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This invention relates to electrical resistors
of the voltage dependent type, or varistors.

. Voltage dependent resistors, such as silicon
carbide varistors, selenium rectifiers and ger-

* manium or silicon p—n junction diodes are
widely used for stabilisation or -control of -

voltage or current in electrical circuits. The

“electrical characteristics of such a voltage

dependent resistor can be expressed by the
(= (=) (1)
- C .

where V is the voltage across the resistor, [
is the current flowing through the resistor, C

. s & constam cerresponding to e voltage at
‘a2 given current, and the exponent n has a

numerical value greater than 1. The value of
n is calculated by the following equation:

n= [1o8(L/1,)1/[log(Va/V)]
| e

where V, and V, are voltages at a given

current I, and I,, respectivelv. The desired -

value of C depends upon the kind of -applica-
uon to which the resistor is to be put. It is
ordinarily desirable that the value of # should

- be as large as possible siice this exponent
{Price 33p) '

determines . the degrée to which the resistor

.departs from an ohmic or liriear characteris- .

tic.
Varistors, as made by conventional methods,
hive various disadvantages, and the methods

certain limitations; the present invénsion has -

for its object to provide an improved method
of making varistors, resulting in varistors of
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improved characteristics, as will appear here- _

inafter. e .
The. invention includes a method of mak-
ing an_electrical resistor. which includes the

step of diffusing into a surface of a sintered -

body including zinc oxide exhibiting inherent

non-linear resistance properties, lithium or

sodium ions or both. - - _ g
The invention includes a tmethod of making

_ an electrical resistor which includes the steps
-of providing a sintered body including zinc .

oxide having inherent non-linear . resistance
properties, providing electrodes on spacad sur-
faces of said body, and “diffusing lithium or

‘sodium ions into-a further surface of said

body. : . S

‘The invention includes a sintered bhody
including zinc oxide having an inherent non-
linear resistance characteristic, and ions of
lithium. or sodium or both diffused into 2 sur-
face thereof to a depth of at least 0.01 mm.

The invention ‘includes a. sintered body in-
cluding zinc oxide havirig an inherent non-
linear resistance characteristic, electrodes upon
two spaced surfaces of said budy, and ions of
lithium . or sodium or both diffused into a
farther ‘surface of said body. :

Preferred features and' advantages of the
invention will appear from the following de-

scription of embodiments - thereof, given. by’
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_ posmble, good results can be obtained with a

i e O o cind G50, LR

composition consisting essentially of, as a

~. major part, 80.0 to 99.9 mol percent of zinc

oxide, and, as additives, 0.05 to 10.0 mol

percent of b1smuth oxide (Bi;O;) and a total _

of 0.05 to 10.00 mol percent, of at least one

“member selected from cobalt oxide (CoO),

manganese oxide (MnO), antimony oxide
(Sb.0s), barium oxide (BaO), strontium ox-

_ide (SrO) and lead oxide (PbO).

_The diffusion of the lithium and/or sodium
ions can be effected by any suitable method
for example by coating the side surface of the
body with a powdered lithium or sodium

- compound which is converted into lithium

oxide at a suitable firing temperature. Prefer-
ably the surface of the sintered body is coated
with a paste including the lithium or sodium
compound and ther heated at a given tem-
perature for a given time.

- A varistor made in this way exhibits good

. stabxhty of characteristics in conditions of

varying or extreme humidity. For good humi-

dity stability the diffusion depth should be.not

less than 0.01 mm. The diffusion depth can
be easily controlled by diffusion time and
temperature in a known manner. The higher
diffusion temperature or the longer diffusion
time results in a greater depth of diffusion.
Of lithium and sodium ions, the former give
a better humidity stability for the same depth

. of diifusion.

The direct current (D.C.) stability of re-
sultant resistor in conditions of high Lumidity
is significantly improved when the paste com-
prises, as a solid ingredient, 0.5 to 10.0 parts
by weight of Li,0 and one at least of the
further constituents of 0.01 to 10.0 parts of
CoO, 0.01 to 10.0 parts of MnO, 0.01 to

10.0 parts of Ag;0, 0.01 o 100 parts of

p ox1deggf bismuth, cobalt, manganese, an-
timony, barxum, strontium, lead, uranium or
tin, are mixed in 4 wet mill so as to produce
a homogeneous mixture. The mixture is dried
and pressed in a mould into a suitable shape
under a pressure of 100 Kg/cm® to 1000 Kg/
cm?, If a rod-shaped body is required, the

mixed slurry can be fabricated inio' the de- .
-sired shape by extrusion and drying. -
-pressed or extruded bodies are sintered in
-air at a temperature of 1000 to 1450°C for 1

to 5 hours, and then furnace-cooled to room
temperature. -The sintering temperature is
controlled having regard to the desired elec-
trical resxstmty, _non-linearity and stabxhty
Electrical resistivity can be reduced by air-
quenching the sintered material from the sin-
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tering temperature to room temperature. The *

mixture can be given a preliminary calcining
at 700 to 1000°C, and then pulverised for
easy fabrication in the subsequent pressing

. step. The mixtures may include a suitable

binder such as water or polyvinyl alcohol. The
sintered body so made exhibits an inherent

non-ohmic resistance in the bulk, so that the
115

C-value ot a varistor made from it can be
varied, without affecting the n - value by
changmg the dimension of the body between -

its end surfaces; a lesser dimension results in

the lower value of C.

The side surface or surfaces of the sintered
body is or are coated with a paste including
lithium . oxide or sodium oxide powder and

. fired at a given temperature in oxidising at-

mosphere so as to cause diffusion of Li or
Na- jons into the bulk of said sintered body;
the body is then cooled to room temperature.
A suitable paste includes, as a solid ingred-
ient, lithium oxide powder with or without
further additives or sodium oxide powder and,
as a binding material, an organic

resin  such as  epoxy, vinyl or
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ture used the shorter can be the diffusion -

“time, The surface of the sintered body into -

which the Li or Na ions are diffused shows

good humidity stability. If the firing tempera-

ture is higher than' 1000°C the diffusion of .

Li and Na ions is rapid making it difficult to-
control the diffusion time sufficiently precisely -
to give a desired depth of diffusion. If the
firing temperature is less than 600°C for Lj
ions or less than 650°C for Na ions, the dif-
fusion "time is inconveniently long; accord- -
ingly a suitable diffusion temperature is 600-
to 1000°C for Li ions and 650 to 1000°C

" for Na ions.

After the diffusion .process, electrodes are

- applied to the end surfaces of the sintered

body. The electrodes can be provided by any
th for "example by
heating a paint of noble metal, by electroless
or electrolytic plated Ag, Cu; Ni, Sn or other
metal, by vacuum evaporation of Al, Zn, Sn
or other metal or by flame spraying of Cu,
Sn; Al, Zn or other metal. If the electrodes -
are formed by heating a noble metal paint
at a temperature higher than the diffusion
temperature, ‘the electrodes are: preferably
provided first, before the diffusing process.

" Lead wires can be attached to the elec-
trodes in any suitable manner by, for ex-
ample, conventional soldering, but in making
connection to silver electrodes it is convenient -
to use a conductive adhesive comprising silver
powder and resin in an organic solvent. Varis-
tors made as described in this specification
have shown high stability to temperature and
humidity variations and under load life tests
carried out at 70°C, 90%, relative humidity,
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and then furnace-cooled to, room temperature
(about 15° to about 30°C). The side surface
of the sintered body was coated, with a paste

*"containing 50 percent by. weight of lithium

carbonate or sodium carbonate and 50 percent

by weight of an epoxy resin butyl alcohol’

solution. The amount of paste .to be applied
per unit area of the surface is determined by

the weight of the lithium carbonate or sodium *

carbonate to be converted into lithium oxide
or sodium oxide, as shown in Table 1. The
applied paste was fired at 2 temperature of

S
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800°C for 1 hour in air. Chemical analysis -

of fired body indicated that lithium oxide or

sodium oxide produced from the carbonate:

diffused into the sintered body of zinc oxide

-to.a depth of greater than 0.01 mm.

The end surfaces of the sintered body were
provided with electrodes as a sprayed film of
aluminium, applied in known manner. Lead
wires are attached to the aluminium electrodes
by means of conductive silver paint. The elec-

" trical characteristics of the resultant resistor

in each case were measured and are given in
Table 1, using methods ‘appropriate for elec-
tronic components. Load tests were carried

- out at 70°C ambient temperature, 90%, rela-
tive humidity at 1 watt nominal power rating -

for 500 hours. Table 1 gives C-values mea-
sured at a current of 1mA, changes of C-values
(ac) and' changes of n-value (an) after life
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test. Compositions for the sintered: hody hav-

ing no Li or Na ions diffused into the body

have been found to display change rates of .

—20%, in C-value at the current of ImA and
—~50% for n value after the life test under
load. The improvement due to the diffusing

- steps, in improving the D.C. stability at high-

humidity, will be apparent.
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The direct current (D.C. ) stability of re- nosphere so as to cause
diffusion of Li or sultant resistor in conditions of high humdity Na
ions into the bulk of said sintered body; 60 is significantly inproved
when the paste com the body is then cooled to roomtenperature. 125 - o
P4 ses, -as a solid ingredient, 0.5 to 10.0 parts A suitabl e paste
rmcludes, as-a solid ingred- by weight of [err] and one at |least of the
~ient, I|th|un1 oxi de powder . mnth or Ww_thout. further constltuents of 0.0l to
1@ 0 partc 6nf furt her it Qr. - )
parts of MO 0.01'to as a  binding ‘material, -an organic 65.. -

1@ 0 parts of {err], 0. 01 to 10.0 parts of Tresin - such' as epoxy, ' '
V|nyI . 130 0 7 3 preede Gdblne : :
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rphenol resin in. aweorgaﬂlc sol vent such.© and at. nom nal rated power for '}
Sdo ‘hours: “as butyl | acet a} & DIt o uane~ e i &hidmepxirde Jher novpl ues :
andJ:—vaI ues have bgen fOJQd & Spdburs o&xi fe Q?an"‘béf‘n?pl Scefl Wt hny -
not ~to change si gni i cg e hf'ter 1dad'life tests. ‘it hi'um- or sodiumn 3
_ conpound such- as- ap- q§€ _Irthe foll owi ng  Exanpl es ‘are given. 5 ‘lale, . _ ,
~ carbonate,nitrate, | subphpte] iodide, bro- mde, fluoride, am de, "
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'n \O \b -t g vy
into Iithiumoxide pr C_Sid.??rrr@ute T <x@me T g < S|
60 and diffused" |ntp the g¥nt eIed?bGdy”as:IclhEunr ST YT Usi ng
startrng 10 or’.sod um i opS. | The binding material isre- ials as st out
i:n Table 1, and mi xpd TN g npved guring 11ring.. The TITIng tenper atJre_-
we,‘t ml1 for 5 hourp. .aid Lifiwgetiae degendo 08, t&e deieghts ok Ildt ke In
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ium or sodium conponent

of a disc or 65 app
13 ms in dianeter,

sintered as set out

depth; and mot |ess than’
- thefhisgher the diffusion tenpera-

" Tabfie I ture used the shorter
roomtenperature 70 fisgng7s4 The surface of the S|ntered

furmhace-cooled to-

with a thickness 15

i ncluded in the pressed in a nmould to the shape

i ed paste and should be controlled so that cylinder

the Li or Na ions diffuse into the

using a pressure of body to the desired"
‘The pressed body was sintered 0.01 nm

in air at the- tenperature listed in

~and t hen:

in Table 1,
~340 [err].

can be the-diffusion

body/i.nto - (about 15

or :Na i ons are .diffused shows
pasfe a.very hi.gh.electri cal

To about 30[err]). The Srae surface 20 which the LCi
of-the sintered body was coated, with a
resistivity, and ensures- -containing 50

B e e e e N
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avai l abl e suitable nethod, for exanple by heating a paint of noble netal,
by el ectrol ess alum nium applied I n known manner. Lead or
electrolytic plated Ag, Cu, Ni, Sn or oher wires are attached to the

al um nium el ectrodes 90 by neans of conductive silver paint. The el ec-

";ne.t—al * by*vacuum evaporation of A, Zn, Sn trical -.characteristics of the,
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5 yaristorgémere made. and ds in Exanpigngwﬁx- Firing tenperature apd
tIITB Tabl e=8™cept—as—totte—foftowmg—

jﬁn3~resufts*uf"rhe—resrs*nad
e\_gl ven:in. 1§ Si nteri Hl%qgﬁe ature and th"i'fﬂ tenpreepopcand Figys S08C fopg 1

materials”as were used OUr

“hou s 29" asin Bxample 1 except as to the following: - Welghg' b?’%l:gﬂ?ﬂigo or Na,0: 1 mg/
. 29 L . Pressed size: 13mmdxamenerand lOmm cm?, 10
S IR 5 thlckness - The results of thc tests made are gwen
x ‘_ ' Smtermg condmons As m Table 2 B m Table 2 . .
R
el
'ﬂ”f
| :
1]
-
i. ....‘ .
1
RE
1
4 .

