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(57) ABSTRACT 
A method for manufacturing non-linear resistors com 
prising superposing several sintered wafers and apply 
ing silver electrodes to opposite surfaces of the sin 
tered wafers superposed respectively is disclosed. The 
sintered wafer, consisting essentially of iron oxide and 
copper oxide has negative resistance and also pos 
sesses such thermister constant BK and specific resis 
tance Ro KS) at 273° K as satisfy the relation BX Ro 
s 10KOK. The non-linear resistors manufactured 
by this method, based on utilization of the property of 
the contact surfaces between the sintered wafers 
superposed, have remarkably stable volt-ampere 
characteristics and are inexpensive in cost. 

2 Claims, 3 Drawing Figures 
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3,795,048 
METHOD FOR MANUFACTURING NON-LINEAR 

RESSTORS 

BACKGROUND OF THE INVENTION 

This invention relates to a novel method for manu 
facturing non-linear resistors comprising superposing 
several sintered wafers, said sintered wafer having neg 
ative resistance and also possessing the thermistor con 
stant BK and the specific resistance RKO at 273 K 
that satisfy the following relation (1): 

Rox B s 10,000K). K. . . (1) 
, and applying electrodes to opposite surfaces of said 
sintered wafers superposed respectively in a conven 
tional manner. 

In general, the relation between the resistance RK) 
at TK and the above mentioned RKS), BK of an oxide 
semiconductor is expressed by the following equation 

s 

(2): 
R = Rexp (B(1/T - 1/273)) . . . . . . . . . . 
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15 

(2) 
The equation (2), however, is not necessarily applica 
ble in any temperature range, but this invention relates 
to Ro, B in the temperature range in which the equation 
(2) is applicable. . . 
Among conventionally used non-linear resistors (the 

term “non-linear resistor" is referred to as “varistor' 
hereinafter) are silicon carbide varistors, silicon varis 
tors, barium titanate varistors and the like. 
The volt-ampere characteristic of such a varistor is 

given by the following equation (3): 
1 = lo(V/Vo)a. . . . . . . . . . . 

(3) 
where I is the current flowing through the varistor, V 
is the voltage across the varistor, Vo is the voltage ap 
plied to the opposite surfaces of the varistor at FilmA, 
that is, a threshhold voltage, and exponent or, an index 
representing non-linearity is a numerical value greater 
than 1, usually 3 ~ 5. 

Silicon carbide varistors, when made to be smaller in 
size, deteriorate the characteristics and exhibit a values 
less than 3. - . 

Silicon varistors and barium titanate varistors are 
both able to be small-sized, but are limited in uses be 
cause Vo value is only 0.5 - 1.2V. Moreover, in such a 
varistor which is based on utilization of the mutual 
contact between internal particles of a sintered body as 
silicon carbide varistors, it is difficult to completely 
control the state of said mutual contact between the 
internal particles even under the same manufacturing 
condition, consequently the product is inevitably vari 
able in the characteristic. 
We have found that the defects of the conventional 

varistors as described hereinabove is able to be over 
come by processing conventional thermister materials 
(the term "sintered oxide material' is hereinafter re 
ferred to as "thermister') so as to limit the product of 
the thermister constant B K and the specific resistance 
RKS) at 273 K thereof within a certain range. 

suMMARY OF THE INVENTION 
A primary object of this invention is to provide a 

method for manufacturing a varistor which has a re 
markably stable volt-ampere characteristic. 
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2 
Another object of this invention is to provide a 

method for manufacturing a varistor which is able to be 
small-sized. 

Still another object of this invention is to provide a 
method for manufacturing a varistor which is inexpen 
sive in cost. 
According to this invention, there is provided a 

method for manufacturing a non-linear resister com 
prising superposing several sintered wafers, said sin 
tered wafer having negative resistance and also possess 
ing the thermister constant BK and the specific resis 
tance RoK at 273K that satisfy the relation BXRo 
s 10,000 KO) K, and applying electrodes to opposite 
surfaces of said sintered wafers superposed respec 
tively. 
This invention is now explained in detail with refer 

ence to the attached drawings. 
BRIEF DESCRIPTION OF THE ATTACHED 

DRAWENGS 

FIG. 1 is a sectional view of a varistor manufactured 
by the method of this invention. 
FIG.2 shows a volt-ampere characteristic suitable for 

a varistor. . . . . . 

