4101053 0 9

1 ectrical Condug 'veRgglsf‘gE?naHEIEg&ronisgﬁlerent STo0f?7 /0
:BACKWWM %’ NTI QR Bleasription :PREEd|-vetnpagad - The present
nti ‘
n

i nve an elledGlaind)| y :pegrduct + tepasedteused for el ectronic
el eme nal di®&upwdes) :pagsd 8. iepagpdt®d.-¢apacitors, and to
an el ectronic el enent havi Adlseadtr odesgadhitthteapaged oraedl from t he

el ectrically conductive pdsi<rE lorF paEdeewl.ar.. . Lhe. preseft invention rel ates

to an el ectTi cahly ¢ondyqtr Ve IISLY TSI IENT Ve OUEZ (Y G (g L0 an

el ectroni c el enent "havi ng“electro are tTornmed fromthe conductive
paste. Background Art Conventionally, internal electrodes have been
constituted of base netal | u ' |.,h order to reduce
production costs of Ianina?@%géggéi$§ @gpgéF?%Pgégﬁgogther el enent s.
Product i orFrpél1d ush EiecInwentciehenents has i nvol ved formation of externa
el ect r odes- by lication_and firing of .an electrically caondyctive paste
mai nl y conpris?ﬁﬁe!ﬂﬁﬁiﬁﬂgi%ﬁvﬁﬁgbga 58&38?? %Piéplﬁae§§FéFaiﬁ¥§trodes are
fornmed by eppductivorpadtanuseecior céleyteoniocelenenast Ravengr extegnsel
powder, zinc borosilicate gIan frltsﬁsn organi c binder, resin, and a

sol vent t FLEFRRATS 5 FYCR 21 LaMERAERH cCRBAGLFATRhi 8RaROi Afer nal

el ectrode ¢FedFdit Slémént i Hgving el&EbVR¥@Es wRieheatel gakmydceramctive
paste applied to an outer surface of a ceram c_body in which an interna

( y L1
el ect r ode TRBIECHICH WAL HetARdUGt iV nBAShBst BB PRFE4CPARE, the

| ow oxygerprasEent itk Pfi il NBSDRESE €eahOetbsEePEADLYI E¥nHAcidabheReof a
base netal such as Ni_ or Cu. Wien conventional electrically conductive

past es pr REFAIBINIZELORABARYIRY Greard B9 PR 8lPERFBR}GeRIEBRBENt rati on
at nospher enaWie§ G Pd©F iPds akRTEN 0488 FbBhbaneoRether BBAahbenekr pastdue to
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Background Art

Conventionally, internal electrodes have been
constituted of base metal materials such as Ni or Cu in order
to reduce production costs of laminated ceramic capacitors
and other elements. Production of such electronic elements
has involved formation of external electrodes by application
and firing of an electrically conductive paste mainly
comprising inexpensive copper powder. Briefly, outer
electrodes are formed by application of an electrically
conductive paste comprising Cu powder, zinc borosilicate
glass frit, an organic binder resin, and a solvent to an
outer surface of a ceramic'body in which an internal
electrode is formed, and firing.

However, an electrically conductive paste applied to an
outer surface of a ceramic body in which an internal
electrode made of a base metal is formed must be fired in a
low-oxygen-concentration atmosphere due to susceptibility to
oxidation of a base metal such as Ni or Cu. When
conventional electrically conductive pastes predominantly
containing Cu are fired in a low-oxygen-concentration
atmosphere, dense external electrodes might not be formed
therefrom, due to poor sinterability. Briefly, conventional
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2 ‘electrically conductive pastes enploying zinc borosilicate glass frit :
:must be fi hee B { ?@ control l ed atmosphere and might not form dense
external el when the atnosphere is strictly controll ed.
SUMVARY OF Accordi ngly, an object of the present
I nvention is to provide an electrically conductive paste which ensures
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constitute a dense electrode film, and functions as an

electrode film, based on electric conductivity of the
contained Cu powder. The conductive paste employs glass frit
formed of Zn- and Cu-containing borosilicate glass and in
that when in a melt state has a contact angle with respect to

Cu of 90° or less as measured in a nitrogen atmosphere.