VY P

",‘pn._-:\ LI - ezaa



® .5 | .
[P N sarasraps Srap _ T re_ - b ocst . 1 - OUN $°0 $768.
0 m m scools f 5<% e@m 8 ARG IR S48 BRCL L 0881 1 L3 Y _
=350 _— TP e > : re-1 o se+ L sl o 00€T ¢z. 0w | S0 | 0L6
m.m.WCO o ._&mq 8m%.mo8._4.¢ S6v1 ot ges m. _.oﬂ ' : T
e.m .m%4._4.4;q.d..3. 0 ELO O 7% B O 67-| ve+ | st 06 1 00t | s0. OWN | - 50 0°66
252 c | Fev-T oor | DFw owt | ee-f “oer [ 6| ow 1 Jooer | vo om] so | ves
C . — : . < . : R o
— - . - y e . . o . one u . v'66
mrcn_rb 19019¢.n.9w%8_8%_m. ©- ore 0e-] - s€r | ¥ oS¢ 1 oot | so0  OwN| SO €
LT e~ N gt | 0ogupm . s-1 v Crsn . 00€T § S0 . oad| S0 | 066
= .%,.434 nmm_..n B@*BB .N.. LT Ls-|. .vm.+ 9 _...ma._ 1 .. . .
OOt T T e L seor L ze-| o vwe | 0011 7z | ooer | - 00r . 00D 001 | 008
. re- | L+ S8 oot fev-| curvs |6} . 001 1 | ooer | 50 000 | 001 ] 568
E_ nﬁ%mﬂw.woélmwwmrwz oL L | T- 0+ | €1} - o0sL 1 | oot | §0--00D | 0T | 686
. . .A . X . . . e . . . .
=2 2 o8- | 69+ Pl $79 ry=| - ree | oot] 029 1 Joosr | s0 o000 | s0 | 066
%m R €8 'L+ 01 sev | 0¥- €+ | T 00s v | oot | S0 _o°.o 10 '66
* _ 8- 0L+ ;odq - 0se ) T 6+ |.9 ) 09 [ 00ET { SO0 00D | S0°0 | "6°66
°° RoRkfomdoams te |~ w» | @ |us] W [esw] 0o ‘@romy | @1om | @rom)
0 = M& % M Mw &ﬁ ﬁ © M.mh © M_.u P w o _m.\mv . ¢ V.. . ueImMo usAl3 | Swmip] | aimjeld . 824111ppE tofig |- OuZ
°5 9 ov X oV 812) 0 7| -dwsy | . oo R B
@ W 189, 9J1-1 19138 ._mm%om Jueynsey | . 189); 9317 199E 1035183y Jueljnsay| - Sunouig s[suIole Bunaelg
pu © ajey o8ueyy | @O Susueoereyo ojey oSuey) | Jo sonsusioereyo A : o .
D —~ . . oo G_Q:uuo_m _— eoI1nosd
E S - 1 3 - .
[GI(D) n - - - -
S s _ o Osuot BN SUOL I
— T NAHHAA A0 : . .
5+ _ wesnyjip pariddy .
3 . — — — -
B @ . e . -1 g 14VL
o o - — o ORI
N TCO.O..M OO0 OO0O0OOo :
— @© — OO QOO -HOOO . o .
) OOMO OO0 M~ .
) () - R . LS
H ” — o ) o .”_ . L \ ) «
| S - w .q./ -.L R : rGO -
™ O © ¥ \ .. .
05 & s e e -
I m. e T ) wOd10O0O T T e .
Qs ovo - oo CEFFE S e Y -
TR(\T.TO..001251111_1_|._ o+ T



o + o
.+ e
< S
1 2. PO N O
R _ e _ _
® o T feus] Sy | o] sse gL~ R T 1 foosct ] or. oem | o | se8
Yo ~ pTRe | STVE+ | PI] . 0€8 9'L- gLy Lot o8 I 0S€T Tz oed | S0 S'L6"
¥ TIRE T+ €1 008 pi-1 oL+ Ivr] - osos - 1 oser | s0..- oeda | $0 0°66
_ D B N _ . - : . 1 : : _ :
oo o org1- £ o R o e . e
. 389 B oﬁwﬂ P oous |l oo 0 IR LN B 1 fooser ). 1o oed | $0 .| ¥66
N g o@f el mwa.o: Lot coes - | vi-f- Tie o) o0L8 o} T | 0SET JS0°0.  OFd | S0 ] Sv66
Lw @ 1 Vei-E=oasr |l sav | o] €8+ | ec] ~oerr:-]- z | oser |- 001 rfoWs ] oor | oos
LLTT- P 2611+ | oT| . svar | Tl- v'8+ 1ef . .o0s2r .} T} oser | 01 . “0as § 001 | 068
o ™ HPyyi- Ps0Tis | 81| €6 69-). - ve+ | et} .ov6....:] T | oser | o1 cofas | o1 | 086
© NHO .. E . i o 1o R B B B
© ™ oo ] €T b SOTT 9T . -0t 89-- 8+ 81| . 0¢f8 1 0s€1 0'1T: “oas $0 $'86
o . - LFc0O- - : : 3 - :
® o . B SRS B ; R I ; A oacer o ¢ o
© ~ = SII- & —6'11+ st 06L 0'L- €8+ LT .cow 1 : 0SET ‘ 01 0qs .. 1’0 6°86 .
= [eu-R=61i+ oot TS L9~ T8+ | Tr| 0gS T .| Os€T | s00  “O%as | S0°0 6'66
" ») L t L . o > -1 R . . ot T . s .
. . . - 3 . r ‘0— . ¥ F . . 1 ¢ X . £AT . LY. . .
o coo [BRUI-E gun+ | SEL 6'9-. 18+ | 1 ovL L | oser pso'0.  f0fas’f 50 |- sv'66
. O O O Oj o = T - g ; y T P ;
© O ©woool | % (%) u. ) @} ®») u (A) (ot | (SID} Qo) | . (%'1ow) (%°10W) § (%°10W) /
% m s1© uwy | .. - - uy - - | - ] juemno.usais | swi] | ommes -SOATIIPDE : ".om_m. ouz
NS __ . P AV o) S ov| | ew@o | | dwsp ] " aemo I R |
18811 S.mu | 03sisay jumnssy 1SS o)1 I0je . | I01SIs9Y JuBIjusey SuajuIg: “s|eliorely Sunaulg
3«% aBueyp- | JorsolysuajorIeyd 23y s3uey) . Jo sofsliajoereys s T P o
— 4 W_O SO [eoIno9[y D jeomndarg :
o o0 .J4 i b= @ . ‘. : L ¥
S it I I S | suot ¥7 i ’
—“0O O b= . _ — - . ;
8 T TET"S 28 uesnjjip parjddy :
s L 000, .—. «p . T -
5= 2208 iE Wm ' (psmupuop) 7 AIAVL
[608.7._ﬂ988.2®:m/__|... T S » ~
RIS R R Rl S
— oMM N~~~
o . - M T o p RS .
55 o T WgET .,
' o gES .
— mw.,.,., 2435 ..
= R ke NS o2l S ol s il g 22 - _
G — O .-, ;O . = og— O = ....u o
- O MO E  TONTO G.ox O S
J .+ FHTH+H +H+OXEDO - ‘




Hoo . co o .o o o
Lt Ep — < - .o ©
S okFmw . ¥ o 30 M.t onN .
— - .F +<p st o oM. _
i+ TIPS RS T ; : .
< + n . S | .++4.1 . . g D : - 0¢ ou . I
+ C§E9- 1. . 70+ . €1y <. mo:+ €T .- 6T+ -} ST}~ OTIT-- §...1.| -0S¢T .- - Z.W - §0 0'vé
g e N S N e ST Pree o] T
e [SR3RIASE 2293 arsa ol ol 150 oml
ool TVNTRTOTT BTN BREF o] ovze Jot] sz 1| oser | w 50 | 586
= | | o b | _ e _ /§0 00 .
| R TR IR, | el . | sot  oun :
U= 8%+ po2up o ov9 -7 v rTy fbovTf vvspe b1 ftoser | - W 60 | 5686
_ A R & SRR R | S s - o0l |
%O%SUGQQ %5+0530 Vel o L e o S o _ .
woSomRpogphoFEARER IEwng SL-] 6L S P sLelT LTt o OsErf o0r 0% | 001 0°08
Sow " © CLPOPEREP 2Ol Rl e Ve b e N _ a . o g
Z3o | b o D OY L[ wLy | s | et T |roser | s0 0 o1 | 001| S8
x 28 AL A RN R “iv |s | oo To|-oser g0 - o |7 or | g6
m, $C1- v.:+ . m . S oL ' 6L~ . 9L+ 9 SL ~ - 0s£t | s0 . o’ | SO 0°66
AR T NI B (L Zﬁ L AT T B VR G B T fooser |so - oos | 10 | otes
» s 1021umﬂu :U D =] NI S . : . N | R 17
y_ o QAP Li-f o LLe s f ot U | oser fs00 o | s00 | 666
@ @ .| u V) @ @ el W fesm|l 09 | . @row ('10m) | (%' fow)} -
Q . ) . ) B =< juaIno =v>mw. - OE—..—.. xnieis |§. w0>m:muﬁm ) nON~m OE.N
o o lbbhaobo U< . o : ov | . mumvu.. ...an._. ~1eyo R g
Sodojopo - — - ~ _ :
~ _ O ©®O O oo b ot %m \@o@mn @m%om WD 183, dJI7T 1938 | 1015159} JUBIINSIY Suprsjurg : sjeuole Sunsjuig
]m w 0 O | 93 nw— owcuﬁ g oo.ﬂugum_uﬂuﬂgonm 21wy asuey) Jo sonusuooeIeys ne SR el et IS .
o = _ E@mmm | |  Teommosig .M .
— . mco.m.uz .oo . suo1 17 - « !
! - Juestnyyip porjddy
o ,d b= - el — :
9o docSwos o) : RPN :
T o . e T o —+ e L HOo o, ., . (penEnuod) 7 HIgvVL -
= o = : . o T e
e — — . oo .I..I.]] - . ]].l.l. ]]]]
el Y- 1 [T ul o o] o Ruliuliefiutule .
X OO e DO DB DD DD DD
OG[EL-LLL¢LLL[Q[LLL[[ [[[[ . .
0T OdH A H SN VB NG T TN CUTEY (G - - -
E A O STLONTNLTANLTNLTOLILITI NSO — T W
e L I e L ._ B _. .\\.I“HH} ll,z\:...» T

