i

Tresept-)I105

CONDUCTING THICK FILM COMPOSITION, THICK FILM ELECTRODE,
CERAMIC ELECTRONIC COMPONENT AND LAMINATED CERAMIC 'CAPACITOR
0 _ _ - .

This invention'relates to a conducting thick film
composition and a ceramic electronic component such as a
laminated ceramic capacitor wherein this conducting thick
film composition is used for a thick film electrode.

Conventionally, a thick film electrode of a ceramic
electronic component, for example an external electrode of-a

laminated ceramic capacitor, is made by coating onto an end

‘surface of a stack of alternately laminated ceramic

dielectric layers and internal electrodes and then baking a
conducting thick ﬁilm composition comprising Ag powder or
Ag-Pd powder, which are ccnducting powders, glass powder,
whicg is a filler, and an organic vehicle consisting of a
base resin and an organic solvent.

After aﬁ external electrode is formed, plating is
cerried out to increase the solderability of the electrode,
and for example a Ni/Sn solder 1laver is formed by
electroplating.

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

powder melts during the baking of the electrode and melted
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glass powder moves to the interface between the stack and
the external electrode and acts as an 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. |

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

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

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

The strength of the bond between the stack and the

external electrode is sometimes reduced by these blisters.



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

Conéequently, in the middle of the plating process the
plating liquid diséolﬁes glass in the éxternal electrode and
reaches as far as the internal electrodes, as a result 6f
this the strength éf the bonds between the internal

electrodes and the ceramic dielectric layers of the

laminéted ceramic capacitor falls, peeling occurs at these

interfaées and cracks occur in the ceramic dieléctric
itself. |

(3).Also,ubééauée a large quantity of glass powder is
included, when baking is carried out at a high temperature.
and in a non—o#idizing atmbsphere, glass covers the surface
of the external electrgdé, a plating layer cannot be fo:med,
and the solder wettability of the surface falls. |
Summary of the invention

An object of this invention is to provide a conducting

thick fiim composition, a thick film electrode, a cerapic
electronic component and a 1aminatéd ceramic-capacitor'with
which it is poséible to imprové_electrical reliability by
improving the strengﬁh of a-bond between a ceramic substrate
and a thick film electrode and imprové the adherence of

solder to a thick film electrode.
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To achieve 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.prevent 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 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 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 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



scaly powder does not start fully in the temperature region
in whiéh blistering occurs, the void rate of the thick film
electrode during sintering increasés, paésages through which
produced gas cah'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 ceraﬁic eleﬁent and the thick film
electrodeﬁ. | _ | |
‘Also, bécéuse by this method it is possible to reduce

the blénded amount of glass powder, which had beeh'inéluded

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 Culpoﬁder, glass powder and an organic
vehicle wherein the glass powder comprises borosilicate zinc
glass and,bordsilicate.barium glass.

By means of this constitution,'the invention 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



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

Becéuse 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, whlch is the temperature at the

- time of electrode formation, at thls 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 fesult, the plating'liquid-does not
adhere well. .

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

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

temperature of the time of electrode formation, its fluidity
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at that temperature is low. Making use of this, it is
possible to adjust the fluidity of the glass with
boroéiliéate barium élass and prevent glass from coming out
onto the surface of the thick film electrode.

Accordingly, by blénding borosilicate zinc glass and
borosiliéate barium glass it is possible to make a

conducting thick film composition to which plating liquid

'readily'adheres, with which the'étrength 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 béen included
in large quantities in ordéi-to maintain the strength of the
bond between the ceramic element and the thick film

electrode, deterioration of the plating film adherence

.caused by glass melting and cbvering the surface of the

thick film eléctrode can be prevented and soldering can be
improved.

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

By means of this constitution, the invention makes it

possible to prevent blistering of a thick film electrode and



cracking of a ceramic element occurring during electrode
fo;matién, further raise the strength of the bond between
'the ceramic element and the thick film electrode and further
imp:oﬁe the adhesion of solder to the thick film electrode.

