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GENERAL   ELECTRIC   where [err] and [err] are the device voltages at   40
COMPANY, a corporation organized and given currents [err] and [err]
respectively. existing under the Laws of the State of    At very low
voltages and, very high volt- New York, United States  of America, of 1
ages metal oxide varistors deviate from the 5   River Road, Schenectady
12305, State of New   characteristics expressed by equation (1) and York,
United States of America, do hereby  approach  linear resistance
characteristics.   45 declare the invention, for which we pray  However,
for a very broad useful voltage that a patent may .be granted to us, and
the  range the response of metal oxide varistors method by which it is to
be performed, to be  is as expressedby equation (1). 10   particularly
described in and by the follow-    The  values      C and a can be varied
ing statement:-                                 over wide ranges by
changing the varistor   50 This invention relates to varistors and in
formulation and the manufacturing process. particular to a method  of
aieving  a  more  Another useful varistor characteristic is the homogeneous
mixture of the several com-  varistor voltage which can be defined as 15
ponents prior to pellet pressing and thus to  the voltage across the device
when a given provide improved varistor devices.         current is flowing
through it. It is common   55 The current flowing between two spaced  to
measure varistor voltage at a current of one points is generally directly
proportional to  milliampere and subsequent reference  to the potential
difference between those points.  varistor voltage shall be for voltage  so
20   For most known substances, current conduc-  measured. The foregoing
is, of course, well tion therethrough is  equal  to - the applied  known in
the prior art.               60 potential difference divided by a constant,
Metal oxide varistors are usually manufac- which has  been defined by Ohm's
law to be  tured as follows. A plurality of additives is its resistance.
There are, however, a few   mixed with a powdered metal oxide, com- 25
substances  which, exhibit non-liear resist-  monly zinc oxide. Typically,
four to twelve ance. Some devices, such as metal oxide  additives are
employed, yet together they com-   65 varistors, utilize these substancs
and require  prise only a small portion of the end product, resort to the
following equation (1) to quanti-   for example less than five to ten mole
percent. tatively relate current and voltage:        In some instances the
additives comprise less than one mole percent The types and amounts of
additives employed vary with the proper-  70 30          [err]
ties, sought in the varistor. Copious literature describes metal oxide
varistors utilizing various where V is the voltage applied to the device,
additive combinations. For example, s ee U.S. I is the current flowing
throigh the device,         Patent Number 3,663,458. A porion of the C is a
constant and [err] is an exponent greater metal oxide and additive mixture
is then 75 than, 1. Inasmuch as the value of [err] deter-   pressed into a
body of a desired shape and 35  mines the degree of non-linerity exhibited
by  size. The body is then sintered for an appro- the device, it is
generally desired that [err]  be  priate time at a suitable temperature as
is relatively high [err]  is calculated according to   well known in the
prior art. Sintering causes the following equation (2):
the necessary reactions among the'additives  80 and the metal oxide and
fuses  the mixture into a coherent pellet. Leads are then attached and the
device is encapsulated by conven- (2)    [err]
tional methods. A problem encountered in the manufacture  85   
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2 of metal oxide varistors by the prior   art  component and a plurality of
additives, which   65 method is the inability to precisely predict  method
comprises the steps of: and control the properties of the device. Thus
mixing together and reacting said plurality manufacturing yield is a matter
of concern to  of additives, said reacted additives forming a 5    varistor
manufacturers. This inability to con-  reaction product; trol the
properties of the device becomes    mixing said reaction product with said
70 more severe as the manufacturing process is  primary component to form a
final mixture; changed to one which should theoretically  and yield lower
voltage devices and has hereto-    forming said body by pressing and
sinter- 10   fore frustated efforts to develop  a commer-  ing said final
miture. cially   suitable low  voltage (e.g.  80 volts)    In addition to
providing the above method,  75 the invention includes a varistor when made
While the conduction process in metal oxide   by said method. varistors is
not fully understood, it is be-     The present invention will be further
des- 15   lievd that an important part of the problem   cribed, by way of
Example  only, with refer- is the inability to thoroughly and uniformly
ence to the accompanying Figure which shows  80 mix the several components
prior to pellet   sectional view of a metal oxide varistor. processing. The
reasons for this belief are      In carrying  out the method of the inven-
as follows. It must first be realized that      tion, the additives
necessary to secure the 20  chemical changes occur during sintering. When
desired properties in the assembled varistor several additives are used to
tailor the. result-  are selected and thoroughly mixed. The mix-    85 ing
properties of the device, it appears desir-  ture of additives is  then
reacted to form a able that they interact in addition to each   crystalline
solid reaction product. For ex- reacting with the zinc oxide. However,
often  ample, the mixture  of additives can be heated 25   each additive
comprises only a fraction of a  and then cooled at a preselected rate to
form mole percent of the total compound mixture  the reaction product. The
crystalline reaction   90 andthe metal,oxide comprises 90 or more   product
is then ground so that itan be mole percent. Thus, inasmuch as the com-
thoroughly mixed with the metal oxide, for ponents are in a particulate
form, the final  example zinc oxide, that is to form the pri- 30   mixture
just prior to pellet pressing is a dis-  mary component of the varistor.
