EP 0 358 323 B1 Description The present invention relates to voltage
non-1linear type resistors conposed of zinc oxide as a nmain conponent. 5
It is widely known that resistors BPOhPRE¥3 Bai nly of zinc oxide and
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surge and small change in the V-I characteristic with temperature, as is clear from experiments mentioned

40 later. As a result, the voltage non-linear resistor having good surge-withstanding capability, good char-
acteristic against repeated thunderbolt strike, and good use life with being free from thermal runaway can
be obtained.

Turning now to effects obtained by each of the phases, the 5 type crystalline phase mainly functions to
decrease the Vima Change rate after application of thunderbolt surges. It also functions to improve the

45 surge-withstanding capability. The 8 type crystalline phase mainly functions to decrease the change ratio of
the V-l characteristic with temperature, and its function is further improved under coexistence with the 3
type crystalline phase. Only the 8 type crystalline phase unfavorably deteriorates the use life. Although a v
type crystalline phase improves use life, it adversely affects other characteristics than mentioned above.
Thus, the v type crystalline phase is preferably not more than 0.5 wit% at the maximum. It is preferable that

s0 no pyrochlore phase is contained.

In addition, 0.01 to 0.03 wt% of a glass fit is added in the production of the resistor. Further, it is
preferable to add silicon oxide in the state of an amorphous phase, because an intergranular phase is
stabilized therewith.

It is preferable that 70 < g/(8+35) x 100 £ 80, because the effects attainable in the present invention -

55 becomes more conspicuous.

The second aspect of the present invention has been accomplished based on the discovery that the
voltage non-linear resistor in which the crystalline phases of the bismuth oxide in the resistor include at
least the « type crystalline phase, the 8 type crystalline phase, and the 5 type crystalline phase has small
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out in claim?2. According to a third aspect of the present invention, a
vol tage non-linear resistor is provided as set out 35 in claim3. The
first: aspect of the present inventi BROBR83B&Bh acconpli shed based on the
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functions to baeducingsthe resiston BAhte 0:03twt% obglassiiid isypreferghbly pdged. dy additipr; siligon jaxide is
t enper at ur ePrefeiARly added in thecstatax an amarphopsriase, brsause i intargrenulacehess is stabiltzed. wi t h
the [err] typh ischrofersble thatthe coplants of tha|oy Atapds pystplinePhases eatisfy thg)fplioyiag jppauaiiies,
unf avor aBl yPoRRERhp gifegts ofthe jpentiondesqmodnore\eonsRiguelis- a [err] type crystalline
phase inproves use life, it adversely affects other characteristics than
menti oned above. Thus, the | erzg]st ypeacr ysg£+da%e 8hase I's preferably not
nore than 0.5 wt% at the maxi num &t+ BS+ & &¢hat 50 no pyrochl ore
phas\e*-‘i s,contained. In addition, 0.01 to 0.03 w%of a glass frit is added
in the production of the resistor. Further, it is preferable to add silicon
oxide in the state of an ano (Fgus fhase, bhecause an_intergranul ar phase is
stabilized therewith. It is {) Qtr@@q. Et'?étm?cﬁ[%ﬁfd + ) x 100 [err] 80,
because the effects attainable in the present invention 55 becones nore
conspi cugus. The second aspect of the present invention has been
acconpl i shed based on the discovery tgat the voltage non-linear resistor in
whi ch the crystalline phases 28 & ' X 380 &30 the resistor include
at least the a type crystalline pﬁ'ag' s * e [err] type crystalline phase,
and the a type crystalline phase has small 2 - EP 0 358 323 Bl change rate
of [err]soaft eifheathjnd aenacti of theopressnt igeentionchas fvedn| accérantighed baged apfthey/discovery that the
char act er i svoltage mrylmeqrmp@r intwhick the intergranular phase is partially made amorphous by the incorporation

of bismuth into the sintered body and the content of bismuth in the amorphous phase and that in the 5-

Bi=0s; phase are controlled to the respectively specified ranges has small variations in the characteristics

such as voltage non-linearity index, the change rate of Vs after application of thunderbolt surge, limit

35 voltage ratio, and leakage current ratio as well as good hygroscopicity of the non-linear resistor, as
mentioned later in Experiments.

As mentioned later, the voltage non-linear resistor can appropriately be obtained by selectively

o combining the kinds of and addition amounts of raw materials, final firing conditions, cooling rate and
thermally treating conditions after the final firing.

