{; OPe3e: 7L.z,6bT)0 12 JUN 2002 SEM CONDUCTOR CERAM C DEVI CE BACKGROUND OF
THE | NVENTI ON *166166* (Field of Inventionm} The invention relates to a

- sem conductor ceranic device using a ceramc el enent which has a nepatjuNgi]

"tenperature coe t of resistance. (Description of the Related Art) In

a switchi m ce, for exanple, an overcurrent flows at the nonent a

switch is As a device for absorbing such an initial inrush

current, a so- ®Qﬂoqled NTC therm stor device is used. An NTC t herm stor

devi ce has a high resistance at roomtenperature, and is characterized in

that the resistance decreases as the tenperature rises. This high

resi stance can suppress tISEMICONDUCTORNCERAMIGI|DEVIECENh current, and when

the tenperature of the device is then raised by heat generated the

device itself, the resistance decreases so that the power conﬁ,ﬂﬂﬂﬂ,ﬂﬂm

reduced in a steady st age. Conventr onaII a spinel oxide is uﬂ!’ IH”,

ceram c el enent of such are& L E INYENTUON an NTC t her misdigas

device is used_ to prevent ar& i nrush current fromflovvl ng, the NTC

t her ni st ofFHedR cf MRYeMARMa | ow resi stance in an el evated tenperature

state which is ¢ sed he he rat ed ice itself. However,
a conventi onal I\I'érl%l "\éé*tt&SPnﬁa% ‘g & 33T c{;’é‘ﬁ‘e‘%:fﬁ VA %%“ﬂ‘é?lcy
that the B-value i srral S C.rI S|stanc 200x 2 |s
made | ow.1‘1%‘}0"‘%ec‘—i'uen‘te a',“l %?6%2‘8n5‘§*§1 %ljtl)na 5 VA é:elvﬁasg%tm% '%&e

that the ?eﬁ;isf %rﬁt NQAs qb eereased in an eI evated tenperature state to
i 'éent cF‘low S S

a suffici evel, ere y ‘di sabling the power consunption in a

st eady staté\sélolﬂqﬁ&e(gic%e IRe143RaNgse) Pat ent Publication (Kokoku) No. SHO
48- 6352, etc., ceram cs having a conposition in which 20 nol % of Li203 is

added to BaTi 03 it proposedeating Nbeweher batee, deioge handniled | ange

H val ue. However, this NTC therm stor device has a high specific resistance
of 105 Sasraxvunvegiterflaiwsl4( Gheamebnitancea tdvdrtehariiss airmeat @ .emaa & hat

t he, power consunption in a steady state is increased. In contrast, a

devi ce udewicé? foar ambeerhangr esuch armre- dndddalchanyesbhacexcrent st iecs in
whi ch the specific resistance is suddenly changed from 10 S2cmto 0.01 ncm
at 80 C. spmeradflede NEGcthrymitien dtiqe eht Porduse Sl NHGVdIRIMEBLAY i nrush
current fromflow ng. However the VO2, ceram c device has probl engs in that

it is unsteE, BRd tanatn?t’ rﬁ?ﬁlsﬁénfzéplé&ﬁ yTEBBI FTRYAT Y GredBREng K i ring
|t nthat it t ted t bead- ik Si

Process b 1oy | L AhaRS,d © Lesleled SRS A | e 0.

there ari S ?ﬁ'ﬁ‘%@ em,Lo that; J e fleyiof ?t?mtca%esﬂéﬁfq]e%\%sﬁ?% hatus

such as a power source ere a large curren OF
THE |NVENE’QN initial inrush current, and, when the temperature of the

device is then raised by heat generated by the device itself,
the resistance decreases so that the power consumption is
reduced in a steady state. Conventionally, a spinel oxide is
used as a ceramic element of such an NTC thermistor.

