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| NVENTI ON Field of the Invention The present invention relates t

el ectrically conductive conposition, a ceramc electronic conponent, and a
met hod for producing the Conponent, and nore particularly, to an
electrically conductive conposition for formng a conductive filmon an

outer surface of a ceram cgl j olx n hrough firing; a ceramc
el ectroni ¢ conmponent pr oduggeﬁ@%fn@rség%cfuqrﬁﬁgngdﬁ%%sd{"?@e conposition; and a
nethod for producing the conpepgmit.EIEES&Hit BdrRportntt he Rel ated Art
Cenerally, an electrically conductive paste conprising solid conponents
such as netal powder andagtiMgthbdifer Brodiucirig thiecCoroppoenrint s such as a

bi nder--whi ch provides appropriate viscosity and coatability----and a
solvent is enployed as an electrically conductive conposition so as to
forman electrically conductive filmon an outer surface of a ceramc

el ectroni c conponent, such as an outer netallized portion of a nonolithic

ceram c capacitor. Thus, @BACKSROUBD OF TIBNINVENMONIi|I mis formed by
provi sion_of the electrically conductive paste on a target area of an
out er sur fE@ obthe kwepbiey of an el ectronic conponent and firing. In the

coram ¢ capact (P PERERBR M RiAe R ErTHRREaN cTHakR3 iy, o ©
el ectri catésansierslesidnie cbi{jﬁhéﬁt, adEhetitd féﬂ@ﬁo@jtiﬁ?‘ltrﬁi Cabnpopieet Girel

fornmed therein and partially exposed so as to establish electric contact
with the B108ePariculayy, te@ncleetrigally Fomguctivercompasitiomfosfereping® f orm a

conducti v Iy | the electricall cqonductive paste..| r OVi so.,as to
ke cont Sevdudtive' .S BF Shid Sudhes S PETaIE oRRFPRF CaRbde it

t her eby eﬁﬁﬁ@,' A %Era?hieféléétﬁorﬁ@ﬂb%bnéﬁt pReNctd Byiudeasfing coﬁ@ﬂéﬂi\i‘é or a_nd .
nmetal contained in the conductive paste. The uSe of glass frit contained in

such an efe®peritign gnd grettodfer producing the component.
Description of the Related Art

Generally, an electrically conductive paste comprising solid components
such as metal powder and glass frit and vehicle components such as a
binder——which provides appropriate viscosity and coatability——and a solvent
is .employed as an electrically conductive compositioﬁ s0 as to form an electrically
conductive film on an outer surface of a ceramic electronic component, such as an
outer metallized portion of a monolithic ceramic capacitor. Thus, an electrically
conductive film is formed by provision of the electrically conductive paste on a
target area of an outer surface of the body of an electronic component and firing.

In the case of a monolithic ceramic electronic component such as a
monolithic ceramic capacitor, the body of the electronic component on which an
electrically conductive film is formed includes an internal conductor formed therein
and partially exposed so as to establish electric contact with the electrically
conductive film. Therefore, in order to form a conductive film, the electrically
conductive paste is provided so as to make contact with the internal conductor
and firing is performed to thereby establish electric contact between the internal
conductor and metal contained in the conductive paste.

The use of glass frit contained in such an electrically conductive



1 13 SEP 2004 conposition, e.g., a conductive paste, is herein divi?gg I nto
two cases. In a first <case, there is enployed glass frit having al P 2004
conparatively | ow softening point such that the frit assunes a nolten
state at | east at the maxi mumtenperature during firing. In a second case
there is enployed glass frit having a conparatively high softening point
such t hat e frit maintain | ass-ceram.c state, at .the nmaxi num.
Cenper a FAEVRITONy By pnekc TS o0 A8 MR SViRRe e twp cabern b arTHtani ch
there is ompl pad i9bntofdd flashami ReviAg SERAPALYVE oW i jnt, a
gl ass conponent is sgﬁﬁéﬁedéat a co&p ratlvéﬁélea&lg staggn%fﬂgﬁg?ﬁﬁLg
step. Thdhaf iheclrit assumabermalten state mdlleast @ the maximsmtedpeedtuse Hagrg et al
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However, tempehstufé eatingdisiag. when the maxi mum tenperature during firing of
an electrically conductive conposition increases, a glass conponent exudes
from the conddedreeribed above.tindhe firstaasetinavhich therpas efmpleyedgiass frite

conduct i | 1 S Lated for surface treatnment, uniform aghesion of
plating ?ﬁgaﬂdé %;ﬁ?nPPeaDraﬁ‘éﬁﬁ!l%\gﬁpﬁepwgc%?m{‘fs?lﬁsﬁﬁgﬁ‘p@ﬁ?n _ Cﬂ{}ﬁ‘nefj rature
during fIddmréﬁoélgﬁe%@@,stégéﬂo%lﬂmmg%te EUHerBRME CverPRhah BRdnidindine
conductive conposition’proceeds insufriciently, to thereby possibly

provi de aopeiietay isimade efda pase metal Junisas diakeh@ metsd gontained in aeat nent as
descri bed ,ahave Lati ng sol ut.jon m.ght .intruyde into the b of an
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contrast, in the above-described second case in which there is enployed
gl ass frithe mempasitimmagnadithg sdenet candtectst hefrathe hesemetalis axediped.at ur e
nent does not nelt duri ng firi ngmlﬁhus good

cl'cet i o cont SpeREE JaUie At FAPerHaR don RO MFERE LGRS n an
el ectric adcdoﬁiggfg{%ﬁyﬁdghgﬂgw‘gﬁ%menrn]&%fasag,ta Bfasiddrhitsifent WRLEES HbRF

the conductive film to the surface thereof. Therefore, when the conductive film is

plated for surface treatment, uniform adhesion of plating layer may be disturbed.

