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oxide varistor has been recently developed. INDUSTRIAL  CO LTD. a
corporation   It is manufactured by adding small amounts organized and
existing under the laws of  of bismuth oxide, lead oxide, barium  oxide
Japan, of 1006,  Kadoma-shi,  or the like to zinc oxide, mixing them to- 5
Osaka, Japan, do hereby declare the invention,  gether, molding the mixture
and sintering it  45 for  which we pray that a patent may be  in air at
[err] to produce a sin- granted to us, and the method by which it is  tered
body, on which electrodes are provided. to be performed, to be particuarly
described  The non-linear voltage dependent properties in and by the
following statement-        thereof depend on a sedimentation layer which
10    The present invention relates to a non-  surrounds zinc oxide fine
particles and mainly  50 linear voltage dependent resistor, and to
consists of the additives, and the value of the methods of manufacturing
the same.         exponent a reaches as high as 50 or higher. A  nonlinear
voltage dependent resistor  Therefore, the zinc oxide varistor has been
element is generally called a varistor and it  finding broad usage in
various applications. 15  has been widely used for the purpose of    While
the zinc oxide varistor has many   55 voltage stabilization and surge abs
n. A   advantages as described above, it also in- typical example is a
silicon carbide (Sic)  cludes problems to be resolved owing to its varistor
which makes use of the high sensi  high performance. One of the problems
lies tivity of the contact resistance of silicon car-  in that the
resistance of the varistor element 20  bide particles, and it has been used
as a spark  is reduced in a moist atmosphere, resulting in  60 quencher for
contacts or in other applications,  substantial decrease in the a-value.
This tend- The voltage (V) - current (I) characteristic  ency is
particularly remarkable when a D.C of the varistor can be genarally
approximated   voltage is applied in the moist atmosphere. by the relation,
.                     Such deterioration in the characteristic is due to
the increase in a leakage current owing  65 V  a         .       to the
decrease in the resistance value of the 25                  I =  (-)
surface portion varistor element C                      In order to prevent
the above deterioration in the characteristic, it has been tried to coat
where C is a constant corresponding to the  the side of the element with
epoxy resin or  70 voltage a given current, and the exponent  or like.
However, the effect of this moisture- a is a number greater than 1, and
called  proofing approach has not been satisfactory 



non-linear exponent. The characteristic of the because the adhesion between
the sintered body 30  varistor is conveniently representsd, in general,
mainly consisting of zinc oxide and the epoxy by a voltage at a given
current and the a-  resin was not sufficient. To overcome the  75 value.
above drawback, it has been recently tried The SiC varistor is inexpensive
in cost and  to apply bismuth oxide (err), silicon di- has been widely
used, but because the a-value  oxide [err] antimony oxide [err] or 35  is
small such as 3-7, the effect of the use  the like, either singly or in
combination, on of the SiC varistor for voltage stabilization   a side of a
molded body mainly consisting   80 or surge absorption has not been
sufficient  of zinc oxide, and sinter the body to form and hence the
realization of an element having  a high resistance layer on the side. This
a high a-value has been strongly desired.      approach has overcome the
above difficulty 40    As one approach to the above desire, a zinc  to a
certain extent. It has been effective in    2
1,508,254                                       2 improving  the
moisture-proofing  property.  one or both of silicon and antimony on a and
preventing the occurrence of a creeping  side of a molded body mainly
consisting of discharge path for a high voltage applied. zinc oxide, firing
them  to form  a sintered across  the element. However the element  body
and a polycrystalline, high resistance 5  manufactured by the above method
also in-  laer on the side of the sintered body,aply- cludes  a drawback.
Namely the thickness of  ing material including glass thereon, and heat the
high resistance layer formed on the ele- treating it to form
non-crystalline, insulating ment is very. thin, eg. not less. than othe
layer on the polycrystalline layer. order of several tens of  microns
Consequently,         above aspects and other features of 10     if the
side is            , not only the  theinvention willbe described and with
refer-  75 moisture -proofing property but also the stabil  ence     the
accompanying drawings  in ity of the side against high voltage tend to be
which: lost and hence it has been required to con-    Fig.  1 is a
sectional view of  one embodiment tinuously keep the side clean.
