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VARISTORS WITH PATTERNED ELECTRODES 

This invention relates to polycrystalline varistors. 
More particularly, this invention relates to a novel elec 
trode configuration for polycrystalline varistors for im~ 
proving the current homogeneity through series stacks 
of polycrystalline varistor elements for high voltage 
surge protection. 
There are a few known substances whose resistance 

characteristic is non-linear and is expressed by the 
equation 

(LY I = c 

where 
I is the current ?owing through the material, 
V is the voltage applied across the material, 
C is a constant which is a function of the physical di 
mensions of the body, its composition, and the pa 
rameters of the process employed to form the 
body, and 

a is a constant for a given range of current and is a 
measure of the non-linearity of the resistance char 
acteristic of the body. 

A well-known example of such varistor materials is sili 
con carbide. Silicon carbide and other non-metallic va 
ristor materials are characterized by having an alpha 
exponent of lessvthan 6. Recently, a family of polycrys 
talline metallic oxide varistor materials have been pro 
duced which exhibit an alpha exponent in excess of 10. 
These new varistor materials comprise a sintered body 
of zinc oxide crystal grains, including additionally an 
intergranular layer of other metal oxides and/or ha 
lides, as, for example, beryllium oxide, bismuth oxide, 
bismuth ?uoride, or cobalt ?uoride, and are described, 
for example, in US. Pat. No. 3,682,841, issued to Ma 
tsuoka et al. on Aug. 8, 1972 and US. Pat. No. 
3,687,871, issued to Masuyama et al on Aug. 29, 1972. 

In the electric power distribution arts, it is common 
to provide high voltage surge protective apparatus at 
various points in a distribution network to protect the 
elements of the network and apparatus of electric 
power customers from damage by high energy surges 
caused, for example, by lightning strikes or transient 
load anomalies. Spark gaps and silicon carbide varis 
tors have been employed in the past for this purpose. 
Because of the relatively low alpha exponent, silicon 
carbide devices employed for surge protection are usu 
ally connected in series with spark gaps. Because of 
their superior varistor performance, the new metal 
oxide varistor devices are theoretically considered able 
to provide superior performance in voltage transient 
suppression stacks for power distribution systems.‘ 

In the con?guration in which polycrystalline metal 
oxide varistors are presently manufactured, the varistor 
material as described above is pressed into a disk 
shaped body having a pair of opposed major faces and 
is then sintered to produce a ceramic varistor disk. A 
pair of electrodes is applied to the opposing major faces 
of each disk. High voltage stacks for protection in elec 
tric power distribution systems are constructed by seri 
ally stacking an appropriate number of electroded 
disks. Silicon carbide varistor stacks for high voltage 
surge protection are similarly con?gured. 

In the case of the polycrystalline metal oxide varis 
tors, however, the extremely high alpha exponents, 
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which provide for superior varistor performance, cre 
ates a problem in high voltage, high energy, stacks in 
that the adverse effects of any nonuniformity of varis 
tor characteristic in a disk is magni?ed in the degree of 
undesired current channeling which occurs. Small vari~ 
ations in varistor voltage in a polycrystalline metal 
oxide varistor disk cause very large current distribution 
variations through the disk. This current channeling 
through the disk, in which a very small cross-sectional 
area of the disk carries almost all of the current ?owing 
between the electrodes across the disk produces ther 
mal stresses within the disk which may fracture it and 
otherwise contributes to premature failure of the disks. 
In the case of high voltage surge suppression stacks 
comprising a plurality of disks having a unitary elec 
trode on each major face of each disk, current channel 
ing occurs through the weakest portion of each disk 
with the deleterious effects described above. 

It is, accordingly, an object of this invention to pro 
vide a polycrystalline metal oxide varistor element for 
inclusion in high energy power distribution surge sup 
pression stacks in which selective current channeling 
through the elements of the stack is prevented to in 
crease the reliability of the stack. 

It is another object of this invention to provide such 
a polycrystalline varistor element having patterned dis 
continuous electrodes on the opposing major faces of 
the element to prevent selective current channeling 
through the disks of a stack by preventing the forma 
tion of equi-potential surfaces at the interface between 
successive disks of the stack. 

It is another object of this invention to provide a high 
energy, high voltage surge suppression stack having im 
proved current distribution uniformity through the 
stack. 

Brie?y, and in accordance with one embodiment of 
this invention, a body of polycrystalline varistor mate 
rial having a pair of opposed ?at faces has discontinu 
ous electrodes applied to each of the opposed ?at 
faces. The electrodes provide for electrical contact to 
the body of polycrystalline varistor material, but, be 
cause they are discontinuous, they prevent an equi 
potential surface from existing at the faces of the varis 
tor body. In another embodiment of this invention, a 
plurality of such varistor bodies having discontinuous 
patterned electrodes on the major faces of each body 
are serially stacked to form a high energy, high voltage 
surge suppression stack in which substantially uniform 
current distribution through the stack occurs when a 
voltage across the stack exceeding the varistor voltage 
thereof occurs. The uniform current distribution is the 
result of the absence of an equi-potential surface be 
tween the elements of the stack and in turn produces 
a stack in which uniform current distribution there 
through provides improved reliability and perfor 
mance. 