The above described paste shows excellent contacting
property with an internal electrode and easily provides a
dense electrode film by firing. Thus, dense external
electrodes having excellent properties such as moisture
resistance can be formed when the paste is used to form
external electrodes of a ceramic electronic element.

In addition, the wettability of the glass frit with
respect to Cu is enhanced, to thereby realize coating of Cu
powder with the melted glass component and speedy sintering.
Therefore, even when the conductive paste is fired in a low-
oxygen-concentration, e.g., an atmosphere having an oxygen
concentration of ~1000 ppm, the Cu powder can be fired while
oxidation thereof is prevented. In other words, formation of
a dense electrode film can be ensured without strict control
of the low-oxygen-concentration atmosphere. '
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of the | ow oxygen-concent rati on at nosphere.

-3 I n tPisd BeepRe Cu contained in the borosilicate glass are
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between 0.2 nol % and an anmobunt that allows vitrification, in ter
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When the Cu content in terms of Cu0 is less than 0.2
mol%, the wettability of the Cu powder with respect to the
glass frit deteriorates to possibly result in failure to form
a dense electrode film. No particular limitation is imposed
on the upper limit of the Cu content. As described above, Cu
may be incorporated in the glass frit in any amount so long
as the Zn- and Cu-containing glass frit can vitrify.

when zn and Cu are contained in the glass frit in the
above-described specific amounts in terms of Zn0 and CuO, Zn

) enhances the bonding property of the paste with ceramics to

thereby provide external electrodes having an enhanced
sealing property when the paste is used to form external
electrodes of a ceramic electronic element, while the Cu
component enhances the wettability of the glass frit with
respect to Cu powder to thereby form a dense electrode film.

The electrically conductive paste predominantly
containing Cu powder according to the present invention
employs the aho?efdescribed specific glass frit. wWo
particularnlimitgtion is imposed on the other constitutional
components. Therefore, Cu powder is incorporated in an

appropriate amount so long as Cu can function as an electrode
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coﬁponentsq¥{§§&gﬁi§§mR&%mgpmder I's incorporated in an appropriate anount
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4 filmafter| M D"I: w regard to an organi c binder resin constituting
t he conducti ! e may be used conventionally enpl oyed organic

bi nder resins such as acrylic resins and cellul ose resins. The organic

bi nd | ! or i r QRrj ; as the
& powder LHR RLtSF ELEFRRP ChEey PedRYatelr oAl bRLERATUTRIER £RRENT Lo
paste (i.econgbitutingethascendetbivespdsbet etihesesmayebenygyed

Furth ' { Litat L.cat | ; ' .8,
oo oo o EonPRLERELLY LABLLILA, £-gRmL LoBLhRBEOFebiRe GUCHCAL VBoBgRIE o
enpl oyed. Nespastandl aelluhvsat resins. i nffheedrganihebsndeenresand may

i at ‘L i Ltht ' i nd . The"
o oport i orber ChkSPkefTad “ut <Ry BePEPRFRARSIARhAC RE FaRGchbnEb e ion
appl i cat i opowdetr hangathe. glass Thitetant benretalipredntinather dhagnterete
d t.of . th N ti agoJll 1. c_hpd [

hternal SERTRChEYE ROSER Lic Y naroBRBCEFBachRr bei HELORR SHBANPERihPr ace
of the ceraimtebbny)so as to electrically contact to the internal

| ectrode, whergi h ternal electrode_ is.f d_b i.cat i d
fiting of the aEBYERSEBSERr il BFUGE FOaFRYLLSAAG: PRELSEBFAoREE, 3PRY to
t he presencondwebivenpaste} haf sppeophaparsoliueat hayi bat addedsihnposed on
the ceram ¢ body in mhlcg @g I nternal electrode is f8rnﬁ§ andtexagg¥es of
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i nt er nal e¥%%??oﬁ€§ safggﬂﬁd?pgllcatl°n of ‘thé paste.