Following persion of isolated particles of each additive  this mixing step,
the varistor   dies can be   95 in a sea of metal oxide partices. Con-
further processed in a conventional manner sequently, many of the additive
particles are  by pressing and sintering. It will be appre- surrounded by
an abundance of metal oxide     ciated that this method insures proper
inter- 35   particles but may be remote from  particles  reacion among the
several additives inasmuch of the other additives and thus be unable     as
this interreaction takes place when form-  100 to react therewith. An
additive particle      ing the reaction product which is prior to ing only
with the metal oxide may, of course,  combination with  the metal oxide
which create a different material than an additive   would cause a
"dilution" of the additive mix- particle reacting with other additives and
the  ture. Therefore, the reaction product results metal  oxide. This
situation is more likely to  from thorough interaction among all the addi-
105 occur if the mixing of the metal oxide and   tives and' what remains in
the chemical pro- the additives is inadequate. Thus, the in-  cess of
varistor manufacture is achieved when ability to adequately control the
mixing of  the particles ofthe reaction product are mixed the components
makes final varistor per-      with the metal oxide and sintered. Further-
formance difficult to control and has frustrated     more, homogeneity  of
the final mixture is  110 the development of low voltage devices.
promoted inasmuch as it contains  only two components rather than five or
more. Thus One method of partially alleviating the      there has been
provided a method of manu- problem is to increase the additve concentra-
facturing varistors that insures that a homo- 50   tion. However, this is
often an unacceptable  geneous mixture is provided for pellet process-  115
solution because of the high cost of certain  ing and that the additives
thoroughly inter- additives and the effects on the varistor pro-  react.
Therefore, the ultimate behaviour of perties that an increase in additive
concentra-  the varistors is more predictable and easier to tion can have.
contol In addition, as will be seen below, 55    In the present invention,
a method is pro-  low voltage devices can be readily fabricated   120 vided
for obtaining a homogeneous mixture   by the subject method.  While this
method for varistor fabrication  which  can insre  is most beneficial in
the manufacture of varis- proper interreaction of the  additives, and  tors
containing  a very large proportion of 



which can provide a metal oxide varistor of  metal oxide, it is felt that
benefit is derived 60  the foregoing character having good low volt-  by
its employment in the manufacture of any  125 age characteristics.
varistors inasmuch as: the predominance of The present invention achieves
the above  the metal oxide hinders the uniform dispersion desired results
through a method for mak-  of and  proper interaction of the additives. ing
a varistor body comprising a primary    In the method of the invention the
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3 mixture is preferably obtained by    mixing  oxide powder provides a
final mixture that is a first portion consisting of at least 75 mole
primarily zinc oxide but contains evenly dis- percent of zinc oxide and a
second portion  persed therethrough particles wherein each consisting of
the reaction product of a heated  particle is created by the interaction of
all 5     mixture of a plurality of-preselected addi-  the additives.
Consequently, as the reaction  70 tives.