H
C e iebrgr e e = pgman




L R
o xe)) .;M...Oc %
a.k_.u. < ..2 5 - |
o + £ g "o T . :
© CEESR T ' 068 | §T-f €T+ | 0z) o - 0v8 of o] 7000 mw s0 | 68
+_/ R T 5 S _ B . - : : : SR §6 00D : o
ol 2 Tt S . " _ |
s - PN _ R S B o : : : - S§6 .o® :
— m = -w.qm_ 9-1 - 6 S+ 0T . ST6. €T~ L A 1Ty - 026 . ¢} O00f£1 mw $'0 568
- —_ oL | £ SRR =1 = PR : : T S
M_ <t S+ 0 K o 8W . . cop S0 0% .
G27-BP w8888 Pl .o R B | s0  ovay |
EopEpa-FT8% | o] s | we-] v | oe| o oss ] ooosr| T w so | s36
~ ocfpP L0 Lo T . 4 B | _ _
O oo p - g SR : - 1 . % §0 09 -
@™o > L2 - R o . N
T b E a . : : S ] L I D L { €0  oun :
o9 SBE®-| v+ | owrp oo | ve-f  rze | oer] ooz T oser| - _zw_ S0 | S68
2 SEPeeboast Pl  we | -l sze o . o] §O oW 3 e
5 v.nmw,\,l S Pos S e et RN WAl ....._cm_a ST oser i %ow S0 | 086
o w m. c S . . . . - .
SN g g e S A SR | so own :
P - 79~ €9+ =1 €1 : 14 Te- - 8T+ S1¢ - 11%] I 0set | : W 0 $6°86
S it I sluliiietd ulll MR | N st oo |
3\ ) : : u =~ : _ . ot - ; .
_ h%. 2% Puv W @) @ | v @ vur | s 09 |- @row), @' 10w) { (% 10w) /
< - ﬂ_.u,l_.8_9 oy P o _ cuy - Jyueumo uoa18 | swny | emyera | ssAnippe sohig |- OuZ
So - = Ur.v..r.ﬁ L~ 2 - ovl | ®=®D . ~dwoy, 19Yyl10 SR B
SR 5 v | asegooptusye | sowsisoy wemnsey | . 1sey eyg sonje | sorsiee —— B P
=~ % . M - ojey 28ueyy | jo gofIsuaoRIBYD - vy ow:mn% ) w.uuwrouuh.unn% ] HoHS . u_.u:uuus_.m:tou:_.m
3 o — b . 1eatnoaly 1801931y .
O : (@R ()] - _.3.4 Gl._u\é-meJ
ST 4 i TR T S ok suot 1
— R SN e ———
“o 2% Nk " Juesnyip poyyddy
“ m - o o (panupuon) 7 FgvVL
) — SN N 0O~ G0 — T -
o — w0 m . O~ AAHA :
T T
— A "
5. Be® 3 Lo . .
ZhEe gz oy ﬁ
N e g v -~ e e :
~ .0 B €0 000WLool AR : &L b
VO S i (O AWM T
1 0 N0 JOF——© O OO WO T




6

19 +6. 7
17 +

635

640

0.5

800

+ +
b=
0~
-l

(o]
< -
i
o
o m
o ©

Lo ©

N O

o m

(]
o N
S

N
o
o

oo

001

0 0 -

-

17

700 1,387,674

- 800

635 .

s e

1
Q.
1

10~

1000
0.
1

NaF

o= 8 2 I\la.F'

1
- 822, NaBr

5 -7.9 NaF- . -
-.-8..1 Nabr

-8.0 [err]

-8.0 .
68l
'F‘f‘6 :.'

- +6.5

6.6 ;.

[err]

o - O - o)
ol LQ. Q)
nf © 10 — 5_ =) o ] . :
mp . _owmloshn < S H B } $6°5 018’
§FLS  FI0 PIS - oS 8¢~ 0T+ Si 089 T (1141 Ce w 01 .08
- © c S : : $0'0 . Ounw _ !
R . m\ . _ ) _. $0°0 - 0% "
L So- | 8'S+ v ]| . ToeLs. 0z~ . TT+ s 1 - 008 T 0SET e -~ ot]| 668
3o ™ - TM ] S . : - 60°0 oun /|- . N
. 40 IEFE ]
™~ O doow . N L } o ) }
Rl I o - o _ : e $66 . 01
s'9- | .._1.w.o.+21 S 2... Mwmmm. CST-| . 6T+ f-9 | . 0009 [4 0S€T |- . : W LS00 | S6'68
{1 . - : : - N o | s00 .- oun/
P&l o v v mos | ezof 6T s f ol 0s09 y o x}oeser] C 500 | sses
5 ol b o | |- : L _ S $0°0 . OUA - R .
ot © o O o Ve . R |
©opb oo pop o o s o $0 o) |
€9-B PJHIREE - - seL | re-| eTe | szl Tlost T oesery T W so | s
S el R : S o : s : S0 00D _
Xl SRR T IR = IR . fo.F S0 fOfqs 4y | _
W—amum.. o 99+ 9z 0091 - | 0C-f LT+ 8Z{ o191 1 0sel o _ W .60 ) $°86
S _. T N P L _ _ - ) 009 R
(%8 @ ol BT W @] @ wlow ver | esf o) | - iow | @iow) | (o'1ow)
uy 3 ab L uwy b © jyueuimo uaaI8 | swr] | emyers § §9A13IppPR sohig - ouz
3} w_ . Uﬂ . R o IR . . U< L ﬁ.uavo P .'.nEo.H. .. 19730 : . H .
_FSoL o] 1ye | 1018159) JuEBINSOY 159, 9J171 193je | 1038159y juejinsay | .mcroaﬁw . s[eusiep Suisiuig .
“oiey ddueyy | josynMighieideieys | - sley odusy) - Jo sonsuooeIRyd | . T s . R
O = — e —f o BOIN00[YH B : , ’ jeolnosy -
— L e d S U e
. @©. supl : -
S N Lo ST
T H .o 00, 00w N Iuesnyp perddy
- P D IR 00 g s :
— — . 00 I I~ [N . A
m m v o [ ' ) .
g< - o (penuniuo)) T d14VL- L
o ...~ .00 -, .
N R NTo N (- o M= I
0 1 (o N (o (o I —_
. WO+ OO+ O C -
- P T TR A S N ] -
I SN | N . 3 — -
6 © et ‘0O : %
Lo N o — — . e
OO OCOTNOOOBL: " _ . i
FF +tAAdAAAAA A A A —m




Li fe Test

after

Change Rates Resi stor

Characteristics of Resultant

Wei ght of Applied

C

e
—
c
._”
(&)
—_ =
—_—
S
o ©~—
O —
[e
5E
o
N )
)
c —~
@© .
n n
> -
— oI
— O~
(el
(&)
o >
C C
.— O
- O
T .0
~

AC (Wt .

nto oxide form

An

3

‘®»  ©
~ ©

AN

N od

+ .
©

+ .
T~
. -

O I~
— +

<

—
©
- .

o

<
o} ©
™
2 .

To)

2.

©
0.

I 8
© .%

. o0

o

. Py

-

&
o
o. o

O

o co
o o
o0

o -
o'
o ©
o
ry
o -

.

— N

—S —
pr— S -
r,lr L.
- QO Q
e[ [—

[

=

Yk
-7.@9]

k
¥

e N g o

. ~SABIE AL ki

o ~
. O . oD
©Oo N O~ . . . -
+ .~ D .00 O N~
N N~ .+O+++©O ..
+ + +©  + .©©
s (O b L . . "
. + i : o : €  os)| -
ol r9-1 wves | L ssoz |.LT-| 9T+ | .8 ~090z. | 1 0sEl . _ 1'0 8'96
0 N~~~ : . B : ro - om
OO~ ANAAA . . a
A oo - . <tjoo ~ - _ ; o : _ : ) 0’s 1
§9- 17 €9+ el soor | sz-| . wze| 8] . cotor. 1 0S€1 S W 10 | L66 |
o 99 99 W SOy LT 6T 9 ST T | Ostl o 01 08
ol I} o .o oo : : - _ . . ~§ OuA _
OILO M O] MO M MIn : . ) :
(™ (O IO © L0 © G © LoD Ly _ N 3 RS L -t co0 . o8
CeoLlS s+ | €S]8 S otsy 6T~ T+ sl ~ oy A YA i ¢ e w 01 08
. e e _ . Ry S P 0’8
6'9- 65+ s SQst - 6T €T+ | 9 015y T -] OSEY § . .. S0°0 $6°68
of - T EEEE R : L 3 s Oun ) | .
of o “eo A" | ™ . | _ ”
N R (=% R S v .. § 500 0’8 ] DL
9% . Bt ¥ o SYOL L't~} g+ S . 0S0L T 0S€T o S0°0 56'68
8 AR ot _ . . : - }ses owm
@ | u w ). @) ul @ var fesm] Qo) [ (@row (%'10w) | (%"jou) /-
ol uv |+ . . o ouy N jusno udAIS | owg) | oinesa | - - s9ANIppE ‘oig QuUZ
Sloo | 803y I ov| | emo | fewee] wwe | ) -
Ll 12y OO o g " -

{© DI T KR 0O Qoﬁ:mu uB}NS Y 189, 9317 1938 .| 101SIS9Y jUBINSOY Sunsjulg . S[eude Sunulg
Sp§esuey) WA%@M ajorIBYd s1ey 9Susyy jo-soisuojovIeyd |. - - . . .
R - _ jesinosly

Suoy BN . 0 suopiy ,

: juesnyyIp parjddy

R e I = =D : : o (ponunueD) 7 g L

A O 5O L G s g et i e (PORUE 100)-T 878V.L ...

el aliuiulialiuiie -

— 0V VVVOVDDOOD D

LR DO RO R — e
NN 00 00N NN IK.0000 N0 I e N

._. 1 [ | [ I R | 1 1 1 1 1 [ | ,!.W.....h..l.l..w.'.ll. .‘. —



—0 O
C o .C T T
—_ . @© m — -
CH T35 :
— o n LD
< m.WVUWQ . . . - I . £ os )/ .E_
+ oF TEpm- eos ooz | oLT-l LTy 8} -0s0T A R £ - OuN ‘ .
Ol oo > - . .
PCCEl s o IR : A : : el 10 O._mw . ¢ 0'L8
Y ESI -] o SSIE 9T LTx §e8 ) OSTT e T OSEL] |
— e o . .
) 2° m% n _ : : : L S A £t - 08 0 666
— T o . .. . . , . 10
g 2-RET AT B B LI el NSNS I IR Lo RNLEN Mhoiis ETPUR DL
“e.l.._u_l %.U T - 3 ' C 1 . . .
3 7 o _ : : o b e Fos) | _
n —oun [l . : . T e oo N
— r. . ceqa o 7 7+ . 1 8| . . c .10 896 -
7ﬂmm. = e¢ o.w. SO T cosie | : MWN..J, . ...m bzze d ﬁomm_ﬂ. e .o=s_w o .
R H_ﬂo L 1o .. o ) . _ y _ .
© — C&%I.mve L L S ) . . _ . £ . 018 ¢ 66
B 90 0661 ) 6T- LT+ 81 o000z 1 0seT. | -
- Z2gll @] 9 . , Y B 10 OUWN
ac Wp = R _ S R R 1 10 _.oaw I -
— O @& S : ] sz~ LTs 8 §90z - | .1 oser | -
soEallog . . _ T o Ga| o | . Gwem | @em | ow
— S . O . ) 1 ¢ o u o VY "SI Do %" 07,°10 .
= N~ _W_ o—p M@% (%) } . Q.C .MQ .A .v -.- | yuauIno uoAld | “ouny, | smieso 82A0111ppR oig ouz
- Om m -] %.t w ov 9} _ oV B1E) O o -an.H.. 19430 .
« M L0 {@©- i %«mh o1 101)® 1015153y juTIjNSIY 1S9 9JI7 10138 | 10ISISIY JuBI[NSIY . w.uzmuc_m sjenoiely Suliajulg
o oo % ey a8ueyd Jo sonsueloeIRYd ayey o8uey) jo sonsuajoRIeyd : : Lo o
o ? Ploac - - Teonoslg o [ea1no9[g
oo O O X e Qi
8187 co OTTmmn suol eN SUuot 1]
.0 Xiclea . . :
ul... ,.I_._ % M [ |© = - juesnyip payjddy
.”_ - O w PP~ . - - - -
©  TRPEL=> (PouBnUOD) 7 HIAVL !
[ — = mmlc PR CSL e aa J R ‘
“IREBE 2R
- soclla
"T izBarEsE _ .
5 1325855 : :
SR e - S — i
N To) o .m.l N DS W .
—_ . O %»hﬂ”b o- nra Qrb mQu., s - . ....l|_!.. .“. - .Ill' E T ||.,
283 EI z SRS i ssll).llh,.n\srll o




11:2:" -

[err]

[err] [err]

Firing

(%9
15

Change Rates .

g eTaYAl

) I-‘]..

