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57 ABSTRACT 
The invention relates to voltage-nonlinear resistors 
having nonohmic resistance due to the bulk thereof 
and more particularly to varistors, which utility as 
surge absorbers and D.C. stabilizers, comprising zinc 
oxide, bisumuth oxide, cobalt oxide, boron trioxide 
and at least one member selected from the group con 
sisting of magnesium oxide, calcium oxide, barium 
oxide and strontium oxide. 
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1. 

WOLTAGE-NONLINEAR RESISTORS. 
Various voltage-nonlinear resistors such as silicon 

carbide varistors, selenium rectifiers and germanium or 
silicon p-n junction diodes have been widely used for 
stabilization of voltage of electrical circuits or suppres 
sion of abnormally high surge induced in electrical cir 
cuits. The electrical characteristics of such nonlinear 
resistors are expressed by the relation: 

= (VIC) . 
(l) 

where V is the voltage across the resistor, I is the cur 
rent flowing through the resistor, C is a constant corre 
sponding to the voltage at a given current and exponent 
n is a numerical value greater than 1. The value of n is 
calculated by the following equation: 

in F log10(2/1)/log (V/V) 
(2) 

where V and V are the voltages at given currents I 
and I, respectively. The desired value of C depends 
upon the kind of application to which the resistor is to 
be put. It is ordinarily desirable that the value of n be 
as large as possible since this exponent determines the 
extent to which the resistors depart from ohmic charac 
teristics. 
Nonlinear resistors comprising sintered bodies of 

zinc oxide with or without additives and non-ohmic 
electrode applied thereto, have already been disclosed 
as seen in U.S. Pat. Nos. 3,496.5:12, 3,570,002, 
3,503,029 and 3,689,863. The nonlinearity of such va 
ristors is attributed to the interface between the sin 
tered body of zinc oxide with or without additives and 
silver paint electrode, and is controlled mainly by 
changing the compositions of said sintered body and 
silver paint electrode. Therefore, it is not easy to con 
trol the C-value over a wide range after the sintered 
body is prepared. Similarly, in varistors comprising ger 
manium or silicon p-n junction diodes, it is difficult to 
control the C-value over a wide range because the non 
linearity of these varistors is not attributed to the bulk 
but rather to the p-n junction. In addition, it is almost 
impossible for those zinc oxide varistors mentioned 
above and germanium or silicon diode varistors to ob 
tain the combination of C-value higher than 100 volt, 
n-value higher than 10 and high surge resistance tolera 
ble for surge more than 100Ap. 
On the other hand, the silicon carbide varistors have 

nonlinearity due to the contacts among the individual 
grains of silicon carbide bonded together by a ceramic 
binding material, i.e. to the bulk, and C-value is con 
trolled by changing a dimension in the direction in 
which the current flows through the varistors. In addi 
tion, the silicon carbide varistors have high surge resis 
tance thus rendering them suitable as surge absorbers. 
The silicon carbide varistors, however, have a relatively 
low n-value ranging from 3 to 7 which results in poor 
surge suppression as well as poor D.C. stabilization. 
Another defect of the silicon carbide varistor as a D.C. 
stabilizer is their change in C-value and n-value during 
D.C. load application. 
There have been known, on the other hand, voltage 

nonlinear resistors of bulk type comprising a sintered 
body of zinc oxide with additives, as seen in U.S. Pat. 
Nos. 3,663,458, 3,632,529, 3,634,337, 3,598,763, 
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2 
3,682,841, 3,642,664, 3,658,725 and 3,687,871, and 
U.S. Patent copending application No. 29,416. These 
Zinc oxide varistors contain, as additives, one or more 
combinations of oxides or fluorides of bismuth, cobalt, 
manganese, barium, boron, magnesium, calcium, stron 
tium, titanium, antimony chromium and nickel, and are 
controllable in C-value by changing the distance he 
tween electrodes and have an excellent nonlinear prop 
erty in an n-value. The power dissipation for surge en 
ergy, however, shows a relatively low value compared 
with that of the conventional silicon carbide varistor, so 
that the change rate of C-value exceeds 20 percent 
after two standard surges of 8 x 20 pulsec wave form in 
a peak current of 500A/cm are applied to said zinc 
oxide varistors of bulk type. Another defect of these 
zinc oxide varistors of bulk type is in their poor stability. 
for D.C. load, particularly in their remarkable de 
creases of C-value measured in a low current region 
such as 0.1 mA and 0.01 mA after applying high D.C. 
power. This deterioration in the C-value is unfavorable 
for a voltage stabilizer which devices require high accu 
racy and low loss. 
An object of the present invention is to provide a 