The electronic element according to the second aspect
of the present invention comprises a ceramic body having an
internal electrode, and an external electrode provided on an
outer surface of the ceramic body so as to electrically
contact to the internal electrode, wherein the external
electrode is formed by application and firing of the above-
described electrically conductive paste according to the
present invention. 1In this case, no particular limitation is
imposed on the ceramic body in which an internal electrode is
formed, and examples of the ceramic bodies include those used
in appropriate laminated ceramic electronic elements such as
laminated ceramic capacitors, laminated ceramic varistors,
and laminated ceramic piezoelectric resonator elements. A
plurality of internal electrodes laminated via a ceramic
layer are not necessarily required; for example, the present
invention is applicable to an electronic element employing a
ceramic body in which only one sheet of internal electrode is
formed.

No particular limitation is imposed on the ceramic
material constituting the ceramic body, and a variety of
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No parti cul arplishiel adiBOR HesiadefPOSEd ON the ceramic material constituting
:the ceramic bo ety of 5
ceram c materi Ewn umlmgﬁlﬂd i n accordance with use. In the nmeanti ne,
the material c e internal electrodes is not particularly
limted, and in view of |ow cost, a base netal such as N or Cu is
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el ectroni ¢ el enent aving an intern el eCtrode tfornmed of a base nmetal such
as Ni or Gun the cepamianbodyeranl edeetricdélyacenduttiveapastel mustche
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fired i n aatoordiygeve thecpnésahtohnaenbiphelis; appdopBiasetly appiliedr nal
el ectrode has_an_gexcel |l ent bondin roperty to_external el ectrodes_for.ned
by use of The*RORHHCtTVR- haSt EMEREoPAPAGT: 67 ABEFRREnELPRYERAFOROMES
Accordi ng ¢ ahbas@avetabssachedscriaorccalectronic el ements, the Zn
component enabl gg_f of i {en, of ; exh ernal 48l GetLode, iLmy gLrgaly;hgnded to

easily forms alloys with Cu, such as Ni, Cu, Pd, Au, Fe, W,

or alloys thereof, bonding strength between an external

electrode and an internal electrode increases due to alloying

of the internal electrode material with Cu in the external

electrodes or with Cu in the glass frit.

Thus, an internal electrode formed of Ni or Cu is most
preferable in that (1) such an internal electrode is
inexpensive; (2) an external electrode formed of a dense
sintered film can be formed thereon by use of the conductive
paste'according to the present invention, although the
external electrode must be fired in a low-oxygen-
concentration atmosphere; and (3) such- an internal electrode
has an excellent bonding property to external electrodes
formed by use of the conductive paste according to the
present invention.

According to the above described ceramic electronic
elements, the Zn component enables formation of external
electrode films strongly bonded to an electronic element body
made of a ceramic element, and the Cu component in the glass
frit enhances the wettability of the glass frit with respect
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made of a cemggkgjﬁggggﬁ gnd the Cu cohponent in the glass frit enhances -

:t he mettabl S frlt W th respect
6 to Cu po m l Mﬂformdense external electrodes. Therefore, the
ceram c el ect have high reliability. O her features and

advant ages of the present invention will become apparent fromthe follow ng
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BRI EF DESCRI PTI O THE IS a cross-sectional