40 Use of glass frit containing silver or boron in the raw material is preferable, because the frit improves
the characteristics. Boron advances the diffusion of additive components, and promote the uniformization of
the characteristics over the sintered body, and the glass frit stabilizes the intergranular phase. Silver
suppresses movement of ions due to charging, and stabilize the intergranular phase. As an example,
borosilicate bismuth glass containing silver is preferably added. It is preferable that the addition amount of

45 the glass frit is 0.01 to 0.3 wi%, the contents of Ag>O and B20Os in the glass frit being both 10 to 30 wi%.
Further, it is preferable that pyrochlore which is conventionally confirmed in the intergranular phase is not
contained.

For a better understanding of the invention, reference is made to the drawing, wherein:

Fig. 1 is a diagram showing a charging pattern with respect to the relationship between the leakage

50 current and fime.

In order to obtain a voltage non-linear resistor composed mainly of zinc oxide, additives such as
bismuth oxide, cobalt oxide, manganese oxide, antimony oxide, chromium oxide, preferably amorphous
silicon oxide, nickel oxide, boron oxide, and silver oxide are mixed to a zinc oxide raw material in given
mixing amounts. All of the additives and the raw material are adjusted to respectively given particle sizes. In

s6 this case, silver nitrate and boric acid may be used instead of silver oxide and boron oxide, respectively.
Preferably, bismuth borosilicate containing silver is used. In such a use, a given amount of an aqueous
solution of polyvinyl alcohol is added to the powders of these materials. Preferably, a given amount of a
solution of aluminum nitrate is added as a source of aluminum oxide. The mixing is effected by using an
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as is clear. fromexperinents nmentioned later. As a result, the voltage
non-1inear resistor which has good sur e vm t hstandi ng capability, good

resi stance agai nst repeated |i ght & and | ong use life while being
free fromthernmal runaway can be obt ai ned 5 Turning now to effects of
the phaseg,, [StHink. Phase mainly functions to decrease the [err] change
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Exper i mentirear rééstovent i oned | ater, the voltage non-linear resistor can

appr opr i at elTpe brgstalline ahaseciof bismath lodds iaveethy follawirigicharartpristies ki nds of and
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add' whith include at least the B-Bi20Os crystalline phase and the 3-BizOs crystalline phase in the
40 specufled ratio range, or which includes the «-Bi-O; crystalline phase, the 8-Bi20s crystalline phase, and
the 8-Bi2 O3 crystalline phase in the specified ratio range in the sintered body, or which includes the 5-Bi2Os
crystalline phase and the amorphous phase containing bismuth in the intergranular layer of the sintered
body in the specified ratio range, can be obtained by variously combining the kinds of the raw materials, the
addition amounts, the final firing conditions, the cooling rate in the final firing, the thermal treatment
45 conditions after the final firing, and the like. Thus, the voltage non-linear resistor having the good Vipa
change rate, the change rate of the V-l characteristic against temperatures, and/or the voltage non-linearity
can be obtained.
In the following, with respect to voltage non-linear resistors falling inside or outside the scope of the
present invention, various characteristics were actually measured, and results thereof will be explained.
50
(Examples)

Experiment 1
65 According to the above-mentioned method, sample Nos. 1-1 through 1-7 according to the present
invention and Comparative sample Nos. 1-1 through 1-3 were prepared from a raw material consisting of 0.1

to 2.0 mol% of Bi20s, Co30s, MNO2, Sb20s, and Cr203, 0.001 to 0.01 mol% of At(NO3)s«9H20, 0.01 to
0.3 wi% of a bismuth borosilicate glass containing silver, 0.5 fo 3.0 mol% of amorphous SiOz, and the
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45 the.glass frit is 0.01 to 0.3 w% the contents of [err] and [err] in
the glass frit being both 10 to 30 wt % Further it is preferable that
pyrochl ore which is conventionally EB Q3P 3R¥BI n t he intergranul ar phase is
not contained. For a better understanding of the invention, reference is

