Sen1conduct|ng Ceram ¢ _and Sem conducting Ceram c El ectroni c El enent
BACKGROUND OF THE | NVE IO‘R@@{@IQTSHE gt n\rE'T'StEf“Oﬁ‘—The pres. QF}T/ Ln'vent i on
relates to a sem condu Muﬂg,qq&;ﬁm% re-p rt cul arl {£¥*Fo "é’ _

sem conduct i ng ceraniclg ()lng 5r|ug\ Ragetht-&- [The prese‘ d b sant-izon
also relates to a sem £ et §9 Eﬂ%@?%onlc el ement forned fromthe
sem conducting ceramc at'e AﬁFg eHHWé%bIJy el ectronic elenents for
controlling tenperaturéZl H?Wlngpéﬁﬁrent“wgéﬂbratlng heat at constant .
tenperature, and |ike [E OF iRFEIREve..enployed. a.jseni conducting ceranic
havi ng a positive- tenperature- coefficient characteristic (hereinafter
referred to as a PTC char act &emdgogpucitiag Cgpapérnabfectric resi stance

t hereof drastically i 8emiaspduatimg t@epanixt (Bledtigherc tHiamadtr ie

tenperature. Wth regard to such a sem conducting ceranm c, baMumtitanate

ceram cs have wi dely been us ce r t here has arisen demand
for a sem conducting ceram ﬁg‘{%@?@ﬁ? cgélﬁmw'q above applications
whi ch has ..t hbst and _vo e .e., high dielectric strength) and
thus can bgFﬁggg §% Eﬁ@h 96??@%@9 Partlcularly, a seniconductingfceranic
el ectronic elene n_a overcur rotectln el enent for
electric circuitghﬁug?eﬁégg TR R SRS i\ It Qg semt ondiicting

ceramic, and, more particularly, to a semiconducting ceramic

comprising barium titanate. The present invention also
relates to a semiconducting ceramic electronic element formed
from the semiconducting ceramic.

Related Art

Convehtionally, electronic elements for controlling
tempefature, limiting current, generating heat at constant
temperature, and like applications have employed a
semiconducting ceramic having a positive-temperature-
coefficient characteristic (hereinafter referred to as a PTC
characteristic); i.e., wherein electric resistance thereof
drastically increases at a temperature higher than Curie
temperature. With regard to such a semiconducting ceramic,
barium titanate ceramics have widely been used.

In recent years, there has arisen demand for a
semiconducting ceramic electronic element for the above
applications which has a high withstand voltage (i.e., high
dielectric strength) and thus can be used at high voltage.
Particularly, a semiconducting ceramic electronic element

employed in a overcurrent-protecting element for electric

circuits must have high withstand voltage.
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2 The dielectric strength of a sem conducting ceramc is generally known to

lsncrease when the grain size thereof decreases. Therefore, studies have

been conducted for formng mcrograins of a sem conducting ceram c in order

to increase the withstand vol tage. For exanple, Japanese Patent Application

Lai d- Open (kokai) No. 4-26101 discloses that incorporation of Dy[err](err]

