls Qi pRYSEr are compared with others in dissolving
tests and the like, reduction in the strength of the bond
between the ceramic element and the thick film electrode
caused by plating liquid permeating into the inside of the
thick film electrode can be suppressed and cracking of the
ceramic element can be prevented.

Because the softening point of borosilicate zinc glass
is about 570°C to 700°C and borosilicate zinc glass readily
sinters at ovef about 600°C, which is the temperature at the
time of electrode formation, at this temperature it becomes
too fluid and glass comes out onto the surface of the thick
film electrode dﬁring baking of the conducting thick film
composition. As a result, the plating liquid does not
adhere well. |

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

For this reason, in this invention, borosilicate zinc
glass and borosiiicate barium glass are blended together.
Because the softening 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
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I ncl uded, when baking is carried out at a high tenperature and in a

non- oxi*di zi Ag at nosphere, gl ass covers the surface of the external

el ectrode, a plating | ayer cannot be fornmed, and the solder wettability of
the surface falls. Sunmmary of the invention An object of this
invention is to provide a conducting thick filmconposition, a thick film
el ectrode, a ceramic electronic conponent and a | am nated ceranic
capacitor with which it is possible to inprove electrical reliability by

| mproving t hge sthaRdtderferabiord D8I VRRN a MAKARLC WddséEathisandi@ LBi ck

filmelectrode and inprove the adherence of solder to a thick film

el ectrode. "possible to adjust the fluidity of the glass with
boro#ilicate barium glasé and prevent glass from coming out
onto the surface of the thickufilm electrode.

Accordingly, by blending borosilicate zinc glass and
borosilicate barium glass it is possible to make a
conducting thick film composition to which plating liquid
readily adheres, with which the strength of the bond between
a ceramic element and a thick film electrode is high and
which plating liquid does not readily dissolve.

Also, because by this method it is possible to reduce
the blended amount of glass powder, which had been included
in large qpantities in order to maintain the strength of the
bond between the ceramic element and the tPick film
electrode, deterioration of the plating film adherence
caused by glass melting and covering the surface of the
thick film electrode can be prevented and soldering can be
improved.

Also, the invention provides a conducting thick film
composition including Cu powder, glass powder and an organic
vehicle wherein the Cu powder comprises spherical powder and
scaly powder and the glass powder comprises borosilicate
-2zinc glass and borosilicate barium glass.

By means of this constitution, the invention makes it

possible to prevent blistering of a thick film electrode and
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4 To achi eve the above object and other objects, the invention
provi dés a éonductlng thick filmconposition containing Cu powder, gl ass
powder and an organic vehicle wherein the Cu powder conprises spheri cal
powder and scaly powder. By neans of this constitution, the

I nvention nmakes it possible to prevent blistering of a thick film

el ectrode occurring while the electrode is being forned, increase the
strength of a bond between a ceramc elenent and a thick

cracking of a ceramic element occurring during electrode
fo:mati§n) further raise the strength of the bond between
the ceramic element and the thick film electrode and further
improve the adhesion of solder to thé thick f£ilm electrode.
That is, because as a result of the Cu powder
comprising spherical powder and scaly powder the occurrence
of blistering of the surface of the thick £ilm electrode is
prevented, it is possible to raise the strength of the bond
<-between the ceramic element and the thick film electrode.
Alsoc, as a result of the glass powder comprising
borosilicate zinc glass and borosilicate barium glass,
plating liquid adheres well to the conducting thick £film
composit%on and does not readily dissolve it and
consequently it is possible to make a conducting thick film
composition with which the strength of the bond between the
ceramic element and the thick film electrode is high.
Furthermore, because by this method it is possible to
rreduce the blended amount of glass powder, which had been
mlncluded in large quantities in order to maintain the
strength of the bond between the ceramic element and the
thick film electrode, deterioration of the plating adherence
caused by glass melting and éovering the surface of the
thick film electrode can be prevented and soldering can be
improved.

"In the invention, preferably, the Cu powder and the
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filmelectrode and i nprove the adherence of solder to a thick film

el ectrbde. ’ That is, because sintering of the spherical powder starts
and the sintered density becones high in the range 700 to 800[err]C, which
is the tenperature region in which blistering occurs, with only spherical
powder the void rate of the thick filmelectrode during sintering is

I nsufficient and consequently blisters formon the surface of the thick
filmelectrode and the strength of the bond between the ceram c el enent

and the thi gl fdd BRIRA riefadial Qe contaifidd oD the GatdurOVSIEI65 oo t he
ot her hand, “because the ‘strength with which it bonds with glass is snal
it peels oOfgswi@ ¥ifi valey1086tEYoRNEhd heortndiing thieRgEhLaf compos i bin
and thé organic vehicle is contained in the amount of 15 to
35wt% of the 100wt% of the conducting thick f£ilm
composition. Mote prefefably the Cu and glass consrrtute aloout 65038 wt%.
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
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 powder.and the giagé'powder is under 85wt$%
of the c?nducting thiék film composition, because the
conducting thick film composition is pastelike, it is easy
to coat. .The amount of the organic vehicle is the remainder
of the conducting thick £film composition excluding thé Cu
powder and the glass powder. '
In the invention[ preferably, the glass powder 1is
, About more Preferably about Sto 10 wt %
-een%atneé—tn—%he—amount—ef 3 to 15wt¥ of~%he—100wt% of the
conducting thick f£ilm composition.
That is, when the glass powder_constitutes.over 3wty
of the conducting thick film composition, a high bonding
strength between a ceramic element and. a thick film

electrode formed after baking of the conducting thick £ilm

compbsition can be obtained. Also, when the glass powder
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filmelectrode is | ow

bl ended with spherical powder. Because sintering of this

5

blistering occurs,
sintering increases,
formed and this prevents the

scaly powder does not start fully in the tenperature region.
the void rate of the thick film electrode during

passages through which produced gas can escape are
occurrence of blistering of the thick film

el ectrode

Accordingly, in this invention, scaly powder

i n which

constitutes less than 15wt% of the conducting thick £film

composition, glass does not separate out onto the surface of

the thick film electrode and the Ni/Sn plating adherence

improves.

In the invention, preferably, the Cu powder comprises

spherical 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 the sintered density is high the composition

becomes fine and the moisture resistance improves.

In the invention, more preferably, the Cu powder

comprises spherical powder and scaly powder and the average

particle diameter of the spherical powder is 0.3 to'l.Sum.

The reason for this is that an average particle

diameter of the spherical powder in the range 0.3 to 1.5um

L’?s optimum.

In the invention, preferably, the Cu powder comprises

spherical powder and scaly powder and the spherical powder

comprises a fine spherical powder of which the average

particle diameter is 0.3 to 1.5um and a coarse spherical

powder of which the average particle diameter is 'in the

range 2.0 to 5.0um.

That is, by mixing a scaly powder with a fine
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surface. As a result it is possible to raise the strength of the bond

bet weeh the'ceramic el enent and the thick film el ectrode. Al so,
because by this nethod it is possible to reduce the blended anmount of -

gl ass powder, which had been included in large quantities in order to.
mai ntain the strength of the bond between the ceram c el enent and the
thick film electrode, deterioration of the plating adherence caused by
glass nelting and covering the surface of the thick film electrode can be

B Conduct | g PREERER) o 6r PRICKRERp, averafasBartiele MEbhee b L
an organic yedi ¢loe W€ dnd hengha TR 'mERIRG | #2EhDAIN | 4 Cabargenc
spherical powder of which the average particle diameter is
2.0 to 5.0um, the coating form further improves.

Also, in the invention, preferably, the Cu powder
comprises a spherical powderland a scaly powder and the
average length of the scaly powder is 10.0 to 40.0um.

That is, when the average length is over 10.0um, an
ample effect of retarding the sintering can be obtained.
When the average length is under 40.0um, the Cu powder is
easy to coat onto the ceramic element itself, which is
smali, and its surface can be made smooth.

Pref@rably, the scaly powder is contained in the
amount of 10wt% to 70wt$ of the total 100wt% of the fine
spherical powder, the 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 sintering of the conducting thick
film composition the amount of glass floﬁing'out onto the
surface of the thick film électrode is small and as a result
plating adheres easily to the surface of the thick film
electrbde. When the contained amount of the scaly powder is
below 70w§%, the coatability of the thick film electrode is

good and the sintered density is high and consequently the
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gl ass and bor05|I|cate bari um gl ass. By nmeans of this constitution
the inVenti on makes it possible to prevent cracking of a ceramic el ement
occurring during electrode formation, raise the strength of the bond
between a ceranmic elenent and a thick filmelectrode and inprove the
adherence of solder to the thick filmelectrode. - That is, because
plating liquid does not readily 6

di ssol ve borosilicate zinc glass or borosilicate barium

conducting thick film composition resists the penetration of
plating liquid.

In the invention, preferably, the giass powder
comprises borosilicate zihoiéloss and borosilicate barium

mofe than about
glass and the borosilicate zinc glass is,-eentained—in—the-
-amount—ef-oves 50wt$ of £he 100wt® of the glass powder. frefoably,
it constitutes about 50t SOWt % of tha glasg,

That is, when borosilicate zinc glass constitutes over
50wt% of the 100wt% of the glass powder sintering is rapid
because-the blénded amount of borosilicate zinc glass is
large and the blended amouﬁt of borosilicate barium glass is
small, at the same temperature the composition becomes finer
and the sintered density is higher and consequently the
composition has a better heat shock property. When the
borosilicate zinc glass is made 100wt%, exceSsivo fluidity
causes a glass layer to form'on the surface and cover the Cu .
powder and consequently the plating process becomes
difficult. Therefore, because the plating adherence is
iﬁpaired, a borosilicate zinc glass content of 100wt% is not
pfeferable.

In the invention, preferably, the glass powder
comprises a borosilicate zinc glass and a borosilicate

about
barium glass and the borosilicate zinc glass contains,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

e ——
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gl ass when these are conpared with others in dissolving tests and the
| i ke, reduction in the strength of the bond between the ceram c el enent
and the thick filmelectrode caused by plating liquid perneating into the
i nsi de of the
ceram c el enent can be prevented. Because the softening point of
borosilicate zinc glass is about 570[err]C to 700[err]C and borosilicate.
zinc glass readily sinters at over about 600[err]C, which is the

t enperat ure ghatdetetisEicy. ehdeh @He ARnoURtI 60,20 idiledsenhanaBBwesit
becomes too fluid and glass cones out onto the surface of the thick film
el ectrode duthag dopogioliohhchaonthettary tihsukldtimg emdobetitonshocks a
result, the plating liquid does not

thick filmelectrode can be suppressed and cracking of the

characteristics.

In the invention, preferably, the glass powder
comprises a borosilicate zinc glass and a borosilicate
barium glass and the borosilicate barium glass contains 10
to 40wt% of BaO in the 100wt% of the borosilicate barium
glass.

" That is, when the amount of the BaO is greater than

10wt%, the éomposition has better insulating, Ni/Sn plating

~ adherence and heat shock characteristics. When this amount

is less than 40wt$%, the composition has better insulating
and heat shock characteristics.

Also, in the invention, preferably, the glass powder
comprises a borosilicate zinc glass and a borosilicate
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 added
the softening point of the borosilicate zinc glass and the
borosilicate barium glass is lowered énd the glass powder is
made to melt more readily.

The invention also provides a thick film electrode

en Rep \aced
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adhere wel | . Wth borosilicate bariumglass only, on the other hand,
becaus® it does not readily nelt during baking of the conducting thick
filmconposition, it hinders sintering of the conducting powder. For
this reason, in this invention, borosilicate zinc glass and borosilicate
barium gl ass are bl ended together. Because the softening 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 Glordeaticle af ebfahiedeeignBBti 0vf id S clldinflid Yelectronic
compoﬁent, the thick film electrode comprising a sintered
film made by sintering a conducting thick film composition
according to the invention. '

That is, a sintered film to constitute a thick film
electrode can be formed by sintering the above-mentioned
conducting thick film composition by heating the conducting
thick film composition at a specific temperature for example
in the range 600°C to 800°C.

The invention also provides a ceramic electronic
component comprising a ceramic element and a terminal
electrode formed on the ceramlc.element the terminal
electrode comprising a thick film eléctrode according to the
invention. |

That is, it is possible to prevent blistering of a
thick film electrode and cracking of a ceramic element
occurring during formatidn of a terminal electrode of a
ceramic electronic component, improve the strength of the
bond between the ceramic element and the terminal electrode
and improve the adhesion of solder to the terminal
electrode.

Also, the invention provides a_laminated ceramic
capacitor comprising a’staék made up of a ceramic dielectric
layer and internal electrodes disposed facing eaéh other

~with the ceramic dielectric layer therebetween and external
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7 at that tenperature is low. Mking use of this, it is possible to
adjust “the fluidity of the glass with borosilicate bariumglass and
prevent glass fromcomng out onto the surface of the thick film

el ectrode. Accordi ngly, by blending borosilicate zinc glass and
borosilicate bariumglass it is possible to make a conducting thick film
conposition to which plating liquid readily adheres, with which the
strength of the bond between a ceramic elenent and a thick film el ectrode

i's high and;ghirhudl abheg MMt d8RS nBiq resAhk¥tdassd Véne of the
internal electrodes, the external electrodes consisting of
thick film electrodes according to the invention.

That is, it is possible to prevent blistering of a
thick film electrode and cracking of a stack occurring
during formation of an external electrode of a laminated
ceramic capacitor, impfo#e the strength.cf the bénd between
the stack and the external electrcde and improve the
adherence of solder to the external electrode. |

Fig. 1 is a sectional view of a preferred embodiment
of the invention; and

Fig.’2 is a sectional 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
electrodes are used in a platelike ceramic capacitor and a
laminated ceramic capacitor, which are ceramic electronic
components.

" Fig. 1 is a sectional view of a platelike ‘deramic
capacitor. : -4; |

As shown in Fig. 1, this platelike ceramic capacitor
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Al so, because by this nmethod it is possible to reduce the blended anount
of gl ass powder, which had been included in large quantities in order to
mai ntain the strength of the bond between the ceram c el enent and the
thick film electrode, deterioration of the plating fil madherence caused
by glass nelting and covering the surface of the thick filmelectrode can
be prevented and sol dering can be i nproved. Al so, the invention
provi des a conducting thick film conposition including Cu powder, glass

powder and apa8r dalateiie ! Serbiniei Ailhec@riRoVienheeRPlisses Sebamieal

powder and scaly.powder and the gl ass powder conprises borosilicate zinc

gl ass and bogbenéntat a paiiridf)| e6fminal electrodes 3 disposed facing
each other on the main flat surfaces of the ceramic
dielectric 1, lead terminals 4 soldered to the terminal
electrodes 3, and covering resin 2.

The ceramic dielectric 1 is made for example of‘a
porcelain material such as barium titanate or lead niobate,
‘the terminal electrodes 3 are formed on opposite main flat
surfaces of the ceramic dielectric ; and the covering resin
2 covers the ceramic dielectric 1 rand the terminal
electrodes 3. .

The lead terminals 4 are provided for connecting the
terminal electrodes 3 to a circuit board not shown in the
drawing aﬁa each have one end embedded in the covering resin
2 and connected to one of the terminal electrodes 3 and the
other end projecting from 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 capacitor
has a fectangular parallelopiped shaped stack 5 and a pair
of external electrodes 7a, 7b disposed facing each other on

~ the ends of the stack 5.

