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{57] ABSTRACT

A voltage dependent resistor in a bulk type comprising
a sintered body consisting essentially of, as a major
part, zinc oxide (ZnO) and as an additive, 0.05 to 20.0
mole percent of silicon dioxide (SiO;) and 0.05 to
10.0 mole percent, in total, of at least one member se-
lected from the group consisting of bismuth oxide
(Bi;O;), cobalt oxide (CoO), manganese oxide
(MnO), barium oxide (BaQ), strontium oxide (SrO),
and lead oxide (PbO), and electrodes in contact with
the body.

6 Claims, 1 Drawing Figure
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1

VOLTAGE NONLINEAR RESISTORS

This invention relates to voltage dependent resistors
having non-ohmic resistance due to the bulk thereof
and more particularly to varistors comprising zinc
oxide and silicon dioxide.

Various voltage dependent resistors such as silicon
carbide varistors, selenium rectifiers and germanium or
silicon p-n junction diodes have been widely used for
stabilization of voltage or current of electrical circuits.
The electrical characteristics of such a voltage depen-
dent resistor are expressed by the relation:

I=(v/io)y

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:

n = [logio(Lo/11)]/{10g1o(V>/V1)]

where V, and V, are the voltages at given currents I,
and I, respectively. The given currents of I, and I, are
conveniently set up to 0.1mA and 1mA, respectively.
The desired value of C depends upon the kind of appli-
cation 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 resis-
tors depart from ohmic characteristics.

Voltage dependent resistors comprising sintered bod-
ies of zinc oxide with or without additives and silver
paint electrodes applied thereto, have previously been
disclosed. The non-linearity of such varistors is attrib-
uted to the interface between the sintered body of zinc
oxide with or without additives and the 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 control the C-
value over a wide range after the sintered body is pre-
pared. Similarly, in varistors comprising germanium 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 to the
p-n junction. On the other hand, thd silicon carbide va-
ristors have non-linearity due to the contacts among
the individual grains of silicon carbide bonded together
by a ceramic binding material, i.e. to the bulk, and the
C-value is controlled by changing a dimension in the
direction in which the current flows through the varis-
tors. The silicon carbide varistors, however, have a rel-
atively low n-value ranging from 3 to 6.

An object of the present invention is to provide a
voltage dependent resistor having non-linearity due to
the bulk thereof and being characterized by a high C-
value, high n-value and high stability with respect to
temperature, humidity and electric load.

A further object of the present invention is to provide
a voltage dependent resistor characterized by a high re-
sistance to surge current.

The other objects of the invention will become ap-
parent upon consideration of the following description
taken together with the accompanying drawing in
which the single FIGURE is a partly cross-sectional
view through a voltage dependent resistor in accor-
dance with the invention.

Before proceeding with a detailed description of the
voltage dependent resistors contemplated by the inven-
tion, their construction will be described with reference
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2

to the aforesaid figure of drawing wherein reference
character 10 designates, as a whole, a voltage depen-
dent resistor comprising, as its active element, a sin-
tered body having a pair of electrodes 2 and 3 applied
to opposite surfaces thereof. Said sintered body 1 is
prepared in a manner hereinafter set forth and is in 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 dependent resistor according to the inven-
tion comprises a sintered body of a composition con-
sisting essentially of, as a major part, zinc oxide (ZnO)
and, as an additive, 0.05 to 20.0 mole percent of silicon
dioxide (SiO;) and 0.05 to 10.0 mole percent, in total,
of at least one member selected from the group consist-
ing of bismuth oxide (Bi;O;), cobalt oxide (CoO), man-
ganese oxide (MnO), barium oxide (BaO), strontium
oxide (SrO) and lead oxide (PbO) and electrodes in
contact with said body.

The higher n-value can be obtained when said addi-
tive consists essentially of 0.1 to 10 mole percent of sili-
con dioxide (SiO;) and 0.1 to 3.0 mole percent, in to-
tal, of at least one member selected from the group
consisting of bismuth oxide (Bi;O;), cobalt oxide
(Co00), manganese oxide (MnQ), barium oxide (BaO),
strontium oxide (SrO) and lead oxide (PbO).

Table 1 shows the optimal compositions of said addi-
tive for producing a voltage dependent resistor having
high n-value, high C-value, high stability with respect
to temperature, humidity, electric load and high resis-
tance to surge current. The voltage dependent resistor
according to the present invention is particularly char-
acterized by a high resistance to surge current as shown
in the Table.