In contrast, when the maximum temperature during firing decreases,
sintering of metal powder contained in the conductive composition proceeds
insufficiently, to thereby possibly provide a porous sintered product. Thus, during
the plating treatment as described above, a plating solution might intrude into the
body of an electronic component formed of a ceramic, to thereby possibly cause
degradation of electrical properties such as insulation resistance.

In contrast, in the above-described second case in which there is employed
glass frit maintaining a glass-ceramic state at the maximum temperature during
firing, a glass component does not melt during firing. Thus, good electric contact
between an internal conductor and a metal contained in an electrically conductive
composition might not be attained, unless the internal conductor is sufﬁcientiy
exposed——through treatment such as polishing of the body of an electronic
component——before provision of the electrically conductive composition.

When an internal conductor contains a base metal, good electric contact




exposed- -t hrough treatnment such as polishing of the body of an electronic
conponent - before provision of the electrically conductive conpostiggp en
an internal conductor contains a base netal, good electric contd y@ SE
P 2004 between the internal conductor and a netal contained in an

el ectrically conductive conposition mght be nore difficult to attain,

since the_internal .conductor be, oxidized whil.e a gl ass conponent

cont ai nedPPIPE e ARBES ooy A pdre BhegHaRiad e SkFioaly ZBniirig
step.  SUMMAIRKoSHi o i ghNBNH (iR MBS ARIE il %%ferﬁsn_secmmr%gfbem
the present invention provides an electrically conductive conposition for
f orm ng anxidizect whiteahlgfass ocomipohenecdnthimetitin they hohdudtivg cdmpdsitomdoeses
nmet al pOV\der‘F@]d gj ass frit as solid conponents, wherein the glass frit
conpr i ses"P§ Mot Yiringa fifipg Si@h-ch assumes a nolten state at |east at the

maxi mum tenperature during firing and second glass frit which maintains a
gl ass-ceram c state at the maxi numtenperature during firing. One

preferred enbodi nent of the SWHVARYIOWTHE INVBERNTYWDORes an el ectrically
conductive conposition for formng an electrically conductive filmthrough

firing, conpril®oxgrecamedhe gbayedesatbed peablems: thespresentinvenpoment s,

state ai PRSIPREER sledditalfinRId REfe soiHasti ARy Iying Bre efitdond o ase
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during firing; the first .has a softening point 100C or nore |ower
t han t he AePeDANISewheraindhe gliass g comprisgs firstalasmiriémhich assurees ar st gl ass -
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powder isfipp@ferably at | east one selected fromthe group consisting of
copper and si ld/nee[ preferred embodiment of the present invention provides an electrically
conductive composition for forming an electrically conductive film through firing,
comprising: metal powder and glass frit as solid components, wherein; the glass
frit comprises first glass frit which assumes a molten state at least at the maximum
temperature during firing and second glass frit which maintains a glass-ceramic
state at the maximum temperature during firing; the first frit has a softening point
100°C or more lower than the maximum temperature during firing; the content of
the first glass frit based on the total amount of the glass frit lies within a range of
25-90 wt.%; and the total amount of the glass frit based on thé total solid
component including metal powder lies within a temperature range of 3-10 wt.%.
In the above described electrically conductive composition, the metal
powder is preferably at least one selected from the group consisting of copper
‘and silver.
Another preferred embodiment of the present invention provides a ceramic
electronic component comprising: an electronic component body and an
electrically conductive film disposed on an outer surface of the body thrbugh firing,

wherein: the electrically conductive film comprises a sintered product which

contains metal and glass; the glass comprises first glass which assumes a molten




Anot her preferred enbodi nrent of the present invention provides a ceranic

el ectroni ¢ conmponent conprising: an el ectronic conponent body and J&5tP 2004

el ectrically conductive filmdisposed on an outer surface of the body
through firing, wherein: the electrically conductive filmconprises a
sintered product which contains netal and gl ass; the glass conprises first

gl s hi Ch@SPIRR APl et o 1 nRER B0 ARG b e R T

tenperature dur | ng rirring an ass mal n “ceranc

state at Flantame AYAsksmamid siate tthe@akiniim $mpBeatiitd atiringfiffg; thavirgg a
softening point 100C or nore | ower than the maxi num tenperature during

firing; talasshaving asbftehingipoist 1@0°4ser hase tbwer thas themaxiawount of the

