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ABSTRACT @E THE DISCL@SURE 
A voltage dependent resistor of the bulk type,The 

resistor has a sintered body consisting essentialy of, 
as a major part,zinc oxide(ZnO)and,as an additive, 
0.05 to 10.0 mole percent of beryllium oxide(BeO)and 
0.05 to 10.0 mole percent,in total,of at least one mem 
ber Selected from the group consisting of bismuth oxide 
(Bi2O3),cobalt oxide(CoO)manganese oxide (MnO), 
barium oxide (BaO),strontium oxide (SrO)and lead 
oxide(PbO). Electrodes are provided which are in con 
tact with Said body. 

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 
beryllium oxide. 

Various voltage dependent resistors such as Silicon 
carbide varistors,Selenium rectifiers and,germanium or 
sicon p-n junction diodes have been widely used for 
stabilization of voltage or current of electrical circuits. 
The electrical characteristics of Such a voltage depend 
ent resistor are expressed by the relation: 

where Vis 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 folowing equation: 

2? logio(I/I) 
logi0(V/Vi) 

where V1and V2are the voltages atgiven currents I and 
I2,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 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 elec 
trode and is controlled mainly by changing the composi 
tions 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 prepared. Similarly, 
in varistors comprisinggermanium or Silicon p-n junc 
tion diodes,it is dificult 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,the Silicon carbide varistors have non 
linearity due to the contacts among the individual grains 
of silicon carbide bonded together by a ceramic binding 
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material,ie,to the bulk,and the C-value is controlled 
by changing a dimension in the direction in which the 
Current fiows through the varistors. The Silicon carbide 
varistors,however,have a relatively low n-value ranging 
from 3 to 6 and are prepared by firingin non-oxidizing 
atmosphere,eSpecially for the purpose of obtaining a 
lower C-value. 
An object of the presentinventionis to provide a volt 

age dependent resistor having non-linearity due to the 
bulk thereof and being characterized by a low C-value 
and high n-value. 
Another object of the presentinvention is to provide 

a method for making a voltage dependent resistor having 
the non-linearity due to the bulk thereof and being char 
acterized by a high n-value,without using non-oxidizing atmosphere. 
These objects are achieved by providing a voltage de 

pendent resistor of the bulk type comprising a sintered 
body consistingessentialy of,as a major part,zinc ox 
ide(ZnO),and,as an additive,0.05 to 10.0 mole per 
cent of beryllium oxide(BeO)and 0.05 to 10.0 mole 
percent,in total,of at least one member Selected from 
the group consisting of bismuth oxide(Bi2O3),cobalt 
oxide (CoO),manganese oxide(MnO),barium oxide 
(BaO),strontium oxide (SrO)and lead oxide(PbO), 
and electrodes in contact with Said body. 

These and other objects of the invention will become 
apparent upon consideration of the folowing description 
taken together with the accompanying drawingin which 
the single figure is a partly croSS-Sectional view through 
a Voltage dependent resistor in accordance with the in 
vention, 

Before proceeding with a detailed description of the 
voltage dependent resistors contemplated by the inven 
tion,their construction will be described with reference 
to the aforesaid drawing wherein reference character 10 
designates,as a whole,a voltage dependent resistor com 
prising,as its active element,a sintered 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,respec 
tively,by a connection means 4such assolder orthe like. 
The sintered body 1 of the voltage dependent resistor 

according to the invention comprises a composition con 
sistingessentially of,as a major part,zinc oxide(ZnO) 
and,as an additive,005 to 10.0 mole percent of beryl 
1ium oxide(BeO)and 0.05to 10.0 mole percent,in total, 
of at least one member selected from the group con 
sisting of bismuth oxide (Bi2O3),cobalt oxide(CoO)? 
manganese oxide(MnO),barium oxide(BaO),stron 
tium oxide(SrO)and lead oxide(PbO)and has the elec 
trodes 2 and 3 in contact with said body. 
A higher n-value can be obtained when Said additive 

consists essentially of 1.0 to 8.0 mole percent of beryl 
lium oxide(BeO)and 0.1 to 3.0 mole percent,in total, 
of at least one member selected from the group consist 
ing of bismuth oxide(Bi2O3),cobalt oxide(CoO),man 
ganese oxide (MnO),barium oxide(BaO),strontium 
oxide(SrO)and lead oxide(PbO). 