That is,- because aé a result of tﬁe Cu powderx
comprising spherical pdeer ahd scaly ﬁowder the occurrence
of blistefing of the surface of the thick film elecﬁrbdg is
.prevented, it is poSsiBle to réise_the streﬁgth of the bond
betﬁeen the ceramic element and the thiék'film-electrodet

Also, as a resﬁlt of the glass powder comprising
bprosilicate zihc glass:and'borosilicate_barium glaés,
platipé 1iquid adheres well to the qonducting thick film
cOmposiﬁibn and does not  readily dissolve it- and
consequently it‘is_possible to méke_a conducting thick film
| composition with wﬁich ﬁhe strength of the bond between the
ceramié element and the thick film electrode is high.

Furthermore, because by this method it is possible to
reduce the blended amount of glass powder, which had been
included in large quantities in order to maintain the
strength of the bond betﬁeen the ceramic element and the
thick film electrode, deterioration of the plating adherence
caused by glass melting and'éovering the surface of the
thick £ilm electrode can be prevented and séldering can be
improved.

"In the invention, preferably, the Cu powder and the
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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 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 glass powder is under 85wt%

of the conducting thiék film composition, because the
conducting thick film composition is pastelike, it is easy
to coat. Thg amouﬁt of the organic vehicle is the remainder
of the conducting thick film composition excluding thé Cu
powder and the glass powder.

In the inventiéﬁ, preferably, the glass powder is about 3 to
15wt%, more preferably about 5 to 10wt% of 100wt% of the conducting
thick film composition.

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

composition can be obtained. Also, when the glass powder
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,conétitutes 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 particlé
diameter of the spherical powder is 0.3 to 5.0um.

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

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

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

In the invention, preferabiy, the Cu powder comprises
spherical powder and écaly powder and the spherical powder
comprises a fine sbherical powder of which the average
particle diameter is 0.3 to 1.5um and a coarse spherical
powder olehich the average particle diameter is in the
range 2.0 to 5.0um. |

That is, by m'ixing a scaly powder with a fine
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spherical powder of which the average particle diameter is
0.3 to 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.fdrm:further improves.

Also, in the invention, preferably, the Cu powdef
- comprises a sphericgl powder and a scaly powder and the
avérage length of the scaly poWder is 10.0 tq 40.0um.
| That is, when the average length is over_l0.0um, an
ample effedt of retarding the sintering can be obtained.
When the averagé-length is under 40.0um, the Cu poWder is
easy to coat onﬁo the'cefamic élemént itself, which is
small, and its'sﬁrface can belméde smooth. |

Preferably, the scaly'powder is coﬁtained in the
amount of 10wts to 70wt® of the total 100wt% of the fine
spherical powder, fhe coarse spherical powder and the scaly
powder. .

The reason for this is that when the contained amount
of the scaly powder is over 1l0wt%, because it does not
become very fine during éintering of the conducting thick
film composition the'amount of Qlass flowing out onto the
surface of the thick film electrodé is small and as a result
plating adheres easily to the Surfage 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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conducting thick film composition resists the penetration of plating

liguid.

In the invention, preferably, the glass powder camprises
borosilicate zinc glass and borosilicate barium glass and the
borosilicate zinc glass is more than about SOWt% of 100wt% of the
glass powder. Preferably, it constitutes about 50 to 80wt% of the .

glass.

That is, when borosilicate zinc glass constitutes over

50wt% of the 100wt% of the glass powder sintering is rapid

because the blended amount of bqrosilicate zinc glass is

.large and the blended amounﬁ_of borosi;icate barium glass is

small, at the same temperéture the composition becomes finer
and the sintered density is. higher and éonéeéuently the
composition ﬁas'a better heat shock property. .When the
borosilicate zinc glass is made 100wt%, excessive fluidity
causes a glass 1ayér to fdrm,on the surface and cover the Cu
powder and cpnseqﬁently the plating process .becomes
difficult. Therefore, because the plating adherence is
impaired, a borosilicate zinc-glass content of 100wt% is not
préferable. |
In the invention,’ preferably,' the glass powder comprises a

borosilicate zinc glass and a borosilicate bariunl glass and. fhe
borosilicate zinc glass contains about 3 to 35wt% of ZnO in 100wt% of
the borosilicate zinc glass. |