| i ithin the, f 25-90 . % . and the total t of th

Gl ass | ntermRerahaALINGETG: e FERtER Bhine 63 Bipsermasaion BB erarsods w o
[ the abgueiases iBeditel O rfbalkon) G oBTRRTEN oidndhel ROUL <

preferably at Teast one selected fromthe group consisting of cop

silver. e comducties filth liee it anempyrataralisRsef3-10 wi. el ectroni c
conponent body and electrically connected to the conductive film Further,
the internal c&hihgalkeve dascr gragigeipsyenireenponait, titomedal pavidesis ed
enbodi nmen i ' V] f ' a
ceram o epsapraby aPleaEBhe st RO 453 s BT coRbal BTV ER  "an

el ect ri cahhy, aensteeidl\contiLitidr #hBP6s arbpeBedn G Bleckohideésmpahettislodyody
through firing, the method conprising the steps of: providing the

el ect r oni @nd efgsinieaity ganectedt to/ihg eapdustive fibe: Furthen, yhe sieunal ceaductor

conpositi of . _claiml _or Lor form ng a conductive film disposing the
el ectri caﬁgyccomﬁfcet?\'?@se sition on an outer surface of the electronic

conponent body yeRBfofHeripiefetitRl erABOGH N\ e pRswint irientibAlprbUiRfestane
maxi mum tenperature during firing is 100C or nore higher than the

sof t eni ngmedhen fasfprodecingraseerginig slectionicermporeridipiag ghadectrenict
R
the el ect pPifeCHERPROEEH fiRAGYtha et idomprisif BRS S&psbfasrdvidiRberérical |y
electronic component body; providing the electrically conductive composition of
claim 1 or 2 for forming a conductive film; disposing the electrically conductive
composition on an outer surfzce of the electronic component body; and firing the
conductive composition such that the maximum temperature during firing is 100°C
or more higher than the softening point of the first glass frit and the second glass
frit maintains a glass-ceramic state at the maximum temperature during firing.
In the above described method, an internal conductor may be disposed in
the electronic component body and partially exposed so as to electrically
connected to the electrically conductive film; and the step of disposing the
electrically conductive composition includes a step of providing the electrically
conductive composition so that the electrically conductive composition contacts
with the internal conductor. Further, the internal conductor may comprise a base

metal.

DESCRIPTION OF PREFERRED EMBODIMENTS




connected to the electrically conductive film and the step of disposing
the electrically conductive conposition includes a step of provi i?gUiWEA
el ectrically conductive conposition so that the electrically conduc
conposition contacts wth the internal conductor. Further, the internal
conductor may conpri se a base netal. DESCRI PTI ON OF PREFERRED EMBODI MENTS
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Formed of 'S - BOYRSSEIIEMENGhan o Sr A% 8PS HLetmad b S s ‘é‘?sm- i ng
ti n e g 99 100907550250 SI -

rGlaa!sgs( §i§/&o>01325507530\%9%#@&%%&%&@5&%& |nﬁq'a Ioes/()l has a softening p0| nt

of 600' C, Tahk the Si-B glass in Table 1 assunes a gl ass-ceramc state
within a)campgeMalre range| of 45048505C. | By guse|of glass frgt sanpges
having a| YATh Siigke ThXY]0[ TIPS [STQHT 1T T98T &1 I T ef SCEET TR Vg
conauctl e fret 1 11 g eS|
o epar el SOl AT b e Jorl o by Phe docilir: ba Bracd 100t

T v\.u\
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conductive paste was applied t0 an outer surface of the body of a
nmonol i t hi 8508& M capaci tor which has planar dinensions of 220 nm X 1.2
nm and a specified el ctro tatic capaci F and whi ch contai ns an
i nternal condudorSatelass Wl%ﬂ@‘?'eszﬁ% "Ei/?éfar'e‘ﬁ’ trﬂ’é’r’W)?‘t'PﬁrsﬁPﬁ’”dBnduct i ve
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composition was prepared. Specifically, mixtures comprising the respective glass
frit samples prepared through mixing, at the ratios as shown in Table 1 (5 wt.%),
copper powder (75 wt.%) serving as a solid component, and an organic vehicle
(20 wt.%) were kneaded by use of a three-roll mill, to thereby produce an
electrically conductive paste.

The thus-obtained conductive paste was applied to an outer surface of the
body of a monolithic ceramic capacitor which has planar dimensions of 2.0 mm x
1.2 mm and a specified electrostatic capacity of 1 uF and which contains an
internal conductor made of nickel, and fired, to thereby form a conductive film
serving as an outer metallized portion. The firing step was carried out in a
nitrogen atmosphere (oxygen concentration of 50 ppm) while a maximum
temperature of 800°C was maintained for five minutes.

After formation of the outer metallized portion through firing, the surface
thereof was successively plated with nickel to a thickness of 1 pm and with tin to a
thickness of 2 um.