and Sb[err]err] into a sem conducting ceramc formed of SrTi 3 and BaTi O3

cont ai ning Ti Q2, Siﬁherr%, Al Terr]O[err], and MhQ2 provides a L

sem conducting cEP&nfeehaGFR§ChPERENEERsPENR W’c%fb‘gdueﬁfd”}%\ﬁ%rﬁé‘&q‘ iiS

resi st ance. Althollfgg ltéhe specific resistance is as |ow.as 5 errlcm the
[

di el ectric IPPERDH .n%%Bufogb@p§9$%ﬁ wiERhthe H3in sifeatiergotfory. In
Japancee PaRSRECREBE: calPORETRER okR] EES BRVA O COBEEEd RAE &
P A PN TR R M A ST R
cont ol [ed LBREPRFBNERS CORPARERRY YRGS Con o 1 Ga CPgREe Sand e RRing
{he comactaghy 3Bl sL B el ko) disl SEUb RS b L
MR T R S et LR O OM
sem conduct ; igng8" 881 Srtfo.l-dhd HalriB,0boh885n1 69 YS!, SMEN AlD,, ana
MnO; provides a semiconducting ceramic having high withstand
voltage and low specific resistance. Although the specific
resistance is as low as 50 Q+'cm, the dielectric strength is
5bout 200 V/mm, which is still unsatisfactory. In addition,
the grain size is disadvantageously as large as 6-15 um.
Japanese Patent Publication (kokoku) No. 60-25004
discloses that a semiconducting ceramic having a grain size
of 1-5 um and a maximum dielectric strength of 500 V/mm is
obtained by crushing and mixing barium titanate and Sb oxide
serving as a semiconducting agent; calcining under controlled
conditions; compacting under controlled conditions; and
firing the compact at 1350°C. However, the diélectric
strength is still insufficient for fulfilling a recentidemand
for high withstand voltage, and higher dielectric strength is
required.
Meanwhile, in order to enhance dielectric strength,
attempts have been made to reduce the grain size of a
semiconducting ceramic to 1.0 pm or less. However, when the

average grain size of the semiconducting ceramic decreases,
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average grain size of the sem conducting ceram c decreaSes, 3 specific
resi stance of the ceram c at room tenperature di sadvantageously exhi bits_ an

i ncrease over the course of tine (hereinafter referred tHhisgheot fasmac g
i ncrease.”) Next will be described the relationship betvveT I ' i ui
represented by BaCO3/ BaO and ti ne-course change of specifi | at
roomtenperature. When bariumtitanate i s synthesized from barium carbonate
and titani umoxi.de, unreacted barium carbonate enerallg remai ns on the
surfaces of SBEFtam‘t fcfeéﬁﬁ%@nﬁ&r Pchg]g FRTEAMF R ZRAUNtEMRGFERESd bari um

bonat f. . t ' bar i i de dur| firing. Alth h
Che bari um SAPAEVABRAOREUP ] Yo e kAR L E: BPnbRFFHEHE dEFS HIT&roWTa MY when-
t he peranict&%eakggweg t% gtand in a&r t he bagiunloxiQe reacts with carbon
dioxide in arte {BFREPEETCEHPEGATEY hogPai ntHRUHEATT R HCRPARG i Um

b t h | .hi l.ect ri, | st . Th t i t h
found that the bARMIm AAro85afBSBRABE0T SPReherAt e BrE: T Bl bs causes
[ f i £ ' t t , dt '
be. pr event Aok o SREFSREPREB RE Parberiad SHRE e ReeBRe: E)opafrpe ™ o

ted h ' i1 t e- based ' ducti
represente sB%c?@QEBQQQQEQ nkae Qa£%§§L£é%§§ﬁ%f ased sem conducti ng

ceram c. The“present "Irnvention has PHed based on this fi ndi ng.
When barium titanate is synthesized from barium

carbonate and titanium oxide, unreacted barium carbonate
generally remains on the surfaces of barium titanate
particles in a trace amount. Unreacted barium carbonate of
an excess amount provides barium oxide during firing.
Xlthough the barium oxide remains in ceramic grains
immediately after firing, when the ceramic is allowed to
stand in air the barium oxide reacts with carbon dioxide in
air, to thereby segregate in grain boundaries as a barium
carbonate phase having high electric resistance. The present
inventors have found that the barium carbonate phase formed
in the grain boundaries causes increase of specific
resistance at room temperature, and the increase can be
prevented by Controlling the relative spectral intensity
ratio represented by BaCO0;/Ba0O of the barium titanate-gased

semiconducting ceramic. The present invention has been

accomplished based on this finding.