product reacts with the zinc oxide during More preferably, the final
mixture is one  sintering each reaction is the equivalent of comprising a
first portion consisting essen-  a  reaction of all of the additives
together tially of zinc oxide in an  amount equal to  and zinc oxide. 10
98 mole percent of the mixture, and a second    Thus it will be appreciated
that the dis-  75 portion consisting essentially of a reaction pro-  closed
method provides metal oxide varistors duct of the oxides of bismuth,
cobalt, man-  that are fabricated from a homogeneous final ganese and
titanium in an amount equal to  mix and the method insures that the
additives 2 mole percent of said mixture.                interreact in
-addition to reacting with the 15     Before proceeding with a detailed
descrip-  metal oxide. Consequently, manufacturing   80 tion of the method
of manufacturing varistors  repeatability is enhanced and final  varistor
contemplated by this invention, varistor con-  performance becomes easier
to predict. struction will be generaly  described with   To illustrate the
scope of the invention, reference to the Figure.  A varistor 10 in-  some
exemplary additive reaction processes 20   cludes as its active element a
sintered  body  are described below. These processes were  85 11 having a
pair of electrodes 12 and 13 in  carried out using the aforementioned
varistor ohmic contact with  the opposite surfaces  formula. thereof. The
body 11 is prepared as herein- after set forthand can be in any form such
EXAMPLE I 25  as circular, square, or rectangular. Wire leads  When the
additive mixture was heated to 15 and 16 are conductively attached to the
about [err] in a platinum  crucible and   90 electrdes 12 and 13,
respectively, by a con-  the resulting liquid was poured into water, a
nection material 14 such as solder.       crystalline solid reaction
product was formed. In manufacturing the varistor 10 additives   After the
product was ground and mixed 30  that are to be mixed and reacted with a
with zinc oxide and sintered in a conven- primary component are selected
first. It has  tional manner, the following results were ob-  95 been found
that a varistor with very desirable  tained: When the sintering took place
at properties can be compounded from 0.5 mole   1250 C, the volts per mil
of thickness rat- percent bismuth oxide, 0.5 mole percent  ing (at a
current of one milliampere) of the 35  manganese oxide, 0.5 mole percent
cobalt  resulting devices varied  from  0.6  to 0.7 oxide, 0.5 mole percent
titanium oxide and    and a was 30. When sintering was at 1300  100 98 mole
percent zinc oxide. To manufacture  to [err] ranged from 20 to 30 and the a
varistor by that formula, and in accordance   volts per mil rating dropped
to 0.43. with the subject method, equal molar amounts 40  of bismuth oxide,
manganese oxide, cobalt                EXAMPLE II oxide, and titanium
oxide are thoroughly      When the additive mixture was heated to mixed.
The four additives are then reacte    [err] in a platinum crucible and air
cooled, 105 One advantageous way of reacting the four  large crystals
several millimeters in size were aforementioned additives has been found to
formed. After. grinding and mixing with the 45  be heating the additive
mixture to a- tem-   zinc oxide and  sintering at temperatures perature of
above approximately [err] and   rangig from [err] to [err], the volts per
then cooling  the mixture at a preselected rate.    mil rating varied from
0.25 to 0.45 and [err] 110 At the elevated temperature a liquid reaction
varied from 25 to 40. product is formed which crystallizes during 50  the
cooling step.                                         EXAMPLE III The
crystalline reaction product, which     When the additive mixture was
prereacted 



results from the interaction of all the addi-  at a temperature of [err]
and the pellets tives, is ground to a size that can effectively   were
sintered at [err], the volts per mil 115 be mixed with zinc oxide
particles.  For   rating varied from  0.4 to 0.5 and a was 55  example a
good mixture can be formed when   35. the reaction  product is ground to
pass      Thus, it will be appreciated that a wide through a 60 mesh screen
(250 micron par-  range of process variations is possible when tide size).
Next, a sufficient amount of the   practicing the subject method and a wide
120 ground reaction product is mixed with par-  range of device
characteristics can be ob- 60  ticulate zinc oxide to provide the desired
tained. Furthermore, it will be understood that varistor composition. For
example, the afore-   varying the type, number and/or amount of mentioned
formula is formed by mixing 7.12   additives will yield still further
variations in grams of the ground reaction product with   the final product
and may facilitate or require  125 148 grams of zinc oxide powder. Mixing
other process variations. Another very import- 65  the ground reaction
product and the zinc   ant point to be observed in the above examples
1,481,453                                        4 is that for wafers
ranging in thickness from preceding claims wherein said primary com- 1 to 2
millimeters, as is common in practice,  ponent comprises zinc oxide. the
varistor voltages range from  10 to 56    9. A method according to any of
the pre- volts. Thus it is seen that low voltage devices  ceding claims
wherein said additives com-   45 5   can be manufactured by  the subject
method.  prise oxides of cobalt, manganese, bismuth and titanium. WHAT WE
CLAIM IS:-                           . A method according to any one of the
- 1. A method for making a varistor body  preceding claims wherein said
final mixture comprising a primary component and a plur-  is obtained by
mixing a first portion  consist-   50 ality of additives, which method
comprises  ing of at least 75 mole percent of zinc oxide 10   the steps of:
and a second portion consisting of the reac- tion product of a heated
mixture of a plur- mixing together and  reacting said plur-  ality of
preselected additives. ality of additives, said reacted additives    11. A
method according to claim 10 where-   55 forming a reaction product;
in said final mixture comprises 98 mole mixing said reaction product with
said  percent of zinc oxide. 15      primary component to form a final
mixture;    12. A method according to claim  10 or and
claim 11 wherein said reaction product com- forming said body by pressing
and sinter-  prisesa crystalline material obtained by heat-  60 ing said
final mixture.                     ing a mixture of the oides of bismuth,
man- ganese, cobalt and titanium to a temperature 2. A method according to
claim 1 wherein  above [err] Centigrade. 20   said step of mixing  together
and  reacting    13. A. method according to any one of comprises mixing
said additives together and   claims 10-12 wherein said final mixture is
65 then heating said additives.                 a mixture of two
constituent portions, the first 3. A method according to claim 2 further
portion consisting essentially of zinc oxide comprising, following said
step of heating said  in an amount equal to 98 mole percent of said 25
additives, a step of cooling said additives at a  mixture, and the second
portion consisting preselected rate.                            essentially
of a reaction product of the oxides  70 4. A method according to claim 3
wherein  of bismuth, cobalt, manganese and titanium said steps of heating
and cooling said addi-    in an amount equal to 2 mole percent of tives
comprise  fusing  said additives into a  said mixture. 30   fused solid.