That is, when the amount of the ZnO is greater than

3wt%, the composition has better Ni/Sn plating adherence
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characteristics. When the amount of ZnO is less than 35wt%,
the composition has better insulating and heat shock
chafagteristics. m

In the inventioh;_ preferably, the glass powder
comprises a bérosilicate zinc glass and a bo:osilicate

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 composition‘has beﬁter insulating, Ni/Sn plating
adherence and heat shock chafaéteristics._ When this amount

is less than 40wt%, the composition has better insuiating

- and heat shock characteristics.

Also, in the invention, preferably, the glass powder |
comprises a boroéilicate'zinc glass énd 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 ﬁpr 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 and the glass powder is

made to melt more readily.

The invention also provides a thick film electrode
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formed on a ceramic element of a ceramic electronic
compoﬁent, the thick film electrode comprising a sintered
film made by sintering a conducting thick film cqmposition
according to the invention.

That is, a sintered film to constitute a thick film
electrode can be formed by sintgring the above-mentioned
conductiﬁg thick f£ilm composition by heating the conducting
thick film composition at a specific temperature for example
in the range SOO‘C to 800°C. | '

'The_invéntion also provides a ceramic electronic
component comprising a céramic_element and a terminal.
electrode formed on the ceramic element the terminal
electrode coﬁprising a thick_fiim electrode according to the
invention. |

That is, it is possible to.prevent blistering of a
thick film electrode and cracking of a ceramic element
occurring dufing formatipn of a terminal elecﬁrode of a
ceramic electronic component, improve the‘Stfength of the
bond between the ceramic elemenﬁ and the terminal electrode
and improve the adhesion of solder to the termipal
electrode.

Also, the invention-provides a laminated ceramic
capacitor comprising a stack made up of a ceramic dielectric
layer and internal electrodes disposed facing each other

with the ceramic dielectric layer therebetween and external
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eiectrodes each having one end connected to oﬁe of the
internal electrodes, the external electrodes consisting of
thick'fiim 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 externai electrode and impﬁove the
adherence of soldeér to the external electrodg.
ﬂ;_e_f_l;g&up_tm_oj_t_h_e_nmmgs |

Fig. 1 is é seétibnal'view of a preferred embodiment
of the invention; and

‘Fig. 2 ‘is a sec;'tiorial view of another preferred
embodiment of the invention. | |

A preferred embodiment of a thick film electrode
‘consisting of a sintered film made by sintering a conducting
thick film composition according to the invention will now
be described with reference to cases wherein such thick film
eleqtrddes are used in a platelike ceramic capacitor and a
laminated ceramic capacitqr, which are ceramic electroﬁic
- componernts. |

.Fig. 1l is a séctional.view of a platelike cer#mic

capacitor. |

As shown in Fig. 1, this platelike ceramic capacitor
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has a platelike ceramic dielectric 1 thch 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'tbe terminal
electrodes 3, and covering resin 2{

The ceramic dielectric 1 is made for example of a
porcelain material suéh.as barium titanate or lead niobate,
the terminal electrodes 3 are formed on. opp051te main flat
isurfaces of the ceramlc dlelectrlc 1 and the covering resin
2 covers the ceramic dielectric 1 and the terminal
electrodes 3.

The lead termlnals 4 are prov1ded for connecting the
terminal electrodes 3 to a 01rcu1t board not shown in thel
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 frém the'covering resin 2 and connected
to the circuit board.

Fig. 2 is a sectional view of a laminated ceramic
capacitor. |
| As shown in Fig. 2, this laminated ceramic capaci;or
-has a rectangular parallelopiped shaped stack 5 and a pair
of éxteinal electrodes 7a, 7b disposed facing each other on
the ends of the stack 5. |

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

integrating a laminated plurality of ceramic sheets 6 which
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are ceramic dielectric layers consisting of for example a
porcelain material such as barium titanate or lead niobate.
"Pluralities of internal electrodes 9a, 9b are disposed
alternately inside the stack 5. |
The internal electrodes 9a are connected to thé
external electrode 7a disposed on one side of the stack 5

and are insulated from the external electrode 7b disposed on

the other side of the stack 5.