I g.
schemat i cThpERLPEL, dEPPCERRGMAC &ﬂtﬁﬁéﬁ@@@aﬁé@ﬂ%ﬂ%éﬁ)’i%@@ an el ectronic
el ement t?eﬁ@hﬁﬁli@? present invention is applied. Fig. 2 is a graph

showi ng tenperature” and oxygen concentration profiles during the firing
step of the cofgberi feapuases eaddacivantiagashof dihe pressnthpinventionFig, 3

is a side e a h f

o ags.wi { Bt bsneapnioabBRr s BBl e ForTeRdd MRSl R RN e
ENBCDINENISvent10ﬁUwpmmhere@é@swto%ﬁheb@D@gmpanyanﬂdﬁﬁwxngsMn ch ZnO or
ZnO and CuO are incorporated in proportions shown in Table 1 (5 w.%, and

an organic vehicle (acrylic resin) (25 wt.% were m xed and kneaded, to .
t her eby prepare el ectri BRIEF DBBdBdPEE@Np&Et@mnﬂbR&NmNGS Nos. 1 through 10
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0.5 depicting a laminated capacitor serving as an electronic
element to which the present invention is applied.

Fig. 2 is a graph showing temperature and oxygen
concentration profiles during the firing step of the
conductive paste conducted in the relevant Example.

Fig. 3 is a side view for depicting a method for
measuring a contact angle of glass with respect to a Cu plate.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Cu powder (70 wt.%), borosilicate glass in which Zno or
Zn0 and CuO are incorporated in proportions shown in Table 1
(5 wt.%), and an organic vehicle (acrylic resin) (25 wt.%)
were mixed and kneaded, to thereby prepare electrically
conductive pastes of Sample Nos. 1 through 10 shown in Table

1.

[Table 1]
Sample | ZnO (mol%) CuO (mol%) |Remarks
No.
1 20 0
2 20 0.2
3 20 0.5
4 20 1
5 20 10

1.6 20 20
7 1 1
8 2 1
9 40 1
10 50 1 Not vitrified

Each of the above-described conductive pastes was
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above- descrl be "m“l ”l stes was

7 applied to side faces 2a, 2b of a ¢eram c body 2 serving as an

el ectroni CagheiBAt t&f s 8dé afadias ega fCIBRbE SaPaPhNOE Boddpi 2hskbving as
schematically illustrated in Fig. 1, so that the thickness of the coating

|ayer af t D PLPRETBREANBLEMARF Af nht bAYIBACEA, FPRANFRACCRRIEEL MRS  bur ned t o

thereby fogment £8 ”@éh&h&@ié&ﬁﬁf Br1dsLtatbl L1ANFRG! edl, cgpaphgtcapaci tor 1.
In Fig. 1, 5a through 5d refer to internal electrodes, which in this case

are fornedtiickpess of W?|?@a'%bng&W?ﬁeaﬁ‘s'(?érﬁarl’éqle’é??%%s was per forned -
in a tunnel_ furnace Vi a fir port on _seryin

or t1 on antPRERLEREEEY Tl oy erThapatts iR BiRed ot FERFShY ERHEY the
foll owi ng egvédihaDneledttodéers, Weref ceng! Eéﬁﬂnaﬁeaocérmiéscaﬁaélﬁoffﬁx!. num
tenperature of ,850[err] C was naintai ned for ut es.

concent r at tBnfi%- the 3 hﬁ%¥°¥%¢n%%érﬁégr16°pbﬂ¥?ﬁn?%ee}%§Fﬁ°¢??rn@héﬁﬁt|on

and 100 ppini¥hidecssdt £Fd NfoSRed 1 € Ni. The tenperature profile and the
oxygen concentration profile during the firing step in the tunnel furnace

are shown in Fi§irsng to fezmnthe ?%EeFaﬁ%n§%§8t589§ﬁ1WaEaBQEﬁPEW§ ohfwhi ch

the externglt@hgelr pELSade HaVErig éofﬁFQt'ﬁofbﬁoﬁbgéﬁvﬂﬁécééb§dr€§ﬂﬂﬂr
were evaluated for (1) electrostatic_capacity, (2)_ a bonding property with

the int er nEITERGCRPPEEERN anJ 3cFRFIN POFhLORSRFVANG caB R HHBESTARG ( 4)
change in AostiShi S04 under the following conditions: all steps were

completed in 30 minutes, and a maximum temperature of 850°C
was maintained for two minutes. The oxygen concentration in
the tunnel furnace was 10 ppm in the resin-firing section and
100 ppm in the sintering section.

