
A Varistor and Production Method Thereof 

Technical Field 

5 The present invention generally relates to a varistor and 

to a method of fabricating such a varistor. 

Background 

10 The most. common type of varistor is the metal-oxide 

varisr.or (MOV) . Conventionally, a MOV contains a ceramic mass of 

zinc oxide (ZnO) grains in a matrix of other inorganic oxides 

such as small amounts of bismuth, cobalt, chromium and/or 

manganese sanawiched between two metal plates which act as the 

15 electrodes. The other inorganic oxides r.o be added to che ZnO 

generally have a lower mej tinq point than ZnO, and act as a 

sintering additive during the sintering step when the MOV is 

i onned. 

Further, the presence of the other inorganic oxide 

20 additives is also known no affect the non-linear current-voltage 

characteristics of the varistor. More specifically, the type and 

combination of the other inorganic oxide additives used affect 

n o t o n J. y t h e no n -1 i. n e a r c u rrent-v o 11 a a e c h a r a c t. e r i s t i. c s o f t h e 

varistor, bur. also the sintering temper at ure and sin ter ing time 

25 required to form, trie varistor. 

Following the sintering of a conventional varjstor, the 

varistor comprises ZnO crystal grains having a diameter: of 

between about 10 gm to about 150 pm encapsulated by a grain 

boundary layer subsf ant .rat ly consisting of other inorganic oxide 

30 a d d. 11 i v e s . T h e n o n -1 i n ear e 1 e c t r i c a 1 b e h a v i o r o c; c u r s a t the 

boundary of each ZnO crystal grain. Without being bound by 
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"checry, 11 is be.1 ieved t1 \at the non-1 inear currsnt-vo 11age 

characteristics of a varistor are dependent on the type and 

thickness of this grain boundary layer. 

Table I shows how various other inorganic oxide additives 

5 affect the non-linear resistance and the non-linear coefficient 

(a). The larger the value of a, the higher the non-linear 

resistance prcoercy of the varistor. As shGwn in the table, if 

there is only one other inorganic oxide additive, the value of a 

is small, but when a combination of five inorganic oxide 

10 additives are used, a-50. As such, there have traditionally been 

many variables thai can affect the properties of varistcrs, 

making it difficult to obtain varistcrs that have a consistent 

quality in performance. In addition, as the components of the 

varistor are ceramic, the method of forming a conventional 

15 varistor has t radi t.tonally been very complex, requi ring, for 

example, sintering of the product at very high (approximately 

100C°C) temperatures, which, often lead, to instability in the 

varistor performance due to formation of pores. Furthermore, due 

to the complex process, it is difficult to maintain crystal 

20 grains of uniform size. 
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Table 1. Electrical properties and average grain size of ZnO 

ceramics with various combined additives 

Additive 
(raol %) 

Sintering 
temperature 

<°C) 

Noil- linear 
resistance 

(V/mm) 

Nonlinear 
exponent, oc 

Average 
grain size 

(pm) 
B1203 (0.5) 1150 10 4 . 0 20 
sb203 (0.5} 1150 6 5 3 . 1 3 
Bi203 (0.5) 
CoO (0.5) 1250 65 3 . 1 25 

Bi2G3 (0.5) 
MnO (0.5) 1350 50 IS 30 

Bi2Q3 (0.5) 
CoO (0.5) 
MnO (0.5) 

1350 50 18 30 

B:i203 (0.5) 
CoO (0.5) 
MnO (0.5) 

Cr203 (0.5) 

1250 48 21 20 

Bi 203 (0.5) 
CoO (0.5) 
MnO (0.5) 

Cr203 (0.5) 
Sb203 (0.5) 

1350 135 50 10 

There is therefore a need to provide a varistor which 

5 overcomes, or at least partially ameliorates, one or more of the 

disadvantages described above. 

Summary 

10 In a first aspect, there is provided a varistor comprising 

a solid phase of zinc oxide particles substantially uniformly 

dispersed within a resin media, wherein the zinc oxide is 

present in the varistor in a range of 50 vol% to 80 vol% and the 

varistor has not been sintered. 

15 As the zinc oxide particles are substantially uniformly 

dispersed within the resin media, the dispersion may be 
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substantially homogeneous. In some disclosed embodiments, the 

zinc oxide particles are of a substantially uniform particle 

size. Advantageously, a uniform dispersion and particles of 
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substantially uniform size, enable efficient packing of zinc oxide 

particles within the resin media, thereby increasing the amount of 

particle grain boundaries. As the non-linear electrical behavior 

occurs at the boundary of each grain, an increase in grain boundaries 

5 advantageously increases the non-linear characteristics of the 

varistor. 

In disclosed embodiments, the varistor is substantially free of 

inorganic oxides other than zinc oxide. Advantageously, the disclosed 

varistor may not require additional additives and hence may be free 

10 of constituents other than zinc oxide and resin. More advantageously, 

as there may be a substantial or complete absence of inorganic oxides 

other than zinc oxide, the properties of the disclosed varistor may 

be easier to control. 

In a second aspect, there is provided a method of fabricating a 

15 varistor, comprising: mixing a substantially homogeneous mixture of 

solid zinc oxide particles and a resin media, wherein the zinc oxide 

is present in the mixture in a range of 50 vol% to 80 vol%; and 

heating the mixture under conditions to melt the resin and suspend 

the solid zinc oxide particles therein; and wherein the step of 

20 sintering is not performed. 

The disclosed method may comprise the step of selecting zinc 

oxide particles of a substantially uniform particle size to be mixed 

with the resin. 

Advantageously, the disclosed method is simple and 

25 straightforward. Further advantageously, the disclosed method does 

not involve many variables and therefore can produce varistors that 

are consistent in quality and performance. 

In embodiments, the disclosed method excludes the step of 

sintering the mixture to form the varistor. Advantageously, high 

30 temperatures associated with a sintering step are not required. 
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Definitions 

The following words and terms used herein shall have the 

meaning indicated: 

5 The term "other inorganic oxide" and "other inorganic oxide 

additives" rrua y be used interchangeably and for the purposes or 

this application, refer•to all inorganic oxides other than zinc 

oxide (ZnO). 

The term "zinc oxide (ZnO) grain", for the purposes of this 

10 disclosure, refers to ZnO in the varistor mixture of sintered 

MOVs . 