voltage-nonlinear resistor having high n-value, high 
power dissipation for surge energy and high stability for 
D.C. load even in a range of current less than 
0.1 mA/cm'. 
This object of the invention will become apparent 

upon consideration of the following description taken 
together with the accompanying drawing in which the 
FIGURE is a cross-sectional view through a voltage 
nonlinear resistor in accordance with the invention. 
Before proceeding with a detailed description of the 

voltage-nonlinear resistor contemplated by the inven 
tion, its construction will be described with reference 
to the aforesaid figure of drawing wherein reference 
character 10 designates, as a whole, a voltage 
nonlinear resistor comprising, as its active element, a 
sintered body having a pair of electrodes 2 and 3 in an 
ohmic contact applied to opposite surfaces thereof. 
Said sintered body 1 is prepared in a manner hereinaf. 
ter set forth and is any form such as circular, square or 
rectangular plate form. Wire leads 5 and 6 are attached 
conductively to the electrodes 2 and 3, respectively, by 
a connection means 4 such as solder or the like. 
A voltage-nonlinear resistor according to the inven 

tion comprises a sintered body of a composition com 
prising, as an additive, 0.01 10.0 mole percent of bis 
muth oxide (BiO3), 0.01 to 10 mole percent of cobalt 
oxide (CoO), 0.01 to 5.0 mole percent of boron triox 
ide (BO) and 0.01 to 5.0 mole percent of at least one 
member selected from the group consisting of magne 
sium oxide (MgO), calcium oxide (CaO), barium oxide 
(BaO), strontium oxide (SrO) and the remainder of 
zinc oxide (ZnO) as a main constituent, and electrodes 
applied to opposite surfaces of said sintered body. Such 
a voltage-nonlinear resistor has non-ohmic resistance 
due to the bulk itself. Therefore, its C-value can be 
changed without impairing the n-value by changing the 
distance between said opposite surfaces. According to 
the invention, said resistor has high n-value and high 
stability for D.C. load. 
The higher stability with respect to D.C. load and 

surge pulses can be obtained when said additive con 
sists essentially of 0.1 to 3.0 mole percent of bismuth 
oxide (BiO3), 0.1 to 3.0 mole percent of cobalt oxide 
(CoO), 0.01 to 5.0 mole percent of boron trioxide 
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(BO) and 0.01 to 5.0 mole percent of at least one 
member selected from the group consisting of magne 
sium oxide (MgO), calcium oxide (CaO), barium oxide 
(BaO) and strontium oxide(SrO). 

It has been discovered according to the present in 
vention that the higher n-value and higher stability with 
respect to D.C. load and surge power can be obtained 
when said additive consists essentially of 0.1 to 3.0 
mole percent of bismuth oxide (BiO), 0.1 to 3.0 mole 
percent of cobalt oxide (CoO), 0.01 to 5.0 mole per 
cent of boron trioxide (BO), 0.01 to 5.0 mole percent 
of at least one member selected from the group consist 
ing of magnesium oxide (MgO), calcium oxide (CaO), 
barium oxide (BaO) and strontium oxide (SrC), and 
0.1 to 3.0 mole percent of manganese oxide (MnO). 
According to the present invention, the n-value and 