Accordingly,  of a non-linear voltage dependent resistor. 15  the treatment
after the sintering step was  element of the present invention;
80 critical, which resulted in inconvenience in . Fig. 2 shows a
comparative chart of test the manufacture.
results for the element produced in accord- The contamination of the side
of the ele-  ance with the method of the present invention ment occurs not
only during the manufacturing and elements produced by other methods, in 20
process but also in use by the environment atmospheres of chlorine gas,
carbon dioxide  85 surrounding the element, for example, when  gas and
sulfur dioxide gas; the element is left in an atmosphere of  Fig. 3 shows
the change in the characteristics carbon dioxide gas, sulfur dioxide gas,
chlorine   of the element caused by heat treatment. gas or the like, the
gas deposits on the side    Figs. 4A and B show the comparison of 25  of
the element and reacts with water. mole-  the adherence of a glass to the
sintered body  90 cules in the air to produce cac acid ions  when the glass
is baked by the process of [err] hydrogen sulfite ions [err] or  the
present invention and when the' glass is chlorine ions [err] which in turn
significantly  directly baked onto the sintered body mainly deteriorate
the- stability of the side of the  consisting of zinc oxide 30  element  In
a loaded durability test in such   The invention will beexplained in detail
95 an atmosphere, the varistor voltage and the   with reference to an
example. a-value tend to significantly decrease in 100 



to 200 hours. Furthermore, it has been proved             Example; that
when the element manufactured by the    Added to a powder of zinc oxide
(ZnO) 35  above method was boiled in pure water no   were powders of
bismuth oxide [err] substantial   change in the characteristic was  cobalt
oxide (CoO), manganese oxide (MnO) 100 observed, but when it was boiled in
ask   and antimony  oxide  [err] in the range of water considerable changes
in the varistor  0.01-10 mol %, respectively, and they were voltage and the
a-value before and:after the  fully blended and compressed and molded 40
boiling were observed.                     into a body of 40 mm diameter
and 30 mm As described above, the element manu- thickness.              \
'                     105 factured by the above method has problems  .
Amixture of silicon dioxide [err], antim- concerning the characteristics as
well as draw-  ony oxide[err] and bismuth oxide [err] backs in appearance
and commercial value.    was mixed with a binder consisting of one 45    It
is an  ect of the present  invention  part by weight of ethyl cellulose and
three to provide a non r voltage dependent re-  parts by weight of  butyl
carbitol, at the  110 sistor element which alleviates or  overcomes
mixing ratio of 1 to 3 by weiht, and they the above drawbacks.
were blended to produce a homogeneous blend. According to one aspect of the
invention  The paste thus produced was . applied on 50   there is provided
a non-linear voltage depend  the side of the molded body, dried and then
ent resi elesnent comprising a polycrysta-  -fired at a temaperature of.
800-1,5000C.. 115 line, high resistance layer including at least  The
sintered body' :thus prqoduced had its one or both of zinc silicate (;
Zn2SiO4) -and ' upper and lower planes polished. Glass ft zinc antimonate
(hZnrSb2O2) formed on a  having a: elting 'pointin the: rangeof 3600 55
side of a sintered body mainly consist ingof  to 6500C was blended with a
binder consist- zincoxideanditselfhavingnon~inearvoltage  ing of 5 parts by
weight of ethyl cellulose. 120 dependent properties, and a non-crystalline,
and 95 parts by weight of butyl carbitol at, insulating layer formed on the
polycrystlline  the mixinig ratio of 5 to 2. by weght, and layer.