Table 1 shows the optimal compositions of said addi 
tives for producing a voltage dependent resistor having 
hibh n-value,low C-value and high stability with respect totemperature,humidityandelectricload. 
The sintered body 1 can be prepared by a per se well 

known ceramic technique. The starting materials having 
the compositions described 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 the desired Shape at a preSSure of from 100 kg./ 
cm." to 1000 kg./cm.". The pressed bodies are sintered 



3.682.841 
3 

inairat 1000°C,to 1450°C,for 1 to 3 hours,and then 
iurnace-cooled to room temperature(about 15 to about 
30° C.). 
The mixture can be preliminarily calcined at 700°to 

1000°C and pulverized foreasyfabricationin the subse 
quent 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 have the op 
posite surfaces thereof lapped by abrasive powder such 
as silicon carbide having a particle size of 300 mesh to 
1500mesh, 
The sintered bodies are provided,on the opposite sur 

faces thereof,with conventional electrodes by any avail 
able and Suitable method,for example,with a Spray 
metalized film of aluminum and/or copper. 

Lead wires can be attached to the electrodes in a per 
se conventional manner by usingconventionalsolder hav 
inga low meltingpoint. Itis convenient to employa con 
ductive adhesive comprising powder and resin in an or 
ganic 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 a load life test,whichis carried out at 70°C. ata rat 
ingpower for 500 hours,The n-value and C-Value do not 
change greatly after the heating cycles and the load life 
test. Itis advantageous forachievement ofa high Stability 
withrespectto humiditythatthe resultantvoltage depend 
ent resistors be embedded in a humidity proof resin such 
as epoxy resin and phenol resin in a per se wel1 known 
manner.The n-valueisindependent of the thickness ofthe 
sintered body,while the C-value variesin proportion to 
the thickness of the sintered body. The variation in the 
C-value with thickness of the sintered bodyindicates that 
the nonlinearity of the voltage dependent resistoraccord 
ingto thisinventionisattributedto the bulk ofthesintered 
body itself,not to any barrier between the electrodes and 
thesintered body. 

Presently preferred illustrative embodiments of the in 
ventionare asfolows: 

EXAMPLE 1 

Respective startingmaterials listedin Table 2are mixed 
ina wet millfor 5 hours.The mixtureis dried and pressed 
in a mold into discs 13 mm,in diameter and 2.5 mm,in 
thicknessata pressure of340kg/cm.". 
The pressed bodies are sintered in air for 1 hour at 

thetemperature listedin Table 2,and thenfurnace-cooled 
toroomtemperature(about15°C.to about30°C.).The 
sintered discs have the opposite Surfaces lapped to the 
thickness listedin Table2 bysiliconcarbide abrasive hav 
inga particle size of 600 mesh. The opposite surfaces of 
the sintered discare provided with a Spray metallized film 
ofaluminuminaperse welknown technique.Leadwires 
are attached to the aluminum electrodes by means of con 
ductive silver paint. The electric characteristics of the re 
sultant resistors are shown in Table 2. It will be readiy 
understood that the C-value changes in proportion to the 
thickness of the sintered body. 

EXAMPLE 2 
Respective starting materials accordingto Table 3 are 

mixed and pressedinthe Same mannerasthat deScribed 
in Example 1. 
The pressed bodies are sinteredin air at 1350°C,for 

1 hour and then furnace-cooled to room temperature 
(about15°to about30°C.).The sintered discs have the 
opposite surfaces thereof lapped by Silicon carbide abra 
sive having a particle size of 600 mesh. The reSulting 
sintereddiscs have a size of10mm.diameterand 1.5mm? 
thickness. The opposite surfaces of the sintered discs are 
provided with a spray metalized film of aluminum by a 
perse well knowntechnique. Lead wires are attached to 
the aluminum electrodes by means of conductive Silver 
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4 
paint.Theresultantresistorsaretestedinaccordancewih 
a method widely used in testing electronic components 
parts. The load life testis carried out at 70° C. ambient 
temperature at 1 watt rating power for 500 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 temperature for 30 minutes. The 
electric characteristics of the resultantresistorsare shown 
in Table 3,It wil be readily understood that the n-value 
can be elevated and the C-value at a given current of 10 
ma. can be lowered remarkably by the addition of beryl 
lium oxide. 

EXAMPLE 3 
Respective starting materials according to Table 4 are 

pressed,fired,Iapped,electrodes-attached and thentested 
in the same manner as that described in Example 2. The 
electric characteristics of the resultant resistors are Shown 
in Table 4. It can be easily understood that the resistors 
having the compositions shown in Table 4 have higher 
n-value,1ower C-value and more excellent Stabity. 