made Lot heZ?ygB&% anhﬁéc IoF'the skrgples]h%g' ﬁabnqgte?gf %E’rhé?rp‘ &cﬁe&%%ﬂk% and a
pat t U W t sﬁaﬁiﬁp Le ghgw,{ q-aglg atl1ons etween t ea current
and time. |n Qi §bspbd 19 oRieBstérs wmstaqﬁrea QRedrdifeR' thé GRbrtib SantiPNE CEbriFRrkib Y
of zi nc oxi gtplesihdetatRSchard@blisiss Vi Fedlidtibn A6l MBnde®OP strde-vittidtéhBing BIPRSIRY 8¢ on-
oxi de, ant i ¢OfgeMthstRding Bip@8ility W10 YroBtred P TchErges IiRBARGA WS didrnind Reditd 616,
ni ckel oxi dshowrDiamatle QI #Hie sxpRfident ile\tépefilrdlehadtteristid wek defofnirdd 26 EangdhteEof VW
mat eri al i nangiVigd at T60CICTglaliveBiiNdss .at 28 °IC, REpettively.adCbopar@bwithngl,atahe Vioa\sit Bsrtosthi al
are adj ust e¥m4 loveresd ¢et Ve ingreaybs/@ n5Qrax Theorbductinza@s of Vi3 wabdetdrinined byaiies of i er
ni trate ancbefoor and adten applivationdef alestrid currept @30 kafin He forne of 20 rheelaxhid chpanbwavexiede,
r espect i vael imesPAg fie thebthyndedypliswithstinding r aapdbilityc tose which aMersi brokes | dnd enot bokans engn

I n such a gapelicatipn gf olegtricapeante of 30 lfnand Bolsbig thedfpri of electtis cuent yavas\of 4/30 ikoMise

i s added t 02 FOWpEVefend Qo fespastivoly. Yiih mpres) 18 thepangoff sprgerpithstangding; caeabilitynthesetwhish a
sol uti on of "o Aiekaq AR it bralen upen appliratipns of gledliic guprent of AErh EA0G R iy the fcﬂ‘?e°f
mxing i s eNRECHEPNHYf 2/es '?‘i’ "%H"‘%s are shewn By Xad @2@3@3""@%‘@?9{ 9“‘ a’ﬁ‘a ALNCH

Next, a ff x‘?&?"&'l“? aF °86‘E°a[ as" °H”éea’l ﬁhgtfggfel“[?“jéﬁ'e 2l r'g ‘ y pote ':°s"
2? “oater o ﬁgtgr ey o frogah gﬁ%ﬂ%ﬁfﬁ By Yo sl gpory ggsa Ry
respectrve dfﬁ °d faﬁd C'E?Pal ned mxed sI ipis fed to a spray

drle mproduce 5 granulated powder having the average particle dianeter
of 50 to 150 [err], preferably 80 to 120 [err], and the water content of
0.5to0 2.0 % preferably 0.9 to 1.5 % Next, the granul ated powder
obtained is shaped in a desired shape under a shaping pressure of 800 to
1,000 [err] in a shaping step. Thereafter, the shaped body is fired under
conditioms that heating and cooling are effected at a rate of 50 to [err]
(heating rate and cooling rate) in a tenperature range from@800 to [err]
and the shaped body is held at 10 [err] for 1 to 5 hours (a keeping tine
of 1 to5 hours). It is preferable that a binder contained is renoved off
by heating and cooling the shaped body at a rate of 10 to [err] in a
tenperatére range from400 to [err] while holding it at [err] for a keeping
time of 1 to 10 hours before calcination. Next, an insulating covering

| ayer is formed on a side surface of a cal cined body. In the present
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I nvention, _an oxi de paste in which ethyl
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It is clear from the results in Table 1 that the resistors containing at least the 8 phase and the & phase
at the specific ratio according to the present invention have better temperature characteristic and Vima
s5 reduction rate as compared with Comparative Examples in addition to the other characteristics.
Although the change life pattern is not of an A type (see Fig. 1) in the present invention, there is no fear
of thermal runaway. In the case of the gap-provided type lightning arrestors, there is no problem even for a

B type because the element is always charged.



change rate, the change rate of the V-1 characteristic against
tenperatures, and/or the voltage non-linearity can be obtained. In the
following; with respect to voltage BBQ-358384P1resistors falling inside or
out side the scope of the present i nvention, various characteristics were

actual |y measy[e m Lto§ XOation meltL Bt gﬁ&l bd FllistorShed n
RE I Yo S cqhoaps it i et e
o T bl e g el
nd | d ‘sur
2.0 mol %,0f y; Qﬁﬁjng cﬁ’dﬁ%g:l%%éﬂfe Qntp ﬂert::ﬁhréate%cgsr@h%gﬁtauﬂe@”] 0.01 to 0.3 wt A)Of