The term "zinc oxide (ZnO) particle", for the purposes of 

this disclosure, refers to ZnO in the varistor mixture of non-

sintered pMOVs. 

15 The terrr. "sintering" in reference to the fabrication of the 

varistor, refers to the process where powders are fused together 

at temperatures and/or pressures that are high but below the 

point of liquefaction of the material in the powder. The process 

is characterized by atoms or molecules in the powder particles 

20 diffusing across the boundaries of the particles, fusing the 

particles together and creating one solid piece. Sintering 

controls the dens ification and grain growth of a material. 

The term "densi £ ication" refers to the act of reducing the 

porosity of s material thereby increasing its density. 

25 The term "grain-growth" refers to the increase in size of 

crystal grains (crystallites) in a material, at high temperature. 

The term "mold" as used herein is intended to encompass all 

forms of shaping members wherein the material to be shaped can 

be introduced by pouring or injection with or without the aid of 

30 pressure. The term "molding" should be construed accordingly. 



The -word "substantially" does not exclude "completely'' e.g. 

a. composition which is "substantially free" from Y may be 

completely free from Y. The term "substantially free" from Y is 

also intended to include a composition with small amounts of Y 

5 which does not materially affect the composition or alter the 

properties of th$ composition. The term "substantially free" in 

reference to inorganic oxides other than zinc oxide refers to an 

amount which is less than about 0.1 vol%. Where necessary,- the 

word "substantially" may be omitted from the definition of the 

10 invention. 

The term "substantia]ly uniformly dispersed" and variants 

thereof as used herein refers to the variation in population 

density (e.g. particle distribution) of the zinc oxide particles 

within a unit volume of resin media being less than about ±20%, 

15 less than about ±10%, cr less than about ib%. The variation in 

population density of the dispersed zinc oxl.de particles in the 

resin, and in the final varistor product, can be quantified by 

known analytical techmcues. For example, a sample of the 

extrudate is analysed to determine whether the percent of zinc 

20 oxide particles have computed sizes which are within the ranges 

set forth herein below concerning particle size. Another method 

is to place a sample of the dispersion over a light source of 

appropriate wavelength and intensity to enable one to quantify 

the number of particles which show up as "imperfections"; and 

25 the size of each. is also visible under appropriate 

magnification. Another method is to use Digital Microscope VHX 

(Keyence) to measure a sample for the particle diameter and 

uniformity in dispersion. 

The term "substantially homogeneous" as used herein refers 

30 to particles which are generally evenly dispersed within the 



mixture or dispersion without substantial agglomeration within 

the resin media or separation from the resin media. 

The term "uniform" in relation to particle size generally 

refers to a particle size distribution wherein more than about 

5 80%; of particles have a predetermined size range, e.g. a. size 

range of about 1 to 50 um. The particle size may refer to the 

diameter of the particles where they are substantially 

spherical. The particles may be non-spherical and the particle 

size range may refer to the equivalent diameter of the particles 

10 relative to spherical, particles or may refer to a dimension 

(length, breadth, height or thickness) of the non-spherical 

p a r t i c 1 e . 

Unless specified otherwise, the terms '"comprising" and 

"comprise", and grammatical variants thereof, are intended to 

15 represent "open" or "inclusive" language such that they include 

recited elements but also permit inclusion of additional, 

unrecitecl elements . 

As used herein, the terms "about" and "approximately", in 

the context of concentrations of components of the formulations, 

20 or where applicable, typically means +/~ 5% of the stated value, 

more typically +/- 4% of the stated value, more typically + /'- 3% 

of the stated value, more typically, +/- 2% of the stated value, 

even more typically +/- 1% of the stated value, and even more 

typically -i-/~ 0.5% of the stated value. 

25 Throughout this disclosure, certain embodiments may be 

disclosed in a range format. It should be understood that the 

description in range format is merely for convenience and 

brevity and should not be construed, as an inflexible limitation 

on the scope of the disclosed. ranges. Accordingly, the 

BO description of a range should be considered to have specifically 

disclosed all the possible sub-ranges as well as individual 



numerical values within that range. For example, description of 

a range such as from 1 to 6 should be considered to have 

specifically disclosed sub-ranges such as from 1 to 3, from 1 to 

4, from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc., as 

5 well as individual numbers within that range, for example, I, 2, 

3, 4, 5, and 6. This applies regardless of the breadth of the 

range. 

Brief Description Of Drawings 

10 

The accompanying drawings illustrate a disclosed embodiment 

and serves to explain the principles of the disclosed 

embodiment. It is to be understood, however, that the drawings 

are designed for purposes of illustration only, and not as a 

15 definition of the limits of the invention, 

Fig. 1 is a graph showing the voltage-current 

characteristics of a varistor. 

Fig. 2 is a diagram showing how a varistor is typically 

connected within a circuit. 

20 Fig. 3A is a flow chart showing the method of fabrication 

according to an embodiment of the present, application. 

Fig. 3B is a flow chart shewing the method of fabrication 

of a conventional ceramic varistor. 

Fig. 4 is micrographic image of the grains and grain 

25 boundaries in a conventional ceramic varistor. The image was 

taken from M. Matsuoka et al., ZnO Varistor, Ohmsha Ltd., 2009. 

Fig. 5 is a schematic diagram of a varistor product 

according to an embodiment of the present; application. 

Fig. 6 is a graph showing the correlation between varistor 

30 voltage and the board thickness of the varistor. 



Fig. 7 is a graph comparing the voltage-current, 

characteristics of the varistor according to an embodiment of 

the present, application and a conventional ceramic varistor. 

Fig. 8 is a schematic diagram showing a cross-section of 

5 the varistor according to an embodiment of the present 

application. 

Fig. 9A is a graph shewing the impulse voltage-current 

characteristics of the varistor of Example 3. 

Fig. 9B is a graph showing the impulse voltage-current 

10 characteristics of the varistor of Example 3 compared with a 

conventional varistor component. 

Fig. 10A is a micrographic image of the porosity of a 

conventional varistor component. 

Fig. 10B is a micrographic image of the porosity of the 

15 varistor of Example 3. 