Here, the stack 5 is made by sintering and thereby

integrating a laminated plurality of ceramic sheets 6 which

e
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By nmeans of this constitution, the invention nakes it possible to prevent
blisteting of a thick filmelectrode and

8 cracking of a ceram c el enent occurring during electrode formation
further raise the strength of the bond between the ceram c el enent and. the
thick filmelectrode and further inprove the adhesion of solder to the
thick filmelectrode. That is, because as a result of the Cu powder

are ceramic dielectric layers consisting of for example a
porcelain material such as barium titanate or lead niobate.

‘Pluralities of internal electrodes 9%a, 9b are disposed
alternately inside the stackﬂg.‘

The internal electrodes 9a are connected to the
external electrode 7a disposed on one side of the stack 5
and are insuloted 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 afe insulated from the external
electrode 7a. The internal electrodes 9a, 9b are disposed
in parallel with each other.

The Ferminal electrodes 3 of the platelike ceramic
capacitor and the external electrodes 7a, ’{b of the
laminated ceramic capacitor described above are thick film
electrodes consisting of sintered films formed by baking a
conducting thick £film composition according to the
invention. |

~.Next, conducting thick film compositions according to
the invention will be described in detail.
| (First Preferred Embodiment)

Conducting thick film compositions according to this
invention all contain a Cu powder, a glass powder and an
organic vehicle.

" In this preferred. embodiment, the Cu powder and the

ﬂ \\n\\\m\\\\ﬁi’i \‘iﬂiii“ .



conprisjng spherical powder and scaly powder the occurrence of blistering
of the surface of the thick filmelectrode is prevented, it is possible to
rai se the strength of the bond between the ceram c el enent and the thick
filmelectrode. Al so, as a result of the glass powder conpri sing
borosilicate zinc glass and borosilicate bariumglass, plating |liquid
adheres well to the conducting thick film conposition and does not readily
di ssolve it and consequently it is possible to make a conducting thick

fi1m commosiiigp WohBehivediies (AN {uiied1zabend BeiotERn dcgs cgsani o

el enent and e tht Furt hernore, because by
this nmethod gdwt® &99.&’:1@'1@6&% ogdune &Bﬁd@é@ﬂ@&tﬁ@urﬁim cohposipovter

whi ch had been
and the glass powder is blended in the amount of 3 to 15wt%
of the 100wt$% of the conducting thick f£ilm composition.

As the Cu powder, a mixture of a spherical powdexr and
a scaly powder having different particle shépes is used;

This spherical powder consists of substantially
sphericai Cu particles and is made up of a fine spherical

";“p6Wder A of average particle diameter 0.3 to l.Sﬁm and a
coarse spherical powder B of average particle diameter 2.0
to 5.0um.

The scaly powder is a scaly powder C consisting of
flake-shaped particles of about several um in thickness and
average length 10.0 to 40.0um.

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

d_,,.,?hat ié, the borosilicate zinc glass is glass powder
'.éénﬁéining Zn0-Si02-B203 and bonded with other components
such as alumina, alkali metal oxides such as Liz0 and alkali

‘earth metal oxides such as CaO.

The borosilicate barium glass 1is glass powder

containing BaO-SiO3-B303 and bonded with other components

such as alumina, alkali metal oxides such as Lij0 and alkali

earth metal oxides such as CaO, BaO.
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included in large quantities in order to nmaintain the strength of the bond
between thée ceramic elenent and the thick filmelectrode, deterioration of
the plating adherence caused by glass nelting and covering the surface of
the thick filmelectrode can be prevented and sol dering can be inproved.
In the invention, preferably, the Cu powder and the .

REPLACEMENT SHEET 9

The borosilicate zinc glass in the glass powder is
:blended in the amount of 50wt% or more of the 100wt% of the
glass powder. _

~ Here the borosilicate zinc glass contains ZnO in the
amount of 3 to 35wt% of the 100wt% of the borosilicate zinc
glass and the borosiiicate barium glass contains BaO in the
amount of 10 to 40wt$ of the 100wt% of -the borosilicate
barium glass.

As the organic vehicle, an acrylic resin base resin,
dissolﬁed in butyl cellosolve, which is an organic solvent,.
is used.
| Table 1 shows for conductinéfghiek film compositions
of preferred embodiments 1-1 to 1-16 the Cu powder blend
ratio (the respective blend proportlons of the fine
spherical powder A, the coarse spherical powder B and the
scaly powder C of the 100wt§ of the total of these three),

~an Ni/Sn plating film"adherence evaluation, the electrode
~bond strength,.the presence or absence of blisters and an

overall evaluation.
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gl ass powder,in total are contained in the amount of 65 to 85w % of the
100wt % of the conducting thick filmconposition and the organic vehicle is
contained in the anount of 15 to 35wt % of the 100wm % of the conducting
thick filmconposition. Mre preferably, the Cu and glass constitute
about 65 to 78wt % That is, when the total ampunt of the Cu powder
and the glass powder is over 65wt % of the conducting thick film
conposition, the viscosity of the conducting thick film conposition is

high, the levelabi [Tty PI[ {NE [CPN Jc ma JcK T m cpnpdsition after it
I's coated is good ahdg spdging |and the Iikb dep Ingt @wcgur.l N so, when the
total amount of theiGu bdwiie} lahd ghp lgljass| popder =i dindgr 85wt % of the
conducting thick fiffneco st ibletb Idisk Eﬁ@dbﬁoooﬁ‘g sl 2l :
o5 g5
5 8 3%
() ()
1] u
) g
0 0] o] 0] ¢] o] ¢] @] o] @] 0] o] ] ¢] o] o] ©] £~ %] ¥lO
o -
1.Q 2
g gy
£ = £o
5E 8%
0 g o5
g o ujaimjul-inlnjolulaio|oleini-lg 5 (ojofle
8%’ ﬂ'ﬂ'ﬂ'ﬂ'd‘ﬁ'ﬁlﬁ'd"ﬂmﬂmd‘ﬂ'mga PN
) b 8
T [T
Qo 00
= 0 =~
] 1)
o @
29 g g
.Ha i O
i Uu P M
P g8
ag lofolofolofolololofololofolofolo|ad | x| xjo S
«
§ 5 § 5
\H ~ —~
.,-|'_' o oed
z 0 Z
kel el Q
2 lofel=lelelslslatsizlelslsislelsielE [olololS
~ ~
4 q a4
gumooocoooooooooooogﬂmogo
'gg H%NHMNHMQ‘HQ‘NMFNEE‘ ot
2 21
b B =3 £ 13 B B B Bt et RS S B B R S S Y
(]
g
g s
Bl et o] o] o] ol | 2] | 8] ] hin] 0 8HNm -
L =4 B B B D B Bt DR A At A A s o A S K
ér{HHHHHHwHHHHHH‘_’H 4 Cal kel B
B
Q
]

This Sheet Has Been Replaced

[T




conducting thick filmconposition is pastelike, it is easy to coat. The

amount” of t'he organic vehicle is the renainder

filmconposition excluding the Cu powder and the gl ass powder.

the invention, preferably, the glass powder is about 3 to 15wt% nore.

preferably about 5 to | Oat % of 100w % of the conducting thick film
conposi ti on. ~ That is, when the glass powder constitutes over 3wt %
the conducting thick filmconposition, a high bonding strength between a

ceram c el enent apQ 2eElbGHcd] | bR WA shBwEPdnalll fon hetatingl ( he

conducting thick film conposition can be obtained. Al so, when the glass

powder

film adherence evaluation, the electrode bond strength, the
presence or absence of blisters and an overall evaluation
" for three compositions, reference'example 1-1 to reference
example 1-3, each containing one of the fine spherical
powder A, the coarse spherical powder B and the scaly powder
C as 100wt% of the Cu powder.

Next, measurement methods and measurement results of
the evaluations of the Ni/Sn plating film adherence, the
electrode bond strength and the presence ‘or absence of
blisters will be described as will the overall evaluations
based on these results.

To evaluate the Ni/Sn plating film adherence, first,
external 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 pléting was carried out.

Then, the 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 lum the film was
deemed good as indicated with a 9 in Table 1 and when it was
less thén lum the film was deemed defective as indicated
with a x in Table 1. |

In both reference example 1-1 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

——
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10 constitutes |less than 15w % of the conducting thick film

conposi tior, glass does not separate out onto the surface of the thick
filmelectrode and the Ni/Sn plating adherence inproves. In the

i nvention, preferably, the Cu powder conprises spherical powder and secaly
powder and the average particle dianeter of the spherical powder is 0.3 to
5.0[err]m That is, when the average particle dianeter is over

the Cu_electrode was exppsed, and the plating adherence was
therefore defective.

In the case of reference éxample 1-1 the reason for
this is probably that becaﬁéé.oﬁly the spherical powder A
was blended as the Cu powder the void rate of the thick film
electréde during sintering was insufficient and consequently
deterioration in the Ni/Sn plating film adherence caused by
glass melting and covering the surface of the thick film
electrode occurred.

In the case of reference example 1-2 the reason is
probably that because only the spherical powder B was
blended as the Cu powder deterioration in the Ni/Sn plating
film adherence occurred in the same way as in reference
exampie 1-1. _ )

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

With respect to the electrode bond strength, first a
wire was soldered to the end surface of the thick film
eleqtrode, both ends of the thick film electrode were pulled
and the size of the force (units: N) at the time when the
thick filmwelect;ode and the wire parted is shown in Table

1; the electrode bond strength was deemed to be good when
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0.3[err]n1.because the particles are large they are not readily oxidized.
When t'he average particle diameter is 5.0[err]mor less, because the
sintered density is high the conposition becones fine and the noisture

resi stance inproves. In the invention, nore preferably, the Cu powder
conpri ses spherical powder and scaly powder and the average particle
di aneter of the spherical powder is 0.3 to 1.5 err]m The reason for

this is that an average particle dianeter of the spherical powder in the
range 0.3 tQnL Hogbel fhs! §réRtéFURan 30N dnd deemedveot bendefectirabl y, the

Cu powder conprises spherical powder and scaly powder and the spheri cal
powder CONyHetEtLha FoReeSWASI 1688 flawledomf which the average

In reference example 1-3 the electrode bond strength
(N) was, at 26N, less than 30N and therefore deemed to be
defective, and the thick film electrode had peeled off at
its interface with the chip. |

The reason for this is probably that in reference
example 1-3 because on1y the scaly powder C ﬁas'blendéd as

- ..=ha Cu powder the bonding force with glass was small and the

thick film electrode consequently peeled off relatively
easily and the electrode bond strength had tpg;efore
decreased.

The presence or absence of blisters was determined
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
surface of the thick film electrode and irregularities had
gormed in the thick film electrode it was deemed that

'zgiisfgking had occurred and this was shown by a X in Table

1, and when not this was shown with a 2 in Table 1. —

Bliétering occurred in both reference example 1-1 and
reference example 1-2.

In the case of reference example i-l 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
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particle dianeter is 0.3 to 1. S[err]mand a coarse spherical powder of
whi ch fhe average particle dianmeter is in the range 2.0 to 5.0[err]m
That is, by mxing a scaly powder with a fine spherical powder
of mhich the average particle dianeter is 0.3 to 1.5[err]mand then
further mxing with this a coarse spherical powder of which the average
particle dianeter is 2.0 to 5.0[err]m the coating formfurther inproves.

electrode during sintering was insufficient and consequently
there was no way for produced gas to escape and blistefing
occurred as a result.

In the case of reference example 1-2 the reason is
probably that because only the spherical powder B was
blended 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
example 1-1.

Accordingly, because preferred embodiment 1-1 to
preferred embodiment 1-16 were deeﬁéé”good in Ni/Sn plating
film adhe;gnce, electrode bond strength and the presence or
absence of blistering, Ehis is indicated by a.Ezin 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
blistering this is indicated by a x in Table 1.

| 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 in the preferred émbodiment
described above borosilicate zinc glass and borosilicate -

barium glass set forth in the secqnd preferred embodiment
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Al'so, in the invention, preferably, the Cu powder conprises a spherical
powder “and a scaly pomder and the average length of the scaly powder is
10.0 to 40.0[err]m That is, when the average length is over
10.0[err]m an anmple effect of retarding the sintering can be obtained.
When the average length is under 40.0[err]m the Cu powder is easy to coat

onto the ceramc elenent itself, whichis small, and its surface can be
made snoot h. Preferably, the scaly powder is contained in the anount
of 100w %6 t 0adQuk 950 Kot Weitle LIQM! UOEnb 01440 povtilicy el powder, the
coarse spherical powder and the scaly powd he reason for this is

that when t hBogosi Bidee aidiglass may'be_used or Just borosilicate
barium glass may be used. Alternatively, some other glass
may be used. 1In any case the objects of the invéntion can
be achieved.

Also, for example, although in the preferred
.embodiment described above an acrylic resin base resin
dissolved in butyl cellosolve, which is an organic solvent,
is used as the organic vehicle, a cellulose resin or a
butyral resin or theulike may-be used as the base resin and
terpineol may be used as the organic solvent.

(Second Preferred Embodiment)

Conducting thick film compositions according to this
invention all contain a Cu powdér, a glass powder and an
organic vehicle.

In this préferred 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 glass 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 Zn0-SiO3-B203 and bbnded with other components

such as alumina, alkali metal oxides such as Li0 and alkali

——
——
—_—
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of the scaly powder is over | Om % because it does not becone very fine
during sint'ering of the conducting thick filmconposition the anmobunt of
glass flowing out onto the surface of the thick filmelectrode is small
and as a result plating adheres easily to the surface of the thick film
el ectrode. Wen the contained ambunt of the scaly powder is bel ow 70wt %
the coatability of the thick filmelectrode is good and the sintered
density is high and consequently the

12 earth metal oxides such as CaO.

The borosilicate barium glass is a glass powder

containing BaO-SiO3-B203 and bonded with other components

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

earth metal oxides such as CaO, BaO.

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 a spherical
powder and a scaly powder having different particle shapes
is used.

This spherical powder consists of substantially
spherical Cu particles and is made up of a fine spherical
powder A éf average particle diameter 0.3 to 1.5um énd a
coarse spherical powder B of average barticle diameter 2.0
to 5.0um.

The scaly powder is a scaly powder C consisting of
flake-shaped particles of several um in thickness and
average length 10.0 to 40.0um.

As the organic solvent, an acrylic resin dissolved in

[__\butyl cellosolve was used.