14. A method of making a varistor sub- 5. A method according to claim 4
where-  stantially  as .hereinbefore  described  with  75 in said fused
solid is crystalline.          reference to and as illustrated in the
accom- 6. A method accoding to claim 4 or claim   panying drawing. 5,
wherein the step of mixing said reaction    15. A method of making a
varistor substan- 35   product with said primary component com-  tially as
hereinbefore described in any one prises grinding said fused solid.
of Examples 1 to 3.                            80 7. A method according to
any one of claims    16. A varistor when made bya method as 2 to 6 wherein
said step of heating said addi-  claimed in any one of claims 1 to 15.
tives comprises heatingsaid additives to a 40  temperature of above [err]
Centigrade.                       P. M. TURNER, 
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1,481,453                                      .4 is that for wafers
ranging in thickness from   preceding claims wherein said primary com- 1 to
2 millimeters, as is common in practice,  ponent comprises zinc oxide. the
varistor voltages range from  10 to 56    9. A method according to any of
the pre- volts. Thus it is seen that low voltage devices  ceding claims
wherein said additives com-   45 5.  can be manufactured by the subject
method.  prise oxides of cobalt, manganese, bismuth and titanium. WHAT WE
CLAIM  IS:-                         10. A method according to any one of
the 1. A method for making a varistor body  preceding claims wherein said
final mixture comprising a primary component and a plur-  is obtained by
mixing a first portion consist-   50 ality of additives, which method
comprises  ing of at least 75 mole percent of zinc oxide 10  the steps of:
and a second portion consisting of the reac- tion product of a heated
mixture of a plur- mixing together and reacting said plur-  ality of
preselected additives. ality of additives, said reacted additives  11. A
method according to claim 10 where-   55 forming a reaction product;
in said final mixture. comprises 98 mole mixing said reaction product with
said percent of zinc oxide. 15     primary component to form a final
mixture;    12. A method according to claim  10 or and
claim 11 wherein said reaction product com- forming said body by pressing
and sinter-  prises a crystalline material obtained by heat-  60 ing said
final mixture.                   ing a mixture of the oxides of bismuth,
man- ganese,  cobalt and titanium to a temperature 2.   A method according
to claim 1 wherein  above [err] Centigrade. 20   said step of mixing
together and reacting      13. A method according to any one of comprises
mixing said additives together and   claims 10-12 wherein said final
mixture is  65 then heating said. additives.                a mixture of
two constituent portions, the first 3. A method according to claim 2
further  portion consisting essentially of zinc oxide comprising, following
said step of heating said  in an amount equal to 98 mole percent of said 25
additives, a step of cooling said additives at a  mixture, and the second
portion consisting preselected rate.                           essentially
of a reaction product of the oxides  70 4. A method according to claim 3
wherein  of bismuth, cobalt, manganese and titanium said steps of heating
and cooling said addi-  in an amount equal to 2 mole percent of tives
comprise fusing said additives into a  said mixture. 30  fused solid.
14. A method of making a varistor sub- 5. A method according to claim 4
where-  stantially as hereinbefore  described  with  75 in said fused solid
is crystalline.          reference to and as illustrated in the accom- 6.
A. method according to claim 4 or claim   panying drawing. 5, wherein the
step of mixing said reaction   15. A method of making a varistor substan-
35 product with saidprimary component com-  tially as hereinbefore
described in any one prises grinding said fused solid.  .      of Examples
1 to 3.                           80 7. A method according to any one of
claims  16. A varistor when made by a method as * 2 to 6 wherein said step
of. heating said addi-  claimed in any one of claims 1 to 15. tives
comprises heating said additives to a 40  temperature of above [err]
Centigrade.                     P. M. TURNER, 8. A  method according to any
of the             Agent for the Applicant. Printed for Her Majesty's
Stationery Office, by the Courier Press, Leamington Spa, 1977 Published by
The Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from which
copies may be obtained.    