SUMMARY OF THE INVENTION
An object of the present invention is to provide a

semiconducting ceramic which has a dielectric strength of 800



SUMVARY OF THE | NVENTI ON An obj ect of the present invention is to provide a
sem conducting ceram c which has a dielectric strength qmggggﬂﬁsB&mgqmg;WﬁY

1999 4 V/mmor nore and a specific resistance at roomte IR 0
[err] cmor less, the specific resistance at roomterrpergﬂ MEHI) H g
substantially no tine-course change. Another object of th

I nvention is to provide a sem conducting ceram c el ectronic el enent

produced frgmthe sane. Accordingly, in a first aspect of the present

i nventi on, YZ’]B'F‘eOFsmBFSV?EI@daaSE% THH KRS IHARGSE AR CIBT hERSTat Wien O ed
sem conduct | ng mat eri al _contai ning bariumtitanate, which ceram c has an
average graif0s$Z€moPrr118SEer thm EPSFEEECRESESFRNGE 3% SRR tral intensity
rati o represented Ba /BaOQ of 0.5 or |ess as determ ned by XPS at a
surface of ﬁ‘&pﬁﬁ?gﬁfﬁ.‘gﬁ%r%%m%miﬁrhﬁl%yarﬂoc SSRGS & SRS st
aspect of the prgs I nvention gossesses a dielectric strength of, 800 V/ mm

or nore and a sp BSELErrggﬁg?Eng the s R pHr R LA S 06 BRFE Emor

|ess, Lhe spegl bheaneel 2L 0stadlo SRR LIRS IR ISR BRI A 1Y

same.

Accordingly, in a first aspect of the present invention,
there is provided a semiconducting ceramic formed of a
sintered semiconducting material containing barium titanate,
which ceramic has an average grain size of 1.0 um or less and
a relative spectral intensity ratio represented by BaCO;/BaO
of 0.5 or less as determined by XPS at a surface of the
ceramic.

The semiconducting ceramic according to the first
aspect of the present invention possesses a dielectric
strength of 800 V/mm or more and a specific resistance at
room temperature of 100 Q-cm or less, the specific
resistance at room temperature undergoing substantially no
time-course change.

In a second aspect of the present invention, there is
provided a semiconducting ceramic electronic element i; which
an electrode is formed on each major surface of the
semiconducting ceramic as described in the first aspect of
the present invention.

The specific resistance of the semiconducting ceramic
electronic element according to the second aspect of the

present invention exhibits no time-course change at room



In a second aspect of the present invention, there is provided a
sem conducting ceramc electronic element in which an el egtisp s Becdh REARG
on each major surface of the sem conducting ceram c as des I

first aspect of the present invention. The specific resist llkg.!l
sem conducting ceram c electronic elenent according to the s of
the present invention exhibits no tine-course change at room

t t I ddition, _dielectric strepgth js also enhanced due to
bar | um t 1  AHSPESRACRRE- anlhyERGLELE ai HEl SETHIS 151 U] oA esh s,

Furt hernore he thickness of the sem conducti ng ceram ¢ el ectragnic el ement
can be redufB anegsgPFt??eggglﬁw7€ﬁ€%P?##Lb@ﬁﬁé@n?qtﬁyﬁqﬁQﬁﬂﬂﬁﬁinoﬁlgf
conventional _sem conductjng ceram ¢ el ectronic element is approxi mtely 2
nm DETAI LEﬁngge:Rﬁ"ﬁ W%&spRmmlm@%@‘mﬂ dd€above, the

i A A ] ducti 1 ¢ f d of int d
o sonaues A3 HERPAL Ao DY RIS [ATIR SRl e
Si ze ; o] cti er.am é. ]
g{oglz?r al }n?%n%?%ir‘ga %o&&%é@%ﬁ@éﬁb@re@_ e?aié”a tl}?éqa?sfrfg& b%/hXPS at a
f ] [ riumtitanate .used in e
S ce sor PHEERERNA ol SoRiud £ PRLLURHIGOAR MR s o
only to

—r O

approximately 2 mm.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

As described above, the present invention.provides a
semiconducting ceramic formed of a sintered semiconducting
material containing barium titanate, wherein the average
grain size of the semiconducting ceramic is 1.0 um or less
and relative spectral intensity ratio represented by
BaCO;/Ba0 as me&sured by XPS at a surface of the ceramic is
0.5 or less.