stability with D.C. load and surge power can be further 
improved and the C-value can be controlled when said 
additive consists essentially of 0.1 to 3.0 mole percent 
of bismuth oxide (BiO3), 0.1 to 3.0 mole percent of co 
balt oxide (CoO), 0.01 to 5.0 mole percent of boron 
trioxide (BO) and 0.01 to 5.0 mole percent of at least 
one member selected from the group consisting of mag 
nesium oxide (MgO), calcium oxide (CaO), barium 
oxide (BaO) and strontium oxide (SrC)), 0.1 3.0 mole 
percent of manganese oxide (MnO) and one member 
selected from the group consisting of 0.05 to 3.0 mole 
percent of antimony oxide (SbO3) and 0.1 to 3.0 mole 
percent of titanium oxide (TiO). The addition of anti 
mony oxide increases the C-value of the resultant volt 
age-nonlinear resistor and the addition of titanium 
oxide lowers the C-value of the resultant voltage non 
linear resistor. 
According to the present invention, the stability with 

D.C. load and the stability for surge pulses can be re 
markably improved when said sintered body comprises, 
as a main constituent, zinc oxide (ZnO) and, as an ad 
ditive, 0.1 to 3.0 mole percent of bismuth oxide 
(BiO), 0.1 to 3.0 mole percent of cobalt oxide 
(CoO), 0.1 to 3.0 mole percent of manganese oxide 
(MnO), 0.01 to 5.0 mole percent of boron trioxide 
(BO), 0.1 to 3.0 mole percent of titanium oxide 
(TiO), at least one member selected from the group 
consisting of 0.01 to 3.0 mole percent of chromium 
oxide (CrO3) and 0.1 to 3.0 mole percent of nickel 
oxide (NiO), and 0.01 to 5.0 mole percent of at least 
one member selected from the group consisting of mag 
nesium oxide (MgO), calcium oxide (CaO), barium 
oxide (BaO) and strontium oxide (SrC). 
The sintered body I can be prepared by a perse well 

known ceramic technique. The starting materials in the 
compositions in the foregoing description are mixed in 
a wet mill so as to produce homogeneous mixtures. The 
mixtures are dried and pressed in a mold into desired 
shapes at a pressure from 50 Kg/cm to 500 Kg/cm'. 
The pressed bodies are sintered in air at 1,000 to . 
1,450°C for 1 to 20 hours, and then furnace-cooled to 
room temperature (about 15°C to about 30°C). The 
mixtures can be preliminarily calcined at 700 to 
1,000°C and pulverized for easy fabrication in the sub 
sequent pressing step. The mixture to be pressed can be 
admixed with a suitable binder such as water, polyvinyl 
alcohol, etc. It is advantageous that the sintered body 
be lapped at the opposite surfaces by abrasive powder 
such as silicon carbide in a particle size of 50p in mean 
diameter to 1 () u in mean diameter. The sintered bodies 
are provided, at the opposite surfaces thereof with elec 
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4 
trodes in any available and suitable method such as sil 
ver painting, vacuum evaporation or flame spraying of 
metal such as Al, Zn, Sn etc. 
The voltage-nonlinear properties are not practically 

affected by the kind of electrodes used, but are affected 
by the thickness of the sintered bodies. Particularly, the 
C-value varies in proportion to the thickness of the sin 
tered bodies, while the n-value is almost independent 
of the thickness. This surely means that the voltage 
nonlinear property is due to the bulk itself, but not to 
the electrodes. 
Lead wires can be attached to the electrodes in a per 

se conventional manner by using conventional solder. 
it is convenient to employ a conductive adhesive com 
prising silver powder and resin in an organic solvent in 
order to connect the lead wires to the electrodes. Volt 
age-nonlinear resistors according to this invention have 
a high stability to temperature, for the D.C. load test, 
which is carried out by applying a rating power of 1 
watt at 70°C ambient temperature for 500 hours, and 
for the surge test, which is carried out by applying surge 
wave form of 8 x 20pusec, 500A/cm. The n-value do 
not change remarkably after the heating cycles, the 
load life test, humidity test, and surge test. Particularly, 
the C-value and n-value do not change so much even 
in a region of the current less than 0.1 mA after DC. 
load life test. It is advantageous for achievement of a 
high stability with respect to humidity that the resultant 
voltage-nonlinear resistors be embedded in a humidity 
proof resin such as epoxy resin and phenol resin in a 
perse well known manner. Presently preferred illustra 
tive embodiments of the invention are as follows. 