"The internal electrodes 9b are connected to the
external electrode 7b and are insulated from the external
electrode 7a. The internai electrodes 9a, 9b are disposed
in parallel with each other. |

The terminal electrodes 3 of thelp;ateiike ceramic
capacitor and thé external electrodes: T7a, '7'b of the
laminated ceramic éapacitor described above are thick film
electrodes consistiﬁg of sintered films formed by baking a
conducting thick £ilm composition according to the
invention. | |

-~Next, conducting thick film compoéitions according to
the invention will be described in detail.

(First Preferred Embodiment)

Conducting thick film.compositions'according to this

ihvention all contain a Cu powder, a glass powder and an

organic vehicle.

.In this preferred embodiment, the Cu powder and the
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glass powder together are blended in the amount of 65 to

- 85wt% of the.loowt% of the conducting thick film composition

and the glasé 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 pqwderrhaving different particle shapes is used.

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

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

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

average length 10.0 to 40.0um.

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

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

| The borosilicate barium glass is glass powder
containing BaO-SiOz-B203 and bonded with other components

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

earth metal oxides such as Ca0O, BaO.
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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 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 resin,
diésolved.in butyl_celloso1Ve, which is an oroanic solvent,
is uséd; | | _

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

bond strength, the presence or absence of blisters and an

overall evaluation.



Table 1
Cu powder blend Ni/Sn plating electrode bond |blisters overall
ratio film adherence strength (N) evaluation
embodiment A B C :
1-1 90 0 10 O 45 O (@]
1-2 80 0 20 O 42 (@] O
1-3 80 10 10 (@) 43 [¢] O
1-4 70 20 10 O 45 O O
1-5 70 10 20 O 41 O O
1-6 60 30 10 O 43 O O
1-7 60 20 20 O 45 O O
1-8 60 10 30 (@) 40 O O
1-9 50 30 20 (o] 45 O O
1-10 50 40 10 O 42 O (@]
1-11 50 10 40 O 38 O O
1-12 40 40 20 O 40 O O
1-13 40 20 40 O .36 O O
1-14 30 50 20 O 43 O O
1-15 20 70 10 O 41 O O
1-16 10 20 70 O 34 O O
Cu powder blend Ni/Sn plating electrode bond iblisters overall
ratio film adherence strength (N) evaluation
reference example A B C
1-1 100 0 0 X 40 X X
1-2 0 100 0 x 40 x X
1-3 0 0 100 O 26 O x

oc
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For reference, Table 1 also shows an Ni/Sn plating
£ilm adherenée 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 coarée spherical powder B and the scaly powder
C as 100wt% of the Cu-powder.

NéXt, measurement methods and measurement results of
the evaluat%ons of the Ni/sn plating film adherence, the
electrode b&nd stréngth and the presence or absence of
blisters wiil bé described as will the overall evaluations
based on these results.

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

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

less than lum the film was deemed defective as indicated

"with a x in Table 1.

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

lum, it could also be seen from the external appearance that
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the Cu electrode was exposed, and the plating adherence was
therefore defective.

In the case of reference example 1-1 the reason for

. this is probably that because only the sphérical powder A

was blehdedlas the Cu powder the void rate of the thick £ilm
electrode during_sintering was insufficient and consequently
deterioration.in the Ni/Sn plating film adherence caused by
glass melting and covefing the surface 6f the thick £film
eiectrode.occurred; | |

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

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

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

1; the electrode bond strength was deemed to be good when
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the force was greater than 30N and deemed to be defectivé
when the force was less than 30N.

