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IMPROVEMENTS IN VARISTORS (71)   We,  GENERAL   ELECTRIC   where [err] are
the device voltages at   40 COMPANY,   corporation organized and  given
currents [err] respectively. existing under the Laws of the State of New
At very low voltages and very high voltages York, United States of America,
of 1  ver  metal oxide varistors deviate from the charac- 5   Road,
Schenectady 12305,    Ste of New York,  teristics expressed  by  equation
(1) and United States of America, do hereby declare  approach  linear
resistance  characteristics.   45 the invention, for which we pray that a
patent  However, for a very broad useful voltage range may be granted, to
us, and the method by  the response of metal oxide varistors is as which it
is to be performed, to be particularly  expressed by equation (1). 10
described in and by the following state-    The values of C and a can be
varied over ment: -                                   wide ranges by
changing the varistor formula-   50 tion and the manufacturing process,
Another This invention relates to metal oxide varsior tors and, in
particular to  a metal oxide voltage which can    be  defined as the
voltage varistor having a passivating coating for im-  across  the device
when a  given current is In general, the current flowing between  ampere
and subsequent reference to varistor two spaced points is directly
proportional  voltage shall be for voltage so measured- to the potential
difference between those  Still another useful varistor characteristic is
20  points. For most known substances, current  the leakage current This is
the dc steady   60 conduction  therethrough  is equal to the  state current
through the device when it is applied  potential difference divided by a
exposed  to one-half of its varistor voltage. constant which has been
defined by Ohms  A high leakage current causes wasted power law to be its
resistance. There are, however,  and, if high enough, can cause joule
heating of 25  a few substances which exhibit non-linear  the device, which
leads to a higher current   65 resistance, Some devices, such as metal
oxide  Thus, high leakage current can lead to varistors, utiize these
substances and require  thal runaway. The foregoing is, of course, resort
to  the following equation (1) to  well known in the prior art.
quantitatively relate current and voltage:.  Metal oxide, varistors are
usually manu- factured as follows. A plurality of additives   70 is mixed
with a powdered metal oxide, com- [ERR]
comprise only a small portion of the end where V is the volta  applied to
the device,  product, for example less than five to   75 I is the current
flowing through the device,  ten mole  rcent In some instances, the addi- C
is a constant and a is an exponent greater  tives comprise less than one
mole percent, The than 1 Inasmuch as the value of a deter-  types and
amounts of additives employed vary 35   mines the degree of non-linearity
and ex-  with the properties sought in the varistor. hibited by the device,
it is generally desired  Copious literature  describes metal oxide   80
that  a be relatively high. a is calulated. varistors utilizing various
additive combina- according to the following equation(2):   tions. For
example, see U.S. Patent Num- ber 3,663,458. A portion  of the metal oxide
tpoinad  ed   aefxe.t                                 en 
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a temperature that does not melt the par- pletely encapsulated by the
coatng. It will -iclate matter.                           be appreciated
that the surface of the coating Inasmuch as metal -contact;
wh''eb'a'Fpplied 12 is rendered irregular or roughened as cor- by such
conventional methods as the applica-  pared to what it would be were the
particles 5  tion and heating of silver paste or the utiliza-  as
represented by the grains 19 and 20 absent.  70 t'on of a metallic flame
spray, closely con-  It has been found that contacts  applied by the to.
the contour of the substrate surface,  conventional methods such as  by
applcation in this case the varistor pellet surface, it will of silver
paste or by metallic flanie spraying be appreciated that a substantial
increase in  do closely conform  to surface irregularities. 10   contact
adhesion will be realized by the Thus, it will be appreciated that the
contact   75 utilization of a coating having an irregular  13  will adhere
more tenaciously to  the (or rough) surface.
irregular surface than to a smooth surface. It is, of course, realized that
other methods  The inclusion of the particulate matter as of providing an
irregular surface can be em-  described below has been found to increase 15
ployed. For example, a coating that shrinks as  the surface irregularity by
at least one order 8Q cured can be employed. The shrinking coating of
magnitude. 'Consequently, a substantial en- -will develop crdks that create
an' irregular hancement of contact adhesion is obtained. surface.        -
-         '            In  order to  provide good  passivating Inasmuch as
coatings are often applied to  qualities and to be fully. compatible with
the 20   varistor bodies when manufactured by con-   pellet  11, the
coating 12 comprises at least   85 ventional methods, it will be
appreciated that  some of the preselected additives. For ex- little extra
cost will be incurred in the manu-   ample, it has been found that an
effective facture of. the subject varistor since coating   passivating
coating can be  provided utilizing equipment is at the disposal of varistor
man-    the "reacton product" used in the method of 25  facturers.