.they .were mied to produce a homogeneous                -. 60     Another,
aspect of the invention provides  blend. The resultig paste .was applied on
a method'for manufacturing a non-linear volt-   the side of 'the sintered
body and baked.  125 tage dependent resistor element including a  T    ter,
aluminu  electrodes were formed sintered body which shows non-linear
voltage  on the upper and lower planes of the sintered. dependent
properties itself comprising te   body.        '   ' 65   stepi of applying
material including at least    Fig. 1 is a sectional'view of
the-non-linear'    3                                        1,508,254
3 voltage dependent resistor element produced  perature of 70[err]C,
relative humidity of 95%, in the manner described above, wherein refer-
applied D.C. voltage of 1000 volts, and volt- ence numeral 1 designates the
sintered body  age application period of 1000 hours. The mainly consisting
of zinc oxide having non-  test conditions represented by -the symbols
linear voltage dependent properties, 2 desig-  11, III and IV  include, in
addition to the   45 rates the polycrystalline, high resistance layer  the
same conditions as I, an atmosphere first layer) which may be formed by the
of chlorine (err) gas, carbon dioxide (err) diffusion of silicon, antimony
or bismuth or  gas and sulfur dioxide (err) gas, respectively, by reaction
with zinc oxide. The polycrystal-  at partial presures of 50 mmHg, 250 mmHg
10  line, high resistance layer 2 is a high resistance  and 50 mmHg,
respectively. The test condi-  50 layer including at least one or both of
zinc  tions represented by the symbols V and VI 



silicate  [err]  and  zinc  antimonate  include in addition to the same
condition as [err]. The reference numeral 3 desig-  in I, boiling in pure
water for l00 hours and nates the non-crystalline, high resistance layer
in salt water for 100 hours, respectively. [err] 15   (second layer) formed
by glass, and 4 and 5   represents a maximum  current which does  55
designate the electrodes. It has been proved   not cause creeping discharge
when an im- by X-ray diffraction that the polycrystalline,   pulse current
(wave form: 4 x [err]  seconds) high resistance layer consisted of zinc
silicate  is applied. and zinc antimonate. Table 1 shows the effects  The
ingredients for the various composi- 20   of the change of the glass frit
composition   tions shown in the Table 1, the amounts of  60 on various
electric characteristics. In the  the ingredients, the baking temperatures
(fus- Table, for a mixture consisting of silicon di-  ing temperature) and
the coefficients of ther- oxide [err], antimony oxide [err] and  mal
expansion are shown in Table 2. In the bismuth oxide [err] in the mol ratio
of  Table 2, the figures shown in the columns 25   70 to 20 to 10 as the
first layer forming   of the composition numbers represent the  65
material, [err]  and [err]represent  amounts of the ingredients shown in
the left- voltages per unit thickness when currents of  most column in Fig.
1 in mol %. l [err]  and 1 mA  flowed, respectively. Such   As seen from
the Tables 1 and 2, for the voltages per unit thickness were used because
prior art example having only the first layer, 30   the sintered body
mainly consisting of zinc  considerable deterioration in voltage value  70
oxide showed a non-linear bulk characteristic  occurs in the atmosphere of
the conditions II, The symbol a represents the non-linear ex-  III, IV and
VI, but for the compositions ponent which can be determined by the pre-  1
to 4 in which the second layer of glass viously shown relationship between
the current  having a melting point in the range of at 35   and the voltage
using the voltage value across  least 350C to 600[ERR]C is formed, they are
75 the electrodes when current of 0,l mA and  little influenced by the
atmosphere and their 1 mA flow. The voltage variation rate AV [err]   other
characteristics are not inferior to those shows the change of the voltage V
[err] before  of the prior art. Particularly, the composition and after the
test. The test condition rep-  4 shows the most excellent result 40
resented by the symbol I is atmospheric tem-    4
1,508,254                                      4    1,508,254
5 TABLE 2 (mol %). Composition 1        2         3        4         5
6 Ingredient [err] Coeff. of Thermal Expansion [err]        125       72
83       64        75        48 Fig.  2 shows the relationship between
test,  are slightly changed by he high temperature. time and the voltage
variation rate [err]  It should be understood, however, that the for an
element on which the second layer has  change by the heat treatment at high
tem- 



5   been formed by baking the glass of the com-    perature is not large
enough to deteriorate  .35 position 4 at 560 C, tested under the con-  the
characteristics  of the element as a varis-' ditions II, III and IV. For
comparison  pur-  tor. pose, the relationships for the prior art ex-    It
would not be unnatural  from the above ample are shown by dotted lines. As
is appar-  description to suppose that a method of 10  ent from Fig. 2, the
element in acconcebaing                          the side of the  40 with
the present invention shows a very  sintered body mainly consistng  of zinc
oxide, small voltage variation rate [err] and is  to  is  a high resistance
layer is also effec- stable compared with the prior art example.