When such an NTC thermistor device is used to prevent
an inrush current from flowing, the NTC thermistor device must
have a low resistance in an elevated temperature state which is
caused by the heat generated by the device itself. However, a
conventional NTC device using a spinel oxide generally has a

tendency that the B-value is small as the specific resistance



-~ 2 ~uN zooi 3 It is an object of the invention to provide a senicouzqﬁwqmm
ceram c device which can solve these problens of the prior art, in i

the resistance in an elevated tenperature state is |lowered so that the
“power consunption is reduced, and which is excellent in reliability. In
order to attain the object, the inventors have eagerly studied ceramc
conposi tions which have a | ow resistange, and which have negative

t enperature/ resi stance characteristics having a | arge Hvalue, and found
that oxi de ceram c conpositions containing a rare earth el enent and a
transition el ement have such characteristics. Furthernore, the inventors
have foundst matdealeowenf i¢prsadusmtily,wisich sucdneentaranaaMNieC dediceahaisti on
el ement oxide ceramic is used as a ceram c el ement and substantially

i sol at ed fr andHemtHbshhetk etban rgsavtaeca sepnebndsctdncraasad cineance
which will _not be destroyed by a |arge current, and in which the power
consunpt i BAeVAtadstmRRraiue st¢akenko reguéédcisnhlyukav diedvistdl ythewebevel |

t her eby agcongﬁlshin the invention. The sem conductor. ceram c device of

t he i nvenft8R°T$7€h t BPFSEd FPTHIREIOTe LBr fhi STERSNenttate 1 bPneheby a
rare earth gnd éransition el ement oxide, and the ceram c elenent is
substantiﬁﬁgvc? olated fromthe atnosphere. Rare earth and transition

el ement oxi des usgful -] [ i,on . .parti ly rgstri d as
far as they are oijrifl deqsél%f)él al niwnagﬁgntr a@ﬁgéggklgﬁeﬁgﬁkgﬁﬂya (r)ans% on

el ement . eghésh C I : I i L A N 200z
A e e A it S R T v
oxi de haspft Bigl Ug whidda it | BEER).Y ilsnPreporddasad h erPerRéHhfstdses,
and which is shall at roomtenperature. Therefore, a device using the LaCo
oxi de candéti@é nhaxind | £nlaghar Bev&Iws! i CBowdWVer Cheli Bt RTE Sthebmidwdr r are
earth and transition el enent oxides have a | ow resi stance and a H val ue
whi ch i s deawlde HHag cohilginpeeatifiie aadistagee adf d 4l Qacheopeh bghee dts
reported by V. G Hhide and D. S. Rajoria (Phys. Rev. H6[3]1021(1972)),
etc. The 14¥eh€or endohéncecedthere asigasact i padblemt tnt thesnfthempdvezther or
not such characteristics can be applied to actual devices. As a result, it
was foundcemmpt ko drea ttready stassi tPohnereased- oxi de is not destroyed
by a |large current and the power coagggﬁtion i,n a steady state is reduced,

but such an oxi déthasCPh ncy®t h & r 8818Bancch &FFETL®Ten Rafe oxi de
s al lowed, 10, stand 4 dde ALADIPhEL L. Al 2 Ul LemReEat uLg, dien the oxide
isin its origi hal® state CRerdrore. 3% Tannot be pu £o %r%o%ﬁcaﬂ Fse.

A di . . . ; t th d
co0rdi 1G4 S S BRendy CERAMCq LRI o TRER 86 SUER du LA R LN n

transition ement oxide 1s cC SO as to be substan ol ated
fromthe &t nosplereForidledly gehvalel i3 BickhEehesist anse &of phav&lemnt. The
above and ot her objects and features of the present invention wll be nore
apparent 4r dmrifed bakkentngréestidwiinan Heweter e NOINE T M ddvilde
acconpanyi ng draw ngs. 12 JUN ~DQZ 5 BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1 ichas cppeblemst iimnathat ewtsheM mgstaalslen) candudthait cet anuetddd ce in
accordance with an enbodi nent of the invention; Fig. 2 is a cross-sectional
vi ew showapidlyserdeladiuatber car arducdegi £éringapeocessc ecamully iagotiver
enbodi nent. of the invention; Fig. 3 is a cross-sectional view show ng a
ceran c déWceltdrsharenpar reshriahed Fig. 24Ppadalékgsongect iSdmee wihway
showi ng anot her, ceram ¢ devi ce for conpari son. DETAI LED DESCRI PTI ON OF
THE PREF INSOCFWERRRS Hef e sy t‘g‘?‘,’l elfnfentiVh F| Seyerdés&emed in
detail by jllustrating its enbodi nents. FEirst, |, Bppdeﬁ q% Cp203 and that of
La203 werB WS PMEF s 8SEE 8HREEF 1 ARFIHE T IMp5EREI bhe cfeTierniate