our co-pending Application No. 41270/74   9.0 Consequently, it will be
appreciated that  (Serial No.- 1,481,453). Briefly, the reaction there has
been provided a coating for metal  product described   therein  is formed
by oxide varistors that functions as a passivating   thoroughly mixing the
preseected adtives coating to improve, the stability of the de-  in the
absence of' the metal oxide and then 30   vice. The coating is fully
compatible with the   prereacting the additives. For example, the   95
varistor  body porton,. and, inasmuch as the   additives can be heated and
cooled and 'thus coating is free of monovalent ions, does not  fused into a
solid body. This body is then. adversely alter the electrical properties of
the    ground to form  the reaction product. The varistor. Furthermore, the
coating can be free   metal oxide is mixed with the reaction  product 35
of silicon if a lowvoltage device' is being   and pressed and sintered in
the  conventional 1oo manufactured.. Finally, the preferred  coating
manner. enhances the adhesion of the contacts to the  As specifically
described in this co-pending varistor body portion, thus preventing device
application, a vatistor with excellent electrical failure due to detached,
cracked  or torn  characteristics can be fabricated from 98 mole 40
contacts.                                  percent zinc oxide, 0.5 mole
percent bismuth  105 Referring first to Figure 1 there is shown oxide, 0.5
mole percent cobalt oxide, 0.5 a metal oxide varistor 10 that includes a
mole percent manganese oxide, and 0.5 mole sintered body portion
11ncomposed essentially  percent titanium  oxide, In accordance with of a
metal oxide and a plurality of preselected  the method of said co-pending
application, 45   additives. The body  11- can be manufactured   the oxides
of bismuth, cobalt, manganese and   110 by methods well known in the prior
art or by   titanilim are thoroughly  mixed in equal molar an improved
technique to be discussed below. amounts, then heated and cooled to form a
Surrounding the bodyportion is a pass'ivatng  crystalline solid body. The
crystalline solid coating  12 and, overlying the coating on two  body in
pround to form. the reaction product. 50   major surface  areas of the'
body, are two  Zinc oxide and the reaction product   re  115 metallic
contacts 13 and 14. Two wire leads thoroughly mixed and a portion of the
mix- 15 and 16 are coupled to the contacts 13 and  ture is  pressed and
sintered to form  the 14, respectively, by conductive couplers such
Varistor body -i1. as solder 17 and 18.                        For the
specific formulation of a varistor 55   Referring now to Figure 2 there is
shown    descnrbed above, effective passivating coatings   120 a portion of
the  varistor 10 shown in  Figure   can be produced from any of the
following 1. Specifically, a corner of the body; poron   base materials: 



11 is shown in Figure 2. In the  enlarged Figure 2, the passivating
coating 12 is more  1. 16 gns. Reaction Product 60   dearly visible It is
seen to consist of a coat-  2. :10.5 gins. Reaction Product+5.7 gms. ing
material with particulate matter embedded     Bi2O1 therein. 'It will be
appreiated that some  of    3. 14.5 gms. Reaction Product +2.6 gins. the
grains 19 of the particulate matter project  HBO, beyond the surface of the
coating- 12 while  4. 10.5 gms. Reaction Product +5.7 gns. 65   oter
grains, such'as the grains 20, are com-      Bi2Os 1.9 gMs. HBOZ    5. 10.5
gms. Reaction Product +              iverehast beennpti     avari B2Sk%   .
gm.HBs3C gs    iaigc~tng that reduces lesktage current and'improves devic
Sb203~~ ~o   Prdc+30  gm~s.iaeco Bi203 +15   gmns.   H8BO,+7   gns.,  tact
adesion. Testslhave shown that con- gms.   %Bgins.                't    rf
--et; SiO, 2  --tact adheion  is   mprod. ,by at least one  _ 70 .. order
of       aid~   ndjleakage cuivent. is With respe  to the above formulas,
it will  red      b- be appreciated  that the sixth formula, can   an
extreme   desfrable varistoi   and method be used in medium or high voltage
varistors,  of manufacueo have been  isdosed. 10   but' itmay be -desired
to  avoid the.sixth        Many modifications a                of the    75
formula, which' includes -silicon the mav  ntin
eappationt tof thoe    7 facture  of low  voltage i varistors inasmuch
skile in theat. Fo   examplea  ot  chese as silicon increases the vo     r
t       a    nd v hcles can     varistor. -Frthermore, it war
be ap a           t     h        afore itjwil 15   that each of the -abovel
fomltosi               is fomula  thst usedonl rie acto   rou          8 of
silver and  o the  monoaent ions.           and vehicle is put on the body.
Th would tend serveto diffuserdly  thr h 'the  Lusing the first formula,
the coatinga is th varistor body 11 during t the coating heating  reactio
prodtu   ony  Furthermore,  st.wl 20 step to be described subsequently.