FIG. 3 shows a volt-ampere characteristic unsuitable 
for a varistor. . 

In FIG.2 and FIg. 3, voltage E is plotted as abscissa 
and current as ordinate. 

DETAILED DESCRIPTION OF THE INVENTION 
This invention, as described hereinabove, is based on 

the new information obtained from our studies that in 
case athermister material possesses the thermister con 
stant BK and the specific resistance. RKO) at 273 K 
that satisfy the relation BXR s 10,000 KS) K, a resis 
tor manufactured by superposing several plates of such 
thermister material shows a stable volt-ampere charac 
teristic as shown in FIG. 2, thus proviing to have an ap 
titude for a varistor, whereas in case a thermistor mate 
rial possesses the thermistor constant BK and the spe 
cific resistance RKS) at 273 K that satisfy 
BXRD 10,000KS) K, a resistor manufactured by su 
perposing several plates of such thermistor material 
shows a unstable voltampere characteristic as shown in 
FIG. 3, thus providing to have no aptitude for a varis 
tor. 

Therefore, this invention provides a method for man 
ufacturing a varistor comprising, for example, super 
posing two sintered wafers 1, 1, each sintered wafer ob 
tained by processing and sintering a thermister mate 
rial so as to make the product of BK and RKO and 
thereof be not more than 10,000K): K, applying elec 
trodes, for example silver electrodes 2, 2 to opposite 
surfaces of the sintered wafers 1, superposed respec 
tively in a conventional manner, attaching lead wires 5, 
5 to the silver electrodes 2, 2 respectively by using sol 
der 4 and coating over the whole with suitable insulat 
ing coating material 6. 
The wafer 1 is a sintered plate having any one of vari 

ous shapes such as circular, square, rectangular, etc. 
In this case, no surface barrier exists at the surface of 

the sintered wafer i, which the electrode 2 is applied 
to, but at the contact surface 3, which no electrode is 

65 applied to, exists a surface barrier. Therefore, when 
such sintered wafer 1 is superposed upon the other, 
there generates a high resistance R.K) at a low voltage. 
Thus, a desired varistor having a remarkably stable 



3 
volt-ampere characteristic as shown in FIG. 2 is ob 
tained. 
This invention also provides a method for manufac 

turing a non-linear resistor comprising superposing 
more than three plates of said sintered wafers and ap 
plying electrodes to opposite surfaces of said sintered 
wafers superposed in the same manner. The thus manu 
factured resistors have remarkably stable volt-ampere 
characteristics as shown in FIG. 2, thus providing to be 
suitable for a varistor. 
As the varistors of this invention have, as Example 

shows, remarkably stable volt-ampere characteristics, 
their yield rate is much higher, as compared with the 
conventional methods. Moreover, as the varistors of 
this invention utilize iron oxide, copper oxide, etc. as 
the main raw materials, they are also advantageous in 
cost. This invention, as described hereinabove, pro 
vides a method for manufacturing varistors having re 
markably stable characteristics at much higher yield 
rate and at quite lower cost, therefore it is industrially 
of great value. - 
The invention will be understood more readily with 

reference to the following example. However, the ex 
ample is intended to illustrate the invention and is not 
to be construed to limit the scope of the invention. 