i ghed powd ified ' ia ball bj
bl cndi ng T S RYLERy FERAREPS S e 67 anraBi g PEper bl hrhas

dried, and 4 C i_nat 1,000 C for 2 hours, to produce calcinated
powder . %gg'c cfﬁgﬁgﬁﬁbgﬁﬁgé'was added with a binder and water, and these
materials were subjected a wet blending in a polyethyl ene pot for 5 hours.
The m xture was dried, and then formed into a disk-1ike conpact by a dry

press. SUMMARY OF THE INVENTION




-1 2 JUN 2002 6 Next, the conmpact was calcined at 1,350 C in the atnosphere,
to obtain a calcined ceramc el enent nmade of a rare earth and traﬁ&LﬂNﬂWZ
el ement oxide. Then) Ag paste was applied to the both principal faces of
the ceram c el enent, and baked to form el ectrodes. As a conparison, a
conventional NTC therm stor device was produced which is nmade of a ceramc
el emrent forned by weighing in w.% Co30" Mh30" and CuC03 in the ratio of 6
3 . 1. The NTC therm stor device of *t he enbodi nent, and that of the prior
art were placed in a switching power source, and effects of suppressing an
inrush current were neasured. Currents respectively obtained at el apsed
times of 1 sec., Prsefs urfe®bjedtd 3@ Sehe aAlhwin@ieM tteh Wasvidened on
are listed in Table 1 below. Table 1 Elapsed tines after swtch was turned
on (sec.) bphadordattblacipartii) Revdlceawhidhvise §d)wvzo. tamsa? brobldmd. 9. 630
~2.2 ~1.8 As seen from Table 1, the NTC therm stor device using the rare
eart h andtheansrioon attenenm owhdehi nthecoreisizanwig h imtheannvebhévanefias a
| ow resistance in a normal state, thereby allowing a |arge current to pass
therethroggmperaqgrngtammpﬁS'lowered so that the power consumption is
reduced, and which is excellent in reliability.

In order to attain the object, the inventors have
eagerly studied ceramic compositions which have a low
resistance, and which have negative temperature/resistance
characteristics having a large B-value, and found that oxide
ceramic compositions containing a rare earth element and a
transition element have such characteristics. Furthermore, the
inventors have found that a configuration in which such a rare
earth and transition element oxide ceramic is used as a ceramic
element and substantially isolated from the atmosphere can
provide a semiconductor ceramic device which will not be
destroyed by a large current, and in which the power
consumption in a steady state can be reduced to a sufficiently
low level, thereby accomplishing the invention.

The semiconductor ceramic device of the invention is
characterized in that the ceramic element is formed by a rare
earth and transition element oxide, and the ceramic element is
substantially isolated from the atmosphere.

Rare earth and transition element oxides useful in the
invention are not particularly restricted as far as they are

oxides containing a rare earth element and a transition

element. Specific examples of such useful oxides are LaCo or



-Next, enbodi nents having a configuration in which a ceram c device ?f NQﬁ
LaCo oxide is hernetically sealed in a case or by resin so as to bk JU 7
i solated fromthe atnosphere will be described. (Enbodi ment 1) The
“foregoing LaCo oxide ceranmic device was placed in a PPS resin case. Fig. 1
shows the sem conductor ceramc device . Electrodes 2 and 3 are fornmed on
the both sides of the ceramic elenent 1 by baking Ag paste thereon,
respectively. Plate spring termnals and 5 are nounted so as to be
electrically connected with the electrodes 2 and 3, respectively. The
termnals 4 and 5 pass through a case base 6. The space over the case base