?*ABLE 1 
[Optimalcomposition ofadditive(mole percent)] 

B60 NiO B2O3 Other additive 

1,0~8.0 0.1~3.0 ---- --- Bi2O3;0.1~3.0? 
1,0~8.0 0,1~3.0 CoO,0.1~3.0. 
1.0~8.0 0.1~3,0 MnO,0.1~3.0 
??0~8?0 0.1~3,0 BaO,0.1~3.0. 
1,0~8,0 0.1~8.0? 8r0,0.1~3.0. 
1?0~8,0 0.1~3.9-------------- PbO,0.1~3.0. 
1.0~8.0 -------------- 0.02~1.0 Bi2O3,0.1~3.0? 
1,0~8.0 - 0.02~1.0 COO,0.1~3.0? 
1,0~8,0? 0.02~1.0 MnO,0.1~3.0. 
1?@~8?@? 0.02~1.0 BaO,0.1~3.0. 
1?0~8,6 - 0.02~1.0 SrO,0.1~3.0. 
1,0~8,0? 0.02×1.0 Pb0,0.1~3.0. 
1?0~8?0 0.1~3.0 0.02~1.0 Bi2O3,0.1~3.0? 
??0~8?0 0.1~3,0 0.02~1.0 CoO,0.1~3.0? 
1.0~8.0 0,1~3,0 0.02~1.0 MnO,0.1~3.0? 
1?0~8,0 0.1~3.0 0.02~1.0 BaO,0.1~3.0. 
1,0~8.0 0.1~3,0 0.02~1.0 SrO,0.1~3.0? 
]?0~8?0 0,i~3.0 0.02~1.0 ?bQ, 0.1~3.0, - 
?.0~8,0 0.1~3,0 0.02~1.0 Bi2O3,0.1~3.0;MnO,0.1~3.0; 

CoO,0.1~3.0? 
1,0~8,0 0.1~3,0 0.02~1.0,Bi2O3,0.1~3.0;MnO,0.1~30; 

- CoO,0.1~3.0;TiO2,0.1~3.0. 

TABLE 2 

Composition ofsintered Elegtric 
body(mol.percent) Charapteristics 

8intering Thick??? 
?urther tBmp? 11688 C (at 

ZnO BeO additives (°C.) (mm.) 10ma.) ? 

3?@ 15 4.4 

955 4 Bh0,05--- 1,150{ ?? ? ?? 
1,0 5.1 4.3 
3,0 148 4.3 

955 4 Coo,05… 1,10{ ?? ? ? 
0,5 50 4,3 
3.0 119 4.0 

95.5 4 MnO,0.5-------- 1,150{ ?? ? ? 
1?0 40 3?9 

* 3,@ ö? 7?? 

95,5 4 BaO,0.5-------- 1,350 ?? ? ? 
??0 16 6:9 
3.0 41 5.1 

95,5 4 Sr0,0.5--------- 1,350 ? ? ? 
i,0 14 5,0 
3,0 200 ö?1 

9?,5 4 PbO,0.5.--- 1,350 ?? ? ?? 
1,0 70 ä?{} 
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TABLE 3?Continued 

Electrio, - 

Compositionofsintered body(mol.percent) characteristic8 Change rate(pereent) 

C (at L0ad life test Heating cycle test 
3? - 

ZnO BeO NiO B203 Further BdditiveS 10ma.) % AC A73 AC A73 

95.0 4 10 6.0 ?2.1 -2.5 -2.9 -3.2 
95,0 4 90 6.2 ?3.0 -3,1,-2.5 ?3.8 
94.5 4 35 5,1 ?4.0 -3.0 ?3.9 -3.8 
94,5 4 50 ö,0 ?3,5 -3,6 ?3.0 ?2?9 
94,5 4 17 8.2 ??,8 -2.9 -3.3 -3,4 
94?5 4 8 6.2 -2.9 -2.5 -2.9 ?3.0 
94.5 4 90 6,5 ?2.5 -3.8 -2.8 -3.4 
94,88 4 15,14 -1.5 ?1.8 ?2.0 ?1.9 

94.0 4 12 15 ,?0.5 ?0.7 ?1,0 -0.9 

91,0 4 16 13 -1.8,?2.0 ?2.1 ?1.7 ?- 

TABLE 4 ? 