a bismuth borosilicate glass containing silver, 0.5 to 3.0 nol % of
anor phous Skg&imenil t he 4 EP 0 358 323 Bl baI ance being zZnO Each of the
sanpl es had—a diameter of 47 mmand a thickness of 22.5 nm and a
crystalline phesringhtowe abovelradntiened .metod,hsample pNost 2-1 dhrougb 28 adcartliog $o thia Lpsesent
pr epar ed raciovantibnagd Camparativei sampla tNog r2-1staropghes10aweate Bepanirfeem a/ eaw Jeatgyibleconsisting of
t enper at ur €0.t focGamol%raf sach®f Bip@x: £psOs Mt SlpAs.rGeetQe and NiPn 61031139 001 moi% of AL(NOs)-
sur ge- wi t hst-arafl, A1 ta®3lyi% iot 3 bismytll besesilicae glearsrcostewgeswrt he toa3Rimalde efamamneust y
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shown i n TaBmea gystaline pheseshewmia TeblpAtand 2 yasistorieliag Pé‘f'mﬁ@z%‘af"%‘(’@f“i stic was
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were thermally runaway, respectively. The amobunt of each of the crystalline
phase was determ ned by an internal standard nmethod in X-ray diffraction.

20 25 30 35 40 45 50 55 5 EP 0 ERS@3583231 [ orr) EP 0 358 323 Bl As
understood fromthe above explanation, since the voltage non-1linear

resistor according to the present invention contains at |east the [err]

phase_and the [err] ph eetre—pto—the—efanrge—yate of [err]
due to application of hurgiig' t qurde, §,3EB!IL'a,pc £hanpg I n the
vol t age-current charac eri%‘gf Feldtiye {o [ hel tgmpdraturp change is snall.
Thus, ggod resistance pgarnstyrepegtet—tiumperpotjtsiastwertas good surge-
5 withstanding capabi|igygsupe gif 3040l ber xgdhernzsiey [ et} cs can be
obt ai ned. Experinment 2 E %,d n®&td the fboje-perti qned ngthpd, sanple Nos.
2-1 through 2-9 accord) g heg prlesgnt [10] 1 nvent1 dn andj Cojrpar ati ve
sanpl e Nos. 2-1 through®-§8 perg r@péd ¢ OoK@a @4® &t ¢85 Bl consi sti ng
of 0.1 o 2.0 nol % of pgeh—ottterrir—amct O ogt—tro—9~—O01—pl Y% of [err]
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1.0 to 3.0 nol % of anof eferd—hetbeteat tregTZn0. Each of the
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15 Wth respect to resistors thus prepared as the invention sanples and
Conpar ative sanples, tenpera- ture characteristic, [err] reduction rate,

t hunder bol t surge-wit hstandi ng capaBP0i3§323Bd swi t chi ng surge-

wi t hstandi ng capability were neasured, and charge use life pattern was
determ ned. Results are shown in Table 2. In this experinment, the

terrpQ_,ature char act er ps++ ‘,"va: dctcrr.n t—ps—ehgRee—pt-ep err] and
[err] at 1SOCreIat|Jet i tj \ pgred with
[err] and [err] at [=rr]£ﬁg I SRR 0& C. The
reduction rate of [er CL3|1 r@ and after
applications of electf wjeng d [&r]
el ectric current wave ggﬂtl e andi ng
capabi lity, those whi e [Drokd atd on of
electric current of 1 c# rent waves
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br oken upon appli cati Ain the
formof electric curr b%’_XandO,
respectively. Further t he
rel ati onghi p bet ween = e : ig. 1, A
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From the results in Table 2, it is seen that the resistors according to the present invention containing at

55 least the a phase, the 8 phase and the 5 phase have better temperature characteristic, Vima reduction rate,
and other characteristics as compared with Comparative Examples.

Although the life pattern on charging of the resistors according to the present invention are not of the A

type (best), there is no fear of thermal runaway. Since a gap-provided type lightning arrestor is always



55 Jleast the a phase, the [err] phase and the [err] phase have better
tenperature characterisitic [err] reduction rate, and other characteristics
as compared with Conparative Exanpifed35888Rfugh the life pattern on
charging of the resistors according to the present invention are not of the

At ype ( b%ﬁaﬁzﬂ no ?Jb% o%cJ?é)evfer?%enﬂf &f%r runaway. Since a gap-provided

typeLj ghtni n, singbrthe o éiéé@no%ﬁ%g ﬁﬂes.m%&%ﬂ,g 15'he BERRS €M

occurs eveg,oiifthe!phes rﬁ mQ ntn& &m n thgast §§ \BREL6 RS B Bhbsd Ltithd B Bhaad @R specific

expl anat i Qffs, §r‘n£||céﬂ arlgh Fatd/ HVA, 3 Ao BQBphEétlBﬁ@frtth@e%o‘ﬁts%e 3maiPVollgaGurtent dnBracieRiond

aspect pf JdifiGe B BS @M pefatbieCEHahddN arfeOftod ird¥fstafde agBiRstirefeltBd ppRébdsitof duRSs baY bd

phase and chiified ] gobdRSSardb adaitet BpbaeH thufdefbak hdRell a6 G8Ydlsurgéaii@Rndingtcapabiity,