6 is coveggdody rareasfrth I t6292i1RASA 61 aRcht REIRSE 7pabeilRUg,pf, PPS
resin. In the enbodiment, the ceramc elenent 1 is isolated fromthe

at mospher gnbjacoVexid@ his W tH-diticand dpase Bazgdlyhenessgsda AEMoREi ment
2) The foregoing LaCo oxide ceram c device was dipped into silicone resin

t o conductempehfrumed dirigest henebwitiater i figsinhel dewi aeodly t8Rpérateeae
resin. Fig. 2 shows the sem conductor ceram c device. The termnals 4 and 5
are nountEdebyfod dea dJeorittes Wsiand thestade dbrifie eamcattadh| gxecohhest ed
with electrodes 2 and 3 fornmed on the both sides of the ceramc elenment 1,
respect i veharadheieisttitis. state) the ceramic elenent is dipped into silicone
resin to conduct a dip nolding, whereby a resin nolding portion 10 made of
the silicone resiThe scharagberistics Rhapotragear antht Race ek remeielement .
In the enbodi nent, the ceramc E%enent 1 is isolated fromthe atnosphere by

the resi IRt PPAES 2D, 2( EBNpIERishaBsanpBRre #) Bavadpswthichrile 3, a
i c devi i fi ti i.n whi t he | i I t o t
Covared At 4t hSirtratat A hetsl S G VSRR IS "

(Compar | son SXAP! 8y2) v SHOYRIAL Pl . 2 o alligdevi tnhavi g p

configuration in h'fhe cteram ¢ eleément’ i s no ovéered he resin

ol di N9 RsidaAb24A195899 i N ED. 2 ¥AS PLOGUGE ES CoEARALd Sk TR,

devi ces of Enbodi nents and 2, and Conparison exanples 1 and 2 were

al l oved a3l Rekhe BHNBSRIEFR wileti? o® ndflshdle GlraseHfsdites
resi stances at roomtenperature were neasured. The results are listed in

Tabl e 2 hkairmmwbe EPla el Bdbatitwl devirekrbodisnantresulit?) Ganpard Sourkkanpl e
1Conpari son Exanpl e 20 HR5. 05. 05. 05. 0500 HR5. 05. 05. 55. 51000

HR5. 25. 3&.H28. 85080e R M b trangitioR edemadn oikidm Tabhet Jedturdysich t he
devi ces of Enbodinents 1 and 2 configured so that their ceramc el enents
are isol dvea Lpsget Aersenbsprdridhe powerorenguEPLion inea steady state

is reduced, but such an oxide has a tendency that the
resistance changes when the oxide is allowed to stand in the
atmosphere at a high temperature. When the oxide is in its
original state, therefore, it cannot be put to practical use.
According to the invention, a ceramic element made of such a
rare earth and transition element oxide is configured so as to
be substantially isolated £from the atmosphere, thereby
stabilizing the resistance of the element.

The above and other objects and features of the present
invention will be more apparent from the following description

taken in conjunction with the accompanying drawings.



-1 Z JUN 2002 9 invention, the changes of the resistances at room
tenperature are smaller than those of Conparison exanples 1 and 2.12 jUN
enbodi nents descri bed above, in order to isolate the ceram c el enent from
"the atnosphere, the ceranmic elenment is covered by resin such as PPS resin
or silicone resin. The resin for constituting the case is not restricted to
t he above, and may be ot her heat resistant resin such as PET (pol yethyl ene
terephtal ate), or PBT (pol ybuthyl ene terephtalate). The resin nol ding
portion is restricted to the above, a may be other heat resistant resin
such as silicone resin or epoxy resin. According to the invention, a