Such aWbonthermo c                                  are dehiffusi   ofat
mhas ven     ioun s   coufdcti ve r y  emfor-  the .y        are
substantially    entiel  85 affect the stability of 1the vastora 10 and
affect the' final - eletrical properties of the device a d   into
outer port  of e vs ina    a     m annerd  15:  grsms       it     t    bt
d           d     h    h  ih -o  asi  it  . 'd-e- ion -f th beneficial to
oaf'               other i ono-  PA        matte,  wcs    tll "embedded" 40
valent ions from the va   erstor formulation.  torenaanthog       on
artialay. The compounds 1o bismuth, boron, anti- moy,. and silicon, where
included, ara -car:-      WA toW    a IM  IS:             w            90
'tivelys an . spera to ultimately  a   te        a      metal oi      lso
a comprising abody adheson*  f thegrais 19  nd 2  ~~  portion consisting
essetall~y of. a metal oxide 30   body. .11.
and a  plural'ity 'of additives and with a pas Iii oder o appy th
pasivatig coting atin   coating oin sad body POtin  said. anyt .ofa
thempabove formula  is selected of  6angopsi at least           soe  of
said a dd,-n95 mixed whor a vehicle dto f      caclitate handling. A  ios.
vehicle that has been. foudefectivie fort         2 A  varistfor according
to  i  1  hri 35   above  formulations  LS  compose   of 1d  3    said
coa'ting:     c ises     ati   pO grams of n-butyl acetaten, 20 grams of
ethyl  obid    binte          i atast  some of cellulser and e15 grsins of
bu t 2to sd adit                                                  100
Applicationo the 'coating  is a  fo *ow       6.. A varistor acording
tocaim 2 of     rs The coating, which when mixed; with the   said cotnfrh r
coprises carrier means vehicle is fluid, is poured over the sAered   fo
n                  between said. body bodies 11 or the bmodis 11 a re
dipped in t      rons    ad sd r    o   rod'uct' coating. The vehicle is.
the   dried at a rela..                        to clam '3 wherein  105
wtiel   lows tempa  ture. The devices ar then   s   carrier  anomprises a o
und of heated to atemperature in therange of 600   at               o i
antimony, 



45   to. wi0CC for a preselectedatime. Thesited-   or sin. pecature and
-time selected . should. ensure tA  VaIstoM  according to, caim. 3or, the
carrier is futed and. thusAenha.ces the   claim 4 wherein said additives
c.pi se.td   110 adhesionofthe gains 9. -and 20to, oxides ofM
h        t         e   and 1. Howeer, thei grins 19 and. 20oi 'should
titanium, and werein s                   de i. 50   not melt so. that a
body 1  wfith the catn    zinc oxde 12  and  the Irregular Surface depictdi
6.A v'itracodn  oany one of claim Figure 2 is provided. Following. the haig
14to 5.;              i wheresinle   A11 step, the metal contacts.13 and
.14 are.applied   ions.sadctigsfreoslcn 15 by conventional techniques. such
as the appi-    .7, A. Method for manufatcnuring  aVarStor 55   cation
ofsilver paste~or fameespayi           acording taany:          8a41~pr5
mentioned previously, the contacts 13and- 14   the' steps .of: will closely
conform  to the irregular surface    ..provdn ag   body; portio   ossigesn
2 of the body II -and -thus adheretightly thereto.  tialyof  amtloxidea
Adreaction product ..It will-.be appreciated: that iflt isdsired   obtaine
byreacting toehrapuaiyo 60   for any reason, the carrier can be. utilized
preselected. additives; with  different particulate matter. For -et-
applin  a psiaigcaigcmrsn ample, other suitable particuilate matter is
atlatsm    fsi  diie  osaid bd    125 grains of aluminum  oxide.
prin  n In summary it: will be appreciated that        haigsi   oyprin    4
1,483,811                                       4 5. 10.5 gins. Reaction
Product+5.7 gms.  there has been provided a varistor with a pas-   65
Bi2aO+ 1.9  gMs.  HBOa+ 3.6  gmns.  sivating coating that reduces leakage
current Sb2O,                                 and improves device
stability, and, in accord- 6. 50 gms. Reaction Product+30 gins.  ance with
a preferred feature, enhances con- 5        Bi2,3 +15   gins.  HIB0 + 7
gmns  tact adhesion. Tests have shown that con- SiO,
tact adhesion is improved by at least one  70 order of magnitude and
leakage current isj- With respect to the above formulas, it will  reduced
by several orders of magnitude. Thus, be appreciated that the sixth formula
can  an extremely desirable varistor and method be used in medium or high
voltage varistors,  of manufacture have been disclosed. 10   but it may be
desired to avoid the sixth      Many modifications and variations of the
75 formula, which includes silicon, in the manu-  subject invention will be
apparent to those facture of low  voltage vanstors inasmuch  skilled in the
art, For example, other carriers as silicon increases the voltage rating of
a  and vehicles can be used, In addition, it will varistor. Furthernore, it
will be appreciated  be appreciated that when the aforementioned 15  that
each of the above formulations is free  first formula is used, only
reaction product   80 of silver and other monovalent ions that  and vehicle
is put on the body. Thus when would tend to diffuse rapidly through the
using the first formula, the coating is the varistor body 11 during the
coating heating  reaction product only. Furthermore, it will step to be
described subsequently. Such a  be appreciated that when certain carriers
are 20   diffusion of monovalent ions could adversely  employed, they  are
substantially  entirely   85 -affect the stability of the varistor 10 and
affect  absorbed into the outer portion of the vars- the final electrical
properties of the device  tor body but do aid in the adhesion of the in a
manner difficult to predict~ Thus, it Is  particulate matter, which is
still "embedded" beneficial to omit silver and other mono-  therein,
although only partially. 25   valent ions from the varistor formulation.