895

C

(.

1,987,674

o

stics of Resultant
[AAVAY}

Life Test Conposition of Pastes

(Hrs.)

- 600¢

Char acteri
after
- (Lerr])
- 0.01
U T

“Ti me

£t

Parts by wei ght
ot he¥'s: "

TABLE 4 El ectri cal

Resi st or
Tenperature .
0:5.: )

......

OO0 O0O §
LOOOAO O A “
QOO O OO _ L
o _ o o
. .0 |
P . CQO. _ : o _ S _ . SSC0 . 08 . L m
& *° roe v LP . duse | vzl gTe |8t ozse | oz looeser] T . or | ess| m

0 o L BN _ - . IR R s0'0  oed B S N ;

T ) s6'6 01 {

soee | Tz-l o ovee e Coee |z | oser | soo {eoss | - !

coo

2.1 Lo

s00  oeg

mmgm; oz-|  eze [ 8] oesse | v | o] 00 95)
1 . RN I . 500 . oed

4
L
(=]
o
i
- -]
wn
o+
600~
Fa¥ f\rl

500 | $8°66

700 .-
000
900 -
750

. . . . . . T : o . B . . . AL L. . o ' 4
ow_ﬁ. - m_g_._er._ BT- O Cpoog) oozst t e | C0o 0 50 | ss6 |

80 o
-

£

P el

- R I | e
pro-t sy [t | et wne e 72 IS TP B R | (RPN BN B S
COHG O Lot B SR _ - 1
¥s b . w@ﬂu LG bow ows.. | 6Tl 6+ €1 ] 09L 11 oser s$0 . 0 w.o. 1 o8 !
. H o | 1. SRS N §°0-.. . OuUN -
C Qo AN Y YR > a1 —f— - e N - . oL
H &R P o®bob @ + AP @ 1. & vl W wvur sl 0 | @ow T eiow|eiow o
. 58S @@ 5 N _ v i : -] yusuno uoAlf | swyy | omjels 'SoANIppE ‘oig | .ouz | -
. _ N : ovl | - ewo | . | -dwer| . ismo. : _ o
ol oyraoye | soisisoy jueimsoy [ 3so oy soe | ioysrsey suennse s T —
b ey edusyy ..Wwo_w-m.“u&osu:o  ojey 98uey) jo m.ozwm._oaumaﬁm . diewms (o TIEROER wa_koémw_ _
MMOOOO0OO0OO . ugu_m . . S [eaInody

O.LLLLS.«@&..

- oY
2 0.9

-2:0 0.5

Z|_1 S R : - suoy ¥y
&913210 - s
~N
22222222 . juesnyip patjddy -
_ o o = ; ; .
e e (ponunuod) z FIAVL .
o o o «Ho 9. o -
200.96r9a8f.10. .
™ N L N~
NN e T :
+ '+ F A+
o A e e -
. 3 . S 550 e e —— - K
AOMNDOONHDODA, .O" T
tddAdAdAdAAdOQ0 A - R _



% 2 — O o
~ . ol & :
o 0%1. D R DT B Lo . ] so0. o
7% OO,I._.Om.J Amm.vs ..e\. S+ |- LT} m..vm . 9°7-§y .. TT+ w.N YA . oser - . s0 | 586
™~ 884 1| 4° 2 T . o : _ 1 R 0] | : .
©oo . ¢ T = AN . : o
— — o+ B o ERNE I B o : : . : . S oIS . .
— 0'L- m.T_m.f.I. Lt (114 vT- L't+ 8 ste [4 08¢l o . .W 01 08
q '{ ©O0 : . : _ R : s o®g.,
Rk =< N | . _ s00  os)! :
o o€ “d¢ w._oh | m_.mo.f - g | sse ve-] vz | o6 09€ z | oser = w of 08
o o . .oyl + xZ : . . : 66 . oed |,
o oOom o .« o, . _
ON~O v « 00 : S o . : S O : . s 0% i
o . L'9-} © mm..o+ L S§oLE L't~ 9T+ . 8 C0LLE 1 0s€t S w 1 S0°0 $6°68
. . . _ . o : . o _ :
S lte |88 . _ s o8
S 220 TVw | B B | oese | ot ezi | 8| ovse | $00 0% |
4 N ] - 7+ - 4 ) . .
e 1257°H{ 22577 ¢ AR I | | .0 EpOSEL L el | SO0 | see
— N+ o | '~ : - p 566 q :
- . ‘ [ % (] . i g3 . . ) 1
IR, R | I A P | . . . a jsee osy | |
N E AT e L 9 soov - | Tz- Lz oL o1ov z os€r § w 01 08
o © _ ; _ . s .
. O . 1IN @ . _ _ .  §0°0 . oed
oa_Ooo N=H A | Ap) - 4%) U @\ @ | (%) ut (A (Vg CsIH)! Qo). § (% 1ow) T} (%71ow) | (%" 1ow)
S0 £ o e Suy SNl (i S uy |- .. WoLN0 USAIS | swip | smpeid | seauippe | | fghig ouz
mo.m AN 4 5° 9V 2 = A I R | aweL 1oo :
K . I~ — ] . . B
. ISP 1] 101)e 1018159y 1ueInSAY 1S9, 9j1] 1910 101S1S9Y jueIInNSoYy Suyulg sjelinep Suusug -
: . oumm Mvmcmso Jo sonslisoBIRYD ey 9s8uey) Jo sonsueioeieyd I ) - L
O w To RS N ) 0o 1210991 L [eainosyy
m5&991%m35 D : A :
o: .. oo |oo- wmo\m)uz . : SUOL 1T
S I , To R =il o : o
waTt ool % BsseEs jussuyip parjddy
N I Seiea — -
L ; 7 " (penupuod) z FIAVL
o Te) e Q> . : RNt
oo L gl SEEC Co
Qo +“ddo 9 o . @
@ .0 HHO L )
+ + ST Dﬂma
; . <« O Wrao o
B J : R @e o 0
ot @) Nl - :
© 5 LTTEHTTTEE C e : j T ™ oy
Oo0owoooco0 - @8 oo - - e
OHdN OO .ONO .W55®i O
dt+ddoo0o000n0o=2mmOlLl 0o Y A .




= i S R ¥ s s o A5 et
N O — - nOo W0
o : oo . oood
o - — LoD .
SO C— . o+ o R =) I
+ % o g _W hﬂwlﬂ_Hnm ~ ) _ N B D _ . 50 org | -
> . 9-$ & ®S+- . 0f gl et el aner | _ . . o
B3 ad L 0LL Kuibd] S 35T o FTe poTe] o ooc T 00T}y <0 Owyl S0 | . 86
~NT O 1 & C+ HO : : L T SR - _ .
A B N o)) . 0 w.. «f - §0 - 069
w [ S{E <l | as s ] o o
— +1 o |+ T | A : ° 5]
o Fdogo-F ss+ | el o €1-1 - v+ lse |7 ozt 1§ ooosr | so owbl so 86
o — @ - CZO_Z,_H._ T T 1 . } o
Bt o AN N AR o $0 09,
o . O HANAN | O N ) .ol - .
O O _ e L o T ool S PR
IS o 2.:.9.%%%0%8 : S . R . § 01
PATE EE S Ani I 0 £ SVRRA SRR I X EOU) 2 SO N Ol I 0’ oy 0 | s
2 il IR B = has L Ml B [t RO I IR B AEUIREEY 4 BTN
= NN A o R $'0.. 09
8 seLddT TXY 3 3 B C~ : : o
—— L[] ! A ) B A ez | ors | is e 1 . s0 fo% . :
. ﬁmw. o . . LS 0 B 0 1 . . i .. . W.O Oum i : . -
RS R R M:.mo.mm,m | .. SIS I DR _ . so coesy |
To b~ _ @ <O - : 23 PO A A €7 " 0EL T | os€r . W so | ¢86
"0 @ .oomPpHAoHO O _ g iy = ._ -1 50 oeg
%M]O.BLZ s . eglLb : . 1 . N .
cot [l W @ JVECBESAT@ ) @ v W esw| 00 | @ | eom | eion
o _W_ - 1__ + \% ‘N Wm_ D _W_ _W. _W_ — 1__=+< : juaiItis =o>mu swty | smjeld $3ANnIppe *otig ouz
=1 | V-T2 | cov| | cewoi | ] -awey “1om0 Sl B
189, ajr7 101y | 1018150y wensay | 350 917 1o e | 203sisay jueynso SuLsuIe - - — .
% — | i w.5 L) 10 3:&58820 piep -t nidll s :w:‘koa_aa% ulisjuIg 22“242 mcrﬂcﬁ
S e AT RSS2 7 Vo] TN JC D 1e01no0]g
0[011 -0 o7 m%—ﬂz.uooz. 9.0)4. . \
o <4+ ~ + Suor I
o~ N Jac&mati porddy
1 N o
. ) . .. ) ) . ... o . ) T w
2% Lo m o s 8 o (PenupuoD) z gavl
0011.% T HO T O N TONOH O T e S
.. AAdHOHd H: 2 O .0 ..... 0 .
NN : S _ N~ L A
1 : : .1 @ LN —
+ - L e+ 4+ 4+
O . - L . T + ) .
. 0000000000 LT 00 o LD e LT N e
Od NO— . .0C00000 .00 .INONINWON~NO . C ol - :
A +HOOAONVOOAO A it — 00 H e .