The thus-obtained monolithic ceramic capacitors made from the respective
samples were subjected to measurement of electrostatic capacity and evaluation
of resistance to moisture-loading and adhesion of plating. In the moisture-loading
test, 1 WV was applied to each capacitor for 1000 hours at 85°C under a relative

humidity of 85%, and insulation resistance was then measured. Among 100




nitrogen atnosphere (oxygen concentration of 50 ppm while a maxi num
tenperature of 800'C was nmintained for five mnutes. After forrra”ggpqﬂnl,
the outer netallized portion through firing, the surface thereof
successively plated with nickel to a thickness of 1 pmand with t|n to a
thickness of 2 [Lm The thus-obtained rmnolithi C ceram c capacitors made
fromthe Ies re sub 0 rreas renment. of electrostatic
capacity é’lﬁ‘gepeva%;mpli% e’f‘“'?“ﬁ’é g{% e%f‘répayvg 8\8{87 'nﬁHI@?SHhesi on of
pl ating. rb@.stém:erma§t:aﬁﬁrédoamélgdhéﬁgh ,ofbla\ﬁ%gfms apRluag inQeRns s ggpaci tor
for 1000 hours at 85 C under a relative humdity of 85% and insulation
resi st ancareadstio o adhewsiplatingAremng ratod ob alsa SERIIEIed phatocet the edingl es,

t he nunber | es whi ch showed I red jnsul ation esistance was

count ed. #fid Oéz'ﬂ‘ggiltﬁﬁ Betaflized RAgtiQRs ggdﬁﬁﬁ'ﬁ%arq QWY M 6‘Pea% area ratio
of adhereﬂal%@tlng, i.e., aratio of area of adhered pl atlng to the entlre
area of (gl_-' %Lﬁl metattrzedportion— e resygtis—are, showt+r—Taphte
Table 2 . 123456 FH-eetrostat-eAyEraged &1@01‘3"071(151;5*00297é
capaci t y{ES m6§11054m$mmﬁ%1? 486Y 9%\ i (ARG a7 A5 h8BT 975758
Mbi st ur -920&8itYig test, BMexinwnQ H1Bsihen 068 Jd@8Kkes IR htPIR | 1012
/ 100/ 100/(mBPH£60/ 100/ 10PMinimum 967 978 954 967 978 758

Moisture-loading test, 3 0 0 0 0 0
number of samples showing IR | /100 [/100 |/100 |/100 |/100 |[/100
decrease

Area ratio of plating adhesion 100% [ 100% |100% | 100% | 100% [95%

As is clear from Table 2, Sample Nos. 2 to 5, which contain Zn-B-Si glass
frit in an amount of 25-90 wt.% based on the total amount of glass frit as shown in
Table 1, almost attained the target electrostatic capacity; showed no decrease of
insulation resistance in the moisture-loading test; and attained an area ratio of
plating adhesion of 100%. Thus, excellent electric contact between the outer
metallized portion and the internal conductor was attained. In addition, no

- substantial permeation of a plating solution through the outer metallized portion
occurred, to thereby provide excellent plating adhesion.

In contrast, Sample No. 1, which contains Zn-B-Si glass fritin an amount in
excess of 90 wt. % based on the total amount of glass frit, showed a tendency
toward decrease of insulation resistance in the moisture-loading test.

Sample No. 6, which contains Zn-B-Si glass frit in an amount of less than
25 wt.% based on the total amount of glass frit, showed a tendency to deteriorate

plating adhesion.

Example 2

Next, the following experiment was carried out in order to determine a
preferable content of glass frit in a solid component, containing metal powder and

glass frit, of an electrically conductive composition.

At first, there were provided glass frit formed of the Zn-B-Si glass having a




decrease Area ratio of plating adhesi on10094009400%400%4009®5% As i s cl ear
fromTable 2, Sanple Nos. 2 to 5, which contain Zn-B-Si gl ass fr|3tSEpnmgp
anount of 25-90 wt.% based on the total amount of glass frit as shovvn I'n
Table 1, alnost attained the target electrostatic capacity; showed no
decrease of insulation resistance in the noi sture-loading test; and
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plating solution through the outer netallized portion occurred, to thereby
provi de excel | é'lfme qtlca!BltM@ typke of glassiint e@npieasweresanqeﬁenmua&amnm
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cont ai ns ass I n an anbunt sed on the

t ot al armllrmrew pgimde sbhid mixishesetha réspattive ynikturde (80 W6t and phatrgagic
adhesi on. mpl e 2 Next, the follow ng experinent was carried out in order
to deternY%C@ (%‘é“f%ﬂétfﬁré TPIgRH dmA %@”@?rﬁ%dﬁqrtbeldﬂ”aﬁmplé LdedhereRy,
containin I Ive
conpositi grnd&kf;é z%rpgl‘sﬁf[éﬁ' aﬂgggnglé?@%p&é%t% e?vm ass e.{c'tf%ﬂ#ec(g)%%ﬂgtfﬁe Zn- B- Si
gl ass haveogpasiioh3 SEP 2004 sof t eni ng p0| nt of 600C as used in Exanple 1
and glass_frit formed of Si-B glass assumng a glass-ceramc state within
t he range Tables®0- 1000C. The above two types of glass frjt sanples were_

mi xed in|Sgowile Mwunts; i.e., b01wt.% P&2h, to| 1Bereby| phovi de| W xed g| ass
frit. As| Ghassirelable 3, the |gl ass frat and copper ppwder wel#2m xed| at

a varietyce pBF pbildePWPR§T1 oNS| g80 Thegeby prpysde sol @ m xtliggs. The
respecti ve mxtures (30 W% and anm organic vetnicte (200 W . % were m xed

in a manner as described in Exanple 1, to thereby
Subsequently, application of the paste, firing, and plating were carried out

in a manner as described in Example 1, to thereby produce a similar monolithic
ceramic capacitor.