?lectrio - 
Comp0sition ofsintered b0dy(molperCent) characteristics Changerate(percent) 

?0ad ife test Heating cycle test 
Further C(at *- *- 

ZnO BeO Bi2O3 CoO MnO additiveS 10 ma.) 7 AC A73 AC A8 

98.58 1 0.1 0.1 } 40 16 ?3.8 -3.5 ?4.0 ?3,9 

96,5 1 0.5 0.5 } 30 20 ?1.9,?2.0 ?1,8 -2.1 
86,0 1 3 3 } 42 16 ?3,5 ?3.4 -3.4 ?3,3 

95.58 4 0.1 0,1 } 38 20 ?l.5 -2.0 ?í,5 -2,0 
93,5 4 0.5 0.5 } 25 25 ?0.5,?1,0 ?i.2 ?0.9 
83,0 4 3 3 } 40 19 ?2.0 -2.1 ?1.6 ?2.1 

918 8 01 01 01?-} ? 3 -88 -32 ?29 -30 
89,ö 8 0.5 0,5 { 32 18 ?2,0 ?1.8 ?1,9 -2,? 
79.0 8 3 3 { 55 14 ?4.0 -3.9 ?3.3 ?3.2 

98.48 1 0.1 0.1 30 12 ?3,7 ?3.3 ?4.0 -3,7 

96,0 1 0.5 0,ö 18 18 ?2.5 ?2.1,-3,0 ?1,9 

33,0 1 3 3 27 H -41 -35,-83 -38 
95.48 4 0.1 0.1 17 14 ?2.0 ?2.4 ?2.1 -3,0 

93,0 4 0.5 0.5 12 20 ?0.5 ?0.5 ?1.0 ?1,0 

80.0 4 3 3 16 15 -L9 -22 -23 -L9 

1 *? } 27 11 ?4.0 -2.9 3,7 3.9 ? 8 0.1 0 * 2,U,k-- =?? •z? ?Q? ?o? 
91.48 fö?ö2T 

ö 0.5 ? ? } 18 17 ?2.0 -2.4 1.9 2.1 * 0.5 0, - 2* U?D- ???U "?? "?? "z? 89,0 8 fjö? 

76,0 8 3 3 3 { } 26 12 ?3.8 ?4.0 ?3.5 ?3.8 

Whatwe claimis: 
1. Avoltage dependent resistor of the buktype com 

prisingasinteredbodyconsistingesse?aly of,asa major 
?art,zinc oxide(ZnO)and,as anadditive995 to 199 
?nolepercent of berylium oxide(BeO)and9.05to 109 
mole percent,in total,of at least one member selected 
from the group consisting of bismuth oxide(Bi2Os), 
cobalt oxide(CoO),manganese oxide (MnO), barium 
oxide(BaO),strontium oxide (SrO),and lead oxide 
(PbO), and electrodes in contact with Said body. 

2. Avoltage dependentresistor ofthe bulktype accord 
ingto claim1,wherein saidadditive consistsessentialy of 
1.0 to 8.0 mole percent of berylium oxide(BeO)and 
0.1 to 3.0 mole percent,in total,of at least one member 
selected from the group consisting of bismuth oxide 

60 barium oxide(BaO), strontium oxide (SrO)and lead 

65 

70 

oxide(PbO). - 
3. Avoltage dependentresistor ofthe bulktypeaccord 

ing to claim 2,wherein Said additive further includes at 
1east one member selected from the group consisting of 
0.1 to 3.0 mole percent of nickel oxide(NiO) and 0.02 
to 1.0 mole percent of boron trioxide(BaOs). - 

4. A voltage dependent resistor accordingto claim 1, 
whereinsaidadditive consistsessentially of10to 8.0mole 
percent of berylium oxide (BeO),0.1 to 3.0 molepercent 
of bismuth oxide(Bi2Os),0.1 to 3.0 mole percent of 
cobalt oxide (CoO),0.1 to3.0 mole percent ofmanganese 
oxide(MnO),0.1 to 3.0 mole percent of nickel oxide 
(NiO),0.1 to 3.0 mole percent oftitanium oxide(TiO2) 

(Bi2O),cobalt oxide(CoO),manganese oxide(MnO),75 and 002 to1.0 mole percent of boric oxide(B2O)., ? 
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5. A voltage dependent resistor according to claim 1,?° References Cited 
whereinsaidadditive consistsessentially of1.0to 8.0 mole UNITED STATES PATENTS 
percent of beryllium oxide(BeO),0.1 to 3.0 mole per 
cent of bismuth oxide(Bi2O3),0.1 to 3.0 mole percent of 3,503,029 3/1970 Matsuoka et al,------ 252?518 
manganese oxide(MnO),0.1 to 3.0 mole percent of 5 - ? 
cobalt oxide(CoO),0.1 to 3.0 mole percent of nickel DOUGLAS J. DRUMMOND,Primary Examiner 
oxide(NiO)and 0.02 to 1.0 mole percent of boric oxide U.S. Cl,X.R. 
(B2Os)? 252?521 