1.
15

17

895

905

0.5
1

800

1000
0.01

10

[err] 10
-1.9 0.5 Ni O

10

SRR - SR
A~ L P I " 50 3
— H o o . s . 0’
o ok g6-1 0 sp+ b€ 00b1 so-1 v+ | ss] 4] 1 oser | o1 ‘o'as 3| <o $°96
— L S To N — . : . : : .
2 m.rG oo P .. ol - 0. OWA
K nrb Nu B o . O - W_ (o)) - o
£3e5F 7 F S0 0
o - : o
W © ° e | . §0 . oeg
v-&85 |t wd, [ . AU IR Y b e roras _
~ >0 - A)T Ls- o R A : §¥ 01¢1 6'0~1 Tl+- 9% - 05l B 0sEl S0 | 0°L6
oo «© P Ho : . : $'0 OunN
- N — 3 N . E - BN . )
Nsee.... - . %5 |
3H%m. Kl ol ' oo 0 0%
-sxo {1 Y _
— O ° — .rw m_ & W §0 018
g T ‘ C . . ) Lo ' ..
22 gl & po o R S - €0 - *0%s
= Mua.. > 0°9- 176+ 41 441 CTE- 1+ 114 1132 S B | 0s€l . $*0 L6
co &aKf{. |- N : : o Yy - . . : S0 Oun o
o -3 — ] M~ O S
- °l a7 8 S . . 0 00
o ) e . r— N —— S e .
c 2F m§.2 @ vl W | @ @ | vl oW v sl Qo) | @iow) | (@1ow) | (g [ow)
s o 8y b . mw ) | - uy L " juanImo uoAld | -owng | eimivie $9ALIPDE tohig ouz
= m 1 o & SOAVN B 4_1 0 - OV]. ®1%) D . ~dwsy, | o - ) .
— - O —a — - e . . - - -
% o T ] oJif1oy)e Jo1sisay juel|nisoy 1831 -9J17 IoyJe 1018189y 1ueIInNSay Supayuig-. s|eliaie|y Sunsiulg
m. \cd oy om.%:U D Jo mm_wwmwwwmﬂu aiey e8uey) Jo m"”:om_ﬂwuuoﬁuno : : o P
. . : = ! BOINOAY
g 4 .
N B ..%muommZul suot ¢7 : o - . S
wﬂlw 'z 50 T o Euw.u I ..2 dd o .
GW.I.W 0 o .c.cv..ﬂ \
— ] — — ] . T
M e i~ — + . Z o . _ .
EoL T -~ (penunuoD) g HIEVL ©
— 0 ' ) : . o . —
N— k" TR
. — oo -
NS - o R e T
w . ' .10 R ~
o T %ddol?l! AR T T - ~ Tabe
NOCi DOV _NHO O _NANO L :
+tMEkcX Z  +ANOZ  +HOD T e T :




[err] 11 CoO 5 850 1 905

21 +1.6 -1.8 [err] 10 3 CoO 0.01 850
1 905 21 + 1.6 -1.8 [err] 0.1 10 CoO :
3. ' 850 1 _ 910 - 21 +1.4
"-1‘7 [err] 31 CoO 1 . ... .80 . - 1 oo
'905} 20 -+1.6 -1 7 NI 11 ° CoO I
_. 8505 ' o280 910 191 387,674 S - 1 6 MO 24 1
ér T] 1 ' agplu 3. mpoxmd or Iga ?mpound mcludga8x§ 5
ji,[ 1 5 I}émg sta g onsisting of 99.0 ) .t ggh As lﬂ 3 10 !
+ mol percent” @:?1 mol nt bis- eight of le : Na20 in the applied . ;
_ 895 19 muth*okid® and 0.5 mdl ﬁcﬁ:&z{t]co It oxide3/ paste 1 mg/om®” :
. 87: 674 5 - varistors were mﬁde and as in Example 2 ex- Tltl,.mg Wg;gfi alﬁ""glﬁl,geg)
ing: ' e res d
E' ctricat, Chivhel g’g%ﬁ&% and time: 1350°C Table 3. | i
- -'t,_( _ _-.-_ and lhour._ - . ) Lo ' . o
o .
. i" ?
E ;
| :s
f




of Resul tant Change Rates Resi stor after Life Test

Conposi tion of Pastes Firing Parts by weight
C AC Tenperature Tine
AN Gk [err] =~ others (O (Hrs.) (V)
noi (% - (W1 . . NO 1 [err] 1~ .80 - 1
895 - j g - +1.6 -1.6 1 1387,674Nho 14 g ,N~L9 Lo 1
850 § " - | - 895 ~ 9 o2 A |
Vel .1 - . 850. 1 | TABLEOG5 24 +1.5 =17
Ter —tferc) -1 NO 1. 850 1 910
-a!.- s -l ferr] 411 [?rr]iréc]alcoo Toawmd o
1 Lo 0918 o 23- 1 +1.5 o -] bdetistics 1 o - 1 LT
[ rr R -850 S 1. .t ofX¥sultant. | 25Change Ratds 3 :
: 1 2 L Resistor - after Life Test
26 1 N' O Weight of Apphed " Piring .
N ‘Diffusant (mg/cm?) —1 C o ~ AC
S {wt. converted Temperature | Time . ' An
into oxide form) N (&) (Hrs.) -V .n (%) %)
Li,0 ‘01 | 0 2 | e 15| +a1 | -4
L0 o1 | 1000 1 635 18] +39 |-40
L0 - 05 00 |1 625 16| +40 |-42
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3500 5.0 ‘[T A 850 T 920 18|
+0i '5 ' -0.p NesSO; 1| 800 1 | 635 151 +1.2 -7.8
I '} NaSO, 10 -] - 1000 0.3 645 6] +7.2 " |-1.9
1 | NeNoy- 01 | eso ]2 | e - |1a| +e6s8 |-79
©NaNO, 1 cos00 )i 640 171 +66 |-78
NeNO, 10 | 1000 0.3 60 lio) ies |-78
y Ne,PO, 01 | eso | 2 635 [ ] +70 f-79
Na,PO, . 1 - | 800 1. 635 16| +10 |-7.9
Lo ~ Na,PO, 10 1000 .| 0.3 650 17 +7.2 -8.0 g
p  Na,CO, - 01 | g0 - | 2 625 - |18 +6.5 |-8.0 i
{ Na,CO, - 1 800 1 630 18 | +6.7 . |-77
L Na,CO, 10 - | 1000 0.3 650 17} 67 |-19 1
L’ NgBO,. 01| Tes0 |2 -] 65 J17 |- +69 " |-73 :
o ' NaBO, © 1 s 1 | e ] +s9 {-79
o ‘NaBO, 10 .| 1000 | 03 650 17 | +69 |-8.0
, Na,C,0, 0.1 ;650 2 © 625 14 | +6.6 [-8.1 :
| Na,Co, 1 800 1 - 635 18 | "+67 -}-7.8
‘Na,G,0, 10 1000 | 03 655 17 +67 |-80
. y Loy 1 b _ - L } ; '
| { R T I S 6100 | +20 -1 ,
' - UNe,CO, 1 . R | | - :
 PLiL,COo, 10 - o L
{ | 750 2 660 19§ +1.8 |-17
Na,CO, 1 e : N
#Li,CO, ~ 1 A o o ' .
- { S 900 1 690 20 }. +17  |-20
- L Na,CO, 10 . -




35.0 5.0 3 57.0 700 1 905 19 +0. 6

-0.8 35.0 5.0 10 - 50. 0 700 1 890 19
+0. 6 -0.9 3.0 43.0 0.5 53.5 1000 1 905
18247 #0.7 ~ "-1.03.0 43.0 . 1 -. _ 53.0 900 —T

§l5si . 20 _,+0.6 ~ -1.03.0 43.0 .3 . 51.0. - 900

{7+ 915" 19 407 . -0.83.0°43.0 10 ._ 44.0

700' R ] '910 17 +01,3B7,674 -1 o 35.0 43.0 .0.5 55

21. 5o 1000 N —" 925 - U“8“35"O“*ﬂ8“6"“ 1
- %\J 2 1 0. " UsifiPQarting, materlalsiconmstmg of %927 mglgr%*ht rf Ll20 mtlg 2pplied ‘page:7135. 0 -

43.0 - : mol perceni @inb) oxide, 0.5Qhbl percent bis- 1 Firing tem&?zgure and timek S T 91 6 10
0.8 35 o 43 reuth ofige and 0.5 mol perdet Gungancse 680 g Tedle .
+0.8 - l 1st mad tested as in 69 gx results QO@e tests made dre given _895.
20 1-40.7 s& %&E Jﬂé'g °"°WI$ mTaed g9’0 1000 . 1
. G n the e: As—

C915N4 20 ln'l-hﬂe e Ao g P . .68.0 . 850 .

1.1 . 915 . . +o 6. ;. -0.7 15 0 is. 0 -.5 - 650

600; -0 . 1 910 21, 40.7:7 ~1.0-15.0 15.0. .10 -

60.p" - 700 . <%-.--.. .935 - . 20 40.7  -1.015.0 1i5.0 . 2-

_i#-- 68.0. - 600" - 1 .. 890 - 21 +0.6° ;',-o 9 15.0°

1502  _ 68.0. . 700. 1. 9007 . 20 +0.6 o

:0,8°15.0 - 15.0 - 2 ° _" - 680 .. ~800 - . 1. _910 ,;-.20.

+0:6 . - 0.7 .4 40 B T 387 674 S '
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El ectrical Characteristics of Resultant Change Rates Resi stor

after Life Test Solid Ingradient included in Firing the Paste Percent
by wei ght C [err]C Tenperature Tine
[ert] n [err] [err] [err] [err] PbO ([err]) (Hrs ) (V) n-
@it - (% 15.0 15.0 2 _ 68.0° 900 - . 920

4 - +0.6 -0..8 15.0 . 15.0 2 - 68.0 ° 1000 ' 1 oo
930 - 20 +0. 4 -0.5 15.0 15,0 - 2 - 68.0 . -850
2 1 9134 20 +0.4 _-0.85 03876740 2 68,0 - 3850
5 §\_ 915 20 +0.4 - 0-/@gExaqmpl e 6. ' _

_'V\élght of [err] or [err] in the applied 10 Using startlng materlals

consi-sting of ; oxide, 0. 5inol
per(cent bi s- "Firing t_errp_er At ur e and t| el mut h oxi d¢ and
0.5}.mol ‘percent manganese 6. oxide, vari st or_§§§(\§\sﬁé \fﬁde Nehdagskack a4 i n
The’ggsul ts- the tests are pgiven in Table RéENte 3 exc pﬁteranet'ItastI hg -
“f ol kowi ng: C@nposition of Pastes | Firing _ ot
i ngi-edients i ncl Regedy piskthe DB % | ok 1€ 6. 1 387,6?4_ -An
;41 o Li,0 others em(%c) * (Hrnsl.)' -V “Inl @ (%)
1 0.5 | co0 001 600 |2 | .ss - lis| +19 {-20
o 0.5 | Co0 . 0.1 "76_0 1] e 11s] +19 -2:2
;- " 05| coo 10| a0 f1 | e0 || +20 |-21
} 05 | Co0 10 | .00 i ees . 7 +2.0 §-21
i 1.0 | CoO 001 1000 0.5 90 15| +20 |-20)
10 | Co0 01.] s00 f1 905 16 +19 |-21
b e e 1 | o i ess || ers | -20
;'- ! ' : 10 | CO 10 600 - |1 | U 17 +20 . }-22
i {0 oo oot | w0 fos | e fis| e |-21
{ [ : |30 | CoO .01 900 |1 o0 fue| +1s f-20
| ! o fse | eo 1o | om0 f2 | w0 fis| sts [-21
S N 30| c0 10 | 00 |1 ots {1} vis | -22
|1 | co 0o Cg000 0 {os | s ]| 20 |-23
P B T co o1 | s |1 | sss o lis| +rs |-2n
e 10 co 1 | w0 |1 | 960 16 +18 |-20
10 Co0 10 600 2 905  {17| +16 |-20
0.5 MO 001 | 1000 |1 | 8% 15 +20 |}-25
! 0.5 | M0 - 0.1 850 1} s || +20 }-24
_. 1  Joes ) wo 1 EET N B 900  fis} +1e |-20
i 05 | M0 10 e00 |2 | s0  fu] ere }-20
20 | M0 001 | 1000 | 0.5 895 + . |15} +20 |-23
20 | M0 0.1 900 |1 Cees Jis] +20 | -21
20 | w0 1 850 ) e | s1s ~2.0
20 | Mo 10 | 00 |1 | e Jur} +19 |-20
10 MiO 001 | 1000 | 0.5 900 l16 ] +19 | -24
10 MiO- 01 | 850 . {1 |- ses 17} +19  |-20
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TABLE 6 El ectrical Characteristics Conposition