[err] due ubgirg i diton tHariBlefttics dani BéleptdaRbt surge, snall vol t age-current

characteristic 5 relative to the tenperature change, and good resistance

agai nst r epgesitned 3appl i cation of surges can be obtained. Thus, good

resi stamce agai nst repeated thunderbolt as well as good surge-w thstandi ng

capabi lity, Assadihg foethe abeyewtehtioned: methet: isemples Npg: $-1c thrpughe 3-8 (scedrdingdto e presenhent

3 10 Accorinyéntion and Gomparatiye) sempiedies. Sonilbiqughed-herie P’S@(ﬁglf@ml‘ﬂdéw mgferial ?%‘F'ﬁ\ﬂ% pfO3L g
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25 for flowng current of 10 kAin the formof 8/ 20 nms current waveform

The rate of the | eakage current was determ ned fromthe current
hour with | apse of 100 hour ER&3¥$8983Binedi ately after the charging

[err]:

rati o of

when the el ement was charged at the charging rate of 95% at a surroundi ng
tenperature of 130 C. Further, the anounts of the crystalline phases and

50

the Katios thereof were- det a5-ee—ph—Rg—H-erRal—st andard net hod in
the X-ray diffraction. Furtfher e, @/; ossglgécié) Wl\i)n:i§term' ned by a 24
hour 30 imersing process i|n agg uofes¢en 124 - deft ecting liquid
under application of 200 [ grrF—n q_.b e 3:.. Sefp¢s—p-ph—under went
| npregnati on and those whi dhgdi ¢ r‘ﬂ)tl -gn(?ge'go Snpﬁegﬂﬂ 113_ 35_ are shown by X
and O respectively. 35 40 4§ S5|r0] e | FH @ |38 b3 B [err] 55 EP O
358 323 Bl [err] EP 0 348%32] apovel gEnLijoned, fegpLrements. As is
clear fromthe above expl ana@ n, ga¢cbf & 1g t® (the VoI age non- | i near
resi stor :of the present ine#tign< dfe]®nf Erig?qntlldt | fhaSd of the sintered
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bi smuth in the anorphous phase and the content of the bismuth in the [err]

phase are controlled to 5 respecti veI%/ eci fied values. Thus, excellent
el-ectrical properties can be obt aiffe®3 Q)%%t ker with excell ent
hygroscopicity without suffering variations in characteristics. Cains 10

1. A .voltage non-linear resi stor whi ch is conposed mainly of zinc oxide and

cont gi,ns at | east bi grothgextge TaRtHory—oy+e silicon oxide as
addi tives, characterifzed th %r ét%lggﬂo of said bisnmuth oxide
present include at | ¢asty [e r9<jt pe [CTy age and a [err] type
crystal fine phase, ard—tefr ..u'L..] at;.fay oy owi ng i nequalities:
15 3lS|2|R |83 ¢M|Sipevhech [err] and [err]
are contents of the [j€ tVpeecl fsit 81liP e pitab® bRd the [err] type
crystal line phase, 2( r?s DECT bWVIebW-w 2-w PPl lGd gon-1i near resistor
whi ch is conmposed nai f8z| fic| 3 §gq and: E(?:h dip§ [ats | east bi snuth oxi de,
anti norry oxi de and si <xl del 3l addT iV eSS | Shlardcteri zed in that
crystalline phases of §bi $muf h joxi|de [pr g¢sept § ndgl &le at least an a type
crystal line phase, a >Stype Leylsqdldiine heel wdnd a [err] 25 type
crystal li ne phase, af Eer B bed fdrd ]l St pHy] &He & ol | owi ng
I nequalities: [err] 3 0 in whichh a} [err] 39 [err] are contents
of the & type crystalft piase Tt fleri typE crygt & | i ne phase, and the
[err] type crystallir ksg, Cebpechi MeI\: Q-PA:-voﬁta non- i near resistor
which is conposed nai f—zt-he-0xd—dd—ad—g-oni-ad atd | east@abi snuth oxi de,
anti nony oxide, and {i ngo P aalS dddli|td e.s'...char ierlzeg in that the
resistof contains at 5] @ | aa] £dré]| €] ys1 &l | nrle has gnd an
anor phous phase cont & Bi-tran-h-add-dhelcohi-ehi—of bi sBu h in said
phases satisfies the wizng 9 peguslfitiles1 LR | <lle £ 2 err
in which A, B and C ¢ e’t cJt"a gg Atlehtl © 3b Err g :%] ggl O'ter((ad) bod£/ of]
the resistor, the cor o] )lsmtr ifn tthe{[efr] typ%cﬂlgtglllne phase,
and thescont ent of n| thpRbj BuB - o1t akn| Ry &hofpRogs phase,
respectively. 55 134 < E Eg'.‘é‘
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From the above, it is seen that Sample Nos. 3-1 through 3-8 according to the present invention which