In'réference example 1-3 the electrode bond strgngth
(N)‘was, at 26N, .less than 30N and theréfOre deemed to be
déféctive,_and the thick film electrode had peeled off at
its interface with the chip. . o

The reason for this is prébabiy that in feference
example 1-3 because.only the scaly powder C was blended as
thé Cu powder the bonding force with glass was small and the
thick fiim electrode conseéuently peeled off relatively
easily and the electrode bond'Stféngth,had therefore
decreased. | |

The presence or absence of biiétefs 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
Su:face of the thick film electrode and irregularities had
formed in the thick film electrode it was deemed that
blistering had occurred and this was shown by a x in Table
1, and when not this wé.s shown with a© in Table 1.

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

. In the case of reference example 1-1 the reason for
this is probably that because only the spherical powder A

was blended as the Cu powder the void rate of the thick film
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electrode during sintering was insufficient and consequently
there was no way for produced gas to escape and blistering
occurred as a result.

In the case of referencé example 1-2 the reason is
prdbébly'fhat bééauée'bnly 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 préduced 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 inTNi/Sh'plating'
filﬁ adherence, electrode bond strength aﬁd the presencé'or
absence of blistering, this is indicated by a © in Table 1.
Because reference example 1-1 to reference example 1-3 were
deemed to be defective in Ni/Sn plating film adherence,
electrode bond strength or the presence or absence of
biistering this is indicated by a x in Téble 1.

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

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

barium glass set forth in the second preferred embodiment
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described below were used as the glass powder, just
borosiiicéte zinc glass may be used or just borbsilicate_.
barium glass may be used. Alternatively, some other glass
may be used. In any case the objects of the invention can
be achieved. |

Also, for example, aithough in the preferred
embodiﬁent described above an écrylic resin base resin
dissolved in-butyl'cellosolve, which is an organic'solvent,
is uéed as the organic vehicle, a cellulose resin or a
butyral resin or the 1iké méy bé used as the base resin and
terpineol may be used as the oiganic solvent.

(Séconlereférred Embodiment) |
| Conducting thick £ilm compositions adcording to this

iﬁvéntion all contain a Cu bowder, a glass powder and an
organic véhicle. ' | |

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 2n0-Si05-B303 and bonded with other components

such as alumina, alkali metal oxides such as Liy0 and alkali
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earth metal oxides such as CaO.
The borosilicate barium glass is a glass powder

containing BaO-Si03-B203 and bonded with other components

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

earth metal oxides such as CaO, BaO.

As the Cu powder, the samé Cu powder as that set forth
in the first preferred embodiment was.used‘

That is, as the Cu powder, a mixture of é spherical
powder and a‘scaly powder having different particle shépes
is ﬁSed. )

-This spherical powder consists of substantially .
sphefical Cu-particies and is made up of a fine spherical.
powaer A 6f average pérticle diametef 0.3 to 1.5um ana a
coarse spherical powder B of average particle diameter 2.0
to 5.0pum.

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

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

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

of the glass powder with respect to the 100wt% of the
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conducﬁing thick £ilm composition, the wt% of the
borosiiicate zinc glass with'respeCt to the 100wt% of the
glass poWder,'ﬁhe'insulation resiétance NG count, the'Ni/Sn
plating film adherence, the heat shéck property and an

overall evaluatibn based on these.



Table 2
frit number amount of | wt% of insulation Ni/sn heat shock overall
' glass Zn type xresistance: plating f£ilm property evaluation
- powder . glass NG count - adherence AT=375"C
added (wt%) (n=20)
embodiment Zn Ba type
type
2-1 B H 4.0 70 0 -0 O O
2-2 B H 9.0 50 0. O (o] O
2-3 B H 9.0 70 0 @] O O
2-4 B H 9.0 90 0 O (e (@]
2-5 "B H 9.0 100 0 O (o] O
2-6 B H 13.0 70 0 O [e] O
2-7 B G 9.0 70 0 O O O
2-8 B I 9.0 70 0 O O (@)
2-9 A H 9.0 70 0 O (@] O
2-10 C H 9.0 70 0 O (@] O
frit number amount of | wt% of insulation Ni/Sn heat overall
glass Zn type resistance plating film shock property evaluation
powder glass NG count (n=20) adherence AT=375°C .
added (wt%)
reference exanple Zn Ba type
type
2-1 B H 1.0 70 15 O X x
2-2 B H 9.0 20 0 (@] x x
2-3 B H 20.0 70 0 x O X
2-4 B F 9.0 70 10 X X X
2-5 B J 9.0 70 3 (@) x X
2-6 D H 9.0 70 10 O X x
2-7 E H 9.0 70 0 x O X
2-8 B H 2.0 60 15 O X X
2-9 B H 17.0 50 0 X (@] X