The characteristics of the thus-obtained monolithic ceramic capacitors
made of each sample were evaluated in a manner similar to that described in

Example 1. The results are shown in Table 4.

Table 4

Sample No. ' 11 12 13 14 15
Electrostatic Average 998 1002 {1002 |996 1004
capacity Maximum 1041 {1053 | 1056 | 1032 1049
(nF) n=50 Minimum 965 978 973 971 a78
Moisture-loading test, 5 0 0 0 0
number of samples showing IR | /100 | /100 | /100 /100 /100
decrease

Area ratio of plating adhesion 100% | 100% | 100% | 100% | 85%

As is clear from Table 4, Sample Nos. 12 to 14, which contain glass frit in a
total amount of 3-10 wt.% based on the amount of the solid component as shown
in Table 3, almost attained the target electrostatic capacity; showed no decrease

of insulation resistance in the moisture-loading test; and attained an area ratio of

plating adhesion of 100%. Thus, through predetermination of the total amount of




produce an el ectrically conductive paste serving as an electrically
conductive conposition. Table 3 Sanple No. 1112131415 d ass (WM. % Zwlfn
Copper powder (w.%) 9897959088 Subsequently, application of the pa dt 04
firing, and plating were carried out in a manner as described in Exanple
1, to thereby produce a simlar nonolithic ceram c capacitor. The

char act er bkt 3 108 A4isRRIGH RAaBIR 4 HoSohEl Mo FARASIIER, made of

each sanplre were eval uate na manner simlar tot
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whi ch congghésighass frit in a total amount of 3-10 wt. % based on the
amount of the solid conponent as shown in Table 3, alnost attained the
target el ectr o$n aonicastapanipis Nos ddwebiohocardainsgiass frit in a total amount of

less than 3 wt.% based on the amount of the solid component, showed a tendency
toward decrease of insulation resistance in the moisture-loading test. |

V Sample No. 15, which contains glass frit in a total amount in excess of 10
wt.% based on the amount of the solid component, showed a tendency to

deteriorate plating adhesion.

Other Examples

As described hereinabove, the present invention has been described
based on the specific examples. However, a variety of other modes for carrying
out the invention may also be possible within the scope of the invention.

For example, in the above-described Examples, the outer metallized
portion, which serves as a conductive film and was formed from a conductive
paste containing copper powder, contains copper, and the internal conductor
contains nickel. No particular limitation is imposed on such a combination of a
metal contained in the conductive paste or outer metallized portion and a metal
contained in the internal conductor, and a variety of combinations may be adapted
so long as the metals combine to form an alloy. In other words, both of the metal
contained in the conductive paste or outer metallized portion and the metal
contained in the internai conductor are not necessarily base metals as in the
above Examples. Alternatively, the combination of a base metal and a noble
metal and that of two noble metéls may also be employgd. Specifically, the outer
metallized portion' may comprise silver and the internal conductor may comprise
palladium.

fn addition, in the above-described Examples, the conductive film formed

by use of the electrically conductive composition according to the present




of insulation resistance in the noisture-loading test; and attained an area
ratio of plating adhesion of 100% Thus, through predeterm natiog ﬂ;bptnp‘
total amount of 7 13 SEP 2004 glass frit to 3-10 w. % based on th un

of the solid conponent, excellent electric contact between the cuter
netallized portion and the internal conductor was attained. | n addi tion,
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showed a th ind 0 deteriorate plating adhesion. Qher Exanples As
descri bed herei nabove, the present invention has been described based on
t he specific exanples. However, a variety of other nodes for carrying out
the invention al so OSSIb|e wi thin the scope of the i ventl For
example, int 986%*’%‘258% P UE i PEESENt HB’%HPEW%P%?IE‘P ECF‘ﬁB'?SEuo
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cont ai ni ng copper contain opper, and the |nterna uct or

cont ai ns giamktrltwrhbhpasmnnealaamoltenmteaelableass at theosestinoumgecipesataebi nat i on
of a mﬂcﬁ;n contained in the conductive paste or outer netallized gortlon

and a metdHInGHingARE SerCAnd BESSHEMRIGN DBINtIEE G JlaasEerAmis tate atdh
nmbi nat t
ol oy, 1 APRR R R BfRRle i 88D TG: HRWERLR: o1 SRR Jhca RMIcR0e act o

or outer crmm;acbé.mmdopmimngrmnwwkst gmslseftu'abr s@wﬁdaglaesifntrarbrwmmamunahd
conductor are not necessarily base netal]s as_ in the above Exanp

Al t er nat ithgifigst glass FAnd e rope dasmid crEtriemani;eachelhes Tﬁﬁtfﬁﬁt g{ﬁas t hat
of two N FrJRAE Sn TaecBLESRHIRGIAET Ry otRPEdUERUL Yiim HHe Hhting

diffusion-bonding of a metal in the conductive film and an internal conductor,
while the second glass frit provides an effect of inhibiting excessive flow of glass
and exudation of the glass to the surface of a conductive film during firing. The
two effects are realized in concert.