Disclosure of Optional Embodiments 

Conventionally, a varistor is an element for protecting 

20 devices from high electrical surges such as voltage or current 

spikes originating from events such as, for example, from 

lightning strikes, tripped circuit breakers, electromagnetic 

pulses ancl ind.uct.ive spikes to name a few. Depending on the 

withstand voltage of the device to be protected, as well as the 

25 type and extent of the electrical surge, different varistcrs can 

be selected for use. Electrical surges can enter from various 

points such as electrical power lines, signal lines and 

lightning rods. Sometimes, electrical surges that occur from 

static electricity must also be considered. 

30 If, for example, the working voltage of a circuit is 200 V 

and the withstand voltage of the device to be protected is 400 



V, then the varistor to be connected in parallel :o the device 

should ideally have a varistor voltage (also known as the 

clamping voltage, Vc) selected from the range: 200 V x V2 < Vc < 

4 00 V. 

Fig. 1 describes the range for Normal Varistor Operation. 

It shows the leakage region 102, normal varistor operation 104 

and upturn region 106. It also describes the low a region (b) 

112, varistor action region (a) 114 and the low- cx region (c) 

116. 

In a varistor, it is preferable that the non-linear 

resistcmce property is such that the range for Normal Varistor 

Operation as shown in Fig. 1 is broad, and that the graph 100 is 

flat in this range. The graph in Fig. 1 is described by the 

equation I = KV'% and the larger the value of a in the equation, 

t ri e f 1 a 11. e r the 1 i ne will b e . 

Another important property for a varistor i.s its allowable 

current. As shown in the cur ren t-volt age characteristics 

described by Fig. 1, when the voltage reaches a certain 

threshold, the varistor's resistive properties begin to behave 

similarly to that when it is in the lower voltage region. That 

is, the resistive properties of the varistor go from non-linear 

to linear, if a lightning surge is applied and the voltage goes 

beyond the transition region (i.e. low a region (c) 116 in Fig. 

I), then the varistor itself will become damaged. Conventionally, 

as shown in Fig. 2, the varistor is connected in parallel to the 

device to be orotected. Fig. 2 shows the power line 202, the 

varistor 204 , the electric device 206, the earth 208 and the 

ground connection 210, as well as the lightning surge 220, the 

lightning current 222, the lightning surge voltage 224 and the 

restriction of current 226. If the varistor 204 is damaged and 

the electrical circuit becomes open, the surge 220 will also 
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apply to the device 236, and the device 206 will also become 

destroyed. Therefore, a broad recion of non-linear resistive 

properties is required. 

The disclosed varistor is a plastic MOV (pMOV), wherein the 

5 ZnO is mixed with a resin. In an embodiment, the disclosed 

varistor comprises a solid phase of zinc oxide particles 

substantially uniformly dispersed within a resin media. 

The pMOV has superior properties compared to conventional 

ceramic varistors. Without being bound to theory, it is thought 

10 that conventional varistors which require addition of a 

sintering additive and subsequent sintering to form the varistor 

are not as effective as pMOVs because during the sintering 

process, the sintered body itself acts as a large particle that 

form layers akin to grain boundaries. These layers may act as 

15 air space, or pores, which in turn affect the insulating 

properties of the varistor. In contrast, if sintering additives 

are not. used, and the mixture is not sintered, the ZnO particles 

are brought close to each other in its pure powder form and are 

not. affected by air spaces. This results in pMOVs having better 

20 insulating properties than conventional varistors. 

Fig. 3A and Fig. 3B are flow charts showing some of the 

steps involved in forming a pMOV and a conventional ceramic 

varistor, respectively. Fig. 3A shows a flow chart, for the 

formation of an embodiment of the present invention. Fig. 3B 

25 shows a flow chart for the formation of a conventional ceramic 

varistor. It can be seen that compeared to the conventional 

method described in Fig. 3B, the method for forming the varistor 

of the present application as described in Fig. 3A is very 

simple and uncomplicated. 

30 The most common way to make conventional ceramic varistors 

is to add other inorganic oxide additives such as Bi;-G-r Sb,.-0--.f 



CoO, MnO, Cr;:0;;, or any combination thereof, to the ZnO and to 

sinter the mixture at a temperature about 1000°C. For a 

conventional ceramic varistor, the ZnO starting material is 

usually a few iim in size, but after sintering, the grain size 

5 4 02 increases to between about 10 |j.in to about 150 ;irn, as shown 

in Fig. 4. The increase in grain size 402 depends on the type of 

other inorganic oxide additive present, the temperature and 

duration of the sintering step. In addition, a grain boundary 

layer 400 comprising the other inorganic oxide additives is 

10 formed around the ZnO crystal grain 402. As it can be seen from 

Fig. 4, it is very difficult to control the size of the ZnO 

crystal grain 402 or the thickness of the grain boundary 400 in 

a conventional, ceramic varistor, even, though these factors 

determine the electrical properties of the varistor. 

15 Further, during formation of a ceramic material by 

sintering at relatively high temperatures, many pores form 

within the sintered body. These pores form during the sintering 

process and its formation is difficult to control. Further, 

these pores are electrically unstable, and can cause breakdown 

20 or expansion which leads to destruction or defects in the 

varistor product. 

In the case of conventional ceramic varistors, the ZnO 

grain crystals act as semi--conductors and the grain boundaries 

act as insulators, but when a voltage that is larger than what 

25 is prescribed is applied, the insulation afforded by the 

insulating layer is overcome due to a tunneling effect and an 

electric current begins to flow. 

In contrast, for pMOV, a simple and uncomplicated method of 

forming can be employed, whereby the main ingredients of the 

30 varistor, the ZnO and the resin, are mixed together at a 

temperature suitable for injection molding, then injection 



molded to form the varistor. More particularly, the ZnO powder 

or the ZnO crystal particles having a particular size are simply 

mixed with the resin to form the varistor. By this method, the 

shape and size of the ZnO particle starting material are 

5 maintained during the formation of the varistor. This is unlike 

the ZnO particle size in conventional ceramic varistors, whereby 

during the sintering step, the ZnO particle size increases. 

Further, during the synthesis of pMOVs P if the mixing step .is 

optimized, very little pores are formed. This is again, unlike 

10 conventional ceramic varistors, whereby during the sintering 

step, numerous pores are formed. 