The compounds of bismuth, boron, anti-    WHAT WE CLAIM  IS -
90 mony, and silicon, where included, are car-    1. A metal oxide varistor
conprising a body riers and serve to ultimately enhance the  portion
consisting essentially of a metal oxide adhesion of the graits 19 and 20 to
the                          ives and with a pas- 30   body 11.
sivating coating on said body portion, said In order to apply the
passivating coating,  coating comprising at least some of said addi-   95
any of the above formulas is selected and tiv 



mixed with a vehicle to facilitate handling. A vehicle that has been found
effective for the 2. A varistor according to clam 1 wherein 35  above
formulations is composed  of 135  said coating coprises a reaction product
grams of n-butyl acetate, 20 grams of ethyl  obtained by interreactng at
least some of cellulose and 15 grams of butyl carbitol.  said additives
Application of the coating is as follows.    3. A varistor according to
claim 2 wherein The coating, which when mixed with the  said coating
further comprises carrier means vehicle is fluid, is poured over the
sintered  for enhancing adhesion between said body bodies 11 or the bodies
11 are 'dipped in the  portion and said reaction product. coating. The
vehicle is then dried at a rela-    4. A varistor according to claim 3
wherein  105 'tivey low temperature. The devices are then  said carrier
means comprises a compound of heated to a temperature in the range of 600
at least one of bismuth, boron, antimony, 45  to 10000C for a preselected
time. The term-  or silicon. perature and time selected should ensure that
S. A  varistor according' to claim  3 or the carrier is fused and thus
enhances the  claim 4 wherein said additives comprise the  110 adhesion of
the grains 19 and 20 to the body  oxides of bismuth, cobalt, manganese and
11. However, the grains 19 and 20 should titanium, and wherein said metal
oxide iS 50   not melt so that a body 11 with the coating  zinc oxide. 12
and the irregular surface depicted in    6. A varistor according to any one
of claims Figure 2 is provided. Following the heating   1 to 5 wherein said
coating is free of silicon  115 step, the metal contacts 13 and 14 are
applied  ions. by conventional techniques such as the appli-    7. A method
for manufacturing a varistor 55   cation of silver paste or flame spraying.
As  according to any of claims 1-6 comprising mentioned previously, the
contacts 13 and 14 the steps of: will closely conform to the irregular
surface    providing a body portion consisting essen-  120 of the body 11
and thus adhere tightly thereto.  tially of a metal oxide and a reaction
product It will be appreciated that if it is desired  obtained by reacting
together a plurality of 60  for any reason, the carrier can be utilized
preselected additives; with different particulate matter. For ex-
applying a passivating coating comprising ample, other suitable particulate
matter is  at least some of said additives to said body  125 graims of
aluminum oxide.                  portion; and In summary it will be
appreciated that    heating said body portion. C   L            S    5 -
1,483,811                                        5 8. A method according to
claim 7 wherein  applying metallic contacts to said body por- said coating
comprises said reaction product.  liOn. 11. A method for manufacturing a
varistor 9. A method aecordmng to claun 8             claimed in claim 7
substantially as herein-   15 carrier means according to claim 3 are prF
before described with reference to and as 5   vided and said step of
beating said body Por-  illustrated in the accompanying drawings. tion
comprises heating said body Portion to a  12. A metal oxide varistor when
produced -  temperature sufficient to fuse said carrier  by a method as
claimed in any one of claims means but insufficient to melt said reaction
7 to l.                                    20 product. 10     10. A method
according to any one of                   P. M. TURNER dlams 7 to 9 further
comprising the step of           Agent for the Applicant. Printed for Her
Majesty's Stationery Office, by the Courier Press, Leamnieton Soa, 1977
Published by The Patent Office, 23 Southampton Buildings, London, WC2 lAY,
from which copies may be obtained.    