of Resul tant Change Rates of paste. o .
Resistor ~ after Life Test Parts Firing \ei ght
of , by-. wei ght : _ Appl ied - C |
[er‘r{'C Terrperature Ti me. [err] "and y ]) . An
erst e ry ..o - -_err' . H ) [ rri (rrg err ' _
23 i ++0: 4 - 1.' 1 1. 3 o - TABB@Q (Continued) 1 S 1- ,
890I\_s 21 =0 7- -1.320 1.0 700 1 -
895 . 23] +o0;6 -1.%2 3.0 | ErecBRO 1 1
.22 +0. 6 -1 2 . - 1.0 Characfz€i6rics 2 11
22 +0.7 -1.4 2. 3.0 of}}'%@,sultam 1 é?haris; Rates. 1
21 0 0. 6161017 s afjer Life Test 1 |
2LC°'£9°57“°“W‘§,§,%‘3 3 1F‘ﬂ“g1 1LG¢c  .700] | ac 1 1 ¢
22 —+Oy-5— 4+—3 Tedpegature | Tin: . 800" | . {1 Ad
22 |LiQof 4 others _1 { ¢y Grsd|  M900 {|n @1 | @ i
23 +0f 3 T 1 T3O T.O-§ 850 T —10.1
905, 22 {104+ 3M0 411 {0 79"_ 1]of 850 |18 1*19 |-l
'920[ 2210 +P.8mo 101.9 1.&p 1,0 | 90850 -f17| +28 |-20f O-1
910 - 22 +0] 4 -0. 9 Exanpl e}7. F |\ ght xf [efr] in
thel applied pdsie] #2010 QR g é‘i(’ﬁrtl mgl mageri M08 condildt)i ng28f $9.204 '
: ng/;g:[,err_] : 0.5 ] Ag0 0.1 900 1 905 . f16| +18 |-19
b Jos | oamo 1 | 70 . |2 TR PUR BRI B
fo . los | Ak 10 | 600 1) s0 e} +1s |20
2} A0 oo | 1000 fos | ses . i) +20 |-22
U 2 A0 0.01-| 800 1 s lis| v f-ue
. 2 Ag0 1§ e0 b1 | ses | +1s | -21
S 2 |-am0 1] s f1 |0 e0  fis| ers | -1s
e 2 | ago 1 | 1000 o5 | 900 jis| +17 |-19}
3 2 ) Ago 100} 600 P11 | et0 fie| +18 |-20
N 2 Ao 100 | 1000 |1 915 [18 | +1L9 | -2.0
J16 | Ag0 00t | 100 |05 - 90 |16 |. +20 |-20
Jo | A0 1 | s |2 .| s 0 f11] +17 |-1s8
7l | Ae0 10 | e0 |1 900 - i8] +18 |-17
05 | cno, 0.0t 600 | 2 8os  [1s] +20. |-22]
05 | co, 1 | s0” |1 | e0s 16 +17 | <20
! 1os'] cro, 10- | 1000 1 % |1 +1.9 [ -21}
4 12 | o, ocor ] w00 Jos | 00 15| +1e | -22
g 2 co, 1 .| 80 |2 o0 s | +17 .|-19
; 2 Cro, 10 600 -1 915 © - |17 | +19 | -20
% T 10 cro, 001 | 800 1| sss i | +20 |-19
10 | cno, 1 600 | 1. 895 15| +1.6 | -17
10 | Co, 10 | 1000 |05 95 {17 | +16 |-19
0.5 | No o001 ]| 800 1 " 895 15| +20 |-22
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nol percent zinc oxide,

0.5 nol

time: As in Table 5 nmuth oxide and 0.5 nol

vari staors _were. nade and tested as in _The results of the tests made are
in Table 7.

gi vien- Exanpl e 3,

1,387,674 .
' .Char act eri S§d cs of: Resul t ant

_ Cham

percent bis-
percent manganese

except as to the follomnng
15 iSoli*d |ngred1ents |ncluded |n the pastel As in Table 7.

Firing tenperature and
7 oxi de,

42

42 TABLE 7 Electrlcal

es Sol i d Ingradlent'-

énggiagempatfn

- Resii stor . _ :
~(Perggnt by weight) - Tenper atTABLE 4 (Contidded® c .
[erir] C Tenpepature Tine ' [err] n
-BaQ - [err] [err] _(_-[_er_r]_)- ﬂeﬁrw}l (V) - -
- n : (% (% 59. 2 .1 40. 0 0 . acteristics ! S 9_2C
L2210 '_+O 7 -0.9 58.0: 1 40.0 2 of Reésultant 800 Change Raikes .
9104A. 20 8 3 8 0] O Resistgg after Life 738t . | . -
- Y LT C osit fP t = ' e
I °;>“?m; S AL T oo e B C e 1)
2 % . 92p— O] Bemperature | Bim® 9. 2 20.p F . 0.BaAn
10Q0 - - o - |40 Othesgo CCR0 |® ) p (V) -0.Pn @ | @
AR 0.5 [ Ni0O I - 1000 | 1 905 |17} +17 |-201
0.5 | Ni0O 10 600 1 £ 900 $16 | +18. | -21
2 | No oor|. 1000 | 05 900 6] +19 |-20
| 2 f Mo, 1| so00 2 910 o] +17 | -19
| 2 | Nio-10 | 600 |1 o1s . fas]| +ns | -2
P 10 | No oo | 600 -2 830, 17§ +17 |-22
: ;?_ - 110 N0t | ‘1000 fos | . 900 f16 ] f11 | -1
i 10 NiO 10 ~.800 1 900 17} +16 | -20
Bl il pee0 1 ) : Y o
R “ 105 { 850 1 900  l20|. +15 . |-17
{;- g . "Ag,0° 1 : : 1
R I R P o o 1 -
e o . 1. VAg,0 10__. : ’ U ; T o
EE R Co0 0.01 | ' : . _
L R N { S b sso 1 - 905 20 +15 | -17
S LAg0 0.1 : : o ' S S
. 10 { R 8s0 . |'1. 910 a ) +14 |19
‘1. Ag,O 3 . . . SR Bt
N - J fCoO. 1 - : - . R S
1. { 3 o850 1 905 20| ‘16 |-1.7
lrco0 1} - b - - -
; 11 .{, R 850~ |1 910, 19 ] +17 | -16
| Livmo - 1 - - 0.
- “Co0 1 o __ : :
1 { ' - 850 1 905 2] +1.5 |-15
_ - Cr,0, 1 . T ' o Lo .
I ] pMa0 o - _ 1 .
o 111 : 850 ) 895 19 +1.5 | -1.6
S - - Agzo 1 . ' - ' .
R o fsmmo 1 SR . S FER
1 o 850 1 895 19| +16 | -17
- f{tono, 1 S : T Y B )
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78.0 20.0 2 950 1 910 20 +0. 7

-0.8 75.0 20.0 5 900 1 895 20

+0. 7 ~ -0. 7 70.0 20.0 10 800 2 890

19 © +0.7 --0.8 80.0 10.0 10 700 2

925 b ee, 18 +0.8 - -0.7 60.0. '30.0 10. 850 1
_-915‘_"' 22, +0.6° .. -0.6. : . WHAT VE CLAIM | S: -

7. A net hod zgccor ding to any of * the prer%;sﬂA nmet hod of making. an

i ch

el eotr|ca| -TTEST'S \.,C\.ung Clare =1y g S SCry—E€OfNe "‘""" 3 -
i ncldes the step of diffusing into TABL&4n®pmrnuqaart 99 9to 80 0 rml

_ ,per gent 5 a s.u.p.f_a,g.g_.g:f__a__s*_n,___e_r_ed body including zinc - zinc 0xi de, and,
yddi tives,} 0.05 to -10. 0 ox de exhi biti ngj i nhgscen&a] nonql i near '
- reS|stanCe - ol per'cent bi snith oxide [err| @mthcarigiaperdi es, |ithiumor -
“ sodijumions -gr both.. *.'total}jof 0.05 to 10]0 ﬁlgﬁezﬁi pdent a&*‘:gﬁﬁﬂl‘%@ﬁst 2. A
et | .od of .maki ’rGn ,tg,he,ppggtgsa reg;rﬁlg one 3% e"tg .T‘ _ﬁb group
*con- 40 tor Mwhi CParisrtg mdd;es t st-eps—pf prbveding a | si$tiskg off cobdl 't :
oxi-de-(CoO), [manugrese—+o—st "ffmpefdtut?o imé¢ nE| udi ng zi nt oxi de hav % iin-
oxi de' (MO, -lait) fony®¥%s de [krr{°© barf Ent fB8n- 1 i nkar |r e€d st ahé& '
properties, provid-,.,.ium qxi dg (Baoj, stronfium oxide [Sr{) and | 1
el edtrodes on gpad ngurf ces| of gggi d pqdy,| | egg oxidp, bO
di f flusi ng i tjhi:umiilooso,or 1sod} um'i ons 8. rnathci3 ccordln %8 any )
of ‘tthe pre- W5 ajfurther surface of spid b dy _ ' ceding { - -
- claiims, wherdi ? sdiJdM1%ns lar | d| f sed iS A met hpd alccordl n tofclaim
-2, wherein into 94i¢esi nyerep de th 8 mor ef Saifd % ~&hrff aces
are;general ly pardlTel than p. 01 mn nd spi d further| sugface is a surface
~extend- 9. A methddC&ccodding to any pf the pre--ing pubgtantialfy bgtween
sai d spaced.sug-' : | ng,cla] ms, AN ICh sai d_lons afe diffused 50 :
faces. S E i 1,, = 8.56 - 'by appl y+5ng to 2s4a| d g y R ’p?a qte.
_and fi r| ng , Ag0 1 o ; _ T . :
i CfAe0 1| |
; 1 JANo 1 | g0 |1 910 23| <15 | -16
':. | ,_'Cr,O,_ 1 o - R '
RS TR B N VX R | | N |
. 4o b e b | o Tes o fas | +ns f -1s
] NiO 1 |
: | NP 850 L1 | 905 25 +1.3 -1.2
Lnio -1
fCoO 1
_ l. ) MnO i _ o ' :
R D & - 80 f1 | - 905 3 |-
S INEI TR ) DY R | BN 8 RS ek
_ . L LCr,O,' 1 
“« 7 Bxample 5. s
- Using startmg mategals consisting of 99.0 mgv;/::ng}t Of L120 in the applied paste: 1 10
5 .zﬁlthp z;cgg :::ic g’;’d;’o? 15) errnc:Ltpexrl;:;ngix:::; . Firing temperature and time: As in Table _
. oxide, varistors were made and tested’ ' :
; Exam,ple 3 except as to the f:llowelflg “.ia in TTt;%I;e ssults of the tests made are given
- Solid ingredients included in the paste: As
- m Table 5 '
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20 . 4. A nethod according to claim3, wherein said paste. said spaced
surfaces are flat and parallel, and 10. A nethod according to claim?9,

vvherei_ n said further surface is a surface of the body said paste
' udes as solid ingredients, 0.5 substantially conpletely peripheral of

/ e body to 10. 0 parts of lithium ‘oxide [err] and 55 between the e
spaced surfaces. - . . at l-east one nenber selected fromthe
.grohp 25 5 A et hod " accordl‘ng to 3 ;4 the pre- consi sting of 98' 01

hnrl\l RS-V e Yo Mo Y4

to 10.0 pa-é-&e—e-f-—ee-ba-l—(-

'-0xi'd\e/'(CoO) 0.01.to 10.0 parts of rrmmamsdl s and the el ectrodes are.