In pMOVs, the resin acts as the grain boundary equivalent 

of a conventional ceramic varistor. That is, it acts as a high-

resistance insulating layer. The resin also acts as a binder for 

15 the ZnO particles. In pKOVs, it is possible to determine the 

electrical property per unit volume of the varistor by simply 

altering the shape or size (particle diameter) of the ZnO powder 

starting material and its blending ratio with the resin by-

volume. For example, if the particle diameter of ZnO) is 20 \im 

20 and the particles are encapsulated in a layer of polyacetal 

resin such that the compact has a board thickness of 1 mm, Vc = 

1000/20 x 3 eV (energy level of ZnO) - 150 V if the particles 

are ideally ordered. 

Illustrative, non-limiting embodiments of a varistor will 

25 now be disclosed. 

The zinc oxide (ZnO) may be from a pure or substantially 

pure source. The source of ZnO may be substantially free or 

completely free of impurities. The source of ZnO may comprise 

less than about about 0.01%, about 0.05%, about 0.1%, about 0.2%, 

30 about 0.5% or about 1% of impurities. The source of ZnO may 

comprise less than about 0.1% of impurities. 



The ZnO may be crystalline. The ZnO may be polycrystalline. 

The ZnO may be in the form of crystallites. The ZnO may be in 

the form of a powder. The ZnO may be in the form of particles. 

The ZnO may be in the form of particles. The ZnO may be in the 

form of crystal particles. 

The ZnO may be of substantially uniform size. The size of 

the zinc oxide (ZnO) particles may be in the range of about 1 ym 

to about 50 ym, about 1 urn to about 20 urn, about 1 ym to about 5 

Vim, about 1 ym to about 10 ym, about 1 urn to about 15 pm, about 

5 ym to about 20 um, about 5 um to about 10 ym, about 5 ym to 

about 15 um, about 10 um to about 15 um, about 10 ym to about 20 

ym or about 15 ym to about 20 ym. The size of the zinc oxide 

(ZnO) particles may be in the range of about 5 um to•about 50 um 

The ZnO particles may advantageously have a narrow particle 

size distribution. The ZnO particles may have a particle size 

distribution wherein more than about 80%, or more than about 

85%, or more than about 90%, or more than about 95%, or more 

than about 96%, or more than about 97%, or more 'char, about 98%, 

or more than about 99% of particles have a size of between about 

1 ym to about 5.0 ym. 

If the zinc oxide (ZnO) particles are too small (for 

example, less than 1 um) , then the particles may aggregate, 

decreasing the efficiency of the varistor when mixed with the 

resin. If the ZnO particles are too large (for example, greater 

than 50 ym) , then the particles may break up during the mixing 

step, causing the ZnO particles to no longer be substantially 

uniform in size within the mixture, consequently decreasing the 

efficiency of the varistor. 

The zinc oxide (ZnO) particles may be substantially 

uniformly dispersed within the resin. The zinc oxide (ZnO) 

particles may be homogeneously dispersed within the resin. If 
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the zinc oxide (ZnO) particles are not uniformly dispersed in 

the resin, the variation of the varistor voltage may increase, 

causing the varistor to have unpredictable properties. The 

unpredictability of the varistor property may decrease cost-

5 efficiency and time-efficiency in production of the varistor, 

making it unsuitable for commercialization, Fdr instance, the 

variation of the varistor voltage may increase with a change in 

varistor thickness, thereby resulting in unpredictability of the 

varistor property during production. 

10 A particularly important property of the varistor that may 

be affected by the homogeneity of the zinc oxide (ZnO) dispersed 

in the resin is clamping voltage. The homogeneity of the zinc 

oxide (ZnO) particles in the resin may affect the clamping 

voltage of the varistor product. If the clamping voltage of the 

15 varistor product is too high (higher than specified in the 

present application), the varistor may not be able to protect 

the electrical devices or electronic devices to be protected, in 

an event that a surge occurs. In contrast, if the clamping 

voltage is too low, then it is likely to be destroyed due to 

20 constant current leakage under rated voltage from the power 

lines. As such, it may be advantageous for the zinc oxide (ZnO) 

particles to be substantially uniformly dispersed within the 

resin in order to ensure that the varistor has consistent 

properties such as clamping voltage. 

25 The varistor may be substantially free of inorganic oxides 

other than zinc oxide (ZnO). Other inorganic oxides may be metal 

oxides other than ZnO. Other inorganic oxides may include, but 

are not limited to BirOj, Sb;-0^r CoO, MnO, Cr.-Oi, NiO, or any 

30 The disclosed varistor is free of any ceramic material. The 

disclosed, varistor is not a ceramic material. 



The resin may be a polymer. The resin may be any polymer 

that has suitable properties for use in a varistor. The polymer 

may have suitable mechanical, electrical and thermal properties 

for use in a. varistor. The resin may be a thermoplastic polymer. 

5 Thermoplastic polymers are preferred over thermosetting plastic 

polymers as they have superior moulding properties. In 

particular, they are more suited for injection moulding methods 

where the heated molten resin is moulded under pressure. 

Preferably, the resin may comprise a polyether structure 

10 having methylene groups (-CH?-) and ether groups (-G-). More 

preferably, the resin may be selected from the group consisting 

of polystyrene, polyethylene, polypropylene, polyacetal, 

polyraethyl acrylate, polycarbonate, polyamide, 

polytetrafiuoroethylene, letrafluor©ethylene, 

15 perfluoroalkoxyethylene and any mixture thereof. These 

the miopias tic po.l ymers may have ideal elect rical, thermal and/ or 

polyacetal has superior resistance to heat-deformation at high 

temperatures, that is, it has superior resistance to creep at 

20 high temperatures, making it ideal for use in a varistor. 