The temperature profile and the oxygen concentration
profile during the firing step in the tunnel furnace are
shown in Fig. 2.

Each of the laminated ceramic capacitors on which the
external electrodes 3, 4 were formed in the above-described
manner, were evaluated for (1) electrostatic capacity, (2) a
bonding property with the internal electrodes, (3) density of
the external electrodes, and (4) change in insulation
resistance under moist conditions. 1In this case, (2) bonding
property with internal electrodes, (3) density of external
electrodes, and (4) change in insulation resistance'underw
moist conditions were evaluated by the following methods.

(2) Bonding property with internal electrodes: Each of
the laminated ceramic capacitors was cut in a direction
normal to external electrode faces and the cross-section was
observed under a microscope. When Ni and Cu are mutually
diffused to form a continuous state, the bonding property is
evaluated as "good," and indicated by O in Table 2 shown
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resi st ance U TR IShédils Besa®Blackd ons. I n this case, (2) bonding property with -
sinternal el ect sity of external electrodes, and (4) change in
i nsul ation res noi st conditions were eval uated by the

followi ng neth Bondi ng property with internal electrodes: Each
of the lam nated cerami c capacitors was cut in a direction normal to

external eberéwpidfhéPEgS wéntdedLsObeteestaed Vasopseevedy thder a
m croscope. When Ni ,and Cu are nutuajI%BS%ffused to form a,conti_nuous

state, thePFIREFHY HF opErtyated A% (ARIPEIPT43EE "aBAJIRA4FREEEdPByX0 i n
Tabl e 2 shpyrable 2 shown below. 8 bel ow, whereas when a
di screte state is aobserved, the property is eval uated as "inapgropriate"
and i ndi cated by3X Pangibyecd thewmxberaal electrafepansppyisf theeCageer nal

el ectrodesy g A2 ”atl!?@n&ﬁl‘fg nﬁ]%é@}tf‘ PO DI BFRRE! Vet 18kt €68k of

el ectrodes, each of the ated ‘ceram c capacitors-was cut in a direction .
nornmal to eheelaminatedteexrmicceapaeitend ¥adsguteshi andiviectberr ved under

a m cr oscopgrnifiefy t bee BPRLPT LYol Srdddt PhcbeSana! B UEPSLE Y0 1BR GXLer nal
el ectrodes 1's evaluated as "good” and in |catea by 8 In abfe shown
bel ow, whe?kservigdnunder pdrottrgystepa 0% Ghenoktke poropitpeisylP§ eval uat ed

‘é?l "1 napprppL atfﬁe a&‘é‘néi‘%%’f Sh oY, %éPnJ?%fe%tf@&é‘@_ Pg' Qfoluate (éé
ange in Tnsuf afion resrstance under noi st condrtions: The [am nate
cerani ¢ capgeddbrandeinditabedddy © in dhabler2 1govnubslav, 1@5geeadC, 2

) q : Aty of 00 T . : :
measurod REBSThE OIS EH Yig 198 0k OEQ: LHE pRSHLALY Ths B9, 0hARER 1RO
resi st anceasletinappropnidt¢trand indidcated fhpnXthe Pable Be§bhownl| belowg

under the noi st nditions. For . ) d r.amc
capacitors mere(%gaehéégg,i%ngn?ﬁggﬁﬁﬁﬁggggfsgggéggggg% 0 éiﬁgving an
i nsul ati oncordisieomee ofhd(lamifjatedrcéramic scapaoiitons Tabte 2libwed bel ow.