ceram c element is fornggrpy BricH e HrRAGE DRARTNGEN el enent oxide, and
substantially isolated Tromthe atnosphere. Sl nce the ceram ¢ el enent nade
of a rare earth apflytransi tign @l enepésPxdddaiichdisedvibie HnQRlive | sasnal |
at roomtenperature and |large at a high tenperature, whereby the power
consunpt i g8mi BoAdSE €GeSttt (v ike redueedrianaeswiEhchnbhdoa omehevel ,
and a large current is allowed to pass through the ceram c device. Since

t he ceranbg ehentmventsiowpl ated fromthe at nosphere, the change of the

resi stance at roomtenperature can be nade small. Consequently, the

sem conduct or cerBEigc devi cies of at hecrossesecimionald beviewed ishosmingppaa at us
such as a switching power source where a large current flows. The foregoing
descri pt i sembtondygtedrer rearamisbdideviceof inhearaosdanea hwstheeingtlzeent ed
for purposes of illustration and description. It is not intended to be
exhaust i vempdinent 1of fihe Agyentdomiinit the invention to the precise form
di scl osed) and mdj ficati,ons and vari ations are,goss' ble in light of the
above teachi ngs dri%ray3 béSadufF RS TFThinTad: i EEeWi SPRWINGY ént FFAMithe

enbodi nen osen and described.in order to explain the principles of

WAS C
the i nventForc&nts 1% W&Iﬁl@ﬁn’aﬁafii cation to enable one skilled in the

art to utilizet jnventjon _jn L0 i a k var |

nodi fications as&gﬁge' sgi tiesgl tao tcﬁg%a%?f%u aagi H?g%?on?g%}é?eﬂéﬁﬁ

i ntended dhaimidhaemere ofr bheompyeikban be defined by the clainms appended
hereto, and their equival ents. 12 JUN Z002 -mWhat is clained is: 1. . A
sem conductor ceram c device, conprising: a ceramc el enment having

resi stance value at a specified tenperature and a negative tenperature
coefficient of DEITAIIFINOESCRAPETION ORI THE| PREFERIED GDIMENTHS a rare
earth sad transition el enent oxide; and a cover for said ceramc el enent so
that sai d ceram #Hegdenvaftes,stbhetinnéntiion widlabeddésonilpdd im medphidre
said cover for said ceramic elenent isolating the ceramc elenment fromthe
at nospher® ddd usitaadinondts sibsdaments- change in the resistance val ue even

when the ceram c _¢l ement ig heated to high. operating tenperatures.b
¢ 5 i koA et

el ectrical curreRt¥FhssPAYSEReP L R:0u gD EhAt g u¥ehEF IRt qfevi ces
according to,claimdl,. wherein sajd rat.e.earth-and transition el enent, oxi de
is made ot° L5% Co%qstlfelt € Al:gsi ?rdcog“r? %&t%& %ce?%m?"@cgg\ﬂ ce g%éorw(ﬁlgr’g’e‘tdo claim

|, wherei ' ear:t t jition .el ' i3S Co03.
e elifbuifhd £RLS 98N 2800 |LADS) ARG BIROL 0KLOCs; B Yo I

4. A sem—con cerani c device accordin
wet blending in a polyethylene pot for 7 hours. Thereafter,

the mixture was dried, and then calcinated at 1,000 °C for 2
hours, to produce calcinated powder. The calcinated powder was
added with a binder and water, and these materials were
subjected a wet blending in a polyethylene pot for 5 hours.
The mixture was dried, and then formed into a disk-like compact

by a dry press.



-wrherein said cover conprises a case. S. A sem conductor ceram c device
according io claim4, wherein said case is nade of host resistant r&giJUN 2002
1~. A sem conductor ceranic device according to claimb5, wherein said case
is made of one of PPS resin., PET resin and PBT resin. 7. A sem conductor
ceram c device according to claim11, wherein said cover conposes n resin
nol di ng portion formed around said ceramc clenent, 8. A sem conductor
ceram c device according to claim7, wherein said rosin nolding portion is
made of heat resistant resin 9, A sermi®onductor ceranic device according to
claim ) wherein sai d resin nol di ng port| on is made of one of silicone