EXAMPLE 1 
Starting material composed of 97.0 mole percent of 

zinc oxide, 1.0 mole percent of bismuth oxide, 1.0 mole 
percent of cobalt oxide, and 0.5 mole percent of boron 
trioxide and 0.5 mole percent of magnesium oxide is 
mixed in a wet mill for 24 hours. The mixture is dried 
and pressed in a mold into discs of 17.5mm in diameter 
and 7mm in thickness at a pressure of 250 Kg/cm. 
The pressed bodies are sintered in air at the condition 

shown in Table 1, and then furnace-cooled to room 
temperature. The sintered body is lapped at the oppo 
site surfaces thereof into the thickness shown in Table 
by silicon carbide abrasive in particle size of 30 u in 

mean diameter. The opposite surfaces of the sintered 
body are provided with a spray metallized film of alu 
minum in a per se well known technique. 
The electric characteristics of resultant sintered body 

are shown in Table l, which shows that the C-value va 
ries approximately in proportion to the thickness of the 
sintered body while the n-value is essentially indepen 
dent of the thickness. It will be readily realized that the 
voltage-nonlinear property of the sintered body is at 
tributed to the sintered body itself. 

EXAMPLE 2 

Zinc oxide and with additives listed in Table 2 are 
fabricated into voltage-nonlinear resistors by the same 
process as that of Example 1. The thickness is 1.0 mm. 
The resulting electrical properties are shown in Table 
2, in which the value of n are the n-values defined be 
tween 0.1 mA and 1 mA. The test is carried out by ap 
pling D.C. load of l watt at 70°C ambient temperature 
for 500 hours. It can be easily understood that the com 
bined addition of bismuth oxide, cobalt oxide, boron 
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trioxide and one member selected from the group con 
sisting of magnesium oxide, calcium oxide, barium 
oxide and strontium oxide, as additives shows the high 
n-value and small change rates. 

EXAMPLE 3 

Zinc oxide and additives of Table 3 are fabricated 
into the voltage-nonlinear resistors by the same process 
as that of Example 2. The electrical properties of the 
resultant resistors are shown in Table 3. The change 
rates of C and n values after D.C. load and impulse test 
are also shown in Table 3. The impulse test is carried 
out by applying two impulses of 8 x 20 sec, 500A, and 
D.C. load life test is carried out by the same method as 
that of Example 2. It will be readily realized that the 
further addition of manganese oxide results in the 
higher n-value and smaller change rates than those of 
Example 2. 

EXAMPLE 4 

Zinc oxide and additives of Table 4 are fabricated 
into the voltage-nonlinear resistors by the same process 
as Example 2. The electrical characteristics of resulting 
resistors are shown in Table 4. It will be easily under 
stood that the further addition of one member selected 
from the group consisting of antimony oxide and tita 
nium oxide results in the higher n-value and smaller 
change rates than those of Example 3. The change rates 
of C and n values after D.C. and impulse test carried 
out by the same method as that of Example 3 are also 
shown in Table 4. 

EXAMPLE 5 

Zinc oxide and additives of Table 5 are fabricated 
into the voltage-nonlinear resistors by the same process 
as Example 2. The electrical characteristics of resultant 
resistors are shown in Table 5. It will be easily under 
stood that the further addition of nickel oxide and 
chromium oxide results in the higher n-value and 
smaller change rates than those of Example 4. The 
change rates of C and n values after D.C. test and im 

Additives (mole %) 

BiO Co0. 

0.0 3.0 
0. 3.0 
1.0 3.0 
3.0 3.0 
10.0 3.0 
3.0 0,0t 
3.0 0. 
30 .0 
3.0 3.0 
3.0 0.0 
3.0 3.0 
3.0 3.0 
3.0 3.0 
3.0 3.0 
3.0 3.0 
3.0 3.0 
3.0 3.0 
3.0 3.0 
BiO CoO 
0.0 3.0 
0. 3.0 
1.0 3.0 
3.0 3.0 
0.0 3.0 
3.0 0.0 

2 3 

6 
pulse test carried out by the same method as those of 
Example 3 are also shown in Table 5. 