Barium titanate used in the semiconducting ceramic
according to the present invention is not limited only to
BaTiO;; there may also be used as the barium titanate of the
present invention a barium titanate-based species in which Ba
is partially substituted by Sr, Ca, Pb, Y, a rare eartﬂ
element, etc., or Ti is partially substituted by Sn, Zr, Nb,
W, Sb, etc.

MnO,, Si0,, TiO,, Al,0;, etc. may be added in an
appropriate amount to a semiconducting material containing
barium titanate for producing the semiconducting ceramic

according to the present invention.



BaTi~q err]; there may al so be used as the bari umtitarrat’é"df”tﬁé?esent
isnvention a bariumtitanate-based species in which Ba i $,;0@kdisal Beyn Replaced
substituted by Sr, Ca, Pb, Y, a rare earth elenent, etc.,\mg 1k
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partially substituted by Sn, Zr, No, W Sb, etc. M2, Si

etc. may be added in an appropriate amount to a sem condu

contai ning bariumtitanate for producing the sem conducting ceramc
according to the _present invention. 6 The average grain size of the

seni conduct i ng cggﬁrriag%é‘éﬁr gradnt 81EReChr ERRnEeT YHRNS F95AMEY to 1.0
[err]mor less, although the ceram c nay contain ceramc grains having a
grain size Pﬁ°€¥€é§§ SP the peefent Imeepbien iife Ligtetaditq di-dndim P atio

represent ed é C% BaO at. the surface of the sem conducti ng ceram .c nust

be 0.50 or FES§ B8R HBPEPATATHS FRY nFORATAGPT F41% /% 48 % Horiti%n of
the sem conducti ng ceram c that is in contact with air. Thus, a cut section
i s al so i ncPudEain| AleRelpr 8XERES| Abeht P oW t he expression "speC| fic

change" ref ers 408 ”Ee‘c?%%ﬁp%ﬁgsa ctPEeRtTepatr i Telheaented & r oom
Lemper at ur e 1000, oy 5. L5 LB J SR WY WenbclalbA b0 lgh LIREL R o1 Y
be 0.50 or less. As used herein, the term "surface" refers
to a portion of the semiconducting ceramic that is in contact
with air. Thus, a cut section is also included.

In the present invention, the expression "specific
resistance at room temperature undergoing substantially no
time-course change" refers to a case in which a ratio of
specific resistance at room temperature 1000 hours after the

termination of firing to that immediately after firing is

1.05 or less.

EXAMPLES

The present invention will next be described by way of
example.

First, there were prepared agueous solutions of barium
hydroxide having a variety of Ba contents and an isoprgpyl
alcohol (hereinafter referred to as IPA) solution of Ti
alkoxide represented by Ti(0-iPr), having a Ti content of
2.655 mol. Secondly, a solution of lanthanum chloride
represented by LaCl;*6.3H,0 (2.385 g) dissolved in ethanol

(the volume of the resultant solution: 100 cc, La content:

0.00664 mol) was homogeneously mixed into an IPA solution of



EXAMPLES The present invention will next be described by way of exanple—
Rirst, there were prepared aqueous sol utions of barium hydroxi de having a
variety of Ba contents and an isopropyl al cohol (herei é@*H&ekgﬁ&ggmao as

| PA) solution of Ti alkoxide represented by Ti(OiPr)4 nt ent
of 2.655 nol. Secondly, a solution of |anthanumchlorid mmmmag ggu

LaCl[err]6.3H20 (2.385 g) dissolved in ethanol (the voI ultant
solution: 100 cc, La content: 0.00664 nol) was honpbgeneously m xed into an