provided op_the ~_ese oxide (MO, 0.01 to 10.0 parts of silver end of the
rodt or on jmjor-surfaces of the oxi de-[err], focke Q.10 0 parts of
chrpm um. B0 oxide [err]: and 0.0l to 10.0 part a,awe,que:ls 30 6. A .nethod
acc] rdi ng o any of ¢lains- I . oxi de (Ni IOFRN: | | of RespRint S bycmgghtuesto 4,
. vx/ner.@,l n-saldchody s plateljke and sg, d11.] A Retitted a ceftadiLifg Tes dl ai m
© 9, jn.elec B icbh fgz{'@)ﬁ, ¢ on the H#for parTger— O z@ d paste
-co”fruses T KA i T vy [ A I R
ienfs in pn‘?z@e 1§19g:;e 1.9y Bhé’_hgln*?tb? . B°€o 1( B 6 V2| n |l @ |@
1,387, 674 _ — — #—FPBHE17
El'ectrical | Gifaf at® 4r9-8t[i% 8 ¢f ~Rejsul Ot _' 1: Ghan@é&o Rat|e2 [Soto.¢l | hgoadi ent
Resi stor . af § drq Liffge o Tést “incl d ijn {hel pa irfn
- 3.0 | %09 1 Moo '§SL Mo N -
[erf] C | LA AR R Y IS
BRI 50503 [8.0 | — | . 850 1 915 J21{ +0.5 -1.0
: taoblsofwo fs2o |- | “es0 |1 | o5 .ol o6 |-0s
350 ]| 5.0} 0.5 595 | - 900 | 1 920 197 +0.5 | -0.7
350 501 fse.0 | =~ | - oss0 1 | s15. |19} +04 f-o7| *
o 35.0f 503 |50 | - 00 | 1 895 |20] +05 |-07
‘. .-' N : . : . “_’ . . - :
P 350 ] 5.0.J10 |s0.0 | — 700 1 880 20| +0.5 |-0.8
Cl , . ! | _ ,
o 1304430 | osfsss | - | 1000 1 900 19| +0.6 | -0.9
z ! 3.0 [43.0 | 1 530 | .- %0 |1 905 21| +0.5 -0.7
[ 1] 3043013 [st0 | — 90. | 1 | 905 a0 o5 |-07
L 3.0 143.0 |10 |440-| - 700 - 1 905 |18 | +0.6 |-1.0
. % _': . - . ¢ - R - .. .
[ 35.0 143.0 ] 0.5 215 | ~ ~ 1000 1. 915 - |18 | +o0.5 -0.7
3500430 | 1 faro0 | - 850 1} o0 |18} +04 -0
; 35043013 j190 | - | 700 1} 885 19 +05 |-07
35.0 }43.0 {10 [120 | - 600 | 1 860 {15 | +0.6 | -0.9
150 {150 | 0.5 605 | — ] 900 | 1 | s 20| +o5 |-os
. 150 150 | &t }69.0 | - 1000 1 910 |20 | +0.4 | -07
i 156 [15.0 f 2 1680 | - 80 | 1 905 20| +05 |-07
- 150 150 | 5 {650 | — 600 1 900 21} +06  |-0.9
150 |15.0 J10 |00 | - 70 | 1 | ‘9 2] +06- |-10
f15.0 {150 | 2 feso | - 00 | 1 | 85 o] +06 [-09
150 150 2 Jeso | — | 700 | 1 890 {20 | +05 |-0.
150 {150 ] 2 fes0 | — 800 ] 1 | "e00 .f2] +o5 |-07
150 1150 | 2 |68.0 | — 90 |1 | .90 Ja| +os. |-os
150 §150 | 2 }68.0 | - w00 | 1 ©925° J20 | +0:3 | -0.5
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(Percent by weight) C
[err] C Tenperature Tine [err]n BaO
[err] [err] (9 (Hs.) (V) n (%
(%) 592 - 40.0 " 0.8 7900 1 920 22
+Q‘ -0.9:58.0 40.0 2 800 1 910
“200 TT4+0.8 - -0.855.0 40.0 -5 - . 700 2
90p 20 - H0. 7 _ -1.0 50.0 .. 40.0 10 - ' . 600 39

2' % ' i 80 ' 19 e Q. ﬂlé 45 20 : Do 2000

= . 890 20  +0.6  “tapiE 5QcHhif@d  20.0 - .72
95 1 910 - . 20 +0.7 -0.8 75.0 20.0 5
904 T 895 120 0.7 Bl 70 P 20,0 10 -
;_80()-- ' 2 890 190 40.7 Charazgtgga 0. o - 10.0 | 10

70 " 2 ' 925 - 18° -~ +0.8. | of Re D ChangdR&les | 10
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7 R ret h)ds%i “tcb‘dﬁ‘n‘ of| t he Bifing 1. A RTTIO 3
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' pet cent 5 -t CGL uuuy e Zt 0%t &e5 .and,
asﬂaddl ti oxi dp exbi bi tf ng i phepent ik ent | i+venrfrds $t ance
nok perce err]|an priopertes,,lithijn) or, sodju bns  or
both. {0 100 |l Ollﬁﬁelr cent ?of at “least ij Aor'rit dwogf
magu ng an 91snp nwAber fseltec ed %o om| th gﬁmup con-| 40
t'of which fipr cop DX d,e
(O@O) mag ?&Bb ady%}‘é] ﬁ ﬁg 4 n?g%) .-{1 hvi - %ok de
(I\/ﬁO)__ anti ,sgioa[- h;eoent nan-ti neag. r e iostarme 'p eparfies,

Siprévi, d- qt rongi um oxi dﬁ éSr D) and inng el ectrodés on
‘spaced su 20 | ead®xi de - ¢Pofy. 925 < [19) +07 ] -09

i 5950 900 | 1 | 930 18] +06 |-0.8

o : 59.0 850 .} e . j1g] +os {-0s
' | 350) 50f 3] - |]510 700 1 905 |19) +06 -0.8
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150 1150} 2} - ]68.0 } 850 1 915 20} +0.6 -0.7
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150 150 2 | - |e6s.0 600 1 890 21| +06 |-09
15011501 2 | — |68.0 700 1 900 0] +0.6 -0.8
: 150 {150 2 | — |68.0 800 1 910 0] +06 |-07
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and diffusing lithiumions or sodiumions into

any of the pre-
clains, y\herei n said ions are diffused 15
into said sintered body to a depth of . nore said
0. 01nm and sai d further surface IS

2,

herein
~suri'aces are generally parallel
a -surface .extend-
-.--sub$t anti al

ar et dlfoS

45 a further surface of said

“t han -

cedin

bet ween sai d spaced sur-
1,387,674

‘Hly B0 _faceg

8. A nmethod according to
cedi ng

body.

3. A nethod according to claim

g clalms

9.. A net hod accor di ng to any - of the pre-

i ng

spaced

“in which said ions
by appl.yi ngoto

sai g _pody a paste and firing 20 PABIA: ngquue?fcor ding to claims3,

\A/ne;el n " sai'd paste. said spaced surfaces are at and paral lel, and 10.
t hod agcording to claim 9, erern sard 1 surraels a-surface of

the body . |said paste includes XE solid lngre @Jk‘zzg ?li:c qubst anti al |

co etely peri pheraI of ‘thé bod to 10.0- pgr aRQu hilurgnapoei sl 4rrl
andv5_5_* tvvee the aced urfaces. , Resxstor- aftkr 1Li@aBdst Oorfe

" menber sel aci‘g‘g nﬁ‘g QEI Firing ~ A met|iog accomd Mg T ani:—of‘the_
pret  consg m n ot mgget,ﬁmgf £abdl t “cedi ng cl ai’Ms, qreimn
sai d body a Sl@d 04,0 | Booy @b()CpO)(°C)O 04.&a)0. 0 gart q ofl me@ggant 4 qc,
and: t he el gcrrpdestarejprovided—omrthe ese—tpge—(Mrd—16—01—t-o m g
parts. of sjiifefldhd f {t he é%ioo oﬁthajc _surff ace® of |thd +oxi dé-perfr],
0.0l to 10 A of ghronfy L _
oxide [err Q_do H‘? litc 10. ) par s o nlcke} 40 3%, A2t nidh? actoPdifng to
any| of cl aj ¥ 115_0 x2 dg (-Ni Dps.0 850 parJt s2 byl webght . |t20 |4, +gMer ipgdai d
body .is plg dai d A met hod ‘accdrding tojcldim 9, {n

el ect rodeq LSS)ID {:)f()nhngp on Pl%& j: OFSODaI"'| |%'| - V\ﬁ—?%h 'épC rf&s"te cofPrii ses,
as solid |ngred surfac £6the body.. v - rents 1n
perscent ages by mg,ggg;tmg&"“ﬂ; 19 cohfsel) g/ of 590 pasteelgll:ts gf %;%(l)e %r K.0 in- thé applied 10

i mol percent zinc oxide, 0.5 mol percent bis-
A 5' muth oxide and 0.5 mol percent manganese
S . oxide, varistors were made and tested as in
o oo : - Example 3 except as to the following:

A o Solid ingredients mcluded in the paste
VLI T . As in Table 6. .

» Firing temperature and time: As in Table

' 6 The results of the tests are given'ia' Table




Ltoskckddi m 22, wherein
‘spaced 'surfaces .are general by parallel
29,

~ients.in
clarh 23,

43
[ithium oxi

body .

ﬂn

de [err],

3.0 to 35.
further surface of said trioxide [err],
err]—and“12.0 to 91. 5%
50 ° [err] or

0%

1,387,674

bor on
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23. A body according

aid

12. ‘A nethod according to claim
ext endi ng whi ch said

Btween sal d spaced ;

agl e

surrtaces.

24. A body accordlng to

Solid mgredzents included in the pastc As

in Table 7
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Example 7. - ' Weight of Li,0 in th 1 1 .
Usmg startmg materials consisting of 99.0 mg/:x;f of Li:0 in the app 1ed paste 110. o
mol percent zinc oxide, 0.5 mal percent bis- - Firing temperature and time: As in Table '
P 5 muth oxide and 0.5 mol percent manganese
oxide, varistors were made and tested as in .  The. results of the tests, made are gwen
Example 3, except as to the following: “in Table 7. _

15



0. 05

of the clains 3 to 13 when appendant to oxi de, and, as additives, 05

to 10.0 nol per- 25 claim2, wherein said el ectrodes are provided
bi smuth oxide [err] and a total of by netal spraying. N
- 0. 0F 0 st plercent of at Jleast one mem 17. A nethod according to

e,

~.0.05 to 10.0 nof _ A m G
¢labmr2 or any - ber selected from the group consisting of of the claims 3
to .13 when -appendant: to  cobalt oxide (CoO, manganese oxide (MO, 75 -
claim2, i ncludi ng attaching el ectric termnal- antinony oxide [err];
bari um oxi dz BaQ, 30 neans to said e,bg;b{odes. 2 gim
strigntj umoxr de (oro) and Tead oxras TEOO T TR Te ot \ ~olaim, |
i? '?C%ﬁ'Jd 28. A body according .to ahy o Tthe ‘cl ai s i ncl ug! P? at E{aph![ ng
Tt ST e . PO o=z by el e AF A i o i nto
| ead W res td3af o etrec: 2t to 4:,_whe.‘cm -Set-e—-eRs—gfe—a--used O
" ‘trodes by sollder or:conductivd adhesive.. | %cqmgl ntared body tola depth - |
of yore than | 80 19. A nethod |of naking an 4l g(&;}‘ ﬁ%‘;ﬁsﬁ“t’?e- c Og.e mm I35 S
siishoF -i-n-"acdor dswlia tagwidteht any fof t he Exanpl gs R gfsm?ﬂ b d&fé‘ﬁf;if :i“’i"olrnﬂ
" accor dance wijt fpchdedeinthepiagien. _Firing - : ——clalm-31 or
as-deseri bed w%ﬂ”r“é%?’%ﬂﬁ’e td TofCmaking af ectrlical fre-
~any: of the Eqambe} 86! €] n:i,c5! hifal | g‘qas- hergin (gbgs r@tgec. .-
30.1 A body offratefial A—-ac 85 _Alsi i er _ .
i ncl udi ng’ zi ric sexi Hes0.0 cf ap.; he glyai My ,appendant] 40, [havi ng
an | i-nherent fnon-I|near | resis o0 wit'h ellectiric terfmnall means
at tiached charfaét®r | s%i%.{ ahd i 1ﬁr91@o¥i|;m’ t*@.gi.l d—&z\;/"tr-i'st'or |
el ectrodes. dr shpt N Qiof flused if theggot 49,4 311 Avari _
substantial |y} as: dpscribed. dé t: 0.031; mp™ 32, ﬂ s-unt]e9_ed body 1
i ncl udi ng zi rjcS®&&i Het0.0 .1 10 NTOY 8260, , |46 {- haw nd fmg! n?_er_ent
‘non- i n€ar rdsistah chars .- - ed Pat_:en_ Agent’s, geterifstic,
el ectrodes 'Uro%g-?% \Aoczg'p())acedo_'ssur f'a_ceg oy Nori9ﬂu_nb F‘i’etnd‘.’fﬁou-se,ﬂ-?ﬂl said o
body, and iofs7ef. |iz2li ympr $odiesol $03/ 346 Hysgh: Hphpdr g Londayly \-N'=C'.1' o
I 50 00 | s 900 | 1| ses oo f w07 |07 |
b | 700 . 200 | 10° 800 2 890 |19] +07  |-0s
o 800 | 100 |10 700 2 925 - |18 ] +08. |-0.7 :
60.0 | 300 |10 850, 1 915 * |22 | 406 |-0s.