EXAMPLE 6 

The resistors of Example 2,3,4 and 5 are tested in ac 
cordance with a method widely used in the electronic 
component parts. The heating cycle test is carried out 
by repeating five times the cycle in which said resistors 
are kept at 85°C ambient temperature for 30 minutes, 
cooled rapidly to -20°C and then kept at such tempera 
ture for 30 minutes. The humidity test is carried out at 
40°C and 95 percent relative humidity for 1,000 hrs. 
Table 6 shows the average change rates of C-value and 
n-value of resistors after heating cycle test and humid 
ity test. It is easily understood that each sample has a 
small change rate. 

Table 6 

Heating Cycle Test (%) Humidity Test (%) 

Sample No. 
C C 

Example 2 -4.9 -6.5 -5.2 -6.8 
Example 3 -2.8 -5.7 -3.7 -54 
Example 4 -1.8 -3.9 - -37 
Example 5 -() -2.5 -().8 -2.2 

Table l 

Thickness C Sintering 
(mm) (at ma) 2 Condition 

initial (5) 68() 24 1200°C, 5 Hours 
2 275 24 do. 

35 23 do. 
().5 68 23 do. 

initial (5) 6()() 24 1350°C. Hour 
2 24() 24 d(). 
l 120 23 do. 

().5 () 23 do. 

initial (5) 850 23 ()()0°C, 20 Hours 
2 330 23 do. 

7() 23 do. 
().5 85 23 do. 

Table 2 

Electrical Properties Change Rate after 
of Resultant Resistor Test (%) 

C 
BO MgO at mA at 0.01 

mA 

0.5 57 20 -4.3 -4.3 
0.5 79 20 -2.6 -2.1 
0.5 33 23 -2.4 -2.3 
0.5 4 22 -2.5 -2.4 
0.5 149 22 -4.9 -4.4 
0.5 69 18 -4.8 -4.5 
0.5 125 20 -2.4 -2.2 
0.5 29 22 -2. -2.3 
0.5 137 20 -2.7 -2.6 
0.5 58 19 -49 -50 

l 0.5 17 25 -2.9 -2.5 
6.5 125 23 -2.7 -2.4 
0.5 123 26 -2.3 -2.4 
0.5 42 27 -2.6 -2.5 
0.01 137 25 -2.8 -29 
0. 126 23 -2.7 -2.2 
1.0 22 23 -2.6 -24 
50 106 25 -2.7 -2.4 
CaO 
0.5 58 19 -4.2 -4.2 
0.5 : 78 2 -2.5 -2.2 
0.5 134 22 -2.3 -2.2 
0.5 42 22 -2.4 -25 
0.5 48 23 -4. -45 
0.5 70 17 -4.7 -4.4 
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Table 2- Continued 

e Rate after 
st (%) Chart e perties 

Resistor 
Electrical Pro 
of Resultant 

Additives (mole %) 

rº. r + + – + r, en só oo en en unun <+ v^ o^ ~ ~ un in os en on r, so oo oo un c t, in ºn en os <> oo <+ en tº • • c <r r~ • <+ <+ c 

Table 3 

Electrical Properties of Change Rate after 
Impulse Test (%) 

Change Rate after 
DC Life Test (%) Resultant Resistor 

Additives (mole %) 