1214




29

Fgr reference, reference examples 2-1 to 2-9 are also
shown in Table 2.

j Alsb;.in.Table 3 are shown composition ratios (units
are wt%) of frit numbers A, B, C which ére preferred
exampleé of borosilicate zinc glasses, compésition ratios
(units are wt$) of frit numbers G, H, I-whiéh.are preferred
examples of borosilicate bariﬁm glasses, compdsitiqn ratios
(units are wt%) of frit numbers D, E which are reference
exaﬁp;eé 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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embodiment Zno BaO 5i0p B;03 Alp03 Lin0
borosilicate A 4 - 50 30 "2 10 4
zinc glass - :
B 20 - 20 50 2 5 3
C 35 - 35 20 0 5 5
borosilicate G - 15 10 50 10 6 4
barium glass
' H - 30 45 15 0 6 4
I - 40 10 30 10 6 4
reference example Zno BaO 810y By03 Al,03 Lin0 Ca0O
borosilicate D 50 - 10 30 0 5 5
zinc glass .
E 2 - 50 40 2 5 1
borosilicate F - ) 40 30 10 6 4
barium glass
J - 55 10 15. 10 6 4

o€
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Next, measurement methods énd measurement results of
the evéluations of the insulation resistance NG'cqunt, the
Ni/én plating film adherence and the heat shock property
will_be described and then the ovérall evaluations based on
these results.willlbe discussed. o | |

To evaluate the insulation resistance NG count, first,
external electrodes were formed on'bqth ends Qf'a laminated
ceramic éapacitor chip by baking ét about 800°C in a
nitrogen atmosphere and Ni/Sn plating was.carried out.
.Then, the insulation resistaﬁce across the two electrodes
was meaéured and deemed to be NG when the resiétance value
was below 1#109£2. This measurement was carried out for 20
laminated ceramic éapacitors and the number 6f NG capacitofs_'
shown in Table 2. When there were no NG.léminated ceramic
capacitors the exaﬁple‘was‘deemed to be good, but if there
was even. one NG'laminated ceramic_capacitor the example was
deemed to be inferior.

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

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

the laminated ceramic capacitor and shorting occurring and

the like.
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In reference example 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 BaO was low, at Swt%, with réspect 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 examplé 2-5 there were 3 NG laminated

. ceramic capacitors out 0of 20 and the example was therefore

inferior.

Thé reason for this is that because in the composition
ratios pf the frit'nﬁmber J borosilicate barium glass the
proportion'of Bab waé high, at 55wt%, with respect to the
106wt% of the glass powder, de;erioraﬁion'in insulatioﬁ

resistance occurred due to cracking occurring in the

laminated 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
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propor;ion of 2ZnO was high, at 50wt%, with respect to the
100wt% of the glass powder, deteriorétibn_iﬁ insulation
resistance occurred due to cracking occurring in the
laminated ceramic capécitor and shorting occurring and the -
like. | _

In reference example 2-8 there were 15 NG laminated
ceramic capacitorsjbut of 20 and the ekample was therefore
_inferior. | |

Tﬁe reason for this is ﬁhat because the added amount
of glass powder was small, at 2.0wt%, deterioration in
‘insulation resistance occﬁrred due to cracking occﬁrring in
the laminated ceramic céﬁacitér and shorting'occurring and
‘the like. |

| Acdqrdingly, it can be seeﬁ that in-insulation
resistance NG.counE 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 ;he borosiliéate barium élass compositidn cdns;itute more
than 10wt% of the 100wt$ of the glass powder.