RE]

25

30

" WHAT WE CLAIM IS:—

1. A method of making an electrical resis-

- tor which includes the step of diffusing into'
- a surface of a sintered body including. zinc

. oxide exhibiting inherent non-linear resistance

- ‘properties, lithium or sodium jons or both.” -

. 2. A method of making ‘an electrical resis-

~ tor which includes the steps of providing a

sintered body including zinc oxide having in-
herent non-linear resistance properties, provid-

* ing electrodes on spaced surfaces of said body,

and.diffusing lithium ions or sodium ions into
a further surface of said body. S
3. A method according to claim 2, wherein
said spaced surfaces are generaily parallel
and said further surface is a surface extend-
ing substantially between said. spaced sur-
'ACES, :
. 4. A method according to claim 3, wherein
said spaced surfaces are flat and parallel, and
said further surface is a surface of the body
substantiaily completely peripheral of the bod:
betweén the spaced surfaces. '
5. A method according to any of the pre-
ceding claims, wherein said body is a rod or
disc, and the electrodes are provided on the
g?d of the rod or on ‘major surfaces of the
isc. z :

6. A method according to any of claims 1 “oxide (NiO), all in parts by weight.

10 4, wherein said body is platelike and said
electrodes are provided on the major parallel
surfaces of the body. E

“ 7. A method according to any of the pre-
«ceding .claims in which said body comprises,

as a major part, 99.9 to 80.0 mol percent

35

zinc oxide, and, as additives, 0.05 to 10.0 -

mol percent bismuth oxide (Bi;O;) and a
total of 0.05 to 10.0 mol percent of at. least
one member selected from the group con-
sisting of cobalt oxide (CoO), manganese

. oxide (MnQ), antimony oxide (8b,0,), bar-

ium oxide (BaO), strontium oxide (SrQO) and
lead oxide (PbO). - :

. 8. A method according to any of the pre-
ceding claims, wherein said-jons are diffused
inte said sintered body to a depth of more

‘than (.01 mm.

9. A method according to any of the pre-
ceding claims, in which said ions are diffused
by applying to said body a paste and firing
said paste. : ,

10. A method according to claim 9, wherein
said. paste includes as solid ingredients, 0.5
to 10.0 parts of lithium oxide (Li,O) and
at least one member sclected from the group
consisting of 0.01 to 10.0 parts of cobalt
oxide (CoO), 0.01.t0. 10.0 parts of mangan-

- ese oxide (MnO), 0.01 to 10.0 parts of silver
oxide (Ag.0), 0.01 to 10.0 parts of chromium

oxide (Cr.0,) and 0.01 to 10.0 parts of nickel

11. A method according to claim 9, in
which said paste comprises, as solid ingred-

40
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ients in percentages by weight, 0.5 to 10.0%, 65
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TABLE 7 '
3 Electrical
Characteristics
" of Resultant Change Rates
_ Solid Ingradient i Resistor after Life Test
included in the paste Firing
(Percent by weight) C . AC
Temperature | Time An
Ba0 | B,0, Li,0 (°O) . Hs) ] - (W n (%) (%)
N
59.2 40.0 0.8 900 1 920 22 +0.7 -0.9
58.0 | 40.0 | 2 800 1 910 f20] +0.8 |-08
55.0 40.0 5 700 2 900 20 +07 {-1.¢
56.0 ¢ 40.0 H 660 2 920 19 +00  f-0g
79.2 20.0 0.8 - 1000 1 T390 20 +0.6 -6.9
780 | 200 | 2 950 1 910 20f +0.7 {-0s8
75.0 | 200 | 5 900 1 | 895 20| +0.7- }-0.7
70.0 | 200 | 10 800 2 890 191 +07 |-08
80.0 10.0 10 _} 700 2 925 18 +0.8 ~-0.7
60.0 | 300 | 10 - 850 1 915 ~ 221 +0.6 |-~0.6
WHAT WE CLAIM IS:— ] * 7. A method according to any of the pre-
1. A method of making an electrical resis- ceding claims in which said body comprises, 35
~~ tor which includes the step of diffusing into’ as a major part, 99.9 to 80.0 mol percent
5 a surface of a sintered body including. zinc zinc oxide, and, as additives, 0.05 to 10.0
oxide exhibiting inherent ﬁ‘on—linear resistance  mol percent bismuth oxide (Bi,O;) and a
properties, lithium or sodium ions or both. “total of 0.05 to 10.0 mol percent of at least
2. A method of making an electrical resis- one member selected from the group con- 40
tor which includes the steps of providing a  sisting of cobalt oxide (CoO), manganese
10 sintered body including zinc oxide having in-  oxide (MnQ), antimony oxide (Sb,0,), bar-
herent non-linear resistance properties, provid-  jum oxide (BaQ), strontium oxide (SrQ) and
ing electrodes on spaced surfaces of said body, lead oxide (PbO).
and diffusing lithium ions or sodium ions into 8. A method according to any of the pre- 45
* a further surface of said body. : ceding claims, wherein said ions are diffused
15 3. A method according to claim 2, wherein  inte caid sintersd body to a depth of more
: said spaced sirfaces are generally parallel  than 001 mm o o
and said further surface is.a surface exiend- 9. A method according to any of the pre-
ing substantially between said spaced sur- ceding claims, in which said ions are diffused 50
aces. . s . by applying to said body a paste and firin
- 4. A method according to claim 3, wherein sayid l;l;s);e.g yer 8
“said spaced surfaces are flat and parallel, and 10. A method according to claim 9, wherein
said further surfacc is a surface of the body said paste includes as solid ingredients, 0.5
substantiaily completely peripheral of the body 1o 10.0 parts of lithium oxide (Li,O) and 59
", betweén the spaced surfaces. _ ' at least one member sclected from the group
25 5. A method according to any of the pre-  consisting of 0.01 to 10.0 pars of cobalt
ceding claims, wherein s2id body is 2 rod or  ‘oxide (Co0), 0.01 to 10.0 parts of mangan-
disc, and the electrodes are provided on the ese oxide (MnO}), 0.01 to 10.0 parts of silver
end of the rod or on major surfaces of the oxide (Ag.0), 0.01 to 10.0 parts of chromium 60
30 disc. . N oxide (Cr.0,) and 0.01 to 10.0 pasts of nickel
G. A method according to any of claims 1 oxide (NiO), all in parts by weight.
to 4, wherein said _body is platelike and said 11. A method according to claim 9, in
electrodes are provided on the major paraliel  which said paste comiprises, as solid ingred-
surfaces of the body. - jents in pércenlages by weighi, 0.5 w 10.0%, 65
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"y Published by the Patent Office,

- by vacuum deposition.

lithium oxide (Li,0), 3.0 to 35.0% boron -

-trioxide (B,0,), 5.0 to 43.0%, silicon dioxide

(8i0,) and 12.0 to 91.5% bismuth oxide

(Bis0,) or lead oxide (PbO).

12. A method according to claim 9, in

which said paste comprises, as solid ingred-
ients in perceniages by weight, 0.8 to 10.0%,
lithium oxide (Li,0), 50.0 to 80.0%, barium

“oxide (BaO) and 10.0 to 40.0%,. boron _tri-

oxide (B.0;). _ .
13. A method according to claim 9, in

" which said paste comprises, as solid ingred-

ients, 1.0 to 2.5 parts by weight of Li,O and
1.0 to 3.0 parts by weight of K,O. o

14."A method according to claim 2 or any
of the claims 3 to 13 when appendant to
~claim 2, wherein said electrodes are provided

. 15. A method according to claim 2 or any
of the claims 3 to 13 when appendant to

claim 2, wherein said electrodes are provided -

by firing a coating of conductive paint,

16. A method according to claim 2 or any
of ‘the claims 3 to 13 when appendant to
claim 2, wherein said electrodes are provided

17. A method according to claim 2 or any
of the claims 3 to 13 when appendant to
claim 2, including attaching electric terminal
means to said electrodes. :

18. A method according to claim_ 17, and'

_including attaching lead wires to said elec-
trodes by solder or conductive adhesive.
19. A method of making an electrical re-

sistor in accordance with any of the Examples

-herein given. .
-20. A ‘method of making an electrical re-
sistor substantially as herein ' described.
21. A sintered body including zinc oxide
having an

or both diffused into a surface. thereof to a
depth of at least 0.01 mm. - ¥

22. A sintered body including zinc oxide

having an inherent non-linear resistance char-

acteristic, electrodes upon two spaced surfaces -

of said body, and ions of lithium or sodium

inherent non-linear ~ resistance -
. characteristic, and ions of lithium or sodium

body. .

23. A body according to claim 22, wherein
said spaced surfaces are generally parallel
and said further surface is a surface extending
substantially between said spaced surfaces.

24."A body according to claim 23, wherein

- said spaced surfaces are flat and parallel, and

said further surface is a surface of the body

or both diffused into a further surface of said

50

55

substantially completely peripheral of the body *

- ‘between the spaced surfaces,

25. A body according to any of claims 22
to 24, wherein said body is a rod or disc,
and the electrodes are provided on the end
surfaces of the rod or.on major surfaces of
the disc. =~ o .

26. A body according to any of claims 22
10 24, wherein said body is platelike and said
electrodes are provided ‘on the major parallel
surfaces of the body. _

27. A body according to any of claims 21
to 26, in-which said body comprises, as a

" major part, 99.9 to 80.0 mol percent of zinc
oxide, and, as additives, 0.05.to 10.0 mol per- -

cent bismuth oxide (Bi,Os) and a total of
0.05 to 10.0 mol percent of at least one mem-

" ber selected from the group consisting of
‘cobalt oxide (CoO), manganese oxide (MnO),

antimony oxide (Sb,0,), barium oxide (BaO),
strontium oxide (SrO) and lead oxide (PbO).

28. A body according to any of the claims
21 to 27, wherein said jons are diffused into

said sintered body to a depth of more than.
- 001 mm. - - '

29. A body of material in accordance with

any of the Examples herein.

30. A body of material in accordance with
claim 22 or any of the claims appendant
thereto with electric terminal means attached
to said electrodes.

31. A varistor substantially as described.
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