65

contain at least the 3-Bi2Os crystalline phase and the bismuth-containing amorphous phase and in which the

content of bismuth in each of the phase satisfies (1) 0.10 £ B/A < 0.40, preferably 0.2 < B/A < 0.3 and (2)
0.05 S C/A = 0.30, preferably 0.10 £ C/A £0.2 have better characteristic values and fewer variations thereof
as compared with Comparative Example Nos. 3-1 through 3-8 which do not satisfy one or both of the

12



EP 0 358 323 Bl above-nentioned requirenments. As is clear fromthe above
expl anation, according to the voltage _non-linear resistor of the present

i nvention, the intergranul ar phase oFP 058323 84y ed body is partially nade
anor phous, and the content of bisnmuth in the anorphous phase and the
content of t &/e-l?rieﬁ EJ‘reEJ?re% [err] phase are controlled to 5 respectively

speci fited va Ugs isq(L H¥rom GHé GbovE %;plé?lLtﬁ)ﬁ,t £écgl‘%'g% % foﬁégg %oﬁz—%ap %sigtplI gfi Iﬂg gresent
|
t

. RSk
together W 1 %% 6hd fibkgrdhil PREOBH b Sitel¥aitdBH s Sirtfali ra@Danidibiond, 'aRd he! ddntent of
charact eri stgshaih il diforphBuslphadd Xial thé B6htdrOBr the BRALth fif e SLEVO, WRLSeNaré Sontrolled to
conposed gRighL¥ctitdly globifedValuds TR excBllthPdidttricalprdp@Aiss cdil teObtathe® XdgttBer vilth lokEBNEHY
oxi de and sWg@@&m@g%@,w@ﬁmgwraaw@sin chhladtétiehic®r i zed in that crystalline
phases of said bisnuth oxide present include at least a [err] type

crystalline qdimse and a [err] type crystalline phase, and [err] and [err]
satisfy the following inequalities: 15 [err] in which [err] and [err] are
cont ent s of % ha vpleage jnort-inpa resispm twdiich iisneonprlosessiomainiyl ot kiec prdder dnd tepmiging atylgash bismutie
phase, 20 oxidep edimonyepxjde ghd sificanodxidage additives, i charagterizedsindha icryslallinshphases of said
conposed mai nl Gisrerth gxidecoreseitdrciude at leasha fityps crystalinsphesening mittypesuistatiine ehesd. peshg
oxi de and si | i &9 sglsfytae fqllowingdnepyaliées: characterized in that crystalline
phases of said bisnmuth oxide present include at | east an a type crystalline
phase, a Perr] type crystalline pha§@, and a *elroro]§2§0 type crystalline
phase, and a, [err] and [err] satis y%t]&a-;-fal owm ng Tnequalities: [err] 30
35 40 in which a, [err] and [err] are-contents of the a type .

crystal line phase. .t r ryst | 1as h r e
Crystallige pracgen ASmb B chidh 1445 Rd BellldFreed it bB3, 46 Aol prece
conposed nmainly of zinc oxide and contains at |east bismuth oxide, antinony
oxi de, and si | hGRikge brifhestSredidliihich 8 confidddaBhdifly bZ St biluetdh@icohthifs £Q8dsE bisthuth
contains at | eggde, dftimony oxidel £ Isliicon’ didub ks labidived) ERGBCteH6H RAlthad ERERIMLIShalI3 % Said
cont ai ni ng bi spthidin pﬂduﬁr&.«iam iRidb @fbasPhn LiypBuiyRaliidd phadela RRRRyskflihd fabs; and A8
fol | owi ngsi Neqyps éryétme phabp, and 8. Aléhd [5 Sktisly e/ tollolvig lirlequlitbs: :

a
162 ——— X 100 = 50,

a+B+38
30
25 = B X 100 =< 60, and
a+ f+8
% .
' 10 = ——-—2—— X 100 = 40

) a+p+8. " = %%
\.‘— .