The zinc oxide may be present in the varistor in a range of 

)Ut 50 vol.% to about 80 vol'L, about 50 vol % to about 55 vol 

25 vo. 

vo 1 '"6 

vo 1 * 

30 

out 50 vo 1% to about 6 0 vc.1%, a. bout 5 0 v o I % to about 6 5 

about 5 0 V o 1 % to about 70 vol% r about 50 vol% to about 7 5 

about D 0 vol% to about 60 vol % r about 5 5 vol! to about 65 

about C C" volp5 to about 7 0 v 1 % t about c c; vol% to about 7^ 

about C u vol% to abou t 8 0 vol % r about. 60 vol % to about 65 

about 60 v o 1 i LO about 0 D V o .1. % t ab o u t 6 !J V c 1 % to about 7 0 

about 6 0 vol% to­ about 7 5 vol'* t about 6 0 V o 1 > ; to about 8 0 

about 6 o V 01 % te ab o u t 70 vol% / about 65 vol 1 5 tO about H 

about 65 vo.1% to about 8 0 vc 1 % r about 7 0 vol? ; to about "7 c; 



vol %, .about 70 vol% to about 80 vol% or about 75 vol% to about 

80 vol%, with the remaining volume being composed of the resin. 

In an embodiment, the zinc oxide is present in the varistor 

in a range of about 65 vol% to about 70 vol% to optimize the 

5 packing of zinc oxide particles within the resin media. In 

another embodiment, the zinc oxide is present in the varistor at 

about. 65 v o 1 % to optimize the packing of zinc oxide particles 

within the resin media. 

If the amount of zinc oxide present in the varistor is too 

10 low (for example, less than about 50 vol%) or too high (for 

example, more than about 80 vol%) , the packing of zinc oxide 

particles may not be optimal, resulting in less uniformity in 

the dispersion of the zinc oxide in the resin. Without being 

bound to theory, ZnO particles may occupy 75% of space in cubic 

15 of resin if it is ideally spheroidal and uniform, but may occupy 

up to 80% of space if it is less spheroidal or less uniform. A 

lower homogeneity of the zinc oxide dispersed in the resin may 

result in unpredictable properties of trie varistor produced. 

The variation of varistor voltage may be less than about 

20 20%, less than about 10%, or less than about 5%, -when varistors 

are formed from a uniform dispersion of zinc oxide within the 

resin. In an embodiment, the variation, of varistor voltage may 

be less than about 5% when the thickness of the varistor is 

changed. In an. embodiment, when 65 vo.1% of zinc oxide is present 

25 in the resin, the variation of varistor voltage may be less than 

about 5% when the thickness of the varistor is changed. The 

varistor may take on various shapes and sizes depending on its 

purpose and where it is to be used. An example of a varistor is 

shown in Fig. 5 comprising electrodes 502 on either face of a 

30 disc shaped varistor. Fig 5 shows the coating 500, electrode 



502, disc body 504 and lead 506. An alternative shape a varistor 

can take may be a box cell shape. 

The varistor may have a thickness in the range of about 0.1 

mm to about 5 mm, about 0.1 mm to about 0.5 mm, about 0.1 mm to 

5 about 1 mm, about 0.1 mm to about 1.5 mm, about 0.1 mm to about 

2 mm, about 0.5 mm to about 1 mm, about 0.5 mm to about 1.5 mm, 

about 0.5 mm to about 2 mm, about 0.5 mm to about 5 mm, about 1 

mm to about 1.5 mm, about 1 mm to about 2 mm, about 1 mm to 

about 5 mm, about 1.5 mm to about 2 mm, about 1.5 mm, to about 5 

10 mm; or about 2 mm to about 5 mm. 

The varistor may further comprise at least one metal 

electrode in contact with at least one surface of the mixture. 

The varistor may further comprise a pair of metal electrodes in 

contact with both surfaces of the mixture. The varistor may 

15 further comprise two electrodes, each in contact -with two 

surfaces of the mixture. A,s shown in Fig. 5, if the varistor is 

disc shaped, then each of the two electrodes wilj be in contact 

with either face of the disc. The electrode may comprise, but 

are not limited to, silver, tin, nickel or any mixtures thereof. 

20 The electrode may have a length of about 10 mm, about 20 mm or 

about 30 mm. The electrode may have a length of about 20 mm. The 

electrode may have a diameter of about. 0.5 mm, about 0.8 mm, or 

about 1.0 mm. The electrode may have a diameter of about 0.8 mm. 

The electrode may be attached to the varistor mixture using 

25 an electrically conductive epoxy resin. 

The varistor may further comprise a coating applied to the 

surface of the mixture. The coating may be applied to protect 

the varistor. The coating may comprise an insulating polymer. 

The coating may comprise epoxy resin. The coating may have a 

30 thickness of about 0.3 nun, about 0.5 mm or about 0.7 mm. The 

coating .may have a thickness of about 0.5 mm. 



The varistor may be capable of withstanding a surge voltage 

of at least 4500 V, at least 5000 V, at least 5500 V, at least 

6000 V, at lease 6500 V or at least 7000 V. 

The varistor may have a porosity of less than 5%, less than 

5 4%, less than 3%, less than 2%, less than 1%, less than 0.5% or 

less than 0.3%. Advantageously, the low porosity imparts to the 

disclosed varistor better insulating properties and better non­

linear resistive properties than conventional varistors. Further 

advantageously, the low porosity decreases the likelihood 

10 breakdown or expansion. The disclosed varistor is therefore a 

more stable product than conventional varistors. 

Illustrative, non-limiting embodiments of a method of 

fabricating a varistor will now be disclosed. 

A method of fabricating a varistor may comprise mixing a 

15 substantially homogenous mixture of solid zinc oxide particles 

and a resin media. The method may comprise heating the mixture 

under conditions to melt the resin and suspend the solid zinc 

oxide particles therein. 

The method may further comprise the step of providing zinc 

20 oxide (ZnO) and a resin. The method may comprise the step of 

selecting zinc oxide particles of a substantially uniform 

particle size to be mixed with the resin. 

The mixing step may be conducted under conditions to 

substantially uniformly disperse the solid phase of zinc oxide 

25 particles within the resin media. The mixing step may comprise 

any process that mixes and works the mixture into a uniform mass 

If is to be noted that any mixing method known to the skilled 

person may be used as long as it fulfills the function of mixing 

the ZnO with the resin. The mixing step may be performed using a 

30 mixing machine. The mixing step may comprise kneading. Kneading 

may be performed using a kneader reactor. The zinc oxide (ZnO) 



particles may be mixed with a thermoplastic resin such as 

polyacetal and molded to form the varistor product. 

The mixing step may result in the mixture to be 

b o in o gene o u s . 

The heating step may be conducted simultaneously, before or 

after the mixing step. The heating step may be conducted at a 

temperature that is suitable for mixing the ZnO and. the resin. 