Er?BZIDE ?gic(ipg)rfr{v{q W cgfcgj Pa%] ca]‘ﬁ% ?]c'é? %}%0/0 fi\‘b]/ca] caj ca] cafca] caj

Egﬁ;{ gj?jl]eaFJ"\/?caﬁ:i ca ?] g%ﬁﬁ#ﬂ a] cal cg} %gierggﬁ:a caU] ca?caﬂfca} cajc
a] ca] ca] Cé&ﬂ:@ﬁ]é‘:&i Q@Ja‘%@]lQ&bﬁaLEé}xéﬁﬂ: M &l bkoyxz FBRAre was a

=xyvwzupkf a\ W] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal caljc”a]ca L():}‘a] calcalc
a] ca] ca] ced cehé apseh Giy Tred i 1C e Gfalth@! Fek@mibXellement ! ! 4hd ! bakégaZzl] ca
Ul c”a] c™a] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca]ca]ca]ca]c
a] ca] ca] capcadrmlGbadtomgdrad " | #I FTELFIM NL LI "R " AH0BERRE ) ), FIFKY
{vqgl gb] X] c] ca] ca] ca]ca]ca] c(a] c(a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calc
a] ca] ca] ca] ca] ca)ka]a ajawass]scal], c alUcoavEhE ioha HNTC | tBedmister -depic®22b4n4
r445677} xsni d_Y] c] U ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cagca] ca)] cal ca]ca]ca]calc
a] ca] ca] c‘aq@apca]iua}edampba]m] vafle apda]a acguaTB; sedEBsEy| FPIURA. -by - p. . 22
2b4n4r 445677} xsni d_VY] c] U] ca] ca] ca] ca] ca].ca] ca] ca] ca] ca] ca] ca%cg] caJ cal ca] ca

] ca] ca] ] g tRAIdaMcd] £9)%a] ¥RIRaUREY] E4feaidh the ratio o
1.

The NTC thermistor device of the embodiment, and that
of the prior art were placed in a switching power source, and
effects of suppressing an inrush current were measured.
Currents respectively obtained at elapsed times of 1 sec., 2
sec. 5 sec., and 30 sec. after a switch was turned on are

listed in Table 1 below.

Table 1

Elapsed times Embodiment (LaCo) Prior art device
after switch was (A) (A)
turned on (sec.)

1 0.8 0.8

2 1.5 1.3

5 1.9 1.6

30 2.2 1.8

As seen from Table 1, the NTC thermistor device using
the rare earth and transition element oxide in accordance with
the invention has a low resistance in a normal state, thereby

allowing a large current to pass therethrough.
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Next, embodiments having a configuration in which a
ceramic device of the LaCo oxide is hermetically sealed in a
case or by resin so as to be isolated from the atmosphere will
be described.

(Embodiment 1)

The foregoing LaCo oxide ceramic device was placed in
a PPS resin case. Fig. 1 shows the semiconductor ceramic
device. Electrodes 2 and 3 are formed on the both sides of the
ceramic element 1 by baking Ag paste thereon, respectively.
Plate spring terminals 4 and 5 are mounted so as to be
electrically connected with the electrodes 2 and 3,
respectively. The terminals 4 and 5 pass through a case base
6. The space over the case base 6 is covered by a case 7. The
case base 6 and the case 7 are made of PPS resin. In the
embodiment, the ceramic element 1 is isolated £from the
atmosphere by covering it with the case base 6 and the case 7.
(Embodiment 2)

The foregoing LaCo oxide ceramic device was dipped into
silicone resin to conduct a dip molding, thereby covering the
device by the silicone resin. Fig. 2 shows the semiconductor
ceramic device. The terminals 4 and 5 are mounted by solder
joints 8 and 9 so as to be electrically connected with
electrodes 2 and 3 formed on the both sides of the ceramic
element 1, respectively. Under this state, the ceramic element
is dipped into silicone resin to conduct a dip molding, whereby

a resin molding portion 10 made of the silicone resin is formed
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around the ceramic element. In the embodiment, the ceramic
element 1 is isolated from the atmosphere by the resin molding
portion 10.