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

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

than 35wt% of the 100wt% of the glass powder.
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To evaiuate 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..
nitrqgen atmosphere and Ni/Sn plating was carried out.
Then,_thé film thickness of the Ni/Sn plating:film was
measured with a fluorescence X-ray film thiqkness meter and
when the film thickness was greater than 1lpm the film was
deemed to be good as indicated with a© in Table 2 and when
it was less than 1pm the film was deemed inferior as
indicated with a x in Table 2. ._

In reference example 2-3 the film'thiCkness of the
Ni/Sn plating film was less thén 1uﬁ, it ¢oﬁ1d also be seen
from the external appearance that the Cﬁ'électrode'was
exposed, and the plating adherence was therefore inferior.

The reason for this is that because the added amount -
of glass powder was high, at 20.0wt%, glass separated out
onto the surface of the thick film electrode and the Ni/Sn
plating film adherence consequently fell.

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

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

proportion of BaO was low, at 5wt% with respect to the
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100wt% of the glass powder, the Ni/Sn plating £ilm adherence
was low. “

In reference example 2-7 the film thickness of the
Ni/Sn plating film was less than ium, it could also be seen
ffom the external_appearance that the Cu electrode was
exposed, and the pletihg adherence was therefore inferior.

The reason for this is that because in the composition
ratlos of the fr1t number D boros111cate zinc glass the
proportion of Zno was low, at 2wt% with respect to the
100wt% of the glass powder, the Ni/Sn platlng adherence was
low.

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

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

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

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

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

If cén also be seen that it is preferable that the 2nO
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 oﬁt. Then, this
laminated ceramic capacitor was dipped in a'460’c solder
tank for about two secoﬁds.

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

In reference example 2-1 cracking occurred iﬁ the
laminated ceramic capacitor and it was 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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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 Beo was small-eﬁ Swt% Qith reepect
to the 100wt% of the glass powder.

In reference exampie 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 borcsilicate barium

glass the proportion of Bao 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 mumber D borosilicate barium
glass the proportion of ZnO was large at 50wt% with respect .
to the 100wt% of the glase powder.

In reference example 2-8 cracking_occurred in the

laminated ceramic capacitor and it was therefore deemed to
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be inferior.

Tﬁe reason for this cracking_occurring was that the
added amounﬁ of glass powder was sﬁall, at 2.0w;%.

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 SOWt% of thé
100wt% of the glass powder. | |

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

It can also be seen that it is preferable that the BaO
in the composition:of'the borosilicate barium glass |
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_ovérall evaluations show that the:
reference examples 2-1 to 2-9 were inferior in one or more
of the charactéristics insulaﬁion resistance NG count, Ni/Sn
plating adherence or heat shock property and were_inferiof

to the preferred embodiments 2-1 to 2-10.
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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 cap,be made.within the
scope of the invention.

For example, although iﬁ tﬁis preferred embodiment the

Cu powder set forth in the fi:st preferred emedimeht was
uééd, as long as the Cu powder comprises a Sphéricél powder

and a scaly 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. In any case the dbjects of the
invention can be achieved.

Also, for example although in this'preferred
embodiment an acryliclresin constituting a base resin
dissolved in butyl cellosolve, which is an organié solvent,
is used as the organic vehicle, a cellulose resin or a
butyral resin or the like may be used as the base resin and

terpineocl may be used as the organic solvent.
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In a conducting thick film composition according to
the present invention, as a result of the Cu powder
compr1s1ng a spherlcal 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 df the
bond between the.ceramic element and the thick £film
electrode, deterloratlon of the platlng adherence caused by
glass melting and covering the surface of the thick f£film
electrode can be prevented and soldering can be improved,
and therefore_it-ie possible to improve the electrical
reliability of a ceramic electrohic_component.