The heating step may be performed at a temperature that reduces 

the viscosity of the resin. The heating step may be performed at 

a temperature that is substantially lower than temperatures 

associated with sintering. The heating step may be performed at 

a temperature chat is about 50%, or about 60%, or about 70% 

lower than the point of liquefaction of the mixture. 

The heating steo may be conducted at a temperature in the 

range of about 100cC to about 300cC, about 100cC to about 15C°C, 

about 100cC to about 2 0 0°C, about 100cC to about 250cC, about 

15Q'"C to about. 20C'";C, about 150°C to about 250"C, about 150"'C to 

about 300°G, about 200'"C to about 2 50:VC, about 200c'C to about. 

300cC or about 250°C to about. 300°C. 

The mixing and/or heating step may be performed for a 

duration sufficient to result in a substantially homogeneous 

mixture of solid zinc oxide particles and a resin media. The 

mixing step may be. performed for a duration in the range of 

about 0.5 hours to about 2 hours, about 0.5 hours to about 1 

hour, about 0.5 hours to about 1.5 hours, about 1 hour to about 

1.5 hours, about 1 hour to about 2 hours or about 1.5 hours to 

about 2 hours. 

In embodiments where the mixing step comprises kneading, 

the kneading may be performed at a kneading speed in the range 

of about 10C rprn to about 200 rpm, about 100 rpm to about 125 

rpm, about 100 rpm to about 150 rpm, about 100 rprn to about 175 



rpm, about 125 rpm to about 150 rpm, about 125 rpm to about 175 

rpm, about 125 rpm to about 200 rpm, about 150 rpm to about 175 

rpm., about 150 rpm to about 200 rpm or about 175 rpm to about 

200 rpm. 

5 The method of fabricating a varistor may further comprise a 

step- of molding the mixture. The molding step may comprise any 

process that gives shape to the mixture. It is to be noted that 

any molding method known to the skilled person may be used as 

long as it fulfills the function of molding the ZnO and resin 

10 mixture into a varistor. The molding step may comprise injection 

molding. Ths injection molding step may comprise feeding the 

mixture into a heated barrel, mixing and forcing the mixture 

into a mold cavity, where it may cool and harden to the 

configuration of the cavity. The forcing may be performed using 

15 a ram or screw-type plunger. The injection molding may be 

performed by an injection mo],ding machine. 

The di.sclosed method may comprise pressing the mixture into 

a form of predetermined thickness in order to obtain a desired 

value of nominal voltage. The varistor voltage (Vc) of pMCVs may 

20 be controlled by the board thickness of the pMOV as long as the 

ZnO particle diameter is constant. 

In embodiments, the method for fabricating the varistor 

does not include a step of sintering. The method may not require 

a sintering step at any point during the fabrication process. 

25 That is, the varistor may be synthesized in its entirety without 

any sintering steps. In particular, the ZnO may not need to be 

sintered before being mixed with the resin. 

Because sintering is conventionally performed under high 

temperatures for a long duration of tine, it can be expensive 

30 and time consuming to perform. The disclosed method may 

advantageously eliminate the step of sintering altogether, 



thereby simplifying the method of fabrication. Due to the simple 

nature of the method of fabrication, mass production of the 

disclosed varistor would be easier. Further, the quality of the 

varistors produced by the disclosed method would be better and 

5 more consistent compared to conventional ceramic varistors that 

require a sintering step. 

Furthermore, as there may be no additional step of mixing 

and sintering the ZnO with other metal, additives, the particle 

size of ZnO remains the same even after mixing and/or heating 

10 with the resin. Thus, the ZnO particle size may be substantially 

uniform. In addition, the ZnO particles may be substantially 

homogeneously distributed within the resin. 

The disclosed method may further comprise solidifying the 

molten resin to form, a solid phase of zinc oxide particles 

15 substantially uniformly dispersed within the rein media. 

The difference in. property between the pMOV and the 

conventional ceramic varistor may be due to the pMOV having very 

little pores. The amount of pores present in the pMOV may be 

less than 0.1 vcl%, less than 0.2 vol%, less than 0.5 voI%, less 

20 than 0.7 voI% or less than 1 vol'%. The amount of pores present, 

in. the pMOV may be less than 0.5 voi%. and due to the superior 

creep properties of the po.lyacetal resin. 

If the ZnO particles are ideally arranged within a plane in 

an orderly manner, the number of current paths may 

25 proportionally depend on the number of ZnO particles within the 

plane. That is, the number of current, paths would depend on the 

area of the horizontal plane of the compact. 

The pMOV may have a high allowable current and large o: 

value which may be due to the numerous current paths that exist, 

30 in addition to the fact that there are very little pores that 



make the performance of the varistor unstable, and the use of 

polyacetai resin that has superior creep properties. 

The method of fabricating a varistor may further corrvpri.se a 

step of providing at least one electrode. The electroding step 

5 may comprise any process that provides at least one electrode to 

the varistor. The method of fabricating a varistor may further 

comprise a step of providing a pair of electrodes. The 

electroding step may comprise any process that provides a pair 

of electrodes. It is to be noted that any electroding method 

10 known to the skilled person may be used as long as it fulfills 

the function of providing at least one electrode to the varistor. 

The electroding step may be accomplished by means of thick film 

silver fired onto the varistor surface, wire leads or strap 

terminals may then be soldered in place. An electrically 

15 conductive adhesive, such as epoxy, may be used, to connect, the 

leads to the varistor. 

The disclosed method may comprise a step cf applying a 

coating to the mixture. The coating step may comprise any-

process that packages or protects the zinc oxide and resin 

20 mixture. The coating step may comprise an encapsulation step. 

The coating may be of any suitable material that can protect the 

mixture. For example, plastic, epoxy or phenolic coatings can be 

u s e d. 

Although the invention has been described herein with 

25 reference to specific embodiments, niany modifications and 

variations therein will readily occur to those skilled in the 

art. Accordingly, all such variations and modifications are 

included within the intended scope cf the invention. 



Examples 

Non-limiting examples of the invention will be further 

described in greater detail by reference to specific Examples, 

5 which should not be construed as in any 'way limiting the scope 

of the invention. 