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

of the glass powder with-respect'to the 100wt% of the
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conducting thick filmconposition resists the penetration of plating
l'iquid. In the invention, preferably, the gl ass powder conprises
borosilicate zinc glass and borosi | i cat e barium glass and the borosilicate
zinc glass is nore than about 50wt % of 100wt % of the gl ass powder.
Preferably, it constitutes about 50 to 80wt % of the gl ass. That is,
when borosilicate zinc glass constitutes over 50wt % of the 100wt % of the. -
gl ass ‘powder sintering is rapid because the blended amount of borosilicate
zinc gl ass i gond@é€EngnNEhidle M1 dRepasRtnbn Of therwss ldfafRe bariumglass is
smal |, at the sanme tenperature the conposition becones finer and the
sintered denbbtysibida o ef i Gleeds @dthnkby¥pébt to the 100wt% of the

. glass powder, the insulation resistance NG count, the Ni/Sn
plating film adherence, the"ﬁéaf shock property and an

'ove;all evaluation based on these.
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conposition has a better heat shock property. When the borosilicate zinc
glass is made 100wt % excessive fluidity causes a glass layer to formon
the surface and cover the Cu powder and consequently the plating process
beconmes difficult. Theref ore, because the plating adherence is )

I npai red, a borosilicate zinc glass content of 100w % is not preferable.
In the invention, preferably, the glass powler conprises a borosilicate

zinc glass and a borfoSTTTCatF oA U S[ 4nd the ¢rpgiTckidel 3i nc gl ass
_ z p
contai ns -about 3 to 3% % of {AnP i b [LOOW % ¢f & the bpfokill | daf 4 Filnc gl ass.
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13 characteristics. Wen the amount of ZnOis less than 35w % the
conposition has better insulating and heat shock characteristics. I n
the invention, preferably, the glass powder conprises a borosilicate zinc
gl ass and a borosilicate bariumglass and the borosilicate barium gl ass
contains 10 to 40wt % of BaO in the 100wt % of the borosilicate barium

gl ass.

For reference, reference examples 2-1 to 2-9 are also

shown in Table 2.

| Also, in Table 3 are shown compositign ratios (units
are wt%) of frit numbers A, B, C which are preferred
examples of borosilicate zinc glasses, composition ratios
(units are wt%) of frit numbers G, H, I which.are preferred
examples of borosilicate bariﬁm glasses, composition ratios
(units are wt%) of frit numbers D, E which are reference
examp;es of borosiliéate zinc glasses, and composition
ratios (unité are wt%) of frit numbers F, J which are

reference examples of borosilicate barium glasses.
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That is, when the anmount of the BaOis greater than 10wt % the conposition
has better insulating, Ni/Sn plating adherence and heat shock
characteristics. Wien this amount is |less than 40wt % the conposition has
better insulating and heat shock characteristics. Al so, in the .

I nvention, preferably, the glass powder conprises a borosilicate zinc
glass and a borosilicate bariumglass and the borosilicate zinc glass and
the borosilicate bariumglass contain at |east one of alumna, an alKkal
metal oxide and an alkali earth netal oxide. The reason for this is
that when alumna-is added the acid resistance of the conposition is

| mproved and mhen an [rKal nﬁfa“ DXl de of [an [allkali earth netal oxide is
added :
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the softening point of the borosilicate zinc glass and the borosilicate
barium'glass is | owered and the glass powder is nmade to nelt nore readily.
The invention also provides a thick filmelectrode

14 formed on a ceramic element of a ceramic electronic conponent, the
thick filmelectrode conprising a sintered filmnade by sintering a
conducting thick filmconposition according to the invention.

- Next, measurement methods and measurement resﬁlts of
the evéluations of the insulation resistance NG count, the
Ni/én plating film adherence and the heat shock property
will be described and then the overall evaluations based on
these results will be discussed. |

To evaluate the insulation resistance NG count, first,
external 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 out.
Then, the insulation resistance across the two electrodes
was measured and deemed to be NG when the resistance value
was below 1x109Q. This measurement was carried out for 20
laminated ceramic éapacitors and the number of NG capacitors
shown in f;ble 2. When there were no NG laminated ceramic
capacitors the example 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 laminated
ceramic capacitors out of 20 and the example was therefore
inferior.

The reason for 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.
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That is, a sintered filmto constitute a thick film electrode can be

2

formed by sintering the above-nentioned conducting thick film conposition
by heating the conducting thick filmconposition 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 el ectronic conponent conprising a ceramc elenent and a
termnal electrode fornmed on the ceramc elenent the termnal el ectrode
conprising a thick filmelectrode according to the invention. That

is, it is possiblent pepéRacdd ddnPl¥ i2°d Chee WK1 iNeN Ringidiatade and

cracking of a ceramc elenent occurring during formation of a term na

el ectrode of cé@ramic capacitors out of 20 and the example was therefore
inferiof. |

The reason for this is"éﬂaf because in the composition
ratios of the frit number F borosilicate barium glass the
proportion of BaO was low, at 5wt%, with respect to.tﬁe
100wt% of the glass powder, deterioration in ‘insulation
resistance occurred due to cracking occurring in the
laminated ceramic capacitor and shorting occurring and the
like.

In reference example 2-5 there were 3 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 J borosilicate barium glass the
proportion of BaO was high, at 55wt%, with respect to the
100wt% of the glass powder, deterioration in insulation
resistance occurred due to cracking occurring in the
lamihated 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 recson for this is that because in the composition

ratios of the frit number D borosilicate zinc glass the
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ceram ¢ el ectronic conponent, inprove the strength of the bond between the
ceram c elenent and the term nal electrode and inprove the adhesion of
solder to the term nal el ectrode. Al so, the invention provides a

| am nat ed ceram c capacitor conprising a stack nade up of a ceramc .
dielectric layer and internal electrodes disposed facing each other wth
the ceramc dielectric |ayer therebetween and external

15

propor;ion of Zn0O was high, at 50wt%, with respeét to the
100wt% of the glass powder, deterioration in insulation
resistance occurred due to cracking occurring in thg
laminated ceramic capacitor and shorting occurrihg and the
like.

In reference examplg 2-8 there were 15 NG laminated
ceramic capacitors out of 20 and the example was therefore
inferior.

The reason for this is that because the added amount
of glass powder was small, at 2.0wt%, deterioration in
insulation resistance occurred due to cracking occurring ih
the laminated ceramic capacitor and shorting occurring and
the like.

Accordingly, it can be seen that in insulation
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
1n the borosilicate barium glass composition 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'borosilicate barium glass composition constitute
léss than 40wt% of the 100wt% of the glass powder. .

It can also be seen that it is preferable that the ZnO

in the borosilicate zinc glass composition cénstitute less

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

———
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—_—
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el ectrqodes each having one end connected to one of the internal

el ectrodes, the external electrodes consisting of thick filmelectrodes
according to the invention. That is, it is possible to prevent
blistering of a thick filmelectrode and cracking of a stack occurring.
during formation of an external electrode of a |lamnated ceramc
capacitor, inprove the strength of the bond between the stack and the
external electrode and inprove the adherence of solder to the external

el ectrode. BriefpbesesipdtOn Y m*?%n%im:*ﬂag £ilm aéﬁh@rericé s Firgacti onal
view of a preferred enbodi nent of the"invention; and F|g 21is a
sectional Vi gweinanoél i rsRiLive2@ 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 out.
Then, the 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 lim the film was
deemed to be good as indicated with a g in Table 2 and when
it was less than 1lpum 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 than ihﬁ: it could also be seen
from the e;ternal appearance that the Cu electrode 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
plating film adherence consequently fell.
In reference éxample 2-4 the film thickness of the
Ni/Sn plating film was less than 1lum, 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 Ba0 was low, at 5wt$% with respect to the

et Has Been Reraced

i



enbodi nent qf the invention. Detailed Description of the Preferred
Enbodi nent s A preferred enbodi nent of a thick film el ectrode
consisting of a sintered filmnmade by sintering a conducting thick film
conposition according to the invention will now be described with .
reference to cases wherein such thick film electrodes are used in a

pl ateli ke ceram c capacitor and a |am nated ceram c capacitor, which are
ceram c el ectronic conponents. Fig. 1 is a sectional view of a

platelike cejgicy SARAG Pass powad, SEAYNI FskBhating FiinPbahakikee

ceram c capac
was low.

In reference example 2-7 the film thickress of the
Ni/Sn plating film was less than 1um, it cduld 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 D borosilicate zinc glass the
proportion of ZnO was low, at 2wt% with respect to the
100wt% of the glass powder, the Ni/Sn plating adherence was
low. |

In reference example 2-9 the film thickness of the
Ni/Sn plating film was less than 1um, 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 the added amount
of glass powder was high, at 17.0wt%, glass separated out
onto the surface of the thick film electrode and the Ni/Sn
platiﬂg adherence consequently fell. _

Accordingly, it can be seen that in Ni/Sn plating f£ilm
adherence it is preferable that thée added amount of glass
‘powder be 15.0wt% or less.

It can also be seen that it is preferable that the 8a0
in the composition of the borosilicate barium glass

constitute more than 10wt% of the 100wt% of the glass
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16 has a platelike ceramc dielectric 1 which is a ceramc elenent, a
pair of termnal electrodes 3 disposed facing each other on the nain flat
surfaces of the ceramic dielectric 1, lead termnals 4 soldered to the
termnal electrodes 3, and covering resin 2. The ceramic dielectric
1 is nmade for exanple of a porcelain material such as bariumtitanate or

| ead ni obate, the termnal electrodes 3 are forned on opposite main flat
surfaces of the ceramc dielectric 1 and the covering resin

powder.

It can also be seen that it is preferable that the ZnO
in the composition of the borosilicate zinc glass constitute
more than 3wt$% of the 100wt% of the glass powder.

To evaluate heat shock property, first, external
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 out. Then, this
laminated ceramic capacitor was dipped in a 400°C solder
tank for about two seconds.

When at this time cracking occurred in the laminated
ceramic capacitor 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 Q in Table 2. In Table 2, AT =
375°C means AT = (400°C solder tank - 25°C room
teﬁpérature).

In reference example 2-1 cracking occurred in the
laminated ceramic capacitor and it was therefore 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.
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2 covers the ceramc dielectric 1 and the termnal electrodes 3. The
lead térmnals 4 are provided for connecting the termnal electrodes 3 to
a circuit board not shown in the draw ng and each have one end enbedded in
the covering resin 2 and connected to one of the term nal el ectrodes 3 and
the other end projecting fromthe covering resin 2 and connected to the
circuit board. Fig. 2 is a sectional view of a lamnated ceramc
capaci tor. As shown in Fig. 2, this lam nated ceram c capacitor has a -

rect angul ar aral t n
g p Oagpgq ?g%o%ﬂﬁ éfgcﬁhﬁﬁdo@clﬂ?flng HasthRitNghe

el ectrodes 7a, 7b di sp ng each ot
wt% of the borosilicate zinc glass was low, at 20wt%.

In reference example 2-4 cracking occurred in the
laminated ceramic capacitdr“;hd‘it was therefore deemed to
be inferior. E

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 at 5wt% with respect
to the 100wt% of the glass powder.

In reference example 2-5 cracking occurred in the
laminated ceramic capacitor and it was therefore deeﬁed to
be inferior.

The reason for this cracking occurring was that in the
composition ratios of the frit number J borosilic§te barium
glass the proportion of Ba0 was large at 55wt% 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 numbef D borbsilicafe barium.
glass the proportion of ZnO was large at 50wt% with respect
to the 100wt% of the glass powder.

Iﬁ refcrence example 2-8 cracking occurred in the

laminated ceramic capacitor and it was therefore deemed to

“’ﬁﬁ’iiﬁﬁiirﬁili uﬁu“ .



the ends of the stack 5. Here, the stack 5 is made by sintering and
t her eby |ntegrat|ng a lamnated plurality of ceram c sheets 6 which

17 are ceramc dielectric layers consisting of for exanple a porcelain
material such as bariumtitanate or |ead niobate. Pluralities of:

internal electrodes 9a, 9b are disposed alternately inside the stack 5.
The internal electrodes 9a are connected to the

be inferior.
' Tﬁe reason for this cracking occurring was that the
added amount of glass powder was small, at 2.0wt%.

Accordingly, it can be seen that in heat shock
property it is preferable that the added amount of glass
powder be over 3.0wt%.

It can also be seen that it is preferable that the
borésilicate zinc glass constitute more than Soﬁt% 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
constitutg 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
constitute less than 40wt$ of the 100wt$ of the glass
powder.

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

Accordingly, the overall evaluations show that the
reference examples 2-1 to 2?9 were ihferior in one or more
of.the characteristics insulation resistance NG count, Ni/Sn
plating adherence or heat shock property and were inferior

to the preferred embodiments 2-1 to 2-10.
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externgl electrode 7a disposed on one side of the stack 5 and are

i nsul ated fromthe external electrode 7b di sposed on the other side of the

stack 5. The internal electrodes 9b are connected to the external
el ectrode 7b and are insulated fromthe external electrode 7a. The

I nternal electrodes 9a, 9b are disposed in parallel with each other

The term nal electrodes 3 of the platelike ceramc capacitor and the
external electrodes 7a, 7b of the |am nated ceranm c capacitor described

above are thick fijdg, Hs‘i’xtegr%d‘f:ﬁeCBGéféii NGriuat Yy @F thleTrefatandeby

baki ng a onductlng t | mconposition according to the invention
examples 2-1 to 2-9 are x indicating that they are less

preferable than the preferred embodiments 2-1 to 2-10, these
" reference examples are all satisfactory compared with
conventionai examples and can achieve the objects of the
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 in this preferred embodiment the
éu powder set forth in the first pfeferred embodiment was
used,.as lpng as the Cu powder comprises a spherical powder
and a scaly powder 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 particle diameter or
length is adjusted. PFurthermore, the particle shape need
not be particularly limited. In any case the dbjecﬁs of the
invention can be achieved.

Also, for example although in this preferred
embodiment an acrylic resin constituting a base .resin
‘dissolved in butyl cellosolve, which is an organlc solvent
is used as the organic vehlcle, a cellulose resin or a
butyral resin or the like may be used as the base resin and

terpineol may be used as the organic solvent.
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Next, condugting thick film conpositions according to the invention w

be described in detail. (First Preferred Enbodi nent) Conducti ng
thick filmconpositions according to this invention all contain a Cu
powder, a gl ass powder and an organic vehicle. In this preferred

enbodi nent, the Cu powder and the
gl ass powder together are blended in the amount of 65 to

In a conducting thick film compositibn accordinglto
the present invention, as a result of the Cu powder
compfising a sphefical powder and a scaly powder it is
possible to prevent blisteriﬁg of the surface of a thick
film electrode and consequently it is possible to.improve
the strength of a bond between a ceramic element and a thick
film electrode. |

Also, 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 between the ceramic element and the thick film
electrode, deterioration of the plating adherence caused by
glass melt}ng and covering thé surface of the thick film
electrode can be prevented and soldering can be improved,
and therefore it is possible to improve the electrical
reliability of a ceramic electronic component.

In the invention, as a result of the Cu powder
comprising a borosilicate zinc glass and a borosilicate
barium glass, plating liquid readily adheres and plating
liquid does not readily dissolve and conséquently reduction
in the strength of the bond between the ceramic element and
the thick film electrode céused by plating liquid permeating
into the inside of the electrode can be suppressed and’
cracking of the ceramic element dan be prevented.

'Also, because by this method it is possible to reduce
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85w %.of the 100wt % of the. conducting thick filmconposition and the glass
powder is blended in the amount of 3 to 15w % of the 100w % of the

conducting thick film conposition. 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 spherical powder A of average particle
dianeter 0.3 to 1.5[err]mand a- coarse spherical powder B of average

Bg\r/\:j:efl ?: glon5| | ‘ng éoz% é‘ﬁ&kgbgl ggspgr‘f’d i’res lgj?é%tbout %&e?gﬁgﬁgﬁa} )r/n I n
thickness afg A4 adadandids 10 Brier4PoOheiritddn the strength of the
bond between the ceramic element and the thick film
electrode, 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
reliability of a ceramic electronic component.