40 in which a, 8 and & are contents of the a type crystalline phase, the 8 type crystalline phase, and the &

type crystalline phase, respectively.
3. A voltage non-linear resistor which is composed mainly of zinc oxide and contains at least bismuth
oxide, antimony oxide, and silicon oxide as additives, characterized in that the resistor contains at least
45 a $-Bi20z crystalline phase and an amorphous phase containing bismuth, and the content of bismuth in
said phases satisfies the following inequalities:
(1) 0.10sB/A<040
50 @  0055C/As<030
in which A, B and C are the tofal content of bismuth in a sintered body of the resistor, the content of

bismuth in the §-Bi20s type crystalline phase, and the content of bismuth in the bismuth-containing
amorphous phase, respectively.
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50 (2) 0.05[err] CAerr] 0.30 in which A, Band C are the total
content of bisnmuth in a sintered body of the resistor, the content of
bismuth in the [err] type crystalliﬁé"rﬂ?ﬁs’g‘%nd the content of bismuth in
t he bi smut h- containing anor phous phase, respectively. 55 13 EP0358323B1 °

Eatent anrs]pr é’lhtl a‘tn g'gﬁgr spannungsabhgngi ger W der st and, der
auptsachl ic 5st a5 HLRELAD s rocdtily | Pt
und Silizi UW gautar Wfeusé § %ﬁmﬁ%&] aaﬁ; R oG, arla et

kristalli nensnl? ﬁElﬁb oHIEBIAEE §H HO EORRESRY bV GATIA R b-B5 07 Biss &8 coRtoll& to
kri st al | igheElaafibly Lputiied vahibd) THIN] etolitht diéctithl drdpbries d3h 88 Bbikid® togetbPwilNdxBallbiAte N

und # und BnydRBcobioitya@Rele Burbiiglvaiatdhs ROharadéieisr echen: 10
60 5 _ S X 1005 90 + 8 worin ,B und B Gehalte der kristallinen Phase

vom 0- Typ bemimsder kristallinen Phase vom5-Typ sind. 15 2. Nichtlinear
spannungsabhangi ger W der stand, der hauptsichlich aus Zi nkoxid besteht und
zum ndesto .S rutoiagechon-fostn reeistarxwhith Lisi donfpiobedznaintp wfi zihcadxisle Aaktlcdntaine ak lvadh distmuth
dadur ch gekenrxide, @htimeny oxideBandi silichrr oxidle s |additéves. [Bhaiactarizadds thgeerestatiine phases of said
vor handenen Wbismuth oxideleresentingiude st least m @ typeictystgline; phasend 8 & type arvalling ppase.cné &
kristalline Piad&saigyihe following iRpqupliiesne kri stal | i ne Phase vom 5-Typ ent hal ten

und a, SS%nd B 20 den fol genden Ungl e| chungen entsprechen: 15 ; +
X 100 5 , a+ p+ 25 255 ;S XB| | und 30 10 5
X 100 5 20 6 + 5+ 8 605 & °><1§06§9o
;\J in which 8 and 5 are contents of the 8 type crystalline phase and the & type crystalline phase,
20 respectively.

2. A voltage non-linear resistor which is composed mainly of zinc oxide and contains at least bismuth
oxide, antimony oxide and silicon oxide as additives, characterized in that crystalline phases of said
bismuth oxide present include at least an o type crystalline phase, a 8 type crystalline phase, and a &

25 type crystalline phase, and a, 8 and 5 satisfy the following inequalities:

a
16 ——— X 100 = 50,

ca+p+8
30
25 = L X 100 = 60, and
a+pB+3
35
10 = ——8— X 100 = 40

. _ a+B+38 -
N’

40 in which «, 8 and & are contents of the « type crystalline phase, the 8 type crystalline phase, and the &

type crystalline phase, respectively.

3. A voltage non-linear resistor which is composed mainly of zinc oxide and contains at least bismuth

oxide, antimony oxide, and silicon oxide as additives, characterized in that the resistor contains at least

45 a §-BizOs crystalline phase and an amorphous phase containing bismuth, and the content of bismuth in
said phases satisfies the following inequalities:

(1) 0.10<B/As040

50 2 0.05 < C/A<030
in which A, B and C are the total content of bismuth in a sintered body of the resistor, the content of
bismuth in the §-Bi20; type crystalline phase, and the content of bismuth in the bismuth-containing

amorphous phase, respectively.
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35 worin a, a und B Gehalte der kristallinen Phase vom a-Typ, der
kristallinen Phase vom,b B-Typ bzw. der kristallinen Phase vom 5-Typ sind.