Example 1: Formation of the pMOV 

10 To form a pMOV, ZnO particles having an average diameter of 

20 um was mixed with polyacetal resin at a 65% blending ratio by 

volume of resin. The mixing step was performed in a kneader 

machine (Laboratory Kneader TDR1C0-3, Toshin. (Japan) ) . The 

mixture was subsequently heated and mixed at 200 °C and molded 

15 into a varistor having a board thickness of I mm and a diameter 

of 10 mm. The molding step was performed at 150 MPa at 200 °C 

w i t h a n i ne c c i o n v e 1 o c i t v o f 3 0 mm / s . 

20 

Example 2: Electrical properties of the 

l a ^ slsctrical properties of the varistor formed by the 

method described in Example 1 were tested. 

Varistor voltage (Vc) 

25 The measured varistor voltage (Vc) of the pMOV of Example 1 

was 130 V. As the calculated Vc of the pMOV of Example 1 is Vc = 

1000/8 x 3 := 375 V, it is evident chat the pMOV has a varistor 

voltage that is close to ideal values. This measurement also 

shows that the Vc of pMOVs may be controlled by the board 

30 thickness of the pMOV as long as the ZnO particle diameter is 

constant. 



This is further supported in Fig. 6. In Fig. 6, the 

varistor voltage of varistors having three different thicknesses, 

i.e. 0.4 mm (Sample 2) (601), 0.8 mm (Sample 2) (602) and 1.8 mm 

(Sample 3) (603) , were measured. All samples contained 65 vol% 

ZnO in the resin. For each thickness, three samples were 

measured. It is evidenced that the Vc of pMOVs vary consistently 

with varistor thickness. 

Impulse waveshape 

Further, to assess the property of the pMOV, the 

internationally recognised standard 8/20 ps test impulse 

waveshape experiment was performed. The varistor properties did 

not change after application of 50 pulses at 6 kV, and there 

were no signs of damage to the pMOV. In a comparative example 

using a conventional ceramic varistor, application of a single 

pulse at 4 kV destroyed the varistor. Without being bound by-

theory, it is believed that this difference in property between 

the pMOV and the conventional ceramic varistor is due to the 

pMOV having very little pores (less than 0.5 vol%) and due to 

the superior creep properties of the poiyacetal resin. 

Allowable current 

Fig. 7 shows the voltage-current characteristics of the 

pMOV' synthesized in Example I. Compared to a conventional 

ceramic varistor 700 having a similar shape and size (cross-

sectional area.) , the pMOV 702 showed an allowable current that 

is 20 times higher. Further, the cx value that shows the varistor 

performance was shown to be approximately 50, which is almost 

identical to an "ideal" conventional ceramic varistor having 

five other metal additives. 



Without being bound to theory, if the ZnO particles are 

ideally arranged within a plane in an orderly manner, the number 

of current paths is thought to proportionally depend on the 

number of ZnO particles within the plane, as shown in Fig. 8. 

That is, the number of current paths would depend on the area of 

the horizontal plane of the compact. 

The reason such a high allowable current and a value was 

observed for pMOV is believed to be due to the numerous current 

paths that exist, in addition to the fact there are very little 

pores that make the performance of the varistor unstable, and 

the use of polyacetai resin that has superior creep properties. 

Further, the results shown in Fig. 7 also indicate that the 

application of the pMOV will enable manufacture of more compact, 

varistors. If the varistor itself becomes more compact, then its 

application in mobile devices will also become possible. 

Example 3 

A varistor was formed by the method described in Example 1 

and its electrical properties were compared against those cf a 

known conventional ceramic MOV (Littelfuse^ V251HR34}. The 

comparison is tabulated in Table 2 below. 



Table 2 

Sample Image Dimensions DC Impulse Surge Reliability (No. Total number i 
clamping clamping withstand of continuous of surge 
voltage voltage @ capability pulses withstand 
@ 1mA 8/20 jis until failure withstood until capability 

j (impuise failure @ 4kV) (Impulse 

i 1.2/50 [xs; 1.2/50 }is; 
8/20 \JS 8/20 us 

i combination combination 
wave) wave) 

LitteSf use Length: 418 V;K 1000 v,mp 4000 V l" 6 
\/251HB34 37 mm 

j K Width: 
37 mm 

Thickness: 
2.5 mm 

pMOV Sample Diameter: 395.2 VDC 900 Vinm 6000 V** 10™ 53 
11 mm 

Thickness: 
1 mm 

**After testing with 53 pulses and a combination wave of up to 

6000 V, the sample pMOV still had not failed, and 6000 V is the 

5 

Accordingly, it is evident that, compared to a conventional 

ceramic varistor, the pMOV showed better electrical properties. 

Specif.ical.ly, compared to a conventional ceramic varistor, the 

clamping (breakdown) voltage of the pMOV is lower, the surge 

10 withstand capability of the pMOV is 50% higher, the reliability-

is 10 times higher and the total number of surges that: can be 

withstood is almost nine times higher. 

Fig. 9A shows the impulse voltage-current characteristics 

cf the pMOV of this Example. The component shows a typical 

15 varistor effect, 800. Fig. 9B shows the impulse voltage-current 

characteristics of the pMOV of this Example 800 compared with a 

conventional varistor 310. The conventional varistor contains 

ZnO together with other metal oxides. As seen in Fig. 93, the 

conventional varistor 810 aid not show non-linear, varistor 

2 / 



characteristics. Notably, the conventional varistor 810 did not 

show varistor characteristics after 1.000 V, whereas the non­

linear resistance property of the varistor 800 according to an 

5 Fig. I0A shows a micrograph of the porosity of a 

conventional varistor component, while Fig. 10B shows a 

micrograph cf the porosity of the pMOV of this Example. The 

average porosity of the particles of the conventional varistor 

component is shown to be 11.41%, while that of the particles of 

10 the pMOV of this Example is shown to be 0.23%. Accordingly, the 

average porosity of the conventional varistor is almost 50 times 

more than that of a varistor according to an embodiment of the 

present application. 

Further comparisons between the conventional MOV and the 

15 pM'OV are tabulated below in Table 8. 

Tab! 