Further 
additives 

C 
at 0.005mA 

c at a given 
current of mA 

BO, MnO Co,0s BiO 

| | | | | | | | | 

| | | | | | | | | | | 

<s> oo, cº º co so po tra sº co co º, o city r^ c <> º 

| | | | | | | | | | 
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Table 3 - Continued 

at 0.005mA 
c at a given 

current of 1 mA 
Further 
additives 

BO MnO Co0. BO 

| | | | | | | | | o o cºn o o en o o en 

Table 4 

Electrical 
Properties of 
Resultant 
Resistor Additives (mole %) 

at 
0.002mA 

at 
1mA 

Further 
Additives Co,0s B.0 Mno Sb,0s TiO, BiO 

| | | | | | | | | 

MgO 0 
MgO 0 

| | | | | | | | | | 

| | | | | | | | | | | 

| | | | | | | | | | | | | | | | | | | | 

| | | | | | | | | | | | 

BaO 0 
BaO 0 
BaO 0 
BaO 
BaO 
BaO 
BaO 
BaO 
BaO 

| | | | | | | | | | 

| ' | | | | | | | | | | 

| | | | | | | | | | | 

| | | | | | | | | | 
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tinued. Table 4-Continu 

Change Rate 
after Impulse 
Test (%) 

Rate after 
DC Life Test (%) 

Change perties of 
Electrical 
Resultant 
Resistor 

Pro 

Additives (mole %) 

Cat 
0.002mA 

c at 
mA 

Further 
Additives 

Co0, BO, MnO SbO, TiO, BiO, 

2 
1 

-- 

| | | | | | | | | | 

| | | | | | - | | | | | 

, - - - vry vry ur, e º <> 

-10 
-10 
-0 
-11 
-10 
-10 
-1 
-1 
-1 

SrO 

– – – un œ, , <> <> o <c <=> <=> • • • • • •, en en • • • • • • • • • 

| | | | | | | | | '' 

TABLE 5 

Change rate 
after impulso 
tost (percent) Additives (mole percent) 

Furthor AC at 
additives Atlma. in 0.001 ma. A. AC NiO CrO3 303 MO TiO2 (0.03 13(). 

| | | | | | | | | | | | | 

| | | | I || 1 || || 

-------- CaO 

| | | 
w 4 × 4 r + ~ ~ ~$ 

| | | | 1, | | | | | 
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TABLE 5-Continued 
14 

Electrical Change rate Change rate 
properties of after DC life after impulse 

Additives (mole percent) resultant resistor test (percent) test (percent) 
Further Acat 

BiO3 Co2O3 MnO TiO2 B2O3. NiO Cr2O3 additives At ima.c 0.001 ma. A72 Ac An 
0, 5 0,5 0,5 1,0 1.0 -------- 3.0 MgO 1.0 26 33 -2.5 -2, 0 -2.6 -4.0 
3,0 3.0 3,0 3.0 3.0 --- 0.01 MgO 3.0 32 3. -2, 6 -1.7 -2.6 -4.4 
3. () 3,0 3.0 3.0 3.0 --- 0.5 MgO 3.0 33 35 -2, 4 - 8 -2.5 -4.5 
3,0 3.0 3,0 3,0 3,0 3.0 MgO 3.0 49 36 -2.4 -1.9 -2.4 -4, 0 

0.1 0.1 0.1 0.1 0. 0.01 CaO 0.01 8 31 -2.6 -2.1 -2.3 -4.3 
(), 0.1 0. 0. 0.1 0, 5 CaO 0.01 1. 30 -2.3 -2.0 -2. -4, 
(), 1. 0.1 0, 1 0, 0.1 3, 0, CaO 0, 01 2. 32 -2, 3 -2.0 -2.2 -4. 
0.5 (), 5 (), 5 1.0 O 0, 0, CaO 1.0 12 30 -2.3 -18 -2.2 -4.1 
0.5 0.5 0.5 1.0 10 0.5 CaO 1.0 13 32 -2, 6 -1.9 -2.1 -40 
(), 5 0.5 0.5 1.0 ... O 3.0 CaO. 1.0 27 34 -2.4 -1, 9 -2.5 -4.9 
3, () 3.0 3.0 3.0 3.0 0.01 CaO. 3.0 31 32 -2.5 -1.8 -2.5 -4.5 
3.0 3.0 3.0 3.0 3.0 0.5 CaO 3.0 34 35 -2,3 -1.7 -2.4 -4, 4 
3.0 3.0 3, 3.0 3.0 3,0 CaO. 3.0 48 36 -2,3 -2.0 -2, 3 -4, 1 