The sintered body 1 can be prepared by a per se well
known ceramic technique. The starting materials in the
compositions described in the foregoing description are
mixed in a wet mill so as to produce a homogeneous
mixture. The mixtures are dried and pressed in a mold
into the desired shape at a pressure from 100 kg/cm? to
1,000kg/cm? The pressed bodies are sintered in air at
1,000°C to 1,450°C for 1 to 10 hours, and then furnace-
cooled to room temperature (about 15° to about 30°C).

The mixture 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 sili-
con carbide having a particle size of 300 meshe to
1,500 meshe.

The sintered bodies are provided, at the opposite sur-
faces thereof, with suitable electrodes by any available
and suitable method, for example, with a spray metal-
lized film of aluminum and/or copper.

TABLE 1
[Optimal Composition of Additives (mole percont)]

Si02 Biz03 Co0O MnoO Sb203 Cra03 NiO
0.1~10 0.1~3.0 ... 0.1~3.0 (e
0.1~10 0.1~3.0 i .. 0.1~3.0 _________.
0.1~10 0.1~3.0 e 0.1~3.0
0.1~10 0.1~3.0 ____ een 0.1~3.0 0.1~3.0 ________._.
0.1~10 0.1~3.0 .. 0.1~3.0 ._________ 0.1~3.0
0.1~10 0. 1~3.0 e 0.1~3.0 0.1~3.0
0.1~10 0.1~3.0 __ 0.1~3.0 0.1~3.0 0.1~3.0
0.1~10 0.1~3.0 0.1~3 0.1~8.0 ..
0.1~10 0.1~3.0 0.1~8.0 .. 0.1~3.0 e
0.1~10 0.1~3.C 0.1~3.0 o ceceam 0.1~3.0



3,764,566

TABLE 1 — Continued
{Optimal Composition of Additives (mole percent))]

8i0s CoO MnO 8b20; Cr20;

0.1~10
0.1~10
0.1~10
0.1~10
0.1~10
0.1~10
0.1~10
0.1~10
0.1~10
0.1~10
0.1~10
0.1~10
0.1~10
0.1~10
0.1~10
0.1~10
0.1~10
0.1~10

0.1~8.0 ____.._... 0.1~3.0

bt ok et et

I

0.1~3.0
0.1~3.0
0.1~3.0
0.1~3.0

ISREN

0.1~3.0
0.1~3.0

et e et et bt oy ket
COOOOOOOOOODOO

0,1~3.0

i

e . LT

Lead wires can be attached to the electrodes in a per
se conventional manner by using conventional solder
having a low melting point. It is convenient to employ
a conductive adhesive comprising silver powder and
resin in an organic solvent in order to connect the lead
wires to the electrodes.

Voltage dependent resistors according to this inven-
tion have a high stability with respect to temperature
and in the load life test, which is carried out at 70°C at
a rating power for 1,000 hours. The n-value and C-
value do not change remarkably after heating cycles
and load life test. Similarly, voltage dependent resistors
according to this invention show a high surge resis-
tance. It is advantageous for achievement of a high sta-
bility with respect to humidity that the resultant voltage
dependent resistors be embedded in a humidity proof
resin such as epoxy resin and phenol resin in a per se
well known manner. The n-value is independent of the
thickness of the sintered body, while the C-value varies
in proportion to the thickness of the sintered body. The
variation in thé C-value with thickness of the sintered
body indicates that the nonlinearity of voltage depen-
dent resistor according to this invention is attributable
to the bulk of the sintered body itself, not to the barrier
between the electrodes and the sintered body.

Presently preferred illustrative embodiments of the
invention are as follows:

Example 1

Starting materials listed in Table 2 are mixed in a wet
mill for 5 hours. Each mixture is dried and pressed in
a mold into a disc 13mm in diameter and 2.5mm thick
at a pressure of 340 kg/cm?2