The novel features of this invention sought to be pa 
tented are set forth with particularity in the appended 
claims. The invention, together with further objects 
and advantages thereof, may be understood from a 
reading of the following specification and appended 
claims in view of the accompanying drawings in which: 
FIG. 1 is a cross-sectional view of a portion of a high 

energy, high voltage surge suppression stack illustrating 
the deleterious effect of current channeling through the 
stack. 1 ' ~ 
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FIG. 2 is a plan view of a polycrystalline varistor ele 
ment for inclusion in high energy, high voltage surge 
suppression stacks in accordance with this invention 
having patterned electrodes on the major faces thereof. 
FIG. 3 is a sectional elevation view of a high energy, 

high voltage surge suppression stack in accordance 
with this invention. 
FIG. 4 is a sectional elevation view of a portion of a 

high energy, high voltage surge suppression stack in ac 
cordance with another embodiment of this invention in 
which insulation material is applied to the major faces 
of the elements of the stack in complementary pattern 
to the electrodes thereon. 
FIG. 1 illustrates a prior art polycrystalline varistor 

stack comprising varistor elements 10, 20, and 30 hav 
ing respectively electrodes 11 and 12, 21 and 22, and 
31 and 32 on opposite major faces thereof. As a result 
of inhomogeneities of material in varistor elements 10, 
20, and 30, each element has a preferential current 
path, respectively, 13, 23, and 33 therein. Because 
electrodes 12 and 21 and electrodes 22 and 31 provide 
equi-potential surfaces at the junctions between varis 
tor elements 10 and 20 and 20 and 30, a preferential 
current path through the entire stack exists. As a result, 
when a voltage surge exceeding the varistor voltage of 
the stack occurs, substantially all of the current ?owing 
through the stack flows through the preferential cur 
rent channel comprising preferential current channels 
13, 23, and 33 of the constituent elements of the stack. 
This results in local heating in the vicinity of the cur 
rent channels, which may produce fracturing of one or 
more of the elements of the stack thereby destroying 
the stack, or may otherwise degrade the performance 
of the stack as, for example, by electrochemically dam~ 
aging the varistor elements or the electrodes applied 
thereto. 

In accordance with this invention, current channeling 
through high energy, high voltage surge suppression 
stacks is prevented by applying patterned electrodes to 
the elements of the stack as illustrated in FIG. 2. FIG. 
2 shows a major face of polycrystalline varistor element 
40 for inclusion in a high energy, high voltage surge 
suppression stack having electrode means applied to 
the major faces thereof. The electrode means applied 
to the faces of varistor disk 40 in accordance with this 
invention comprise conductive elements 41 applied to 
the faces of disk 40 in a discontinuous pattern. The dis 
continuity of the electrode means in accordance with 
this invention results in the absence of an equi 
potential surface over the interfaces between elements 
of a stack and thereby prevents current channeling 
through an entire stack and prevents the deleterious 
consequences of such current channeling. Since prefer 
ential current channels are spatial randomly located in 
individual polycrystalline varistor elements, the pre 
vention of current through a stack seeking the prefer 
ential channel of each disk of the stack by patterning 
the electrodes in accordance with this invention greatly 
improves theeffective homogeneity of a stack as a 
whole. 
While the conductive elements 41 of the patterned 

electrode shown in FIG. 2 are illustrated as square, this 
invention is not so limited and other patterns may be 
employed. The geometry of the pattern is also some 
what a matter of design choice within the constraints 
imposed by the facts that too large a spacing between 
conductive elements 41 undesirably decreases the ef 
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4 
fective volume of varistor element 40 available for utili 
zation and too small a spacing will lead to undesired 
conduction paths across the surface of varistor element 
40 between adjacent electrode elements 41. In‘ practic 
ing this invention, optimally, conductive elements 41 of 
the patterned electrode should cover approximately 
two-thirds of the surface area of varistor element 40 
and the non-conductive areas 45 should cover approxi 
mately one-third of the surface of varistor element 40. 
Each of conductive elements 41 should cover less than 
3 percent of the surface area of varistor element 40. 

FIG. 3 is a sectional elevation view of a portion of a 
high energy, high voltage surge suppression stack in ac 
cordance with this invention comprising a plurality of 
varistor elements as shown in FIG. 2. FIG. 3 shows va 
ristor elements 40, 50, and 60 having patterned elec 
trodes on opposite major faces thereof. Varistor ele; 
ment 40 has an electrode comprising conductive ele 
ments 41 on a ?rst face thereof as shown in FIG. 2 and 
a second electrode comprising conductive elements 42 
on the opposite face thereof. Similarly, varistor ele 
ments 50 and 60 have electrodes on opposite faces 
thereof comprising respectively conductive elements 
51 and 52, and 61 and 62. Upon the occurrence of the 
voltage surge exceeding the varistor voltage of the 
stack illustrated in FIG. 3, conduction paths through 
the varistor elements of the stack including elements 
40, 50, and 60 exist between opposing pairs of conduc 
tive elements of the electrodes on opposite sides of 
each disk. No conductive path exists along the inter 
face between adjacent varistor elements because of the 
patterning of the electrodes. Accordingly, the current 
?owing through the varistor stack of FIG. 3 is pre 
vented from selectively channeling through the disks of 
the stack as described above with reference to FIG. 1. 
Therefore, current distribution through the stack of 
FIG. 3 is more uniformly distributed through the varis 
tor elements including elements 40, 50, and 60 illus 
trated in FIG. 3 comprising the stack. 