Limitations of conventional MOVs Advantages of pMOV 

Bulky 

Higher c .1. amp i n g voltage 

Non flexible 

Not suitable for direct 

rnicroslectronics appI j.ca tior, 

(e.g. smart phone, laptop, 

tablet etc) 

H i ghe r manu f a c t u r i r: g cost 

Very small in size and thin 

L o w e r c I a mp i n g v o 11 a g e 

Flexible 

Suitable for direct 

mi crcelectronics application 

(e.g. smart phone, laptop, 

Lower manufacturing cost 

2 8 



Applications 

The disclosed varistor may be substantially free of 

inorqanic oxides other than zinc oxide. Therefore, costly and/or 

5 poisonous inorganic oxide additives may not be required in the 

disclosed varistor or in the fabrication of the disclosed 

varistor. 

The disclosed method may exclude the step of sintering, 

which can be expensive and time consuming. The disclosed method 

10 is therefore advantageously simple and straightforward. 

Furthermore, due to the simple nature of the disclosed method, 

mass production of the disclosed varistor would be easier. In 

addition, the quality of the varistors produced by the disclosed 

method would be better and more consistent compared to 

15 conventional ceramic varistors that require a sintering step to 

produce. Without the step of sintering the ZnO with other metal 

additives, the particle size of ZnO may remain the same even 

after the mixing and/or heating steps cf the disclosed method. 

Therefore, the disclosed varistor may comprise ZnO particles 

20 that are of a substantially uniform size and may be 

advantageously substantially homogeneously distributed within 

the resin. 

it may be possible to use the disclosed pMOV in a wide 

range cf applications, for example, to form thin-film varistors 

25 by applying it on the surface of a functional film or using 3-D 

printing technology to form 3-D varistors having different 

properties . 

Further, the application of the pMOV may enable manufacture 

of more compact varistors. If the varistor itself becomes more 

30 compact, then its application in mobile devices will also become 

p o s s i be . 



It will be apparent that various other modifications and 

adaptations of the invention will be apparent to the person 

skilled in the art. after reading the foregoing disclosure 

•without departing from the spirit and scope of the invention and 

5 it is intended that all such modifications and adaptations come 

within the scope of the appended claims. 



Claims 

1. A varistor comprising a solid phase of zinc oxide particles 

substantially uniformly dispersed within a resin media, wherein 

5 the zinc oxide is present in the varistor in a range of 50 vol% to 

80 vol% and wherein the ZnO or the varistor has not been sintered. 

2. The varistor of claim 1, wherein the varistor is substantially 

free of inorganic oxides other than zinc oxide. 

10 3. The varistor of any one of the preceding claims, wherein the zinc 

oxide particles are of a substantially uniform size. 

4. The varistor of claim 3, wherein the size of the zinc oxide 

particles is in the range of 1 jam to 50 jam. 

15 
5. The varistor of any one of the preceding claims, wherein the resin 

is a polymer. 

6. The varistor of claim 5, wherein the resin is a thermoplastic. 

20 
7. The varistor of claim 6, wherein the resin is selected from the 

group consisting of polystyrene, polyethylene, polypropylene, 

polyacetai, polymethyl acrylate, polycarbonate, polyarrdde, 

polytetrafluoroethylene, tetrafluoroethylene, 

23 perfluoroalkoxyethylene and any mixture thereof. 

30 
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8. The varistor of any one of the preceding claims, wherein the zinc 

oxide is present in the varistor in a range of 65 vol% to 70 vol%. 

9. The varistor of any one of the preceding claims, further 

comprising a pair of electrodes in contact with at least one 

surface of the varistor. 

10. The varistor of any one of the preceding claims, further 

comprising a coating applied to at least one surface of the 

varistor. 

11. The varistor of any one of the preceding claims, wherein the 

varistor is capable of withstanding a surge voltage of at least 

5000 V. 

12. The varistor of any one of the preceding claims, wherein the 

varistor has a porosity of less than 5%. 

13. The varistor of any one of the preceding claims, wherein the 

varistor has a thickness in the range of 0.1 mm to 5 mm. 

14. A method of fabricating a varistor, comprising: 

mixing a substantially homogenous mixture of solid zinc oxide 

particles and a resin media, wherein the zinc oxide is present in 

the mixture in a range of 50 vol% to 80 vol%; 

heating the mixture under conditions to melt the resin and 

suspend the solid zinc oxide particles therein; and wherein a step 

of sintering is not performed. 

15. The method of claim 14, further comprising solidifying the 

molten resin to form a solid phase of zinc oxide 

32 



particles substantially uniformly dispersed within the resin 

media. 

16. The method of claim 14 or 15, wherein the mixture is 

5 substantially free of inorganic oxides other than zinc oxide. 

17. The method of claim 14 to 16, wherein the zinc oxide 

particles are of a substantially uniform size. 

10 18. The method of claim 17, wherein the size of the zinc 

oxide particles is in the range of 1 \m to 50 um. 

19. The method of any one of claims 14 to 18, wherein the 

mixing step comprises kneading. 

15 
20. The method of any one of claims 14 to 19, further 

comprising a step of molding the mixture. 

21. The method of claim 20, wherein the step of molding 

20 comprises injection molding. 

22. The method of any one of claims 14 to 21, wherein the 

resin is a polymer. 

25 23. The method according to claim 22, wherein the resin is a 

thermoplastic. 

24. The method according to claim 23, wherein the resin is 

selected from the group consisting of polystyrene, 

30 polyethylene, polypropylene, polyacetal, polymethyl acrylate, 

polycarbonate, polyamide, 
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polytetrafluoroethylene, tetrafluoroethylene, 

perfluoroalkoxyethylene and any mixture thereof. 

25. The method of any one of claims 14 to 24, wherein the 

zinc oxide is present in the mixture in a range of 65 vol% to 

70 vol%. 

26. The method of any one of claims 14 to 25, wherein the 

heating step is conducted at a temperature range of from 100°C 

to 300°C. 

27. The method according to any one of claims 14 to 26, 

wherein the mixing step is performed for a duration in the 

range of 0.5 hours to 2 hours. 

28. The method according to any one of claims 14 to 27, 

wherein the mixing step comprises kneading performed at a 

kneading speed in the range of 100 rpm to 200 rpm. 

29. The method of any one of claims 14 to 28, further 

comprising a step of providing a pair of electrodes. 

30. The method of any one of claims 14 to 29, further 

comprising a step of applying a coating to mixture. 
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