The pressed bodies are sintered in air for 1 hour at
the temperatures listed in Table 2, and then furnace-
cooled to room temperature (about 15°C to about
30°C). The sintered discs are lapped to the thicknesses
listed in Table 2 by lapping opposite surfaces thereof
with silicon carbide abrasive having a particle size of
600 meshes. The opposite surfaces of the sintered discs
are provided with a spray metallized film of aluminum
by a per se well known technique. Lead wires are at-
tached to the aluminum electrodes by means of con-
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TABLE 2
Composition of sintered body Electrical
(mol. percent) characteristics
Sinteting  Thick- ———
Further . temp. ness C (at
ZnO S8i0: additives *C.) (mm.) - lma,) n
2.0 170 6.
94.5_ .. 5 Bi:03 (0.5)-- 1,200 L5 126 6.
1.0 85 6.
2.0 205 7.
94.5 .. 5 CoO (0.5).-. 1,250 1.5 153 7.
1.0 102 7.
2.0 224 8.
94,5 _____ 5 MnO (0.5)-. 1, 250 { L5 167 8.
" L0 111 8.
2.0 340 7
045 ____ 5 BaO (0.5)... 1,300 1.5 253 7.
1.0 170 7.
2.0 300 5.
04,5 ... 5 Sr0(0.5)._- 1,250 L5 225 5.
L0 151 5.
2.0 720 5.
94.5. ... 5 Pb( (0.5)-. 1,200 1.5 540 5.
L0 3585 5.

resultant resistors are shown in Table 2. It will be
readily understood that the C-value changes in propor-
tion to the thickness of the sintered body.

Example 2

Starting materials according to Table 3 are mixed
and pressed in the same manner as that described in
Example 1.

Each pressed body is sintered in air at 1,250°C for 1
hour and then furnace-cooled to room temperature
(about 15° to about 30°C). The sintered disc is lapped
by lapping the opposite surfaces thereof with silicon
carbide abrasive having a particle size of 600 mesh.
The resulting sintered disc is 10mm in diameter; and
1.5mm in thick. The opposité surfaces of the sintered
disc are provided with a spray metallized film of alumi-
num by a per se well known technique. Lead wires are
attached to the aluminum electrodes by means of«eon-
ductive silver paint. The resultant resistors are tested in
‘accordance with a method widely used in testing elec-
tronic components parts. The load life test is carried
out at 70°C ambient temperature at 1.5 watt rating
power for 1,000 hours. The heating cycle test is carried
out by repeating 5 times a 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. Further, the impulse test is carried
out by applying 100 times 8 X 20us impulses of
1,500Ap. The electric characteristics of the resultant
resistor are shown in Table 3. It will be readily under-
stood that the high n-value, the high C-value at a given
current of 1 mA and the high stability are obtained by
the addition of silicon dioxide.

Example 3

Starting materials according to Table 4 are pressed,
fired, lapped, electrodes are attached and then the re-
sistor tested in the same manner as described in Exam-
ple 2. The electric characteristics of the resultant resis-
tors are shown in Table 4. It can be easily understood
that the resistors having the compositions of Table 4
have higher n-value, high C-value and more excellent

ductive silver paint. The electric characteristics of the 60 stability, particularly with respect to the impulse test.
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TABLE 3

Composition of sintered Electric
body (mol percent) characteristics Change rate (percent)
Load life test Heating cyele test Impulse test

C (at _

Zn0O 8102 Further additives 1ma.) n AC An AC An aC An
99. 90 0.05 Bi0; (0.05) 85 4.4 —0.3 0.3 —8.8 —9.2 —4.9
89,95 0.05 Bix0; (10) 100 43 9.7 —0.4 —9.1 0.1 -4
79,05 20 Bi:0; (0.05) 200 41 —0.6 —8.8 —0.4 0.6 —48
70.0 20 Bi:0; (10) 350 43 0.9 9.0 —89 —47

99. 8 0.1 Bi:03 (0.0) 115 58 7.3 .8 7.7 40

96.9 0.1 Bi:0: (3) 150 5.6 72 76 —10

89,9 10 Bi0; (0.1) 295 5.4 5.4 —7.2 40

87.0 10 Bi:01 (3) 270 5.4 57 —8.0 37

94,5 5 Bi:03 (0.5) 100 6.0 —5.2 —18 3.3

99. 90 0.05 CoO (0.05) 130 4.7 0.0 —8.9 —9.0 -89 4.5
89,95 0.05 CoO (10) 160 49 o1 —8.9 0.1 9.0 47
79,95 20 CoO (0.05) 390 5.0 -89 -9.0 —87 05 —45
70.0 20 CoO (10) 500 17 —9.1 —9.2 9.0 87 49