Thus, according to the present invention, a dense conductive film can be
formed through firing, and highly reliable electric contact can be attained between
the conductive film and an internal conductor. Furthermore, a plating film can be
formed without faults on the conductive film in accordance with needs.

The electrically conductive composition according to the present invention
is characterized in that the first glass frit has a softening point 100°C or more
lower than the maximum temperature during firing; the content of the first glass frit
based on the total amount of glass frit lies within the range of 25-90 wt.%; and the
total amount of glass frit based on the total solid components including metal
powder contained in the electrically conductive composition lies within the range
of 3-10 wt.%. The feature ensures attainment of the above-described effects
provided by the first glass frit and the second glass frit.

When metal powder in an electrically conductive composition is formed of




netal lized portion may conprise silver and the internal condﬁctor may
conprise palladium In addition, in the above-descri bed Exanples, the
conductive filmfornmed by use of the electrically conductive coﬁﬂdﬁﬁﬂﬂh
according to the present 8 13 SEP 2004 invention served as an outer
netallized portion of a nonolithic ceram c capacitor. However, the
electrica conductive co it or.di E r i avention may
al so be enpif e‘?fdﬁ"g’_ r'f%'r"’m ﬁggriatéﬁmﬁ%\)gd% ﬁﬁ&%@#ﬁﬁer@uﬁé?‘%&@&e of the
body of o¢drapoABRONhICRIIS cBhn8&_dB ROtdriducEvE Amfdrend] REitRBIcOndaBR@NeNt s
through firing. As described hereinabove, the present invention provides an
el ect ri catdrpposibpdus formedohdbese imatak dme aedppergprgilaesof thethaseheetdlis t he
glass frit_c rises first. glass frit which assunes.a nolten state at
Peast at SR RFReR dulaiith, B SHI HGoT e aHa Lt YERIESEH ¢ whi ch
mai nt ai ns; i85S &eLad T%ﬂﬁ R4 PR S fITREa ki ' gl 1 Ng.
Thus, dr aﬁggkgﬁ’olf&é%ﬁgf%gﬁ?%%lﬁﬁl onﬁtl?giﬁ |éve c(%)rrposi téff'gf{%@gtﬁ’?ﬁﬁi“ﬁg only
first gl adi$fubicrt-bondingadromgtaidrs tHe condurctive ifilmiamak adintenndl comdudtor, 46 gl ass
frit and the second glass frit conplenent each other. The first glass frit
provi des R@tisptart n@tebl: onot i ng sintering of a conductive film and
pronmoting diffysl. i i goq i 1 d an

i nternal conduc oHgyﬁgﬁﬁ?%m?ﬂgﬁ%%ggﬁg%épgggédféﬁ prgﬁﬁéﬁgcé%ée ect of

i nhi bi ti nefererrestoysrefdrend ebatimsents ainsteek udailli mnupdersirdibyatsiecskilhed
surface of a conductive filmduring firing. The tw effects are realized

i n concerin.therayd thatdbe feroripa and ptheschaeaes imfpsm ashdetaiig snebe srARt | ve

filmcan fo t IS Lo W= gk eliable electric contact
can be at&‘al %'bd&ﬁ@&myeéegf%%héh{n%&%gmpbg&*%éﬁﬁ'%bh i nternal conductor.
Furthernore, a plating filmcan be formed wthout faults on the conductive
filmin accordance with needs. The electrically conductive conposition
according to the present invention is characterized in that the first

glass frit has a softening point 100C or nore |ower than the maxi num
tenperature during firing; the content of the first glass frit
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based on the total anpunt of glass frit lies within the range of 25-90
w.% and the total anmount of glass frit based on the total solig
conponents including netal powder contained in the electrically c;n%ﬁrclup’{/e

corrpositicWHleirq% o A RieD |§he range of 3-10 wt.% The feature ensures
at t ai nnment ove-described effects provided by the first glass frit
and the second glass frit. Wien netal powder in an electrically conductive

conposi i on iy af o RA AL Pedit e HBSABPRY (iR b fectrRbilpn | nt er nal

conductor in'a ceramc e tronic conponent which is connected
to a conggadistrelfiitrthicogmiidng raomprising: onduetdl pewdeoanshglass bt ap$olibr med of a
base netal, the copper .or silver or the base netal is easily oxidized
during ficPMRgnents. ¥eE% case, one of the effects of the present

invention, i.e., t@?gigﬁ{:&orﬁbriﬁsoﬁfgiélggg fiit Whidthi Rgudles @ moltetustatevat fil m and
pronoting diffusioh-bonding of a netal in the conductiyve