' In the invention, as a result of the Cu powder
comprising a spherical powder and a scaly powder and the
glass powder comprising a borosilicate zinc glass and a
borosilicate barium glass it is possible to prevent the
occurrence of blistering of the surface of the thick film
electrode and cracking of the ceramic element and -
consequently it is possible to further improve the strength
of the bond between the ceramic element and the thick film
electrode.

Also, 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 oflthe
bond between the ceramic element and the thick film
electrode, deterioration of the plating adherence caused by
glass melting and covering the surface of the thick £ilm
electrode can be preventéd-and soldering can be improved,

and therefore it is possible to improve the electrical

—_—
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As the gl ass. powder, borosilicate zinc glasses and borosilicate barium
gl asses set forth in a second preferred enbodi nent descri bed bel ow are

used. That is, the borosilicate zinc glass is glass powder

cont ai ni ng ZnO Si O2- B203 and bonded with ot her components such as al uni na,
al kali metal oxides such as Li[err]O and alkali earth nmetal oxides such as
Cao. The borosilicate bariumglass is glass powder containing

BaO Si O2- B203 and bonded with ot her conponents such as alum na, al kal
netal oxi de%eali%lqatyl ber 5] & pami @l daddrraedid kofipbabneXi des such as CaQ

o0 _ In the invention, preferably, the Cu powder and the
glass powder in total are contained in the amount of 65 to
85wt% of the 100wt% of the'ééﬁaﬁcting 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.

By this method it is possible to increase the
cbndﬁcting thick film composition levelability and improve
its coatability.

In the invention, preferably, the glass powder is
contained in the amount of 3 to 15wt% of the 100wt% of Ehe
conducting thick film composition.

By this method, by further increasing the strength of
the bond between the ceramic elemenﬁ and the thick film
electrode and increasing the plating adherence it is
possible to further increase the solder adherence.

In the invention, preferably, the Cu powder comprises
sphefiéal.powder and scaly powder and the average particle
diameter of the spherical powder is 0.3 to 5.0um.

By'this method it is possible to prevent oxidization
of the conduétihg thick film composition and improve its
_moisture resistance.

In the invention, more preferably, ﬁhe Cu powder

comprises a spherical powder and a scaly powder and the

This Sheet Has Been Reila ed

Hllllll IIIIIIHI

- 42



19 . The borosilicate zinc glass in the glass powder is blended in
t he amount of 50w % or nore of the 100w % of the gl ass powder. Her e
the borosilicate zinc glass contains ZnOin the anount of 3 to 35w % of
the 100w % of the borosilicate zinc glass and the borosilicate barium .

gl ass contains BaOin the anmount of 10 to 40wt % of the 100w % of the
borosilicate barium gl ass. As the organic vehicle, an acrylic resin
base resin,

average particlé diameter of the spherical powder is 0.3 to
1.5um.
By this method, a more optimal average particle
diameter is adopted.
In the invention, preferably, the Cu powder comprises
a spherical powder and a scaly powder and the spherical
powder comprises a fine sphérical powder of which the
average particle diameter is 0.3 to 1.5um and a coarse
79“spherical powder of which the average particle diameter is
2.0 to 5.0um.
By this method, it is possible to further improve the
coatability of the conducting thick film composition.
Also,’in the invention, preferably, the Cu powder
comprises a spherical powder and a scaly powder and the
average length of the scaly powde; is 10.0 to 40.0um.
By this method it is possible to increase the effect
of the scaly pdwder of retarding the sintering and shapewise
_also improve the coatability and make the surface smooth.
| -.in the invention, preferably, the glass powder
comprises borosilicate zinc glass and borosilicate bariuﬁ
glass and the borosilicate zinc glass is contained in the
amount of over SOwt% of the 100wt% of the glass powder.
| By this method it is possible to-impréve'the heat
shock property of the conducting thick film composition.

' In the invention, preferably, the glass powder
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di ssolved in butyl cellosolve, which is an organic solvent, is used.
Table 1 shows for conducting thick filmconpositions of preferred

enbodi ments 1-1 to 1-16 the Cu powder blend ratio (the respective blend
proportions of the fine spherical powder A the coarse spherical powder
B and the scaly powder C of the 100wt % of the total of these three), an
Ni /Sn plating filmadherence eval uation, the electrode bond strength, the
presence or absence of blisters and an overall eval uation.

comprlses a borosilicate zinc glass and a bor05111cate
barium glass and the borosilicate zinc glass contains 3 to
35wt$ of ZnO with respect to the 100wt% 9f the borosilicate
zinc glass.

By this method it is possible to improve the plating
adherence, insulation characteristics and heat shock
property of the composition. _

“In the invention, preferably, the glass powder
comprises a borosilicate zinc glass and a borosilicate
barium glass and the borosilicate barium glass éontains 10
to 40wt% of BaO with respect to the 100wt% of the
borosilicate barium glass. o

By tb}s method it is possible to improve the
insulation characteristics, plating adhereénce and heat shock
property of the composition._

Also, in the invention, preferably, the glass pbwder
comprises a borosilicate zinc glass and a borosilicate
barium glass and the borosilicate zinc glass and the
borosilicate barium glass contain at least one of alumina,
an aikali metal oxide and an élkali earth metal oxide.

By this method, improvement of the acid reelstance of
. jmprovemen=
the composition by the addition of alumina and rai=ing of
the softening psint of the glass powder by fhe addition of

-an alkali metal oxide or an alkali earth metal oxide ia

are possible.
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20 ‘ [err] 21 For
reference, Table 1 also shows an Ni/Sn plating

With a thick film electrode according to the invention
it is possible to form a sintered film to constitute a thick
film electrode by sintering the above-mentioned conducting
thick film composition and consequently a thick f£ilm
electrode for a cefamic electronic component can be
manufactured easily.

With a ceramic electronic component according to the
invention it is possible to prevent blistering of a thick
film electrode and cracking of a céramic element occurring
when terminal electrodes of the ceramic electronic component
are being formed and improve the strength of the bond
between the ceramic element and the terminal electrodes and
improve thg adherence of solder to the terminal electrodes.

With a laminated ceramic capacitor according to the
invention it is possible 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 and the external electrodes and improve the

adherence of solder to the external electrodes.

—_
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fil m adher ence.evatuation, the el ectrode bond strength, the presence or

absence” of bllsters an overall evaluation for three conpositions,
referen reference exanple 1-3, each containing one of the
fine sp t he coarse spherical powder B and the scaly

powder as 160m¢960f the Cu powder . Next, measurenent nethods and
nmeasurenent results of the evaluations of the Ni/Sn plating film
adherence, the electrode bond strength and the presence or absence of

blisters “‘bﬁm&%:ﬂ%ﬁﬁ%lﬁﬁﬂ.ﬁ%;“‘" t he overall evaluations based on these
resul ts. o0 -evaluate the Ni/Sn plating fil madherence, first,
external electrodeg wepechbaaiBeing teidk efidem GompobiBioat edmprising
Cu powder, glass powder and am organic vehicle wherein the
Cu powder comprises spherical powder and scaly powder.
2. A conducting thick film composition comprising
Cu powder, glass powder and am organic vehicle wherein the ¢
glass powder comprises borosilicate zinc glass and
borosilicate barium glass. |
3. A conducting thick film composition comprising
Cu powder, glass powder and am=organic vehicle wherein the -
Cu powder comprises spherical powder and scaly powder and
the glass powder comprises borosilicate zinc glass and
borosilicate barium glass.
4. A conducting thick film composition according to
any of claims 1 through 3 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 film
composition. -
5. A conducting thick film composition according to
any of claims 1 through 4 wherein the glass powder is
contained in the amount of 3 to 15wt% of the 100wt% of the
conducting thick film composition.

6. A conducting thick film composition according to
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cer ani ¢, capaci-ter—chip by baklng at about 800[err]Cin a nitrogen

at nosphére and ng was carried out. Then, the filmthickness of
the Ni/S ““m\m‘g“& measured with a fluorescence X-ray film
thicknes en the filmthickness was greater than 1[err]mthe
filmwas deéne good as indicated with a [err] in Table 1 and when it was

l ess than 1[err]mthe fil mwas deened defective as indicated with a x in
Tabl e 1. In both reference exanple 1-1 and reference exanple 1- 2

the filmthi g&g 658 Slainle 1N'a&1§lauahasl WHelbif VS P Pouded colp@ikkE) |

could al so be seen fromthe external appearance that
spherical powder and scaly powder and the average particle

diameter of the spherical powder is 0.3 to 5.0um.

7. A conducting thiéﬁtfilm composition according to
any of claims 1 through 6 wherein the Cu powder comprises
sphericai powder and scaly powder and the average particle
diameter of the spherical powder is 0.3 to 1.5um.

8. A conducting thick film composition according to
any of claims 1 through ?‘wherein the Cu powder comprises
spherical powder and scaly powder and the spherical powder
comprises fine spherical powder of which the average
particle diameter is 0.3 to 1.5um and coarse spherical
powder of‘yhich the average particle diameter is 2.0 to
5.0um. |

9. A conducting thick film composition according to
any of claims 1 through 8 wherein the Cu powder comprises
épherical powder and scaly powder and the average length of
the scaly powder is 10.0 to 40.0um. |

. '10. A conducting thick film composition according to
"any of claims 1 through 9 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.

11. .:A conducting thick £ilm compoéition according to

any of claims 1 through 10 wherein the glass powder
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22 the-Cu_electrode was exposed, and the plating adher ence was
therefore defective. In the case of reference exanple 1-1 the reason

for thmlumimﬁ""\ut t because only the spherical powder A was bl ended
as the Qi : rate of the thick film. electrode during .
sintering wds itnstifffci'ent and consequently deterioration in the Ni/Sn

plating fil madherence caused by glass nelting and covering the surface of
the thick film electrode occurred. -In the case of reference exanple

1-2 the reagQpphkises borosilicate zinc glass and borosilicate barium
glass and the borosilicate zinc glass contains 3 to 35wt% of
ZnO with respect to the 100wt% of the borosilicate zinc
glass.

12. A conducting thick film composition according to
any of claims 1 through 11 wherein the glass powder .
comprises borosilicate zinc glass and borosilicate barium
glass and the borosilicate barium glass contains.lo to 40wt%

”Lw-df“BaO with respect to the 100wt% of the borosilicate barium
glass.

13. A conducting thick f£film cdmposition according to
any of claims 1 through 12 wherein the glass powder
comprises porosilicate zinc glass and borosilicate 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.

14. A thick film electrode formed on a ceramic
"element of a ceramic electronic component, the thick film

“ ﬂdé&é;;rbde comprising a sintered film made by sintering a
conducting thick film composition according to any of claims
1 through 13.

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

film electrode according to claim 14.
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probabl y ttrat-tecause—enl-y-the spherical powder B was blended as the Cu

powder deterd nin the Ni/Sn plating film adherence occurred in the
same way agmmﬂ@"%mj‘ m@npl e 1-1. Accordingly, fromthe
eval uation I ing filmadherence it can be seen that not,
only just the spherlca pomder A or just the spherical powder B but al so
the scaly powder C which increases the void rate of the thick film

el ectrode is necessary in the Cu powder. Wth respect to the
el ectrode bond stregngth fdnfitlatdd Wetk8mi@Scapadticd danmpriigiagdasythare of

the thick film electrode, both ends of the thick filmelectrode were

pul led and hdtde iy @fa deeamdecaielsttric Naydr laminatedwreésht he
internal electrodeé disposed facing each other with the
ceramic 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,

the external electrodes comprising thick film electrodes

according to claim 14.
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thick fslmelectrode and the wire parted is shown in Table 1; the
el ectrode bond strength was deened to be good when

23 the force was greater than 30N and deermed to be defective when the
force was | ess than 30N. In reference exanple 1-3 the el ectrode bond
strength (N) was, at 26N, less than 30N and therefore deened to be

def ecti ve,

and the thick filmelectrode had peel ed of f at

st t of the Disc]

A conducting thick film composition, a.thick film
electrode made by sintering this composition, and a ceramic
electronic component and a laminated ceramic capacitor in
which this thick £ilm electrode is used of which the
electrical reliability is improved by the strength of a bond
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 the electrode being improved by the
elimination of glass separation out onto the surface of the
electrode during sintering.

The conducting thick film composition comprises Cu

powder, glass powder and an organic vehicle, the Cu powder

'comprises spherical powder and scaly powder and the glass

powder comprises borosilicate zinc glass and borosilicate

barium glass.
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its interface with the chip.. The reason for this is pﬁﬁp@ I% é?ﬁtﬁhg

reference exanple 1-3 only .t he scaly powder C was efde

Cu.powder the bondi% ’ﬁgj%h gléi’s vvag%mall and the %@@?lél .02

el ectrode cons?ue,?tﬂr% p_ee%@_g f relatively easily and t1 e ecérglcli'e zdéﬁd

strength had t efet d ?ka% g ed. The presence or absence of '

blisters Wg?—f‘et erpmined fromthe external appegpance. of a Lhi ckgdilm. . _ _
a

el ectrode | am nated ceranic capacitor formed by the manufacturing
met hod desgri ped 16% 1 Wgrgair bubbles formed at the surface of the
thick filmelectrode and irregularities had fornmed in the thick film
electrode it was ggqnpd t hat

fx-y - B/

i ]
. a-F [E2])
14—y Fg-2 5
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blistering had: occurred and this was shown by
this was shown with a [err] in Table 1.

reference exanple 1-1 and reference exanple
ref erence exanple 1-1 the reason for
t he’ spherical powder A was bl ended as the Cy
thick film

this i'g

-----

’%

At he:%?r the

24 el ectro d
DATE OF RECEIPT QeUAPR ”'996

sintering was insufficient and consequently

CONDUCTING THICK FILM COMPOSITION, THICK FILM ELECTRODE,

CERAMIC ELECTRONIC COMPONENT AND LAMINATED CERAMIC CAPACITOR

This invention relates to a cdnducting thick £film

composition and a ceramic electronic component such as a

laminated ceramic capacitor wherein this conducting thick

£ilm composition is used for a thick f£ilm electrode.

Conventionally,

-electronic component,

a thick fiim electrode of a ceramic

for example an external electrode of a

laminated ceramic capacitor, is made by coating onto an end

surface of a stack of alterhately laminated ceramic

" dielectric layers and internal elect:odes and then baking a

conducting thick film composition comprising Ag powder or

Ag-Pd powder,
which is a filler,

base resin and an organic solvent.

which are conducting powders}

glass powder,

and an organic vehicle consisting of a

After an external electrode is formed, plating is

carried out to increase the solderability of the electrode,

and for example_.a Ni/sn solder layer is

~electroplating.

formed by

A large quantity of glass powder as a filler is

included in order to maintain the strength'of the bond

between the stack and the external electrode.