99,8 0.1 CoO (0.0) 140 6.5 -7.2 —6.3 71 ~72 -3.8

96.9 0.1 CoO (3 185 6.7 77 7.1 —7.2 —6.4 ~3.9 3.4

89.9 10 CoO (0.1) 220 5.9 —7.0 ~6.0 —6.8 —6.5 3.7 -3.7

87.0 10 CoO (3) 270 6.3 —~7.0 -75 —71 —6.8 -35 -35

945 5 CoO (0.5) 153 74 —5.0 —49 —51 —5.2 33 31

99. 90 0.05 MnoO (0.05) 190 5.2 0.1 —8.9 —9.0 —8.8 —4.8 —4.9
80,05 0.05 MnO (1) 220 5.0 —0§ 87 —8.7 -8.8 47 —48
79,95 20 MnO (0.05) 540 47 9.7 9.2 -8.8 —5.0 -47 —49
70.0 20 MnO (10) 650 49 ~89 —9.0 —0.4 95 iy 47

99,8 0.1 MnO (0.0) 220 6.5 ~7.2 37 —6.3 71 -38 —40

96,9 0.1 MnO (3) 250 6.6 —7.3 —£0 -7.0 —7.0 -37 —40

80,9 10 MnO (0.1) 380 6.5 —65 —3.6 —6.9 —6.7 -39 —3.7

87.0 10 MnO (3) 305 6.7 7.0 4.0 7.1 —6.7 -39 37

945 5 MnO (0.5) 167 8.1 =52 —5.4 ~5.3 54 —34 -33

99. 90 0.05 Ba0 (0.05) 200 4.4 —8.7 —9.0 —g.2- 9.3 —4.8 4.5
89.95 0.05 BaO (i0) 240 45 9.5 —8.8 0.2 —0.2 —47 4.9
79.05 20 Ba0 (0.05) 670 45 ~8.8 -8.8 04 —8.7 —45 47
70,0 20 Ba0 (10) 800 43 —8.9 0.2 -89 —9.2 —42 ~42

99. 8 0.1 Ba0 (0.1) 310 5.9 7.4 71 ~7.0 71 -37 —40

9.9 0.1 BaO (3) 335 5.8 7.0 -7.0 71 71 -3.5 -39

89.9 10 BaO (0.1) 415 5.7 —7.0 ~6.7 —6.4 —6.4 -3.3 —4.0

87.0 10 Bao (3) 470 5.9 —6.8 —6.6 —6.8 ~7.0 -37 -37

94.5 5 BaO (0.5) 70 7.3 414 —4.6 —5.0 —4.8 ~31 -3.5

99. 90 0.05 Sr0 (0.05) 175 4.2 —8.7 —0.4 —8.4 —0.0 —4.7 4.5
89,95 0.05 Sr0 (i0) 180 43 ~8.6 05 9.0 9.1 49 -4 7
79.95 2 SrO (0.05) 580 41 —8.9 -89 87 —8.7 —49 —49
70.0 20 Sro (10) 700 432 -82 7.7 —82 —84 45 —47

99.8 0.1 Sr0 (0.1) 200 47 —6.9 —7.0 —6.9 —6.3 —40 -3.8

96,9 0.1 $r0 (3) 300 48 ~7.1 —6.2 71 —6'5 -y -377

89.9 10 SO (0.1) 415 48 —6.3 —6.3 —6.2 —6.0 ~3.5 3.7

87.0 10 510 (@ 450 4.6 ~6.7 —6.5 —6.2 6.7 -3.8 -3.6

94,5 5 Sr0 (0.5) 225 53 45 —49 43 —42 -33 ~3.3

99.90 0.05 PbO (Vo) an 2 —9.0 =91 -88  -8.7 6 4.1
89,95 0.05 PbO (10) 0 41 —82 —0.3 I —8.8 7 —4.0
79,95 20 PhO (0.05) 1,050 41 —9.0 0.1 85 0.4 0 ~4.3
70.0 20 PbO (10) 1,200 43 0.3 —8.9 -1 1 6 —45