The wettability of glass frit used in the conductjve pastes of the_ Sanple

Nos. 1 thr$ of % 100 \BRuks 2t 42 Gm 2 atm, and a relative humidity

of 100%. Then, the insulation resistance was measured by
application of a voltage of 2V to determine whether

insulation resistance decreased to 10° Q or less from the
value before leaving under the moist conditions. For each
sample, 30 laminated ceramic capacitors were evaluated, and
the number of the capacitors having an insulation resistance

of 10° Q or less is shown in Table 2 shown below.

The wettability of glass frit used in the conductive
pastes of the Sample Nos. 1 through 9 to Cu was evaluated in
the following manner. Briefly, glass frit used in the
conductive pastes of the Sample Nos. 1 through 10 (60 wt.$%),
the above-described organic vehicle (4b wt.%), and a solvent
were kneaded to prepare pastes, which were applied to the
surface of a Cu plate through printing in a thickness of 20
um and fired under the same conditions as those for firing
the above-described external electrodes, to there by obtain
samples. The contact angle between the glass and the Cu
plate was measured for these samples. Briefly, as shown in
Fig. 3, the above-described glass paste was applied to a Cu
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the foll ow r y,.glass fr|t used in the conductive pastes of
t he Sanple SR EB&J& fic (60 wt. t he above-descri bed organic vehicle
(40 w . II Iu ﬂﬂm re kneaded to prepare pastes, which were applied
to the surfa e through printing in a thickness of 20 [err]m
and fired under the same conditions as those for firing the above-descri bed
ext er nal ebf&%éoﬂﬁsthkeugﬂebﬁlﬁ¥1ﬁ€t%hﬁ %%%pE&%edTthCQﬁb&%byaﬁﬁhadQQymeen
the glass and 'the e Wwas ‘neasured for these sanples. Briefly

shown in FHRe Bastfe é§§v§hGe§@ﬂtB€G gngde ﬁa@@etﬁésS&&&ﬁ#@de@ogéa€§ 12
9 plate L}ithrpug eEE'EB'Qﬁea@q p@%t@'ﬁqdwakombggﬁ§gﬂ 36! idinfix rbgenpast e,

and the contact angle of the solidified glass 12 with respect to the Cu
plate 11 mﬁ%mﬂéﬁbﬁréel |ﬁ'h§ ﬁ?ﬁﬂé@éna§?n§§9W@r dn Tapder s ghownabelohown in
Tabl e 2 shown bel ow. [ Tabl e 2] Sanple Contact Electrostatic Bonding
property with Density of Change in No. angle A capacity respect to
Internal ext gTakle Bﬂsulatlon ([err]) ([err]F) el ectrodes
el ectrode si'mgfé I(Sh‘ta%t* Electf%b‘ﬂatlc dﬁ?:mg propertﬁlth Density of Cham{é in

4/ 30 2 nd anglda | capacity O respect to internhl external)/ 3Qnsulation55

1. 05 0 () (uF) 0 electroge80) 4 2&lectrodet [FBsistance |(

0 D/30 5110 35(/0.85 1.04 |X 0 X 0O |4/30 0/30 6
30 1l 26 90 0 1.05 00 0/ 30 |D 55]10/300.78

X 3 59 1.050/30 8 |0 25 1.02 {0 0 [0/30

0 /730 928 27{1.03 1.05 Jo 0 o) 0 (0/30 0/30

As is cleps Trom3kble 21.9anpl € Nojol has a contact [cangle ag d/&B®@e as

110[err],{due TQq 3¢e absence of CuQo The 0 0/30
7 55 0.78 X 0 0/30
8 25 1.02 ) 0 0/30
9 27 1.05 0 0 0/30

As is clear from Table 2, Sample No. 1 has a contact

angle as large as 110°, due to the absence of CuO. The
sample shows a poor contacting property with respect to
internal electrodes and poor density of the external
electrodes, and also a considerably high ratio of
deterioration of the insulation resistance under moist
conditions, possibly due to the large contact angle. 1In
contrast, Sample Nos. 2 through 6, 8 and 9 have contact

angles with respect to the Cu plate of 90° or less. The
samples show a good bonding property with the internal
electrodes and density of the external electrode films, and
no deterioration of the insulation resistance under moist
conditions. _

Sample No. 7 shows a poor contacting property with
respect to the internal electrodes, possibly due to the ZnO
content being as low as 1 mol$%; however, it shows excellent
density of the external electrode films and no deterioration
of the insulation resistance under moist conditions.