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

.Also, because by this method it is possible to reduce .
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the blended amount of glass powder, which had been included
in large quantities in order to maintaih the strength of the
bona betWéen the ceramic element and the thick film

' electrode; deterioration of the plating aaherence caused by
glass melting énd covering the surface of the thick film
electrode can.be prévented and soldering.can be impréved,
and therefore it is possible to improve the electrical

. reliability of a ceramic electfonic component;

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

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

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

and therefore it is possible to improve the electrical
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reliability of a ceramic electronic component.

In the invention, preferably, the Cu powder and the
‘glass powder in total are contéined 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 ﬁo
35wt% of the 100wt% of the'conducting thick f£ilm
composition. |
| By this method it is posSible_to increase the
conducting thick f£ilm composition levelability aﬁd improve
its coétability. | |

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

By this method, by further increasing the strength of
the bond between tﬁe ceramic element and the thick film
 electrode and increasing the plaoing adherence it is
possiblo to further increase the soldér adherence.

| In the invention, preferably, the Cu powder comprises
sphefiéai powder and scaly powder and the average particle
diamete:_of the spherical powder is 0.3 to 5.0um.

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

In the invention, more preferably, the Cu powder

comprises a spherical powder and a scaly powder and the
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average particle diameter of the spherical powder is 0.3 to
1.5um.
| By this method, a mbre_optimal average particle
diameter is édopted.

~In the invention, preferably, the Cu powder'comprisés
é spherical powder and a scaly powder and the épherical
poﬁder compfises a.fine sphéfical 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 5.0um. _ |

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

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

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

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

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

" In the invention, preferably, the glass powder
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compfises 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. o |

By this method ;t is possible to imp:ove the plating
adherenée, insulation characteristics and heat shock
property of the comp051tlon.

~In the invention, preferably, the glass powder

. comprises a borosilicate zinc glass and a borosilicate

barium glass and the borosilicate barium glaés contains 10
to 40wt% of BaO with'respect to the 100wt% of,thé-
borosilicate barium glass. |

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

Also, in the invention, preferably, the Qlass pbwder
comprises a'bbrosilicate zinc glass and a borosilicate
barium glass.and the borosiiicate_zinc glasé and the
boros111cate barium glass contain at least one of alumina,
an alkali metal oxide and an alka11 earth metal oxide.

By this method improvement of the acid resistance of the
camposition by the addition of .alumina and improvement of the
softening of the glass powder by the addition of an alkali metal

oxide or an alkali earth metal oxide are possible.
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With a thick film eiectrode according to the invention
it is pgssible to form a sinteréd film to constitute a thick
film electrode by sintering the above-mentioned conducting
thick film-compdsition and consequently a thick film
‘electrode for a ceramic electronic component can be
‘manufactured easily.

- With a ceramic electronic compbnent-according to the
invention it is possible to prevént biisterihg of a thick
film electrode”and cracking of a ceramic element occurring
when terminai'elect:odes of the ceramic electronic component
are being férmed and impfove the strength of the bond | |
" between the ceramic element and the terminal electrodes and

'limproVe the,adhefence of solder to the terminal electrodes.

-Wiﬁh a laminatéd ceramic capacitor according to the
invention it is poésible to prevent blistering of a thick
film electrode and cracking of a stack occurring when
external electrodes of the laminated ceramic capacitor are-
being formed and improve the strength of the bond between
the-stack aﬁd the external electrodgs and improve the

'adherence of solder to the external electrodes.
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WHAT IS CLAIMED:

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.

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

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

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

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

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

diameter of the spherical powder is 0.3 to 1.5um.

* c L N s *
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6. A conducting thick f£ilm composition according to

any of claims 1 through 4 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
5.0pm.

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

8. A conducting thick film composition according to
any of claims 1 through 7 wherein the glass powder comprises
borosilicate zinc glass and borosilicate barium glass and
~ the borosilicate zinc glass is contained in-the amount of
over 50wt% of the 100wt% of the glass powder.

e. A conducting thick film composition according to

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

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

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

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

* c L M S *

glass.
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11, - A conducting thick film composition according to

any of claims 1 through 10 wherein the glass powder
comprises borosilicate zinc 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.

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

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

£ilm electrode according to claim 12.

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

according to claim 12.

LT