(Comparison example 1)

As shown 1in Fig. 3, a ceramic device having a
configuration in which the ceramic element is not covered by
the case 7 shown in Fig. 1 was produced as a comparison.
(Comparison example 2)

As shown in Fig. 4, a ceramic device having a
configuration in which the ceramic element is not covered by
the resin molding portion 10 shown in Fig. 2 was produced as a
comparison.

The devices of Embodiments 1 and 2, and Comparison
examples 1 and 2 were allowed to stand in the atmosphere at 180
°C, and the changes of the resistances at room temperature were

measured. The results are listed in Table 2 below.

Table 2
Embodiment | Embodiment | Comparison | Comparison
1 (Q) 2 (Q) Example 1 Example 2
(Q) (Q)
0 HR 5.0 5.0 5.0 5.0

500 HR 0 5.5 5.5

1000 HR 5.2 5.3 6.2 6.8

5000 HR 5.4 5.5 10.5 11.2 |

As seen from Table 2, in both the devices of
Embodiments 1 and 2 configured so that their ceramic elements

are 1isolated from the atmosphere in accordance with the
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Q! 10%K &K thle c&33Mic element from the atmosphere, the ceramic element is
covered by resin such as PPS resin or silicone resin. The
resin for constituting the case is not restricted to the above,
and may be other heat resistant resin such as PET (polyethylene
terephtalate), or PBT (polybuthylene terephtalate). The resin
molding portion is restricted to the above, and may be other
heat resistant resin such as silicone resin or epoxy resin.

According to the invention, a ceramic element is formed
by a rare earth and transition element oxide, and substantially
isolated from the atmosphere. Since the ceramic element made
of a rare earth and transition element oxide is used, the
B-value is small at room temperature and large at a high
temperature, whereby the power consumption in a steady state
can be reduced to a sufficiently low level, and a large current
is allowed to pass through the ceramic device. Since the
ceramic element is isolated from the atmosphere, the change of
the resistance at room temperature can be made small.
Consequently, the semiconductor ceramic device of the invention
can be used in an apparatus such as a switching power source
where a large current flows.
The foregoing description of a preferred embodiment of

the invention has been presented for purposes of illustration

and description. It is not intended to be exhaustive or to
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limit the invention to the precise form disclosed, and
modifications and variations are possible in light of the above
teachings or may be acquired from practice of the invention.
The embodiment was chosen and described in order to explain the
principles of the invention and its practical application to
enable one skilled in the art to utilize the invention in
various embodiments and with various modifications as are
suited to the particular use contemplated. It is intended that

the scope of the invention be defined by the claims appended

hereto, and their equivalents.
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a cover for said ceramic element so that said ceramic
clement is substantially isolated from the atmospherz,
"said cover for 5aid ceramic elemment isolating thc
ceramic element from the atmosphere and preventing a
| substantial change in the resistance value even when
the ceramic element is heated to high opcrating tem-
peratures by electrical curreat passing therethrough.
2. A semiconductor ccramic device according to claim 1,
wherein said rare earth and transition element oxide is made
of LaCo oxide.
3. A semiconductor ceramic device according to claim 1,
wherein said rare earth and transition element oxide is made
Df NdCOO_-,.

4. A scmiconductor ceramic device according to claim 1,
whercin said cover comprises a case.

5. A semiconductor ceramic device according 1o claim 4,
wherein said case is made of heat resistant resin.

6. A scmiconductor ceramic device according to claim 5,
whercin said case is made of one of PPS resin, PET resin and
PBT resin.

7. A semiconductor ccramic device according to claim 1,
wherein sald cover comprises a resin molding portion
formed around said ceramic element,

8. A semiconductor ccramic device according to claim 7,
wherein said resin molding postion is madc of heat resistant
resin. ,

9. A semiconductor ceramic device according to claim 8,
wherein said resin molding portion is made of one of
silicone resin and epoxy resin.