3. Nichtlinear spannungsabhl ngi gerERP 888 333BU, der hauptsichlich aus

Zi nkoxi d besteht und zum ndest W snutoxid, Antinonoxid und Siliziunoxid als
Additive epgge lal adurch gekennzei chnet, daB der 40 W der st and
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15 § ————— X 100 = 50,

a+p+38
25
B .
25 & ———— X 100 = 60, Und
a+pf+38
? )
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85 worin a, 8 und & Gehalte der kristallinen Phase vom a-Typ, der kristallinen Phase vom 8-Typ bzw. der
kristallinen Phase vom 3-Typ sind.
\/ 3. Nichtlinear spannungsabhéngiger Widerstand, der haupts&chlich aus Zinkoxid besteht und zumindest
Wismutoxid, Antimonoxid und Siliziumoxid als Additive enthélt, dadurch gekennzeichnet, daB der
40 Widerstand zumindest eine kristalline 8-Bi20O3-Phase und eine amorphe Phase enthilt, die Wismut

enthilt, und der Gehalt an Wismut in den genannen Phasen den folgenden Ungleichungen entspricht:
(1) 010=<B/As<040
45 @ 005=C/A<030

worin A, B, und C der Gesamtigehalt an Wismut in einem Sinterkbrper des Widerstands, der
Wismutgehait in der kristallinen Phase vom 5-Bi2O3-Typ bzw. der Wismutgehalt in der wismuthiltigen
amorphen Phase sind.
50
Revendications

1. Résistance non lindaire dépendant de la tension qui se compose principalement d'oxyde de zinc et qui
contient au moins de l'oxyde de bismuth, de l'oxyde d'antimoine et de I'oxyde de silicium comme

55 additifs, caractérisée en ce que les phases cristallines dudit oxyde de bismuth présent comprennent au
moins une phase cristalline du type 8 et une phase cristalline du type, 8, et § et & satisfont aux

inégalités suivantes :
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noi ns une phase cristalline du type a, une phase cristalline du type A et
une phase cristalline du type 5 et a, fi et 5 satisfont aux inegalites '
sui vantes: 15 15 4 Ot kP 0358 32381 20 254 /3 X
1004 60 et il+ 25 104 x 100 4 40, <+4 30 00 a, A
et 5 sont les teneurs de |a phase cristalline du type a, de |l a phase
cristalline du type 6 et de |a phase cristalline du type 5, respectivenent.
3. Resistance non lineaire depen&an de Ba t ten3| 28 9g§€ conpose
princi pal ement d' oxyde de zinc 8 cr}B ont sent Xau PrDTns de |' oxyde de
bi smuth, .de |' oxyde d'antinoine et de oxyde de siliciumcomme 35
additifs, caracterisee en ce que |la resistance contient au noins une phase
cristalline dep/h 8is2nt RE t4nb@s B RS pradd BrisRiiRe 6O Mips A delld phiss NBrbtlimet dul Hpe 5,
t eneur en bi smaspdetivdmea. | esdites phases satisfait aux inegalites suivantes:
(1) 0, 10S B/ AS 0,40 40 (2) 0,05 SCASDO0,30 od A Bet Csont la
t eneur t @ ad.e Résistidics nantlinéaite dépendantodarip®ndidnidut se compdsa piirepalgrhennd'exydé de Zirered qui
en bi snmut h darentibit aphecie derllogydaldeibisewtiiidé Vexpdebd BitidGINS otede Foaydeaieesiliciumromme
bi smut h dans ladditii asractéindsrepive quales phasastcrisfalling$dudit oxyldé derbisrhuth présopiccompreenesiray,
50 55 moins une phase cristalline du type «, une phase cristalline du type 8 et une phase cristalline du type &
et a, 8 ot § satisfont aux inégalités suivantes :
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X
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x 100 & 50,
20
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25 £ x 100 60 et

25

10 & x 1004 40,

0(+/1+ §

30 oll a, 8 ot & sont les teneurs de la phase cristalline du type a, de la phase cristalline du type 8 et de la
phase cristalline du type 8, respectivement.

3. Résistance non linéaire dépendant de la tension qui se compose principalement d'oxyde de zinc et qui
contient au moins de I'oxyde de bismuth, de F'oxyde d'antimoine et de I'oxyde de silicium comme
35 additifs, caractérisée en ce que la résistance contient au moins une phase cristalline de §-Bi2Os et une
phase amorphe contenant du bismuth et la teneur en bismuth dans lesdites phases satisfait aux
inégalités suivantes :
(1) 0,105B/A=<040
(2 0,05=5C/As<030
oll A, B et C sont la teneur totale en bismuth dans un corps fritté de la résistance, la teneur en bismuth

dans la phase cristalline du type §-Bi20; et la teneur en bismuth dans la phase amorphe contenant du
45 bismuth, respectivement.
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