However,this is not so as shown by However, when  the glasses of the
composi-  the            X in the Table 1. The com- 15  tions 5 and 6 are
used as the second layer,    ion  X represents the one in which the  45 the
magnitudes of the voltage [err]and          of the composition 4 was
directly baked [err]and the a-value are slightly smaller  onto the side of
the body. In this case, the than those of other examples.
creep   discharge is more likely to occur Fig. 3 plots the relationship
between the  than in the other cases and a large voltage 20  voltage
variation rate [err] and the heat  variation rate [err]is exhibted in the
loaded  50 treatment temperature, with a being a para-  durabity test in
the environment of chlorine meter, when a sintered obdy having only the
gas, carbon dioxide gas or sulfur dioxide gas. first layer was heat treated
at various tem    This is due to the adherence of the glass to peratures.
As is apparent from  Fig. 3, the  the body. When double high resistance
layers 25  magnitude of [err] increases slightly in the  are provided, the
creeping discharge always  55 negative direction in the range of 650C
occurs at the interface between the second to 1000C and the a-value tends
to decrease.  layer and the atmosphere. On the other hand, It isthus
readily understood that when a glass  where the glass only is provided, the
creeping havin g a melting point at a high temperature  discharge  tends to
ocour at the interface  be- 30  such as the glass of the composition 5 or 6
tween the body and the  glass layer. It is  60 in the Table 1 is baked the
characteristics  apparent from Fig. 4 that the affinity between    6
1,508,254                                        6 the glass and the body
during fusing is re-  oxides during firing and react with zinc oxide.
markbly improved by providing the first  to produce zinc silicate or zinc
antimonate, layer. Fig. 4A and B show the geometries  can attain a similar
effect. Bismuth oxide. of fused glass formed  by placing 0.1 gram  [err]
need not be added but other com- 5   of glass paste of the composition 4 in
the    ponents   which take the place thereof may 70 Table 2 on a sintered
body mainly consisting   be added. Furthermore, it should be of zinc  oxide
and on a similar  ed body  stood that depending on the   particular pur-
having a coating of the first layer, respectively,  pose of  the varistor,
a material which does in such a manner  that the contact area is a  not
appreciably  damage the above effect may 10    circular plane of [err]area,
and firing it  be added.75 at 560[err]C for five minutes. In Fig. 4, the
Glass of any composition can be used so reference numeral 1 designated the
sintered   long as it reacts with the body or the firs body  mainly
consisting of zinc oxide, and 2  layer, without adverse affect, to form a
non- the polycrystalline, high resistance  layer  crystalline, high
resistance layer. 15  formed by the diffusion of the silicon, antim-    A
non-linear voltage dependent resistor ele-  80 ony or bismuth component or
by he reaction  ment of the present invention is provided with with zinc
oxide. 6 designates the paste in-  a polycrystalline and a non-crystalline
layer 



cluding the glass component and 3 the non-  of high resistance by forming
the polycrystal- crystalline, high resistance  layer after having  line,
high resistance layer on the side  of the 20   been baked. As seen from the
drawing when sintered body mainly consisting of zinc oxide   85 the first
layer is formed on the surface of simultaneously with the sintering of the
body the body, the spreading is cosiderably facili- and. then applying the
non-crystalline  high tated compared  with that without the first
resistance material layer on the polycrystalline. layer. Such, spreading
of the     is also  layer. The. element thus produced  has very 25
observed for glasses of other compositions.    high resistance to the
contamination of  its  90 As described hereinabove, when the two  side and
is stable against humidity and an high resistance layers are provided in
accord   impulse current 'as well as various atmos- ance with the present
invention, the character-  pheres. Furthermore, the element of the istics
of the element are very stable not only  present invention is of a high
commercial 30  against humidity and impulse current but  value because it
has a surface gloss.         95 also against the external atmosphere and
contamination. Such stability could not been   WHAT WE CLAIM IS:- attained
heretofore when the polycrystalline,  1. A non-linear voltage dependent
resistor high resistance layer or the non-crystalline,  element comprising
a polycrysalline, high 35  high resistance  yer alone was used. Conse-
resistance layer including at least one or both quendy, the effect of the
present invention  of zinc silicate[err] and zinc antimonate 100 is not a
morecombination of both layers. The  [err] formed ona sideof a stered
element of the present invention, which is  body mainy consisting of zinc
oxide and stable against the various atmospheres and  itself having
non-inear voltage dependent 40   aint           n   can be advantageously
properties and a non-crystalline, insulating -used in an out-door
application such as an  layer formed on the polycrystalline layer.    105
arrester  for a distribution line and in a    2. A non-linear voltage
dependent resistor mirowave      application.                 element
according to claim  1 wherein said' While bismuth oxide [err]cobalt oxide
non-crystalline, insulating  layer is a glass 45  [err]and antim-  layer.