> . B,i hm and an
i nt er nal leas dtiteomaximum fewparature dung Bingerd segondglassdrt WOISAMBSA has been

particul arl 0 Clel ' afiFpodi ment s
Pher eof . TR Bt o8 Rt Sh oBR TS e ah S e e

f or goi ng darieg fikihg randhasigtainsi anglbes-cemic dtataiat hermgxipemigmperatdes ei n wi t hout
departing fromthe spirit of the invention. 10 13 SEP 2004 WHAT IS CLAI MED
1S 1. APYUENEEHPBni cal Iy conductive conposition for forming an electrically

conductive filmthro firi .conprjsing. netal, powder and gl frit as
sol i d corrpone‘i'i‘%f‘r%ﬁgp@? ﬁ;so?t%glr@ &ng ﬂ](?t% RoMpIS @gge%?%fhegﬁngﬁﬁ it which
assunes : .ol €ast at the maxi num tenperature during firing-
and secoﬁgﬁg{eg@rﬁ/@m%@hn%as a maxi num softening point of at |east 50"C
hi gher than t hinengoritentroftieerfiest gfassdrit bas¢dgn the lotg amelintaf thatess &t
ol ass- ceramt ¢, StaL e &, S48 BBk e ature  during firing,

the total amount of the glass frit based on the total solid component

including metal powder fies within a temperature range of 3-10 wt.%.

2. The electrically conductive composition according to claim 1, wherein
the metal powder is at least one selected from the group consisting of copper and

silver.

3. A ceramic 2lectronic component comprising:

an electronic component body and an electrically conductive film disposed
on an outer surface of the body through firing, wherein:

the electrically conductive film comprises a sintered product which contains
metal and glass;

the glass comprises first glass which assumes a molten state at least at the
maximum temperature during fi-ing and second glass which has a maximum
softening point of at least 50°C higher than the maximum temperature during firing

and maintains a glass-ceramic state at the maximum temperature during firing;

the first glass having a softening point 100°C or more lower than the

maximurn temperature during firing;

the content of the first glass based on the total amount of the glass lies

within the range of 25-90 wt.%; and




the first frit has a softening point 1 00"C or nore |ower than the maxi num
tenperature during firing;, the content of the first glass frit basejr?gﬁtptm‘
total amount of the glass frit lies within a range of 26-90 wt. %

total anmount of the glass frit based on the total solid conponent

including netal powder lies within a tenperature range of 3-10 wt.% 2. The
el ectrically conductive conposition according.to.claim1l .V\/n?rei n the
netal powder it§edetd @5&“%5&’@6‘3‘%@ Bt r%dPg%V%f‘mEe%Wﬂglrb@i?@pﬁr@ttﬁgpper
and silver, 3. ergm c el ectroni c conmponent conprising an electronic
corrponentraﬁ%ffgﬁh&% @ ectrically conductive filmdisposed on an outer
surface of the body through firing, wherein: the electrically conductive
filmconprises a sintered product which contains netal and gl ass; the

gl ass conpri ses, fThexdterghasslewthirit caspwmest acautingriodaited avhéreistheat t he
maxi mum tenperature during firing and second gl ass whjch has a maxi num

sof t eni ngnpl@l pevister ig at lsastorsoBRte HegHam thmarAURCoRBIS ISRt CORPEF 80%r e duri ng
firing anld' mai ntai ns a gl ass-ceranic state at the maxi mum tenperature
during fi¥'"VRb: the first glass having a softening point 100'C or nore | ower
than the maximumtenperature during firing; the content of the first glass
based on the total anount of the glass lies wthin the range of 25-90
Ww.% and | | 43 TeER2aDIC ¢lhetronic siompenent aefording tglchaig srwba@itanduct i ve
filmlies within a tenperature . .ran of 3-10 wt.% . 4. The c !

el ect r oni RIEBRLCHHC %[dﬁé’?%ﬂoﬁﬁdﬂ'?)ﬁ.bqgglfeﬁ{rgwcvﬁ?@%qq?nﬁﬁ’gdy%@f:‘aﬁ%%\g&mﬁg is at
| east Oneﬁo?ﬁ'le%?éc?ﬂa fHeOBridenes M consisting of copper and silver. 5. The
ceram c el ectronic conponent according to claim3, wherein an

6. The ceramic electronic component according to claim 4, wherein an
internal conductor is dispoesed in the electronic component body and electrically

connected to the conductive film.

7. The ceramic electronic component according to claim 5, wherein the

internal conductor comprises a base metal.

8. The ceramic electronic component according to claim 6, wherein the

internal conductor comprises a base metal.