0, 1 (). 0, 1 0.1 0.1 0.01 BaO 0, 01 7 29 -2.8 -2.3 -3, 5 -4.5 
(), 1 (, i.0 0 1 0, . 0.5 BaO 0.01 9 29 -2.6 -2.3 -3.4 -4.4 
(), 1 (), . (3 0, 1 0. 3.0 Ba0 0.0 20 80 -2.5 -2.2 -3, 4 -4.3 
(), (). (), 5 , () . () (), 0 () () O 29 -2, -2.1 r-3.5 -4.4 
(), . (), 5 1. () ..) (), 5 30 , () 12. 30 -2.8 -2.1 -3.3 -4.2 
(), 5 . (), 1,0) ... ( . 3, () BaO () 25 33 -2.7 -2.2 -3.8 -5.7 
3. () 3. 3. () 3. () 3. () - ().01 3.0 3. () 30 3) -2.7 -2.0 -3.7 -4.7 
3.) 3.0 3. () 3. () 3.0 - 0,5 BaO 3.0 32 34 -2.6 -2.0 -3.7 -4.2 
3. () 3.0 3.0 3.0 3.0 -------- 3.0 BaO 3.0 47 34 -2.5 -2.2 -3.5 -4.3 

0. 0, 1 0, 0, 1 0.1 0.01 Sr0 0.01 7 29 –2. 5 -2.2 -3.2 -4, 4 
0, 0. 0, (), 0, 0,5 SO 0.0 0 30 -2. 4 -2.1 -3.2 -42 
0. 0. 0.1 0, 1 0, 3.0. Sr0 0.01 20 30 -2.2 -2. -3, 1 -42 
0.5 0,5 0,5 1, 0 , 0 0.01 SrO 1.0 30 -2.4 -19 -3.3 -42 
0,5 0.5 0.5 1.0 1,0 0.5 SrO 1.0 12 30 -2.5 -2.0 -3.0 -4, 
0.5 0.5 0.5 1.0 1,0 3.0 SrO 1.0 26 34 -2, 5 -2.0 -3, 6 -5.0 . 
3.0 3,0 3.0 3.0 3.0 0.0 Sr0 3.0 30 30 -2, 4 -1. -3.4 -4, 6 
3,0 3.0 3.0 3.0 3.0 0.5 SO 3,0 33 35 -2.4 -1.8 -3, 5 -45 
3.0 3,0 3.0 3,0 3,0 3.0 STO 3.0 47 34 -2.2 -2. -3.2 -4.2 

0,1 0. 0.1 0.1 0.1 0.1 0.01 MgO 0.0 12 35 -1, 9 -2.0 -1.2 -1.0 
0, 1 0.1 0.1 0, 0.1 0.1 0.5 MgO 0.01 18 37 -1.8 -2.0 -1. - 9 
0. 0, 0,1 0,1 0.1 0.1 3.0 MgO 0, 01 32 38 -1.8 - 9 -1.0 -9 
0.5 0, 5 0.5 1.0 10 0.5 0.01 MgO 1.0 14 34 -1.8 -1, 9 -1,2 -1.8 
0,5 0.5 0.5 , 0 1.0 0.5 0.5 MgO 1,0 19 36 -, 7 -19 -0.6 -0.8 
0.5 0.5 0.5 1.0 ... O 0.5 3.0 MgO 1.0 35 37 -1.5 -.8 -1, 1 -. 
3.0 3,0 3.0 3.0 3.0 3.0 3.0 MgO 3.0 28 36 -1.9 -1.9 -1.3 -1, 6 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 MgO 3.0 35 37 -1.8 -1.8 -1. -1.5 
3.0 3.0 3.0 3.0 3.0 3,0 3.0 MgO 3.0 49 38 -1, 6 -1.8 -1, 0 -, 5 

0.5 0.5 0.5 1.0 1.0 0.5 0.01 CaO . 0 15 34 -1, 9 -2.0 -1.4 -1. 
0.5 0.5 0.5 1.0 1.0 0.5 0.5 CO , 0 20 35 -1. 9, -2, i -1.0 -0.) 