While the invention has been particularly shown and

described with reference to preferred embodiments thgreof, it
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sarrpl e show; andeaak BGRREAREL N property with respect to internal electrodes.
and poor den ternal electrodes, and also a consi derably high
rati o of deiﬁlm HIH m[ﬂﬂmt he insul ati on resistance under noist conditions,
possi bly du contact angle. In contrast, Sanple Nos. 2 through
6, 8 and 9 have contact angles with respect to the Cu plate of 90[err] or

lless. The sAMll dfe simiers v BPRdidKE pg;g_pﬂéd/ i tihd herd ntiel at{]aéhgl ectrodes

and denmt&pof t.he external el ectrode fil ns, no deterioration of the

i nsul at i on 5PFIE NG &0, ptdrens fsatnq,etﬁmnmﬁmn “and des'aamlsemay be giades a
poor cont achdi@ i MEHHAG M dRSIRF t £l p055| bly
&éb fztd?n th‘F‘%A)Jk?]owever ﬁfé thoverntJS(crb'l | ent

due to the ZnO content being as Iow e
density of the external el ectrode fllms and no deterioration of the

i nsul ation resistance under noi st conditions. Wil e the invention has
been particularly shown and described with reference to preferred
enbodi nents thereof, it 10 w | |

be understood by those skilled in the art that the forgoing and ot her
changes in formand details may be made therein w thout departing fromthe
spirit of the invention.
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What is clainmed is: 1. An electrically conductive paste, conprising Cu
powder , Thsﬂmﬂjh&ﬁ&mmkﬂmxand an organi c binder resin, wherein the glass

‘frlt conp d Cu-containing borosilicate gl ass -having a
contact a It state with respect to Cu of 90[err] or less
e

"measur ed n at nosphere. 2. The el ectrically conductive paste
according to cIa|n11 wherein the anmount of Zn in the glass frit

cal cul at ethat is Cladmeds ighout 2-40 nol % and the anount of Cu in the
glass frit calculated as CuO allows vitrification and is at | east

about 0.2 nol % 3. The electrically conductive paste according to claim
2, wherein t hmrzrélert:ﬂﬁe:alqs Tonductiive/RPs2a] thRApeLisifgt ba

glass frit |s CuO. The electrically conductive paste according to

claim2, POV %ergé-laﬁst & idon 3R 280 PFEINASt RANABKFt T8EAPe WPRERS1BSpect

to Cu is about i @’lrdssprfif.ﬁs%ompﬁses Ehhe- %In%cw-eahumqaeucuve past e
according to claiml wherein the glass frit consists éssentially of

boros|||C&p@Qﬁﬁ%ﬁgqﬂquykﬁﬁﬁ;Qﬂﬂnggﬁpém a melt state has a contact
angle with respect to Cu of 90° or less as measured in a
nitrogen atmosphere.
_ 40
2. The electrically conductive paste according to
Claim 1, wherein the amdunt of Zn contained in the glass frit
h in terms of ZnO is 2-4'mol%, and the amount of Cu contained
in the glass frit in terms of Cu0 is between 0.2 mol% and an
amount that allows vitrification.

3. An electronic element,comprising:

an electronic element body having an internal
electrode; and

an external electrode provided on an outer surface of
the electronic element body and connected to the internal
electrode, the external electrode being formed by application
and firing of the electrically conductive paste of Claim 1 or
2.
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