ony oxide [err] were added to zinc oxide   3. A method for manufacturing a
non-linear 110 in the above example, lead oxide (PbO), cal-  voltage
dpendent resistor element including cium oxide (CaO), strontium oxide
(SrO),  a sintered body which shows non-linear volt- barium oxide [err] and
uranium  oxide  age dependent properties itself comprising the 50  [err]or
another element which forms a  steps of applying material  including at
least layer having non-linear voltage dependent  one or both of silicon and
antimony on a  115 properties at the particle boundary  in the  side of a
molded body mainly consisting of zinc oxide sintered body, can be used. For
zinc oxide, firing them to form  a sintered the purpose of controlling the
resistance of   body and a polycrystalle, high resistance 55  the sintered
body or  for another purpose,  layer on the side o    sintered body, apply-
nickel  de (NiO) magnesium oxide [err] ing material incldinglass thereon,
and heat  120 chromium oxide[err]tin oxide [err]treating it to form a
non-crystalline, insulating silicon oxide [err] or titanium oxide [err]
layer on the polycrystalline layer. may be added without affecting the
present    4. A method for manfacturing a non-linear 60  invention.
resistor element according to Claim 3 wherein Furthermore, although silicon
dioxide and   a mixture consistingof silicon dioxide [err]  125 antimony
oxide were included in the past to  antimony oxide [err] and bismuth oxide
form the first layer in the above example, it  [err] in the mol ratio of 70
to 20 to 10 should be understood that compounds,such  is applied on the
side of the molded body 65  as carbonates or hydroxides, which result in
mainly consisting of zinc oxide and then    - 



6                                        1,508,254 the glass and the body
during fusing is re-  oxides during firing and react with zinc oxide
markably improved by providing the first  to produce zinc silicate or zinc
antimonate, layer. Fig. 4A and B show the geometries  can attain a similar
effect. Bismuth oxide of fused glass formed by placing 0.1 gram   [err]
need not be added but other com- 5   of glass paste of the composition 4 in
the  ponents which take the place thereof may   70 Table 2 on a sintered
body mainly consisting  be, added. Furthermore, it should be under of zinc
oxide and on a similar sintered body  stood that depending on the
particular pur- having a coating of the first layer, respectively,  pose of
the varistor, a material which does in such a manner that the contact area
is a  not appeciably damage the above effect may 10   circular plane of
0.02 [err]  area, and firing it                                        75
at 560[err] for five minutes. In Fig. 4, the     Glass of any composition
can be used so reference numeral 1 designates the sintered  long as it
reacts with the body or the first body mainly consisting of zinc oxide, and
2   layer, without adverse affect, to form a non- the polycrystalline, high
resistance  layer  crystalline, high resistance layer. 15   formed by the
diffusion of the silicon, antim-    A non-linear voltage dependent resistor
ele-  80 ony or bismuth component or by the reaction  ment of the present
invention is provided with with zinc oxide. 6 designates the paste in-  a
polycrystalline and a non-crystalline layer cluding the glass component,
and 3 the non-  of high resistance by forming the polycrystal- crystalline,
high resistance layer after having  line, high resistance layer on the side
of the 20   been baked. As seen from the drawing, when  sintered body
mainly consisting of zinc oxide   85 the first layer is formed on the
surface of  simultaneously with the sintering of the body the body, the
spreading is considerably facili-. and then applying the non-crystalline,
high tated compared with that without the first  resistance material layer
on the polycrystalline layer. Such spreading of the glass is also  layer.