FIG. 4 illustrates an alternative embodiment of a va 
ristor stack in accordance with this invention wherein 
the modi?cation comprises the inclusion of insulating 
material in a pattern complementary to the conductive 
element pattern in the electrode surfaces associated 
with each varistor element. In FIG. 4 varistor elements 
70, 80, and 90 have patterned electrodes on opposite 
faces thereof comprising respectively conductive ele 
ments 71 surrounded by insulating material 73 on a 
first major face of varistor element 70, conductive ele 
ments 72 surrounded by insulating material 74 on a 
second major face of varistor element 70, conductive 
elements 81 surrounded by insulating material 83, and 
conductive elements 82 surrounded by insulating mate 
rial 84 on opposite major faces of varistor element 80, 
and conductive elements 91 and 92 surrounded respec 
tively by insulating material 93 and 94 on opposite 
major faces of varistor element 90. The inclusion of in 
sulating material in the electrode surfaces serves to in 
crease the electrical breakdown strength between adja 
cent c'onductive elements of the patterned electrodes, 
and also serves to protect the varistor stack from envi 
ronmental contamination. 
While this invention has been described with refer 

ence to particular embodiments and examples, other 
modifications and variations will occur to those skilled 
in the art in view of the above teachings. Accordingly, 
it should be understood that within the scope of the ap 
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pended claims, the invention may be practiced other 
wise than is speci?cally described. 
The invention claimed is 
1. A polycrystalline varistor element for inclusion in 

a series stack of such polycrystalline varistor elements 
for high voltage surge protection comprising: 

a body of polycrystalline varistor material having a 
pair of opposed ?at faces; and 

a plurality of conductive electrode elements applied 
to spatially separated areas on each of said opposed 
flat faces for providing electrical contact to said 
body, said electrode elements being separated, one 
from another, and adapted so that electric current 
?ow between said separated areas is con?ned to 
said body of varistor material. 

2. A polycrystalline varistor element as claimed in 
claim 1 wherein said electrode elements comprise a 
plurality of conductive elements disposed upon each of 
said opposed ?at faces in a regular geometric pattern. 

3. The varistor element of claim 2 wherein said con 
ductive elements collectively cover approximately'two 
thirds of the surface area of each of said opposed ?at 
faces. 

4. The varistor element of claim 3 wherein each of 
said conductive elements individually covers less than 
3 percent of the surface area of the face upon which 
said conductive element is disposed. 

5. The varistor element of claim 2 including addition 
ally electrically insulating material disposed upon each 
of said opposed flat faces in a pattern complementary 
to said regular geometric pattern. 

6. A high energy, high voltage surge suppression 
stack comprising: 
a plurality of bodies of polycrystalline varistor mate 

rial; 
each of said bodies having a pair of opposed ?at 

faces; 
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6 
each of said ?at faces having patterned electrode 
means applied thereto, said patterned electrode 
means being electrically discontinuous; 

said bodies having said electrodes applied thereto 
being serially stacked with the electrode means ap 
plied to each said body being in contact with the 
electrode means applied to an adjacent said body. 

7. A surge suppression stack as claimed in claim 6 
wherein said electrode means comprise a plurality of 
electrically conductive elements disposed upon each of 
said opposed ?at faces in a regular geometric pattern. 

8. The surface suppression stack of claim 7 wherein 
said serially stacked bodies are aligned so that each of 
said electrically conductive elements is in contact with 
a corresponding said electrically conductive element 
applied to an adjacent said body to provide for electri 
cally serial interconnection among said bodies and to 
prevent an equi-potential surface from existing along a 
junction between adjacent said bodies. 

9. A surge suppression stack of claim 8 including ad 
ditionally electrically insulating material disposed upon 
each of said opposed flat faces in a pattern complemen 
tary to said regular geometric pattern. 

10. A polycrystalline varistor element for inclusion in 
a series stack of such polycrystalline varistor elements 
for high voltage surge protection comprising: 

a body of polycrystalline varistor material having a 
pair of opposed flat faces; 

a plurality of conductive elements disposed upon 
each of said opposed ?at faces in a regular geomet 
ric pattern for providing electrical contact to said 
body; and ' 

electrically insulating material disposed upon each of 
said opposed ?at faces in a pattern complementary 
to said regular geometric pattern. 

* * * * * 