0.5 0.5 0.5 1.0 ... O 0.5 3.0 CaO. 1.0 37 35 -1.7 -1.8 -1,2 -1.3 

0.5 0.5 0.5 1.0 1,0 0.5 0.5 BaO 1.0 2. 36 -1.9 -2.2 -0, 7 -1.2 

0.5 0.5 0.5 1.0 , 0 0.5 0,5 SrO 1.0 23 37 -2.1 -2.3 -0, 8 -0, 7 

0.5 0.5 0.5 1.0 1.0 0.5 0.5 BaO 1, 0 25 35 -1.7 -1.8 -0.7 -0.9 
; Sr0 1. () 

(), 5 0.5 0.5 , 0 1.0 0.5 - 0.5 CaO 1,0 27 37 -1, 5 -1.7 -0.6 -0, 8 
. . . " MgO 1.0 

0.5 0.5 0.5 1.0 1.0 0.5 0.5 SrO 1.0 25 36 -1.4 -1.5 -0, 6 -0.9 
MgO 1, 0 

0.5 0.5 0.5 , 0 10 0.5 0, 5 CaO. , 0 27 36 -1, 4 - 5 -0.5 -0.9 
BaO 1, 0 

0.5 0.5 0.5 1.0 1.0 0.5 0.5 BaO 1.0 29 37 -13 -1, 4 -0.5 -0, 8 
MgO 1,0 

0.5 0.5 0.5 1.0 , 0 0,5 0,5 SO 1.0 30 37 -1.2 -1.4 -0.5 -0.8 
CaO 1.0 

0.5 0.5 0.5 1.0 , 0. 0.5 0, 5 BaO 0.5 33 40 -0.5 -0.7 -0.5 -0.6 
CaO 0.5 
SO 0.5 
MgO 0.5 

What we claim is: 
1. A voltage-nonlinear resistor of the bulk type com 

prising a sintered body consisting essentially of, as a 
major part, zinc oxide (ZnO) and, as an additive, 0.01 
to 10.0 mole percent of bismuth oxide (BiO3), 0.01 to 
10.0 mole percent of cobalt oxide (CoOa), 0.01 to 5.0 
mole percent of boron trioxide (BOa) and 0.01 to 5.0 
mole percent of at least one member selected from the 
group consisting of magnesium oxide (MgO), calcium 
oxide (CaO), barium oxide (BaO) and strontium oxide 
(SrO) and electrodes in contact with said body. 

2. Voltage-nonlinear resistor according to claim 1, 
wherein said additive consists essentially of 0.1 to 3.0 
mole percent of bismuth oxide (BiO), 0.1 to 3.0 mole 
percent of cobalt oxide (CoO), 0.01 to 5.0 mole per 

cent of boron trioxide (B.O) and 0.01 to 5.0 mole per 
cent of at least one member selected from the group 
consisting of magnesium oxide (MgO), calcium oxide 
(CaO), barium oxide (BaO) and strontium oxide 
(SrO). 

3. Voltage-nonlinear resistor according to claim 2, 
60 wherein said sintered body further includes, as an addi. 

tive, 0.1 to 3.0 mole percent of manganese oxide 
(MnO). - 

4. Voltage-nonlinear resistor according to claim 3, 
wherein said sintered body further includes, as an addi 

65 tive, one member selected from the group consisting of 
0.05 to 3.0 mole percent of antimony oxide (SbOa) 
and 0.1 to 3.0 mole percent of titanium oxide (TiO). 

5, Voltage-nonlinear resistor according to claim 3, 

  



15 
wherein said sintered body further includes, as an addi 
tive, 0.1 to 3.0 mole percent of titanium oxide (TiO) 
and at least one member selected from the group con 
sisting of 0.01 to 3.0 mole percent of chromium oxide 

3,863, 193 
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rcent of nickel oxide 