| PA sol uti ohn®8f T1 a{k@x¥flea| koxi de. Next, each aqueous sol ution of barium
hydroxi de and the m xture of the ethapol solution of |anthanum chloride and
the I PA sol uti onN6Ktr n&€2CPt 3ARERIEI RBAMELODE?E PRXEN B¥F RS &nd ttdid
m xture was _allowed to react. to forma slurr The slurr vms*gwedlntoa
tank for agMh§tusipeEqliBRt pihapaL sebution 9% lRRtham
dehydr at ed ried at 110[err]C for three hours ri ed
cake was cr ﬁeﬁoﬁgt%ﬂﬁrggthBtEFFaE%FQCﬁ&%§¥ﬁ4ﬁ)%ﬁﬁ?lﬂﬁﬁq 'aﬁHthgﬁvd
t he thus-obtalnig ﬁ con alnlng |tanate.€owde€ or to _powd
obt ai ned by*B&FCHAPhg™ g aBoles ‘?’e t * BB ofR HYE f"’orSJtWYhourT?e
D e S Hirty Yhs SouaLs 18 addsgnﬁOférora”;igr{;.“wsautbseq%e%r e

aged slurry was dehydrated to form a dehydrated cake, which

was dried at 110°C for three hours. The dried cake was
crushed to thereby obtain La-containing barium titanate
powder.

To the thus-obtained La-containing barium titanate
pewder or to powder obtained by calcining the above powder at
800-1000°C for two hours, a binder such as vinyl acetate was
added to form granulated powder. The granulated powder was
molded by uniaxial pressing to thereby form a disk-shaped
compact having a diameter of 10 mm and a thickness of 1 mm.
Subsequently, the compact was fired in air at 1200-1300°C for
two hours, to form a semiconducting ceramic. A paste for
producing an In-Ga electrode was applied to the two major
surfaces of the semiconducting ceramic, and the entirety
thereof was fired to thereby obtain a semiconducting ceramic
electronic element.

Specific resistance at room temperature, dielectric
strength, relative spectral intensity ratio ;epresented by
BaC0O;/Ba0O at the surface of a semiconducting ceramic, and

time-course change ratio of specific resistance at room

temperature were measured in semiconducting ceramics having



mol ded by uni axial pressing to thereby form a disk-shaped conpact having a
di aneter of 10 mm and a thickness of 1 mm Subsequent| y,ThislSeeiigpers RephRS)

fired in air at 1200-1300[err]C for tw hours, to forma fige i ] il ;Mﬁ
cerami c. A paste for producing an In-Ga el ectrode was app, mm&wo
maj or surfaces of the sem conducting ceramc, and the enti was
fired to thereby obtain a sem conducting ceram c el ectronic el enent.
Specific resistance_at roomtenperature, dielectric strength, relative
spectral inV8RIPES P3t FOREEPLEsRAt BaThymBavereride med utione £F f ace of a
sem conduct i ng cer.am;lépgand ti me-course change ratio of specific resistance

at room t enBEPEEGIES FERLGPBAUFRIRENFRPHBLE 1 IRC e Rtf @lemaathgin 8

vari ous Ba %ﬁntegts of barLgn1h¥droxide sol utions for producing the
seni conduct itR§ BBPXRT BeEFCLPRENENRPENenT e nE e ol th R%E RRY by Takdferl -
The results_are_shown in Table 1. Sanples marked with * fall outside the

scope of th&3FPLEENMAFKEENYLLR. * Shrbl rertsids stheheone ok AF@senir e was
measured at err.] C by.use.of a_ four-point-probe nmethod enpl oying a
digital vol %@%@F?L?heyﬁ%%gi‘?i ’c'%’r?%%@‘f‘h AL AT STRPTAL A9 ng
maxi mum appl ied vol.tage_j di ately before breakdown of a sanple and
di 5: di ng PE@EQBPl\;éSSeagyzbm s‘%%?nzq,f @etﬁﬁé@ﬁ%télpéepﬁoﬂ‘@§hg& ached to the

sanpl e. Thee&Bib9i§8C§{8&514§§C%8 t%ggegyrffﬁéaégefgg%§¥gﬁé¥¥gﬁg¥ﬂ'%%s

ceranic

obtained by measuring maximum applied voltage immediately
before breakdown of a sample and dividing the voltage by the
distance between two electrodes attached to the sample. The
ratio BaCO;/Ba0O at the surface of the semiconducting ceramic
(including a cut section thereof) was obtained as a relative
spectral intensity through XPS analysis. The time-course
change ratio of the specific resistance at room temperature
was a ratio of specific resistance at room temperature 1000
hours after the termination of firing to that immediately
after firing.