The glass

powder melts during'the baking of the electrode and melted
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there was no way for produced gas to escape and blistering

occurred as a

result. fln the case of reference exanple 1-2 the reason is probably

t hat because only the spherical powder B was blended as t

he Cu powder the

void rate of the thick film electrode during sintering was insufficient.

and consequently there was no way for prdduced gas to escape and

blistering

exanple 1-1.
M ro?ov@‘d&ﬁ NEGEs de8MeHe0q0d rFalle Brtilctd Nthe fétl_é@:k and

preferred e
adher ence,
blistering,

oécurred as aresult as it did in the case of reference
Accordi ngly, because preferred enbodinent 1-1 to

bond strength and the presence or absence of
ttHeS e arn@lCatedcb¥da &Baracts dabie adhesive.

Ag powder or Ag-Pd powder has been mainly used as the
conducting powder, but recently inexpensive Cu powder has
started to be used instead of Ag powder or Ag-Pd powder to
reduce costs.

However, when Cu powder has been used as the
conducting powder to promote cost reduction there have been
the following kinds of problem:

(1) Because Cu is easily oxidized, baking must be carried
out in a non-oﬁidizing atmosphere; however, in this case the
rate of decomposition of the resin component in the organic
vehicle 1is slow, resin component remains wuntil the
temperature at which the glass starts to melt is'reached and
consequently gas pfoduced by the decomposition of the resin
component forms bubbles in the melted glass.

As a result, a phenomenon occurs wherein parts of the
external electrode,'called blisters, swell up. | Such
blisters are also caused by gas produced by the ceramic and
the glass reécting with each other at high temperatures.
That is, these blisters tend to form at high temperatures at
which sintering of the surface of the Cu electrode 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 sometimes reduced by these blisters.
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Because reference exanple 1-1 to reference exanple 1-3 were - deened to be
defective in Ni/Sn plating film adherence, electrode bond strength or the
presence or absence of blistering this is indicated by a x in Table 1.
The” conducting thick filmconposition of the present invention is not
limted to the preferred enbodi nent descBi bed above and vari ous changes
can be made within the scope of the invéntion. For exanpl e, although
in the preferred enbodi nent described above borosilicate zinc glass and

borosilicate bariumglass set forth in the secondcpne,enred enbodi_nment
(2) Because during baking in a non-oxidizing atmosphere

the glass powder is reduced and its properties deteriorate,
when the plating is carried out glass powder in the
electrode"tends to dissolve in the plating liquid.

Consequently, in the middle of the plating process the
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
laminated ceramic capacitor falls, peeling occurs at these
interfaces and cracks occur in the ceramic dielectric
itself. |

(3) Also, because a large quantity of glass powder is

included, when baking is carried out at a high temperature
and in a non-oxidizing atmosphere, glass covers the surface
of the externmal eleétrodé, a plating layer cannot be formed,
and the solder wettability of the surface falls.
Summary of the invention

An object of this invention is to provide a conducting
thick film composition, a thick film electrode, a ceramic
electronic component and a laminated ceramic capacitor with
which it is possible to improve electrical reliability by
improving the strength of a‘bond between a cerémic substrate
and a thick film electrode and imprové the adherence of

sclder to a thick film electrode.
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25 descri bed bel ow were used as the gl ass powder, just Dborosilicate zinc
gl ass may be used or just borosilicate bariumglass may be used.
Alternatively, sone other glass may be used. In any case the objects of -

the invention can be achieved. A so, for exanple, although in the
preferred enbodi ment described above afi_acrylic resin base resin
di ssolved in butyl cellosolve, which is an organic solvent, 1is used as the

organic vehicle, a cellulose resin or a butyral resin or the like may be
used as the baserd egstRid¥d the above object and other objects, the

invention provides a conducting thick film composition
containing Cu powder, glass powder and an organic vehicle
wherein the Cu powder comprises spherical powder and scaly
powder.

By means of this constitution, the invention makes it
possible to preveﬁt bliétering of a thick film electrode
occurring while the electrode is being formed, increase the
strength of a bond between a ceramic element and a thick
film electrode and improve the adherence of solder to a
thick film electrode.

That is, because sintering of the spherical powder
starts and the sintered density becomes high in the range
700 to 800°C, which is the temperature region in which
blistering occurs,.with only spherical powder the vbid rate
of the thick film electrode during sintering is insufficient
and consequently blisters form on the surface of the thick
film electrode and the strength of the bond between the
ceramic element and the thick film electrode is low.

With only scaly powder, on the other hand, because the
strength with which it bonds with glass is small, it peels
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
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terpi neol may be used as the organic sol vent. (Second Preferred

Enbodi nent) Conducting thick filmconpositions according to this

i nvention all contain a Cu powder, a glass powder and an organic vehicle.
In.this preferred embodi ment, the Cu powder and the glass powder together
are blended in the amount of 65 to 85wt 8 of the 100w % of the conducting

thick filmconposition and the glass powder is blended in the anmount of 3

to 15wt % of the 100wt % of the conducting thick film conposition. As
the glass pawdes, pbates bbeat Aokl Beagtasal 2pdinbehest et £rbad | Aeg DRSS
are used. That is, the borosilicate zinc glass is a glass powder

in which blistering occurs, the void rate of the thick film
electrode during sintering increases, passages through which
produced gas can escape are formed and this prevents the
occurrence of blistering of the thick film electrode
surface. As a result it is possible to raise the strength of
the bond between the ceramic element and the thick film
electrode.

Also, because by this method it is pbssible to reduce
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, deterioration of the plating adherence caused by
glass melting and covering the surface of the thick film -
electrode can be pfevented and soldering can be improved.

Also, the invention provides a conducting thick film
composition including Cu powder, glass powder and an organié
vehicle wherein the glass powder comprises borosilicate zinc
glass and borosilicate barium glass.

By means of this constitution, the invention makes it
possible to prevent cracking of a ceramic element occurring
during electrode formation, raise the strength of the bond
between a ceramic element and a thick film electrode and
improve the adherence of solder to the thick film electrode.

~That is, because.plating'liquid does not readily'
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contai ning ZnO Si 2-B203 and bonded with other conponents such as al um na,
al kali netal oxides such as Li[err]O and al kal

26~ earth netal oxides such as CaO The borosilicate barium gl ass

i sta glass powder containing BaO Si O2- B203 and bonded wi th ot her
conponents such as alumina, alkali netaé oxides such as Li[err]O and

al kali earth netal oxides such as CaQ, BaO.

dissolve borosilicate zinc glass or borosilicate barium
glass when these are compared with others in dissolving
tests and the like, redugtion in the strength of the bond
between the ceramic element and the thick film electrode
caused by plating liquid permeating into the inside of the
thick film electrode can be suppressed and cracking of the
ceramic element can be prevented.

Because the softening point of borosilicate zinc glass
is about 570°C to 700°C and borosilicate zinc glass readily
sinters at over about 600°C, which is the temperature at the

. time of electrode formation, at this temperature 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 result, the plating liquid does not
adhere well. |

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

For this reason, in this invention, borosilicate iinc
glass and borosi;icate barium glass are blended together.
Because the softening point of this borosilicate barium
glass is over about 770°C, higher thaﬁ that of borosilicate
zinc glass, and it does not sinter readily at the

temperature of the time of electrode formation, its fluidity
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As"tﬁe Cu powder, the sane Cu powder as that set forth in the first

preferred enbodi nent was used. That is, as the Cu powder, a mxture
of Za spherical powder and a scaly powder having different particle shapes
i s used. This spherical powder consists of substantially spherical

Cu particles and is nade up of a fine spherical powder A of average
particle diameter 0.3 to 1.5[err]mand a coarse spherical powder B of
average particle diameter 2.0 to 5.0[err]m _ The scaly powder is a
scal y powdeg.C aonsi ebhBeratu-kl ale- shgped m)}frlﬁf,' GSeOlopeVpigl Ly rimin
t hi ckness and average Tength 0.0[err

possible to adjust the fluidity of the glass with

borosilicate barium glass and prevent glass from coming out
onto the surface of the thick film electrode.

Accordingly, by blending borosilicate zinc glass and
borosilicate barium glass it is possible to make a
conducting thick film composition to which plating liquid
readily adheres, with which the strength of the bond between
a ceramic element and a thick film electrode is high 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 been included
in large quantities in order 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 covering the surface of the
thick film electrode can be prevented and soldering can be
improved. |

Also, the invention provides a conducting thick film
composition including Cu powder, glass powder and an organic
vehicle wherein the Cu powdér comprises spherical powder and
scaly powder and the glass powder comprises borosilicate
zinc glass and borosilicate barium élass.

By means of this constitution, the invention makés it

possible to prevent blistering of a thick film electrode and
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As the organic solvent, an acrylic resin dissolved in butyl cellosolve was
used. Tabl e 2 shows for conducting thick filmconpositions of
preferred enbodi nents 2-1 to 2-10 frit nunbers showi ng conposition ratios
of tespective borosilicate zinc glasses (Zn type) and borosilicate barium
gl asses (Ba type), the wt% of the glass fowder with respect to the 100wt %
of the 27 conducting thick fllm
conposition, the wt % of the

cracking of a ceramic element occurring during electrode
formation, further raise the strength of the bond between
the ceramic element and the thick film electrode and further
improve the adheéion of solder to the thick film electrode.

That 1is, because as a result of the Cu powder
comprising spherical powder and scaly powder the occurrence
of blistering of the surface of the thick film electrode is
prevented, it is possible to raise the strength of the bond
between the ceramic element and the thick film electrode.

Also, as a result of the glass powder comprising
borosilicate zinc glass and borosilicate barium glass,
plating liquid adheres well to the conducting thick f£ilm
composition and does not readily dissolve it and
consequently it is possible to make a conducting thick film
composition with which-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 maintaiﬁ the
‘strength of the bond bet&een the ceramic element and the
thick film electrode, deterioration of the plating adherence
caused by glass melting and éovering the surface of the
thick film electrode can be prevenﬁed and soldering can be
improved.

"In the invention, preferably, the Cu powder and the
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borosilicate zinc glass wth re'spectl to the 100wt % of the gl ass powder
‘the insulation resistance NG count, the Ni/Sn plating film adherence,
heat shock property and an overall evaluation based on these.

[err]

9

s

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 film composition. More preferably, the Cu and

glass constitute about 65 to 78wt%.

That is, when the total amount of the Cu powder and
the glass powder is over 65wt% of the conducting l_t_;-hick film

composition, the viscosity of the conducting thick film

'composition' is high, the levelability of the conducting

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 powder and the glass powder is under 85wt%

of the conducting thick film composition, because the
conducting thick film composition is pastelike, it is easy

to coat. The amount of the organic vehicle is the remainder

powder and the glass powder.
'In the invention, preferably, ‘the glass powder is about 3 to

15wt%, more preferably' about 5 to 10wt of 100wt of the conducting

thick f£ilm composition. |

Thét is, when the glass powder constiﬁutes over 3wt%
of the conducting thick film composition, a high bondiné
str.ength between a ceramic element and a thick f£film
electrode formed after baking of the conducting thick film

compbsition can be obtained. Also, when the glass powder

the
28

'of the conducting thick film composition excluding the Cu |
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29 -

Tabl e 2.

For reference, reference exanples 2-1 to 2-9 are also shown in
Al'so, in Table 3 are shown conposition ratios (units are

w% of frit nunbers A, B, C which are preferred exanples of borosilicate
zint gl asses, conposition ratios (units are w% of frit nunbers G H, |
which are preferred exanples of borosililfate barium gl asses, conposition

rati os

(units are wt% of frit numbers D, E which are reference exanples

of borosilicate zinc glasses, and conposition ratios (units are wt% of
frit nunbers F, J which are reference exanples of borosilicate barium

gl asses.

constltutes less than 15wt% of the conducting thick f£ilm
composition, glass does not separate out onto the surface of
the thick film electrode.and the Ni/Sn plating adherence
improves.

In the invention, preferably, the Cu powder comprises
spherical 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 5.0pm or
less, because the sinte:ed density is high the composition
becomes fine and the moisture resistance improves.

In the invention, more preferably, the Cu powder
comprises spherica; powder and scaly powder and the average
particle diémeter 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.S5um
is optimum.

In the invention, preferably, the Cu powder comprises
spherical powder and Scaly powder and the spherical powder
comprises a fine spherical powder of which the average
particle diameter is 0.3 to 1.5um and a coarse spherical
powder of which the average particle diameter is in the
range 2.0 to 5.0um.

That 1is, by mixing a scaly powder with a fine
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[err]

spherical powder of which the average particle diameter is
0.3 té 1.5um and then further mixing with this a coarse
spherical powder of which the average particle diameter is
2.0 to 5.0um, the coating.form'further improves.

Also, in the invention, preferably, the Cu powder
comprises a spherical powder and a scaly powder and the
average length of the scaly powder is 10.0 to 40.0um.

That is, when the average length is over 10.0um, an
ample effect of retarding the sintering can be obtained.
When the average length is under 40.0um, the Cu poWder is

easy to coat onto the ceramic element itself, which is

‘small, and its surface can be made smooth.

Preferably, the scaly powder is contained in the
amount of 10wt% to 70wt% of the total 100wt% of the fiﬁe
spherical powder, fhe coarse spherical powder and the scaly
powder.

The reason for this is that when the contained amount
of the scaly powéer is over 10wt%, because it does not
become very fine during sintering of the conducting thick
film composition the amount of glass flowing out onto the
surface of the thick film electrode is small and as a result
plating adheres easily to the surface 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
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317 - Next, measurenent nethods and measurenent 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 results will be discussed. To
eval uate the insulation resistance NG count=first, external electrodes
were fornmed onchgtddrens scnatk afilantandosdticte rasistsc sipagiehetrattionm dfy phatkingg
at about 800[err]Cin a. nitrogen atnosphere and Ni/Sn plating was carried
out. Then, theigquisul ation resistance across the two el ectrodes

In the  invention, preferably, the glass powder - comprises

borosilicate zinc glass and borosilicate barium glass and the

borosilicate zinc glass is more than about 50wt% of 100wt%® of the

glass powder. Preferably, it constitutes about 50 to 80wt3 of the

That is, when borosilicate zinc glass constitutes over
50wt% of the 100wt% of the glass powdér.sintering is rapid
because the blended amount of borosilicate zinc glass is

_large'and the blended amouﬁt of borosilicate barium.glass is
sﬁall, at the same temperature the composition becomes finer
and the_gintered density is higher and consequently the
composition has a better heat shock property. When the
borasilicate zinc glass is made 100wt%, excessive fluidity
caﬁses a glass léyér to fofm on the surface and cover the cﬁ
powder and consequently the plating process becomes
difficult. Therefore( because the plating adherence is
impaired, a borosilicaté'zinc glass cbntent of 100wt% is not
pfeferable.' | |

In the invention, prefersbly, the glass powder comprises a
borosilidate zinc glaés and a borosilicéte barium glass and the
borosilicate zinc glass contains aboﬁt 3 to 35wt% of 2ZnO in lOOwt% 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
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was neasured and deened to be NG when the resistance value was bel ow

| x10[ err]. This neasurenent was carried out for 20 |amnated ceramc
capdacitors and the nunber of NG capacitors shown in Table 2. Wen there
were no NG | ami nated ceram c capacitors the exanple was deened to be good,
but if there was even one NG |am nated cE¥anic capacitor the exanple was
deened to be inferior. In reference exanple 2-1 there were 15 NG

| am nated ceram c capacitors out of 20 and the exanple was therefore

e O der CHAEACEaFE8800s | Ol il i PBEAYRG 10010000 AT g OF

gl ass powder _ _ geteriora I'n i nsulatiron resistance
occurred duethg Cééﬁﬁb@ﬁtﬂ%ﬁyrﬁhgg b8tter insulating and heat shock

characteristics.