EXAMPLE 
The sintered body is prepared by a conventional 

technique. The starting material in the composite de 
fined in Table 1 is respectively mixed in a pot mill so 
as to produce a homogeneous mixture. The mixture is 
dried in a dryer, pressed in a mold at a pressure of 
about 1000kg/cm into a disc of 15mm in diameter and 
2mm in thickness. The pressed disc is sintered in air at 
about 1,000 C, thus the sintered disc 1 is obtained. A 35 
varistor is manufactured by superposing the sintered 
disc 1 upon the other, applying silver electrodes 2, 2 to 
opposite surfaces of the sintered discs i, i superposed, 
asttaching lead wires 5, 5 to the silver electrodes 2, 2 
by using solder 4 and coating over the whole with 
epoxy resin 6. As described hereinabove, a surface bar 
rier exists at the contact surface between the sintered 
discs 1, 1 which no silver electrode is applied to. There 
fore, when the sintered disc 1 is superposed upon the 
other, there generates a high resistance R2K). The 45 
measured values of R, Vo, o of the thus manufactured 
varistorisrespectively shown in Table 1. in Table 1, the 
V-value is a voltage at 1mA. Further, the resistance 
RKO and the thermister constant B K of the sintered 
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disc 1 are measured in a conventional manner, and the 50 
values of Ro, B and BXR0 are also shown in Table 1. 

TABLE 1 
Composition of Sintered Body 

Fe Oa (mol%) 66 50 40 3f 55 
CO (mol%) 34 50 6) 66 
Ro (K2) 0.5 0. 0.04 0.0 
B (K) 200 1900 OO 1500 
R (K2) 30 125 25 125 

; V (V) 19 19 .19 9 

60 

65 

3,795,048. 
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d (-) 5 5. 5 5 
BXR (KS).K.) 1050 190. 44 15 

As Table 1 shows, the values of BXRoof the sintered. 
bodies are all not more than 10,000K.O.K. The varistor 
manufactured by superposing two plates of each of 
these sintered bodies shows respectively a remarkably 
stable volt-ampere characteristic as shown in FIG. 2, 
thus proving to have an aptitude for varistor. The mea 
sured values of the varistors manufactured by super 
posing two-four plates of the sintered body consisting 
of FeO (50mol percent) and CuO(50mol percent) as 
shown in Table 1 are shown in Table 2. 

Table 2. 
Number of plates - ... 2 3 4. 
R (KS) 125 250, 376 
V 9.5 38.5 48.0 
o(-) 5 4 4. 

20 Table 2 shows that varistors of good quality having 
different Vo values can be manufactured by superpos 
ing more than three plates of such sintered bodies hav 
ing the product of Band Ro not more than 10,000KS: 
Kas shown in Table 1. 
Next, comparison with Example, the sintered bodies 

are prepared in the same manner as Example from the 
starting materials in the compositions defined in Table 
3. The values of Ro, B, R2, BXRo are also shown in 
Table 3. . . . . . . . . . . 3. 

TABLE 3 

Composition of Sintered Body 
Fe0. (mol%) 7() () () 50 
MnO, (mol%) () 7() 66 () 
CO (mol%) 30 3() 34 5() 
R (K)) 20 20 () 6 
B (K) 4,500 4,500 6,000 3,5()() 
R (KO) 14() 140 3() 5() 
RXB (KS) 'K) 90,000 90,000 60,000 2 () ()() 

As Table 3 shows, the values of BXRoof the sintered 
bodies are all larger than 10,000K.O. K. The resistor 
manufactured by superposing two plates of each of 
these sintered bodies shows respectively a unstable 
volt-ampere characteristic as shown in FIG. 3, thus 
proving to be unsuitable for a varistor. 
We claim: 
1. A method for manufacturing a non-linear resistor 

comprising superposing several sintered wafers, said 
sintered wafers having negative resistance and also pos 
sessig the thermister constant B K and the specific re 
sistance value RKO at 273 K that satisfy the relation 
BXR s 10,000KO K, and applying electrodes to op 
posite surfaces of said sintered wafers superposed re 
spectively. 

2. A method for manufacturing a non-linear resistor 
as described in claim 1, wherein said sintered wafers 
comprise 66r-34 percent of iron oxide (FeOa) and 
34-66 mol percent of copper oxide (CuO). 