A sample for comparison, which is referred to as
"Comparative Example" in Table 1, was produced by use of a
barium hydroxide solution having a different Ba content for
producing the semiconducting ceramic electronic elemen; in

the above-described manner under firing at 1350°C for two

hours.

Table 1
(1) Sample No.

(2) Physical properties of semiconducting ceramic



(i ncl udi ng a cut section thereof) was obtained as a relative spectral

I ntensity through XPS anal ysis. The tinme-course change ratio of the
stance
ﬂi X|de

specific resistance at roomtenperature was a ratio of eq fi-€ Les

a? room tenperature 1000 hours after the term nation of%$§%hwh%"?§;

I mmedi ately after firing. A sanple for conparison, which U % B
"Conparative Exanple" in Table 1, was produceddby use ﬁf "

solution havin erent Ba content for producing the sem conducting
ceranic electrgnﬁéqeﬁgﬁgﬁﬁelﬁ ?ﬁ@ 3b6%e- descri bed manner under firing at
1350[err]C for t h%u%% /% 1) Sanple No. (2) Physical properties of
sem conducti ng c 3/73 5@ t ge grain size (4) Ba(Jerr]/BaOratio (5)

f t t
E‘éﬁ;i?éﬁLLZt'(%Sc%S)( ??aa%‘%%%%?%c%?? ngEREehpERs Ehag “aefi i ce change
[ 9) Co nt fromTable 1 n the average
rain Size of thd deRPESAAE: FRILEERARPoAFaraoD TRFPTT BTt a2 U t o

relative spectrau7)nb§Q§ by Gat greggggs?gted by BaCQO3/ BaO at

(8) Time-course change ratio

(9) Comparative Example

As is apparent from Table 1, when the average grain
size of the semiconducting ceramic is 1.0 pum or less and the
relative spectral intensity ratio represented by BaCO,;/Ba0 at
fhe surface thereof is 0.50 or less, the specific resistance
at room temperature is 100 Q-cm or less, the dielectric
strength is 800 V/mm or more, and the time-course change
ratio is 1.05 or less.

Next will be described the reasons why the average
grain size of the semiconducting ceramic and the relative
spectral intensity ratio represented by BaCO3;/Ba0O at the
surface thereof are limited in the present invention.

When the average grain size of the semiconducting

-

ceramic is in excess of 1.0 um as in the case of the
Comparative Example, the dielectric strength is
disadvantageously low. Therefore, the average grain size is
determined to be 1.0 um or less.

When the relative spectral intensity ratio represented
by BaCO;/BaO at the surface of the semiconducting ceramic is

in excess of 0.50 as in the case of Samples 4 and 5, the



the surface thereof is 0.50 or less, the specific resistance at room
tenperature is 100 [errJcmor less, the dielectric str th ol Bas Oe(r)lR\e//lace or
nore, and the tine-course change ratio is 1.05 or |ess. i el | ST
descri bed the reasons why the average grain size of the Hm ﬁ‘lﬂﬁw
ceramic and the relative spectral intensity ratio repres '
BaCJ err]/BaO at the surface thereof are limted in the present invention.
When the average grain sjze of the sem conducting ceramc is in excess of

1.[err] m a5iPfi-FRETEGsERBRIE hEALLRDES afl e BatgIeouThe R ectignce.
strength is,di sadvanta eouslézl ow. Therefore, the average grain size is
det er mi ned EBepEeiagiye, FParhFal ckRteRpbhy (Frtie| b idRF SPEEIehIte Reensity
ratio repre egbed by BaCO3/ BaO at the surface of the sem conducting ceramc
is in excesS'Bf BF56°88 in the case of Sanples 4 and 5, the 10
ti me-course chan F‘at ig | s di sadvant ageousl y. high. Hence, the relative
spectral intensi ggt QBEB P2 HafelAtfedtd PRNBCORANGtIRG AIONt HHudH'G a was
used as a seni congucti ng, agent _in the present invention, ng particular
limtation PESPFR eﬂngﬁgfh‘gnse?r‘? RALLEEHRE abEmttatEan siitaced ff £htay be
used a rare_earth el epent such_as %,brs Ce, Dy, or Ga; qQr a transition
tetal el encRPTLHCRIHEERES ST BSF SratRlen iRk used @ rare