In the invention, preferably, the glass powder
comprises a borosilicate zinc glass and a borosilicate
barium glass and the borosilicate barium glass contains 10
to 40wt% of BaO in the 100wt% of the borosilicate barium
glass.

That is, when the amount of the BaO is greater thgn
10wt%, the composition.has better insulating, Ni/Sn plating
adherence and heat shock charaéteristics. When this amount
is less than 40wt%, the composition has better insulating
and heat shock characteristics.

Also, in the invention, preferably, the glass powder
comprises a boroéilicate zinc glass and a borosilicate
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 addgd the
acid resistance of the composition is improved and when an
alkali metal oxide or an alkali earth metal oxide is added
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
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the 1aninated ceramc 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 conposition ratios of the frit"

nunber F borosilicate bariumglass the 'Eioportion of BaO was | ow, at 5w %

wWth respect to the

formed on a ceramic element of a ceramic electronic
component,‘the thick film electrode comprising a sintered
film made by sintering a conducting thick f£ilm composition
according to the invention.

That is, a sintered film to constitute a thick £ilm
electrode can be formed by sintering the above-mentioned
conducting thick film composition by heating the conducting
thick film composition at a specific temperature for example
in the range 600°C to 800°C.

The invention also provides a ceramic electronic
component comprising a ceramic element and a terminal
electrode formed on the ceramic element the terminal
electrode comprising a thick film 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 during formation of a terminal electrode of a
ceramic electronic component, improve the strength of the
bond between the ceramic elemenﬁ and the terminal electrode
and improve the adhesion of solder to the terminal
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
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190“(960f t he gl ass powder, deterioration in insulation resistance
occurred due to cracking occurring in the |amnated ceram c capacitor and

shorting occurring and the |ike. In reference exanple 2-5 there were
3 NG lam nated ceram c capacitors out of 20 and the exanpl e was theref.ore
I nferior. The reason for this is tHét because in the conposition

ratios of the frit number J borosilicate bariumglass the proportion of
BaO was high, at 55w % with respect to the 100w % of the glass powder,

deteriorati iddtrdided abheh HHPiSGaBES QSEdl E8Hndee edo 06 a6KeNG OCERET i Ng

in the |amnated-ceram c capacitor and shorting occurring and the
internal electrodes, the external electrodes consisting of
thick film electrodes according to the invention.

That is, it is possible to prevent blistering of a
thick film electrode and cracking of a stack occurring
during formation of an external electrode of a laminated
ceramic capacitor, improve the strength of the bond between
the stack and the external electrode and improve the
adherence of solder to the external electrode.

Bri D i . i D in

Fig. 1 is a sectional view of a preferred embodiment
of the invention; and

Fig. 2 1is a sectional view of another preferred
embodiment of the invention.

Detai iptic he P imen

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
electrodes are used in a platelike ceramic capacitor and a
laminated ceramic capacitqr, which are ceramic electronic
componentsf

Fig. 1 is a sectional view of a platelike ceramic
capacitor.

As shown in Fig. 1, this platelike ceramic capacitor
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li ke. In reference exanple 2-6 there were 10 NG |l am nated ceramc
capacitors out of 20 and the exanple was therefore inferior. The
reason for this is that because in the conposition ratios of the frit
nunber D borosilicate zinc glass the _ .
33 proportion of ZnO was high, at 50wtjl§; Wi th respect to the 100wt % of
the gl ass powder, deterioration in insulation

has a platelike ceramic dielectric 1 which is a ceramic
elemeﬁt, a pair of terminal electrodes 3 disposed facing
each other on the main flat surfaces of the ceramic
dielectric 1, lead terminals 4 soldered to the terminal
electrodes 3, and covering resin 2.

The ceramic dielectric 1 is made for example of a
porcelain material such as barium titanate or lead niobate,
the terminal electrodes 3 are formed on opposite main flat
surfaces of the ceramic dielectric 1 and the covering resin
2 covers the ceramic dielectric 1 and the terminal
electrodes 3.

The lead terminals 4 are provided for connecting the
terminal electrodes 3 to a circuit board not shown in the
drawing and each have one end embedded in the covering resin
2 and connected to one of the terminal electrodes 3 and the
other end projecting from 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 capacitor
has a rectangular parallelopiped shaped stack S5 and a pair
of external electrodes 7a, 7b disposed facing each other on
the ends of the stack 5.

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

integrating a laminated plurality of ceramic sheets 6 which
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resi stance occurred due to cracking occurring in the |amnated ceramc

capacitor and shorting occurring and the Iike. In reference exanpl e
2-8 there were 15 NG |lam nated ceram c capacitors out of 20 and the
exanpl e was therefore inferior. The reason for this is that because

t he added amount of gl ass powder was smaFl, at 2.0m % deterioration in
i nsul ation resistance occurred due to cracking occurring in the |aninated
ceram ¢ capacitor and shorting occurring and the |iKke. Accordi ngly,

itthatcatnhgeaz & ;&n%%rbfciaﬁéié&'teﬂc n8FeskaReANG it of trdS OxahsLabhe
porcelain material such as barium titanate or lead niobate.

‘Pluralities of internal electrodes Qa, 9b are disposed
alternately inside the stack 5.

The internal electrodes 9%a are connected to the
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 internal electrodes %a, 9b are disposed
in parallel with each other.

The terminal electrodes 3 of the platelike ceramic
capacitor and the external electrodes 7a, 7b of the
laminated ceramic éapacitor described above are thick film
electrodes consisting of sintered films formed by baking a
conducting thick £film composition according to the
invention. |

- Next, conducting thick £ilm compoéitions according to
the invention will be described in detail.
(Firsﬁ Preferred Embodiment)

Conducting thick film compositions according to this
invention all contain a Cu powder, a glass powder and an
organic vehicle.

" In this preferred embodiment, the Cu powder and the
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of. gl ass powder be above 3. 0w % It can also be seen that it is
preferable that the BaO in the borosilicate barium glass conposition
constitute nore than 10w % of the 100w % of the gl ass powder. I t
can al so be seen that it is preferable that the BaOin the borosilicate
bari um gl ass conposition constitute |essl8han 40w % of the 100w % of the
gl ass powder. It can also be seen that it is preferable that the ZnO

in the borosilicate zinc glass conposition constitute |ess

t han 35wt % of

the 100m¢@60glgg%!£3%§%§K¥%§£ther are blended in the amount of 65 to

85wt% of the 100wt$% of the conducting thick film composition
and the glass powder is blended in the amount of 3 to 15wt%
of the 100wt% of the conducting thick film composition.

As the Cu powder, a mixture of a spherical powder and
a scaly powder having different particle shapes is used.

This spherical powder consists of substantially
spherical Cu particles and is made up of a fine spherical
powder A of average particle diameter 0.3 to 1.5um and a
coarse spherical powder B of average particle diameter 2.0
to 5.0um.

The scaly powder is a scaly powder C consisting of
flake-shaped particles of about several pUm in thickness and
average length 10.0 to 40.0um. |

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

That is, the borosilicate zinc glass is glass powder

containing Zn0-Si03-B503 and bonded with other components

such as alumina, alkali metal oxides such as Lij0 and alkali

earth metal oxides such as Ca0O.

The borosilicate barium glass 1is glass powder

containing BaO-Si03-B303 and bonded with other components

such as alumina, alkali metal oxides such as Lip0 and alkali

earth metal oxides such as Ca0, BaO.

20 APR W95
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34- To evaluate the Ni/Sn plating fil madherence, first, external
el ectrodes were formed on both ends of a lamnated ceramc capacitor chip
by .baki ng at about 800[err]Cin a nitrogen atnosphere and Ni/Sn plating
was carried out. Then, the filmthickness of the Ni/Sn plating filmwas
measured with a fluorescence X-ray filmilhickness meter and when the film
thickness was greater than 1[err]mthe filmwas deemed to be good as
indicated with a[err] in Table 2 and when it was less than 1[err]mthe

e et o S ey 34 P s powceh? 5o
blended in the amount of 50wt% or more of the 100wt% of the
glass powder.

Here the borosilicate zinc glass contains ZnO in the
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.

As the organic vehicle, an acrylic resin base resinL
dissolved in butyl cellosolve, which is an organic solvent,
is uséd.

Table 1 shows for conducting thick film compositions
of preferred embodiments 1-1 to 1-16 the Cu powder blend
ratio (the respective blend proportions of the fine
spherical powder A, the coarse spherical powder B and the
scaly powder C of the 100wt% of the total of these three),
an Ni/Sn plating film adherence evaluation, the electrode
bond strength, the presence or absence of blisters and an

overall evaluation.
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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
adherence was therefore inferior. The reason for this is that because
t he added amount of glass powder was high, at 20.0wm % gl ass separated out
onto the surface of the thick filmelectr#le and the Ni/Sn plating film
adherence consequently fell. In reference exanple 2-4 the film
thickness of the N /Sn plating filmwas less than 1[err]m it could al so
be seen fromthe exXterndl | appeqr ce Hal tHe electr)ﬂ was exposed,
and the plating adhdgregce t qf)r ipferi¢r T
t ' J]
O
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45
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45

42

38

40

36
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41
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electrode bond
strength (N)

40

40

26

Table 1
film adherence
x
x
(@)

Ni/Sn plating
film adherence
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O
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O
O
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O
O
O
O
O
O
O
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O
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Ni/Sn plating

C

0

0
100

ratio
B
0
100
0

Cu powder blend
ratio
B
0
0
10
20
10
30
20
10
30
40
10
40
20
50
70
20
Cu powder blend

A
100
0
0

1-11
1-12
1-13
1~-14
1-1
1-16
1-1
1-2
1-3

embodiment
1-1
1-2
1-3
1-4
1-5
1-6
1-7
1-8
1-9
1-10
reference example
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proportion of BaO was low, at 5Swt% wi th respect to the

35 100wt % of the gl ass powder, the NN/Sn plating fil madherence was
| ow In reference exanple 2-7 the filmthickness of the N /Sn
plating filmwas | ess than 1[err]m it could also be seen fromthe
external appearance that the Cu electrodqzﬂas exposed, and the plating
adherence was therefore inferior.

For reference, Table 1 also shows an Ni/Sn plating
film adherence evaluation, the electrode bond strength, the
presence or absence of blisters and an overall evaluation
for three compositions, reference example 1-1 to reference
example 1-3, each containing one of the fine spherical
powder A, the coarse spherical powder B and the scaly powder
C as 100wt% of the Cu powder.

Next, measurement methods and measurement results of
the evaluations of the Ni/Sn plating f£ilm adherence, the
electrode bond strength and the presence or absence of
blisters will be described as will the overall evaluations
based on these results.

To evaluate the Ni/Sn plating film adherence, first,
external 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 out.

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

In both reference example 1-1 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
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The reason for this is that because in the conposition ratios of the frit
nunber D borosilicate zinc glass the proportion of ZnO was | ow, at 2wt %
with respect to the 100wt % of the glass powder, the Ni/Sn plating
adherence was | ow. In reference exanple 2-9 the filmthickness af

Ni/Sn plating filmwas Iess than |I[#&r]m it could also be seen from

t he external appearance that the Cu el ectrode was exposed, and the plating
adherence was therefore inferior. The reason for this is that because

th dded wd 0 d
onteoat hg sﬁr iy ‘bfejt%&ass e@%aﬁe%ﬁ?’g?sgu%%%a%%% Lf]rggﬁﬁ% %r?%s&%l{ggar gge out

adherence co secle

eétlve.

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
electrode during sintering was insufficient and consequently
deterioration in the Ni/Sn plating film adherence caused by
glass melting and covering the surface of the thick film

- electrode occurred.

In the case of reference example 1-2 the reason is
probably that because only the spherical powder B was
blended as the Cu powder deterioration in the Ni/Sn plating
film adherence occurred in the same way as in reference
example 1-1.

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

With respect to the electrode bond strength, first a
wire was soldered to the end surface of the thick film
electrode, 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

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

2 0 ABR 1996
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Accordingly, it can be seen that in Ni/Sn plating film adherence it is
preferable that the added anount of glass powder be 15.0wt % or | ess.

It can also be seen that it is preferable that the BaO in the conposition
of the borosilicate bariumglass constitute nore than 10wt % of the 100wt %
of the gl ass 23 36 powder . It
can al so be seen that it is preferable that the znO

the force was greater than 30N and deemed to be defective
when the force was less than 30N.

In reference example 1-3 the electrode bond strength
(N) was, at 26N, less than 30N and therefore deemed to be
defective, and Ehe thick film electrode had peeled off at
its iﬁterface with the chip.

The reason for this is probably that in reference
example 1-3 because dnly the scaly powder C was blended as
the Cu powder the bonding force with glass was small and the
thick film electrode consequently peeled off relatively
easily and the electrode bond strength had therefore
decreased. |

The presence or absence of blisters was determined
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
surface 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 was 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

o o

¥
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in the conposition of the borosilicate zinc glass constitute nore than
3wt % of the 100w % of the gl ass powder. To eval uate heat shock
property, first, external electrodes were formed on both ends of a

| ami nated ceram ¢ capacitor chip by baking at about 800[err]Cin a
nitrogen atnosphere and Ni/Sn plating w&8 carried out. Then, this

| am nat ed ceram c capacitor was dipped in a 400 C solder tank for about
two seconds. When at this tinme cracking occurred in the | am nated
ceram c capacitor it was deened to be inferior_and this was indicated by a
x in Tabl e Zlegtarods sowiing gilotesingcvas insefficdentt Pt SORSEEUERBAYI t or

was deened to be good and this was _indicated by aiiengnérlIable_Z. I n
Tabl e 2, [erfjere-was no way for produced gas to’escape blistering

occurred as a result.

In the case of reference example 1-2 the reason is
probably that because only the spherical powder B was
blended 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
'example 1-1.

Accordingly, because preferred embodiment 1-1 to
preferred embodiment 1-16 were deemed good in Ni/Sn plating
£film adherence, electrode bond strength aﬁd the presence or
ébsénce of blistering, this is indicated by a 2 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
blistering this is indicated by a x in Table 1.

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 in the preférred embodiment
described aﬁove borosilicate zinc glass and borosilicate

barium glass set forth in the second preferred embodiment
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375[err] Cneans [err]T = (400[err] C solder tank - 25[err] C room
t enperature). In reference exanple 2-1 cracking occurred in the
| ami nat ed ceram c capacitor and it was therefore deenmed to be inferior.
The reason for this was that cracking occurred because the added anount of
gl ass powder was small, at 1.0w % 2pn reference exanple 2-2 cracking
occurred in the lamnated ceram c capacitor and it was therefore deened to
be inferior.

described below were used as the glass powder, just

borosilicate zinc glass may be used or just borosilicate
barium glass may be used. Alternatively, some other glaés
may be used. In any case the objects of the invention can
be achieved.

Also, for example, although in the preferred
embodiment described above an acrylic resin base resin
dissolved in butyl cellosolve, which is an organic 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
terpineol may be used as the organic solvent.