99.8 0.1 PbO (0.1) n 5.0 —6.4 ~7.0 6.6 3 1 —40

96, 9 0.1 PbO (3) 580 438 —6.4 6.7 6.5 .3 X -3.7

89,9 10 PbO (0.1) 690 49 —5.9 —6.0 7.1 6 8 ~3.6

87.0 0 Pbo (3) 750 5.0 —6.4 —6.7 6.4 ¥ 9 ~35

94.5 5 b0 (0.5) o 490 5.7 —4.4 —4.2 g 4 7 -32

4.0 5 {3283(505) } 150 16 -3.9 4.0 -3.8 —4.1 —3.4 —~3.2
94.0 5 {ﬁié%’ ((00'55)) } 190 18 -3.4 -3.9 —4.2 -3.6 -3.5 -3.3
4.0 5 {%j;ga(é"g) } 350 17 —3.4 ~-4.3 —3.5 —3.9 -3.7 -3.7
94.0 5 {51203, 05) b 16 —4.0 —4.7 -3.7 -4.0 -3.7 -3.3
94,0 5 {1}3{383(605?) } 400 15 41 —47 ~3.6 ~3.9 ~3.5 —3.6
94.0 5 {1\(;}‘1’1% ((%55)) } 200 16 —3.7 —4.2 —44 -3.5 -3.3 -3.4
9.0 5 {509 ity b 19 4.4 -39 -3.8 -3.7 —3.9 —3.9
94.0 5 {55 02 b0 18 -3.3 ~4.4 ~4.0 -3.8 3.4 ~3.4
94.0 5 {599 @ 3 - 18 40 4.0 3.6 -3.5 -3.5 —3.3

94,0 5 {3‘34;00 (%"55)) } 300 17 —4.4 ~5.0 -3.8 —4.5 -3.8 —3.6
94.0 5 {g%o(éos?) } 270 19 -3.8 —4.5 ~4.0 —4.5 —3.9 -3.8
94,0 5 {i‘,’lgg o 55)) } 420 15 —4.0 —4.4 —4.1 —3.9 -3.1 —3.6

94.0 5 {gra(? (5055;) } 320 16 —4.2 —3.4 -2.7 -3.1 ~3.2 ~3.9

94.0 5 {Bad Eggg b 16 —41 ~3.8 -3.8 -35 —3.4 ~3.7

94.0 5 {f’,goo“(’é% R 15 —44 ~3.9 -39 4.2 ~3.9 -3.9
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What we claim is:

1. A voltage dependent resistor of the bulk type com-
prising a sintered body consisting essentially of, as a
major part, zinc oxide (ZnO) and as an additive, 0.05
to 20.0 mole percent of silicon dioxide (SiO,) and 0.05
to 10.0 mole percent, in total, of at least one member
selected from the group consisting of bismuth oxide
(Bi;03), cobalt oxide (CoO), manganese oxide (MnO),
barium oxide (BaO), strontium oxide (SrQ), and lead
oxide (PbO), and electrodes in contact with said body.

2, A voltage dependent resistor according to claim 1,
wherein said additive consists essentially of 0.1 to 10.0
mole percent of silicon dioxide (SiO,) and 0.1 to 3.0
mole percent, in total, of at least one member selected
from the group consisting of bismuth oxide (Bi,O3), co-
balt oxide (CoO), manganese oxide (MnQ), barium
oxide (BaO), strontium oxide (SrO) and lead oxide
(Pb0).

3. A voltage dependent resistor according to claim 1
wherein said additive consists essentially of 0.1 to 10.0
mole percent of silicon dioxide (8iO;), 0.1 to 3.0 mole
percent of bismuth oxide (Bi,O3), and further contains
0.1 to 3.0 mole percent of at least one member selected
from the group consisting of antimony oxide (Sb,0j;),
chromium oxide (Cr,0;) and nickel oxide (NiO).

4. A voltage dependent resistor according to claim 1,
wherein said additive consists essentially of 0.1 to 10.0
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10

mole percent of silicon dioxide (SiQ,), 0.1 to 3.0 mole

percent of bismuth oxide (Bi,0,), and 0.1 to 3.0 mole

percent of cobalt oxide (CoQ) and further contains 0.1

to 3.0 mole percent of at least one member selected -
from the group consisting of antimony oxide (Sb,0,),

chromium oxide (cr;O;) and nickel oxide (NiO).

5. A voltage dependent resistor according to claim 1
wherein said additive consists essentially of 0.1 to 10.0
mole percent of silicon dioxide (8i0,), 0.1 to 3.0 mole
percent of bismuth oxide (Bi;O,) and 0.1 to 3.0 mole
percent of manganese oxide (MnO), and further con-
tains 0.1 to 3.0 mole percent of at least one member se-
lected from the group consisting of antimony oxide
(Sb,03), chromium oxide (Cr,O3) and nickel oxide
(NiO).

6. A voltage dependent resistor according to claim 1
wherein said additive consists essentially of 0.1 to 10.0
mole percent of silicon dioxide (SiO,), 0.1 to 3.0 mole
percent of bismuth oxide (Bi,O3), 0.1 to 3.0 mole per-
cent of cobalt oxide (CoO) and 0.1 to 3.0 mole percent
of manganese oxide (MnO), and further contains 0.1 to
3.0 mole percent of at least one member selected from
the group consisiting of antimony oxide (Sb,0,), chro-
mium oxide (Cr,03) and nickel oxide (NiO).