9. A method for producing a ceramic electronic component having an
electronic component body and an electrically conductive film disposed on an
outer surface of the body through firing, the method comprising the steps of.

providing the electronic component body,

providing the electrical'y conductive composition of claim 1 for forming a
conductive fitm; ‘

disposing the electrically conductive composition on an outer surface of the

electronic component body; and

firing the conductive composition such that the maximum temperature




.internal conductor is disposed in the electronic conponent body and
electrically connected to the conductive film 6. The ceramc eleof3ggpq@4
conponent according to claim4, wherein an internal conductor is dispose
in the el ectronic conponent body and electrically connected to the
conductive film 7. The ceram c electroiic conponent according to claimS§5,

wherein the internal conductor co | ses a base netal ., .8..The ceramc

el ect r onfleriggfpidreeift! 0Ace oF dnoT§ h'Bhémé?%%B? 5%}‘%9 HO'ﬂié’T thenfﬂ'éPH@PS i’@nduct or
conprises a _base netal. 9, . A nethod for producin I ani ni c
conponen@Nh A BECAUW Qa%ﬁse‘ﬁ"f"lcgﬁ'?é &BABHER Ofgec%lg B Hta%f???é%gt@ﬁcﬁ'ﬁ%ro
conduct | if%nft'hle kiSRS RFhfRatafe dOUHERingErdanginefing beldssderdricatabat i ri ng,

t he nethod conprising the steps of:" providing the el ectronic conponent

body: pr the miaxignurhderapereturecirng fisB&duct i ve conposition of claim1 for
formng a conductive film disposing the electrjically conductive
composi tion orf GanAcuetbpd doi pragucisn a FrRIame elecH BRICCORMATBRERRVIBEAP, and

firi h duct | i ¢ h.th TR LT
SEP 2004 SIRATONSS £PMPRGELb0end An o Biesh OB G HLBBATREAEH o: e of
the firsgglagsiddd & éh%i’bgﬁg'r?ﬁroi%ﬁqmﬂlﬁgir@ﬁﬁeww%rﬂiﬁﬁsi@g ERXétEp8I08 O t eni ng

point of at least 5 t han t he maxi mum tenperature during firing
and mai nt ai ns progidiss theeelaotrenistcatrgoaent vy maxi num t enper ature during

firing. 10. A method for produgcin eram c el .ectr.oni.c nent _havi ng an
el ectroni c coRyoMENY HWG&W&E@%C@@&?‘V?EQMPQSE'BHﬁé]?'%fWﬁVHPQﬁosed on
an OUtercoﬁH{,f;ﬁ\?(?ﬁRﬁ- the body through firing, the nethod conprising the
steps of 7" providing the el ectronic conponent body; providing the
el ectrical |y afisgusihi\iee etmoprizsillyicondoétivel cimpasitiar o enrauter surfagermitiRe i ve
fil ‘

m electronic component body; and

firing the conductive composition such that the maﬁjmum temperature
during firing is 100°C or more higher than the softening point of the first glass frit
and the second glass which has a maximum softening point of at least 50°C higher
than the maximum temperature during firing and maintains a glass-ceramic state at
the maximum temperature during firing.

11. The method according to claim 9, wherein an internal conductor is
“disposed in the electronic component body and partially exposed so as to
electrically connected to the e ectrically conductive film; and the step of disposing
the electrically conductive composition includes a step of providing the electrically
conductive cbmposition so that the electrically conductive composition contacts

with the internal conductor.

12. The method according to c_laim 10, wherein an internal conductor is
disposed in the electronic component body and partially exposed so as to
electrically connected to the electrically conductive film; and the step of disposing
the electrically conductive composition includes a step of providing the electrically

conductive composition sa that the electrically conductive composition contacts

with the internal conductor.




di sposing the electrically conductive conposition on an outer surface of
the electronic conponent body; and firing the conductive conposition such
that the maxi numtenperature during firing is 100C or nore higher {t3gEP be
softening point of the first glass frit and the second glass which has a
maxi mum sof t eni ng poi nt of at | east 50C higher than the maxi num
tenperature during. firing and i ntai ns gl ass-ceram.c state. at the

maxi mum t enper ?;éur @ed[]?ﬁhﬁa %@Pﬁ@g t“i‘i’?”‘ﬁ*ﬁé’ H@p%a?l&%%?r&ahaoq%ucg?rai m 9,
wherein i 0 I or is .disposed in the electronic conponent
body andad&gb%%ﬁngbgggg@%%"so as to electrically connected to the e
ectrically conductive film and the step of disposing the electrically
conductive conposition includes a step of providing the electrically
conduct i ve conpésiTihieonethodtansording tetlaonrliec ahieyeio dnelirdeinat cenapmien t i on
contacts with the internal conductor. 12. The nethod according to claim 10,
wher ei n &PTRIEHAPASEMRIA or is disposed in the el ectronic conponent body
and partially exposed so as to electrically connected to the electrically
conductive film and the step of disposing the electrically conductive
conposition includes a step of providing the electrically conductive
conposition so that the electrically conductive conposition contacts Wwth
the internal conductor. 13 13 SEP 2004 13. The nmethod according to claim
11, wherein the internal conductor conprises a base netal. 14. The net hod
according to claim12, wherein the internal conductor conprises a base
metal. 14 :
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