The element thus produced has very 25   observed for glasses of other
compositions.    high resistance to the contamination of its  90 As
described hereinabove, when the two  side and is stable against humidity
and an high resistance layers are provided in accord-  impulse current as
well as various atmos- ance with the present invention, the character-
pheres. Furthermore, the element of the istics of the element are very
stable not only  present invention is of a high commercial 30  against
humidity and impulse current but  value because it has a surface gloss.
95 also against the external atmosphere and contamination. Such stability
could not been  WHAT WE CLAIM  IS:- attained heretofore when the
polycrystalline,  1. A non-linear voltage dependent resistor high
resistance layer or the non-crystalline,  element comprising a
polycrystalline, high 35  high resistance layer alone was used. Conse-
resistance layer including at least one or both quently, the effect of the
present invention   of zinc silicate [err] and zinc antimonate 100 is not a
mere combination of both layers. The   [err] formed on a side of a sintered
element of the present invention, which is  body mainly consisting of zinc
oxide and stable against the various atmospheres and  itself having
non-linear voltage dependent 40  against contamination can be
advantageously  properties, and a non-crystalline, insulating used in an
out-door application such as an  layer formed on the polycrystalline layer.
105 arrester for a distribution line and in a     2. A non-linear voltage
dependent resistor microwave oven application.                 element
according to Claim  1 wherein said While bismuth oxide [err] cobalt oxide
non-crystalline, insulating layer is a glass 



45  (CoO), manganese oxide (MnO) and antim-  layer. ony oxide [err] were
added to zinc oxide   3. A method for manufacturing a non-linear 110 in the
above example, lead oxide (PbO), cal-  voltage dependent resistor element
including cium  oxide (CaO), strontium oxide (SrO),  a sintered body which
shows non-linear volt- barium  oxide (BaO) and uranium  oxide  age
dependent properties itself comprising the 50  [err] or another element
which forms a   steps of applying material including at least layer having
non-linear voltage dependent  one or both of silicon and antimony on a  115
properties at the particle boundary in the  side of a molded body mainly
consisting of zinc oxide sintered body, can be used. For  zinc oxide,
firing them to form  a sintered the purpose of controlling the resistance
of  body and a polycrystalline, high resistance 55  the sintered body or
for another purpose,  layer on the side of the sintered body, apply- nickel
oxide (NiO), magnesium oxide (MgO),  ing material including glass thereon,
and heat  120 chromium oxide [err], tin oxide [err],  treating it to form a
non-crystalline, insulating silicon oxide (SiO[err]) or titanium oxide
(TiO[err])  layer on the polycrystalline layer. may be added without
affecting the present    4. A method for manufacturing a non-linear 60
invention.                                  resistor element according to
Claim 3 wherein Furthermore, although silicon dioxide and  a mixture
consisting of silicon dioxide (SiO[err]),  125 antimony oxide were included
in the past to  antimony oxide [err] and bismuth oxide form the first layer
in the above example, it  [err] in the mol ratio of 70 to 20 to 10 should
be understood that compounds, such  is applied on the side of the molded
body 65  as carbonates or hydroxides, which result in  mainly consisting of
zinc oxide and then 11111111 111111 111111111111111 *   C  L   M   S   *
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7 fired to form the polycrystalline, high resist-  described with reference
to the accompanying ance layer on the side of the molded body.    drawings
for manufacturing a non-linear volt-  15 5. A non-linear voltage dependent
resistor  age dependent resistor element. element according to Claim  1
wherein said 5  .sintered body comprises zinc oxide (ZnO), to which bismuth
oxide [err], cobalt oxide         FITZPATRICKS, (CoO), manganese oxide
(MnO) and antim-            Chartered Patent Agents, ony oxide [err]are
added in the amount                 Warwick House, of 0.01 to 10 mol%,
respectively.                      Warwick Court, 10     6. A non-linear
voltage dependent resistor         London WC1R 5DJ. element substantially
as hereinbefore described            -  and - with reference to the
accompanying drawings.        14-18 Cadogan Street, 7. A method
substantially as hereinbefore               Glasgow G2 6QW. Printed for Her
Majesty's Stationery Office by the Courier Press, Leamington Spa, 1978.
Published by the Patent Office, 25 Southampton Buildings, London, WC2A lAY,
from which copies may be obtained. *   C   L   M   S   *    