(Second Preferred Embodiment)

Conducting thick film compositions aécording to this
invention all contain a Cu powder, a glass powder and an
organic wvehicle.

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 glass 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 Zn0O-Si03-B203 and bonded with other components

such as alumina, alkali metal oxides such as Lij0 and alkali
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37- The reason for this cracking occurring was that the w % of the

borosilicate zinc glass was | ow, at 20w % 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 f£8t nunmber F borosilicate barium
gl ass the proportion of BaO was small at 5w % with respect to the 100w %
of the gl ass powder. In reference exanple 2-5 cracking occurred in
t he

. earth metal oxides such as CaO.

The borosilicate barium glass is a glass powder

containing Ba0O-Si0O3-B303 and bonded with other components

such as alumina, alkali metal oxides such as Lig0O and alkali

earth metal oxides such as CaO, BaO.

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 a spherical
powder and a scaly powder having different particle shapes
is used.

This spherical powder consists of substantially
sphefical Cu particles and is made up of a fine spherical
powder A of average particle diameter 0.3 to 1.5um and a
coarse spherical powder B of average particle diameter 2.0
to 5.0um.

The scaly powder is a scaly powdér C consisting of
flake-shaped particles of several pum 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 film 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

20 APR o
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| ami nat ed ceranic 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 J borosilicate barium glass the proportion of BaO was

|arge at 55wt % with respect to the 100wt % of the gl ass powder. In
reference exanple 2-6 cracking occurred i4 the |aninated ceram c capacitor
and it was therefore deemed to be inferior. The reason for this

cracking occurring was that in the conposition ratios of the frit nunber D
borosi | i cat ec@aawmnglc%ﬁcﬁ I QRIS 16k, ZBRLVAES | GF denat 50wt % wi th

respect to the 100w % of the gl ass powder.
borosilicate zinc glass with respect to the 100wt$% of the
glass powder, the insulation resistance NG count, the Ni/Sn

plating film adherence, the heat shock property and an

overall evaluation based on these.
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In reference exanple 2-8 cracking occurred in the |amnated ceramc
capacitor and it was therefore deened to

38 _~ be inferior. The reason for this cracking occurring was that the
added amount of glass powder was snall, at 2.0wm % - Accordingly, it
can be seen that in heat shock property i#8 is preferable that the added
anmount of glass powder be over 3.0wt %
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It can also be seen that it is preferable that the borosilicate zinc glass
constitute nore than 50wt % 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 nore than 10w % of the 100wt % of the

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

|s preferable thag,fhee d0QLdd LheHUIRASLLEAR1IRE 2DE BOTPSY ldLatfdd ne

gl ass constitute
shown in Table 2.

Also, in Table 3 are shown composition ratios (units
are wt$) of frit numbers A, B, C which are preferred
examples of borosilicate zinc glasses, compositioh ratios
(units are wt%) of frit numbers G, H, I which are preferred
examples of borosilicate bariﬁm glasses, composition ratios
(units are wt%) of frit numbers D, E which are reference
exaﬁples of borosilicate zinc glasses, and composition
ratios (units are wt%) of frit_numbers F, J which are

reference examples of borosilicate barium glasses.
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| ess than 35wt % of the 100wt % of the gl ass powder. Accordingly, the
overal |l evaluations show that the reference exanples 2-1 to 2-9 were
inférior in one or nore of the characteristics insulation resistance NG
count, Ni/Sn plating adherence or heat shock property and were inferior
to the preferred enbodinents 2-1 to 2-10. 30 '
39 Al t hough here the overall evaluations of the reference exanples
2-1to 2-9 are x indicating that they are | ess
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preferable than the preferred enbodi nents 2-1 to 2-10, these reference
exanpl es are all satisfactory conpared with conventional exanples and can
achi eve the objects of the invention. The conducting thick film
conposition of the present invention is not linmted to the preferred .
enbodi nent  descri bed above and various chHanges can be made within the
scope of the invention. For exanple, although in this preferred
enbodi ment the Cu powder set forth in the first preferred enbodi nent was

used, as |ong as fqgﬁgsllmeg&ﬂfémgﬂmﬁéﬂ%d@ R KR O CEes@lils o cal y
powder the particle dianeter I engt ed not be particularly limted.
Al so, just arpBheGhtahtPONEESF Ofhe insulation resistance NG count, the
Ni/Sn plating film adherence and the heat shock property
will be described and then the overall evaluations based on
these results will be discussed.

To evaluate the insulation resistance NG count, first,
external 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 out.

Then, the insulation resistance across the two electrodes
was measured and deemed to be NG when the resistance value
was below 1x109Q. This measurement was carried out for 20
laminated ceramic éapacitdrs and the number of NG capacitors
shown in Table 2. When there were no NG laminated 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 laminated
ceramic capacitors out of 20 and the example was therefore
inferior.

The reason for 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.
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just a scaly powder can be used if the particle dianeter or length is

adj usted. Furthernore, the particle shape need not be particularly
limted. In any case the objects of the invention can be achieved.

Al so, for exanple although in this preferred enbodinent an acrylic resin
constituting a base resin dissolved in B2yl cellosolve, which is an
organic 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 terpineol nmay

be used as the Or&%h&%fﬁ?%ﬁggtexample 2-4 there were 10 NG laminated
ceramié 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 F borosilicate barium glass the
proportion of Ba0 was low, at 5wt%, with respect to the
100wt% of the glass powder, deterioration in insulation
resistance occurred due to cracking occurring in the
laminated ceramic capacitor and shorting occurring and the
like.

In reference example 2-5 there were 3 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 J borosilicate barium glass the
proportion of BaO was high, at 55wt%, with respect to the
100wt% of the glass powder, deterioration in insulation
resistance occurred due to cracking occurring in the |
lamihated 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




40 In a conducting thick filmconposition according to the present
I nvention, 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 inprove the
strength of a bond between a ceranic el en¥ht and a thick filmelectrode.

Al so, because by this nmethod it is possible to reduce the blended anpunt
of gl ass powder, which had been included in large quantities in order to

i ntain £ he, sLengtly of e te, s, Ve sbliBs¢ oLl Cr ELSIRD e Sk e
100wt% of the glass powder, deterioration in insulation
resistance occurred due to cracking occurring in the
laminated ceramic capacitor and shorting occurring and the
like.

In reference example 2-8 there were 15 NG laminated
ceramic capacitors out of 20 and the example was therefore
inferior.

The reason for this is that because the added amount
of glass powder was small, at 2.0wt%, deterioration in
insulation resistance occurred due to cracking occurring in
the laminated ceramic capacitor and shorting occurring and
the like.
| Accordingly, it can be seen that in insulation
resistance NG,counf it is preferable that the added amount
of glass powder bé above 3.0wt%.

It can also be seen that it is preferable that the BaO
in the borosilicate barium glass composition constitute more
than 10w£% 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 powder.

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

than 35wt% of the 100wt% of the glass powder.
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e]ebfrode, deterioration of the plating adherence caused by glass nelting
and covering the surface of the thick film electrode can be prevented and
soldering can be inproved, and therefore it is possible to inprove the
electrical reliability of a ceram c electronic conponent. In the
invention, as a result of the Cu powder 2bnprising a borosilicate zinc
glass and a borosilicate bariumglass, plating liquid readily adheres and
plating liquid does not readily dissolve and consequently reduction in
the strength of the bond between the ceram c el ement and the thick film
el ectrode caused By gratuake |theiiNd/Sor pating fikmoadherenee ddigistihe
el ectrode can be sgfpressed and cracking_of the ceram c el enent, can be
prevented. external 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 out.
Then, the 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 1lum the film was
deemed to be good as iﬁdicated with a© in Table 2 and when
it was less than lum 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 than 1lpm, 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 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
plating film adherence consequently fell.
In reference example 2-4 the film thickness of the
Ni/sSn plating film was less than 1lum, 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

v e e
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Al so, because by this nmethod it is possible to reduce

41 t he bl ended anmount of gl ass powder, which had been included in large
guantities in order to naintain the strength of - the bond between the
ceram c element and the thick film electrode, deterioration of the plating
adherence caused by glass nelting and c@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

100wt% of the glass powder, the Ni/Sn plating film adherence
was low.

In reference example 2-7 the film thickness of the
Ni/Sn plating film was less than 1lpum, 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 D borosilicate zinc glass the
proportion of ZnO was low, at 2wt% with respect to the
100wt% of the glass powder, the Ni/Sn plating adherence was
low.

In reference example 2-9 the film thickness of the
Ni/Sn plating film was less than lum, it could also be seen
from the external appearance that the Cu electrode was
exposed, and the piating adherence 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 thick f£film electrode and the Ni/Sn
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 also be seen that it is preferable that the BaO
in the composition of the borosilicate barium glass

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




relsability of a ceram c electronic conponent. In the invention, as a
result of the Cu powder conprising a spherical powder and a scaly powder
and the glass powder conprising a borosilicate zinc glass and a '
borosilicate bariumglass it is possible to prevent the occurrence of
blistering of the surface of the thick fi3¥m electrode and cracking of the
ceram c elenent and consequently it is possible to further inprove the
strength of the bond between the ceram c elenent and the thick film

el ectrode. Al so, because by this nethod it is possible to reduce the
bl ended amp®RWASE -gl ass powder, which had been included in |arge

quantities in Or%%rc%% gﬁggtggnsggg ttégn tr&éﬁpgégarable that the ZnO

in the composition of the borosilicate zinc glass constitute
more than 3wt% of the 100wt% of the glass powder.

To evaluate heat shock property, first, external
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 out. Then, this
laminated ceramic capacitor was dipped in a'4dO'C solder
tank for about two seconds.

When at this time cracking occurred in the laminated
ceramic capacitor it was deemed to be inferior and tﬁis 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.g.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 in the
laminated ceramic capacitor and it was therefore 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 cefamic capacitor and it was therefore deemed to

be inferior.




bond between the ceramic elenent and the thick film 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 inprove the

el ectrical 37 42 reliability of a’
ceram c el ectronic conponent. In the invention, preferably, the Cu
powder and the glass powder in total are contained in the anount of 65 to

The reason for this cracking occurring was that the
wt% of the borosilicate zinc glass was low, at 20wt%.

In reference example 2-4 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 F borosilicate barium
glass the proportion of Ba0Q was small at Swt% with respect
to the 100wt% of the glass powder.

In reference example 2-5 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 J borosilicate barium
glass the proportioﬁ of Ba0 was large at 55wt% 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 fatios of the frit numbef 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




85wt % of the 100w % of the conducting thick filmconposition and the
organic vehicle is contained in the anount of 15 to 35wt % of the 100w % of
t he: conducting thick film conposition. By this method it is possible
to increase the conducting thick filmconposition levelability and inprove
Its coatability. In the invention, 3preferably, the glass powder is
contained in the amount of 3 to 15wt % of the 100w % of the conducting
thick filmconposition. By this method, by further increasing the

strength of _ the b%ngrbetmeen the ceramic elenent and the thick film

el ectrode aﬁﬁ ﬁﬁgF éS|hg the plating adherence it is

The reason for this cracking occurring was that the
added amount of glass powder was small, at 2.0wt%.

Accordingly, it can be seen that in heat shock
property it is preferable that the added amount of glass
powder be over 3.0wt%.

It can also be seen that it is preferable that the
borosilicate zinc glass constitute more than 50wt% of the
100wt% of the glass powder.

It can also be seen that it is preferable that the BaO
in the composiﬁion of the borosilicate barium glass
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
constitute 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 overall evaluations show that the
reference examples 2-1 to 2-9 were inferior in one or more
of the characteristics insulation resistance NG count, Ni/Sn
plating adherence or heat shock property and were inferior

to the preferred embodiments 2-1 to 2-10.
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posSible to further increase the sol der adherence. In the invention,
preferably, the Cu powder conprises spherical powder and scaly powder and
the  average particle dianeter of the spherical powder is 0.3 to 5.0[err]m
By this nethod it is possible to prevent oxidization of the conducting.
thick filmconposition and inprove its n3fl sture resistance. In the

i nvention, nore preferably, the Cu powder conprises a spherical powder and
a scaly powder and the

Although here the overall evaluations of the reference
examples 2-1 to 2-9 are x indicating that they are less
preferable than the preferred embodiments 2-1 to 2-10, these
reference examples are all satisfactory compared with
conventional examples and can achieve the objects of the
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 in this preferred embodiment the
Cu powder set forth in the first preferred embodiment was
used, as long as the Cu powder comprises a spherical powder
and a scaly powder 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 particle diameter or
length is adjusted. Furthermore, the particle shape need
not be'particularly limited. 1In any case the cbjects of the
invention can be achieved.

Also, for example although in this preferred
embodiment an acrylic resiﬁ 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

terpineol may be used as the organic solvent.
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43 °~ average particle dianeter of the spherical powder is 0.3 to
l1.5[err]m By this nmethod, a nore optinal average particle dianeter
i s adopt ed. In the invention, preferably, the Cu powder conprises a
spherical powder and a scaly powder and the spherical powder conprises a
fine spherical powder of which the averd§e particle dianeter is 0.3 to
1.5[err]mand a coarse spherical powder 6f which the average particle
dianeter is 2.0 to 5.0[err]m By this method, it is possible to

further inprove t?g a conducting thick film composition according to

the present invention, as a result of the Cu powder
comprising a spherical powder and a scaly powder it is
possible to prevent blistering of the surface of a thick
film electrode and consequently it is possible to improve
the strength of a bond between a ceramic element and a thick
film electrode.

Also, 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 between the ceramic element and the thick film
electrode, 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 ié possible to improve the electrical
reliability of a ceramic electronic component.

In the invention, as a result of the Cu powder
comprising a borosilicate zinc glass and a borosilicate
barium glass, plating liquid readily adheres and plating
liquid does not readily dissolve and consequently reduction
in the strength of the bond between the ceramic element and
the thick film electrode cgused 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

REPLACEMENT SHEET
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coaiébility of the conducting thick film conposition. Al so, in the
I nvention, preferably, the Cu powder conprises a spherical powder and a
scaly powder and the average length of the scaly powder is 10.0 to

40.0[err]m By this method it is possible to increase the effect . of
the scaly powder of retarding the sinteriflg and shapewi se also inprove the
coatability and nake the surface snooth. In the invention,

preferably, the glass powder conprises borosilicate zinc glass and

borosi | i cat & @%ﬂﬂ%&ﬁ%@ﬁ&?@%%%%%ﬁaﬂ ewkidh KHAISedrS iGRAAIeAed N

the anount of over : wt % of the gl ass powder. By this
method it is;popsidl enidhi g/ §n Redasato mA2AKaDH OBRS tatRindtie JFORMeCt | Ng

thick filmconposition.
bond between the ceramic element and the thick film
electrode, 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
reliability of a ceramic electronic component.