earth element such as ¥, Sm, Ce, Dy, or Ga;.or a transition

metal element such as Nb, Ta, Bi, Sb, or W. In the present

invention, barium titanate was synthesized through a

hydrolysis method. However, other synthesis methods such as

a sol-gel method, a hydrothermal method, a coprecipitation

méthod, or a solid phase method may be applicable.

* % %
As described above, the semiconducting ceramic

according to the present invention is formed of a sintered

semiconducting material containing barium titanate, wherein

the average grain size of the semiconducting ceramic is 1.0

um or less and relative spectral intensity ratio represented

by BaCO3/BaO, which is determined by XPS at a surface of the

ceramic, is 0.5 or less. The semiconducting ceramic

according to the invention possesses a dielectric strength of

800 V/mm or more and a specific resistance at room

temperature of 100 Q-cm or less, the specific resistance at

room temperature undergoing substantially no time-course

change.

The semiconducting ceramic electronic element according

to the present invention is produced by forming an electrode

10
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invention, bariumtitanate was synthesized through a hydrolysis nethod.
However, other synthesis methods such as a sol-gel mnethod,m@ shecitaoBere Repigeed
met hod, a coprecipitation nethod, or a solid phase nethod s |
applicable. As described above, the sem conducting ceram c ﬁg ' he
present invention is formed of a sintered sem conducting ma

containing bariumtitanate, wherein the average grain size of the
sem conduct i ng ce]i m.or |ess and rel atjve spectral
i ¢

am¢ is 1,0 [err € )
intensity r&t dP%%%ﬁt%ﬂrg?J’%a THe GO eI IRat SHHSPINCKS8%t a
surface of the ceram 1S.0.5 or less., The sem condycting ceram ¢
accordi ng toTIHET hve%??%ﬁd%b%s‘é%sgée A S AT ct%set &&‘rﬁﬁ‘%eﬁs 860 W or
nore and a specific resistance at roomtenperature of 100 [err]cmor |ess,
t he speci fi%g“rué%?%‘glé‘ﬁﬁjen%t CPOYMT TEr HUHE 3 r?émsg’ﬁs §rqll”i°§Id| ¥°no
ti me-course e._The sem conducting ceram c el ectronic el enent according
to the pr es%%@%/e%?igh?i?gr%med by form ng an el ectrode 11 on each
maj or surface of the above-descri bed sem conducting ceram c. According to
the invention, the thickness of the sem conducting ceram c el ectronic
el ement can be reduced to as thin as [err].7-1.0 mm

11



12 ° L 13 Wat is Gainmed is: 1. A semconducting ceram c formed of a
sintered sem conducting material containing bariumtitanate, which ceramc
has an average grain size of 1.0 [err]mor less and a relative spectral
intensity ratio represented by BaCO3/BaO of 0.5 or |ess as determ ned by
XPS at a surface of the ceramc. 2. A sem conducting ceramc electronic

el enent conprising a sem conducting ceramc of Caim1l and el ectrodes,

wherein eac%hgk Egecg g&gdoggs is formed on each major surface of the
sem conducting cera
1. A semiconducting ceramic formed of a sintered

semiconducting material containing barium titanate, which
ceramic has an average grain size of 1.0 um or less and a
relative spectral intensity ratio represented by BaCO;/Ba0 of
0.5 or less as determined by XPS at a surface of the ceramic.
2. A semiconducting ceramic electronic element
comprising a semiconducting ceramic of Claim 1 and electrodes,
wherein each of the electrodes is formed on each major

surface of the semiconducting ceramic.
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