In the invention, as a result of the Cu powder
comprising a spherical powder and a scaly powder and the
glass powder comprising a borosilicate zinc glass and a
borosilicate barium glass it is possible to prevent the
occurrence of blistering of the surface of the thick film
electrode and cracking of the ceramic element and -
consequently it is.possible to further improve the strength
of the bond 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
electrode, deterioration of the plating adherence caused by
glass melting and covering the surface of the thick £ilm
electrode can be prevented and soldering can be improveqd,

and therefore it is possible to improve the electrical

REPLACEMENT SHEET
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In %he I nvention, preferably, the glass powder

44

and-the borosilicate zinc glass contains 3 to
the 100w % of the borosilicate zinc glass. By this method it is

conprises a borosilicate zinc glass and a borosilicate
35m % of ZnO with respect to

barium gl ass

possible to inprove the plating adherenc® insulation characteristics and
heat shock property of the conposition.

reliability of a ceramic electronic component.
In the invention, preferably, 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 £ilm composition

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
conducting thick film composition levelability and improve
its coatability.

In the invention, preferably, the glass powder is
contained in the amount of 3 to 15wt% of the 100wt% of the
conducting thick film composition.

By this method, by further increasing the strength of
the bond between tﬁe ceramic element and the thick f£ilm
electrode and increasing the plaﬁing adherence it is
possible to further increase the solder adherence.

In the invention, preferably, the Cu powder comprises
spheficai powder and scaly powder and the average particle
diameter of the spherical powder is 0.3 to 5.0um.

By this method it is ﬁossible to prevent oxidization
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
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In the invention, preferably; the glass powder conprises a borosilicate
zinc glass and a borosilicate bariumglass and the borosilicate barium
gl a8s contains 10 to 40wm % of BaO with respect to the 100wt % of the

borosilicate barium gl ass. By this method it is possible to inprove
the insulation characteristics, plating édherence and heat shock property
of the conposition. Al so, in the invention, preferably, the glass
powder conprises a borosilicate zinc glass and a borosilicate barium-

dont ai n at FESERIBBREFLaTe it e, o e SReedioqli HEVaRE 1 LAt earth
met al OXidel.Sum.

By this method, a more optimal average particle
diameter is adopted.

In the invention, preferably, the Cu powder comprises
a spherical powder and a scély powder and the épherical
powder comprises a fine spherical powder of which the
average particle diameter is 0.3 to 1.5um and a coarse
spherical powder of which the average particle diameter is
2.0 to 5.0pum.

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

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

By this method it is possible to increase the effect
of the scaly powder of retarding the sintering and shapewise
also improve the coatability and make the surface smooth.

' In the invention, preferably, 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.

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

' In the inventioh, preferably, the glass powder
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By:this met hod, inprovenent of the acid resistance of the conposition by
the addition of alumna and i nprovenent of the softening of the glass
powder by the addition of an alkali netal oxide or an alkali earth netal
oxi de are possible. _ 45 Wth a
thick filmelectrode according to the inwantion it is possible to forma
sintered filmto constitute a thick filrmelectrode by sintering the
above-mentioned conducting thick filmconposition and consequently a thick
film comprises a borosilicate zinc glass and a borosilicate
barium.glass and the borosilicate zinc glass contains 3 to
35wt% of ZnO with respect to the 100wt% of the borosilicate
zinc glass.

By this method it is possible to improve the plating
adherence, insulation characteristics and heat shock
property of the composition.

In the invention, preferably, the glass powder
comprises a borosilicate zinc glass and a borosilicate
barium glass and the borosilicate barium glass contains 10
to 40wt% of BaO with respect to the 100wt% of the
borosilicate barium glass.

By this method it is possible to improve the
insulation characteristics, plating adherence and heat shock
property of the coﬁposition.

| Also, in the invention, preferably, the glass pbwder
comprises a borosilicate zinc glass and a borosilicate
barium glass and the borosilicate zinc glass and the
boroéilicate barium glass contain at least one of alumina,
an alkali metal oxide and an alkali earth metal oxide.

| By this method, improvement of the acid resistance of the
canposition b§ the addition of -aluhina 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.
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el eCtrode for a ceram c electronic conponent can be manufactured easily.
Wth a ceram c el ectronic conponent according to the invention it is
possible to prevent blistering of a thick filmelectrode and cracking of a
ceram c el enment occurring when termnal el ectrodes of the ceramc

el ectronic conponent are being formed andsinprove the strength of the bond
bet ween the ceramc el enent and the ternminal electrodes and inprove the
adherence of solder to the ternlnal el ectrodes. Vvth a | am nat ed

Ceran ¢, capact ofy segoL ALk 0P NSOk 3oBORS! Bhe L8 et

when externgl gLeclrofes. ofg té‘oeni aams'l?fc%@e&e%%}nc §2P85 Au¥ & thick
film electrode by sintering the above-mentioned conducting
thick film composition and consequently a thick film
electrode for a ceramic electronic component can be
manufactured easily.

With a ceramic electronic component according to the
invention it is possible to prevent blistering of a thick
film electrode and cracking of a ceramic element occurring
when terminal electrodes of the ceramic electronic component
are being formed and improve the strength of the bond
between the ceramic element and the terminal electrodes and
improve the adherence of solder to the terminal electrodes.

With a laminated ceramic capacitor according to the
invention it is poésible to prevent blistering of a thick
£ilm 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 and the external electrodgs and improve the

adherence of solder to the external electrodes.
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formed and inprove the strength of the bond between the stack and
ternal el ectrodes and i nprove the adherence of solder to the

al eI u VWHAT |'S CLAI MED: 46 1..A
ting m‘m W“lmmuul sition conprising Cu powder, glass powder and
@ wher®inr tHe Cu powder co#prises spherical powder and scaly

c vehi
and the glass powder conprises borosilicate zinc glass and

WHAT IS CLATIMED IS:

1. A conducting thick f£ilm composition comprising
Cu powder, glaés powder and organic vehicle whereip the
Cu péwder comprises spherical powder and scaly powder.

2. A conducting thick film composition comprising
Cu powder, glass powder and organic vehicle wherein the
glass powder comprises borosilicate zinc glass and
borosilicate barium glass.

3. A conducting thick film composition comprising
Cu powder, glass powder and organic vehicle wherein the
Cu powder comprises spherical powder and scaly powder and
the glass powder comprises borosilicate zinc glass and
borosilicate barium glass.

4. A conducting thick film composition according to
any of claims 1 through 3 wherein the Cu powder and the
glass powder in total are contained in the amount of 65 to
85wt% of the 100wt% of the éonducting thick film composition
and the organic_vehicle is contained in the amount of 15 to
35wt% of the 100wt% of the conducting thick film
composition.

5. A conducting thick film composition according to
any of claims 1 through 4 wherein the glasé powder 1is
contained in the amount of 3 to 15wt% of the 100wt% of the
conducting thick film composition.

6. A conducting~thick film composition according to
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bor05|Prcate'barlun1glass and the borosilicate zinc glass contains 3 to

35mﬂ@6 of “i“ t to the 100wt % of the borosilicate zinc gl ass.

. “Aco ﬂg “ m conposi tion according to claim1 wherein the
e

Cu pomder 8l a%s ‘powder in total are contained in the anount of
65 to 85m¢960f t he 100wt % of the condufting thick film conposition and
t he organic vehicle is contained in the anount of 15 to 35mﬂ@6of t he

100wt % of the conducting thick film conposi tion.

condue 1o g F S gy copiL B, s b tlr oo 2
gggﬁﬁiﬁ?Lg t?ﬁﬁg%#é%¥¥é§¥nxxm %Fg% %%%”?é&&@?séﬁaoghe av?raqe pé%tf through 3
wherein the QhRovEers €URY isgerical powder is 0.3 to 5.0um.

7. A conducting thick film composition according to
any of claims 1 through 6 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.

8. A conducting thick film composition according to
any of claims 1 through 6 wherein the Cu powder comprises
spherical powder and scaly powder and the spherical powder
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
5.0um.

9. A conducting thick film composition according to
any of claims 1 through 8 Qherein the Cu powder comprises
spherical powder and scaly powder and the average length of
the scaly powder is 10.0 to 40.0pum.

. 10. A conducting thick film composition according to
any of claims 1 fhrough 9 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.

11. A conducting thick film composition according to

any of claims 1 through 10 wherein the glass powder
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sphér'i cal- powder_and_ scaly powder and the average particle di anet er of

t he spherical powder is O. to 5.0[err]m 5. A conducting thick
f|In1con1 any of clainms 1 through 4 wherein the Cu
powder c mlmﬂnlﬂﬂﬂmﬂmpl cal powder and scaly powder and the average
particle “di net ers of* the spherical po##ler is 0.3 to 1.5[err]m

47 -

comprises borosilicate zinc glass and borosilicate barium
glass and the borosilicate zinc glass contains 3 to 35wt% of
Zn0 with respect to the 100wt% of the borosilicate zinc
glass.

12. A conducting thick film composition according to
any of claims 1 through 11 wherein the glass powder
comprises borosilicate zinc glass and borosilicate barium
glass and the borosilicate barium glass contains 10 to 40wt%
of BaO with respect to the 100wt% of the borosilicate barium
glass.

13. A conducting thick film composition according to
any of claims 1 through 12 wherein the glass powder

| comprises borosilicate zinc glass and borosilicate 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.

14. A thick film electrode formed on a ceramic
element of a ceramic electronic component, the thick film
electrode comprising a sintered film made by sintering a
conducting thick film composition according to any of claims
1 through 13.

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

film electrode according to claim 14.
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6. “A conduct | ng_thi ck-f+-mconposition according to any of clains 1

fhrough 4 wherein the Cu \iﬁ@%r conpri ses spheri cal powder and scaly

powder and t ke “l“mlmlc“‘ r conprises fine spherical powder of which
t he” aver age ‘“ﬂ t " ris 0.3to 1.Serr]mand coarse spheri cal

powder of which the‘average particle diafter is 2.0 to 5.0[err]m

7. A conducting thick filmconposition according to any of clains 1
through 6 wherein the Cu powder conprises spherical powder and scaly
powder and the average |ength of . the scaly powder is 10.0.,to 40.0[err]m
8. A conducting lhi c® fAFdPesREoSPTABHC a%‘%Eﬁ%Fr‘?fﬁ-’ {COTRPXAF1BE @ §FRgk1

through 7 “Q%%% %ptg% glgg% ggdgielectric layer laminated with

internal electrodes disposed facing each other with the
cérémic 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,
the external electrodes comprising thick film electrodes

according to claim 14.
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conprises borosilicate zinc glass and borosilicate barium glass and the
borosilicate zinc glass is contained in the anount of over 50wt % of the
100wt % of the gl ass powder. 9. A conducting thick film
conposition according to any of clainms 1 through 8 wherein the gl ass
powder conprises borosilicate zinc glassland borosilicate barium glass
and the borosilicate bariumglass contains 10 to 40wt % of BaO with respect
to the 100wt % of the borosilicate barium gl ass.

Figure 1
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3 3
N 2
4 4




48 ~10. A conducting thick filmconposition according to any of
clains 1 through 9 wherein the gl ass powder conprises borosilicate zinc
gl ass and borosilicate barium glass and the borosilicate. zinc glass and
the borosilicate bariumglass contain at |east one of alumna, an al kal
nmetal oxi-de and an aIkaI| earth net al OXIde A1, A thick film

el ectrode formed oHNW X pidh MBS ITICN, , J LECIRODES yhonent |
the thick film cqymgp; ering a

BONT PONE] AND LAMIN :
conducting tﬂbﬁﬁ;ﬁéﬁl@ﬁﬁlﬁéEﬂ;ﬂélb&ﬁiEprd'”9 to any of claims 1 through 10.

A conducting thick film composition, a thick film

4 2

o met 8

electrode made by sintering this composition, and a ceramic
electronic cohponent and a laminated ceramic capacitor in
which this thick film electrode is used of which the
elécttical'reliability is improved by the strength of a bond
between a ceramié substrate and a thick film electrode being
increased by the elimination of blistering and cracking of
the electrode during sinteringlbf ﬁhe composition and the
adherence of solder to the electrode being improved by the
elimination of glass separation out onto the surface of the
electrode during sintering.

The  conducting thick film composition cdmprises Cu
powder, giass powdgr and én organic vehicle, the Cu powder
comprises.sphericai powder and scaly powder and the glass
powdér comprises borosilicate zinc glass and borosiiicate

barium glass.

Figure 1
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12. A cerani-e—etectToni ¢ conponent conprising a._ceranm.c.element and. a ... .
termnal elec vided on the ceramc el nenrifih@LVEhﬁﬁmmﬁﬁeiectxbdef
_conprumuﬂu ﬂmﬂ !‘il m el ectrode accordi ng t¢ El@dwridilon : paged .. 713, AT
;lanin citor conprising a stackl#madeup ofwaegé%e f
diel ecfric Iayer | am nated with internal electrndes dhﬁ se@}gaelng eagh'

other with thew r € Ajm‘l_-@ctrl c Iayer4 her ebet ween., &n ext-ernal.

el ectrodes dlsﬁgggdg$;t¥ﬂg—eath ot her on both ends of the %%ack ea&h
connected to one end of the internal electrode§,x Lengﬁl efedilk 4898
conprising thick filmelectrodes according to: Lol AT §§% e 4“§"§ﬁ """""

1.. A conducting thick film composition comprising
Cu powder, glass powder and organic vehicle wherein the
Cu powder comprises spherical powder and scaly powder and
the glass powder comprises borosilicate zinc glass and

borosilicate barium glass and
the borosilicate zinc glass contains 3 to 3Swt% of

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

glass.

2. A conducting thick film 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 wvehicle is contained in the amount of 15 to
3Swt% 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 f£ilm 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.

3. 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.
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16. A lanminated ceram c capacitor conprising a stack made up of a ceramic
dielecppreffayéf“laninated with internal electrodes disposed facing each

ot her wit |electric | ayer therebetween and external

el ectrodg\“m‘@ g each other on both ends of the stack each
connecte ne ehdsof *the internal electrodes, the external electrodes
conprising thick filmelectrodes accordipgg to clain114.

6. A conducting thick £ilm composition according to
any of claims 1 through 4 wherein the Cu powder comprises
spherical pqwder and scaly powder and the spherical pbwder
comprises fine spherical powder of which the average
particle diameter is 0;3 to 1.5um and coarse spherical
powdexr of which the average particle diameter is 2.0 to

W S.0um.

7. A conductlng thick film composition accordlng to
any of claims 1 through 6 wherein the Cu powder comprises
spherical powder and scaly powder and the average length of

the scaly powder is 10.6 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 gléss is contained in the -

o amount of over 50wt% of the 100wt% of the glass powder.

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

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

glass.
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10. A céﬁducting thick film composition according to
any of claims 1 through 9'_wherein the glass powder
comprises borosilicate ziﬁc glass and borosilicate barium
glass and the borosilicate zinc glass and the bdrosilicate
barium glass contain at least one of alumina, an alkali
metal oxide and-an alkali earth metal oxide.

11. A thick film electrode formed on a ceramic
element of a cefamic electronic component, the thick film
electrode comprising a sintered film made by sintering a
conducting thick film composition according to any of claims
1 through 10,'

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

£ilm electrode according to claim 11.

13. A laminated céramic capacitor comprising a stack.
made up of a ceramic'dielectric layer laminated with
internal electrodes disposed facing each other with the
cegﬁmic dielectric layer therebetween and external
electrodes disposed facing each other on both ends of the
stack each connected to one end of the igternal electrodes,
thé-external'electrodes comprising thick £ilm electrodes

according to claim. 12.
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