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A Varistor and Production Method Thereof
Technical Fie
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Table 1.

Electrical properties and average grain size of ZnO
ceramics with various combined additives
—— T
Additive ,Slnwaxlng Nan“lmnear Nonlinear Awgragﬁ
(mol %) temperature registance exponent, « grain size
{(°cy (Vv /o) ' {pm)
Bi,0: (0.5) 1156 10 4.0 20
Sh,0; (0.5) 1150 65 3.1 3
Bi,0; (0.5}
N 65 3.1 25
CoO (0.5) 1250
Bi,0, {0.5)
1350 50 18 30
Mno (0.5) - N
Bi,0; (0.5)
CoC (0.5) 13506 50 18 30
MnG (0.5)
CoC (0.5) "
: : 21 20
Mno (0.5) 1250 48 2
Crs05 (0.8)
Bi,0; (0.5)
Co0 (0.5)
MnO (0.5) 1350 135 50 10
C:}CQO3 (O.S}
Sh,05 (0.5)
There 1is therefore a need to provide a wvaristor which
overcomes, or at least partially ameliorates, one or more of the

disadvantages described above.

In a first aspect,

Summary

there is provided a varistor comprising

a solid phase of zinc oxide particles substantially uniformly

digpersed within a resin media, wherein the zinc oxide 1is

present in the varistor in a range of 50 vol% to 80 vol% and the
varistor has not been sintered.

As the zinc oxide particles are substantially uniformly

dispersed within the vresin media, the dispersion may be



substantially homogeneous. In some disclosed embodiments, the
zinc oxide particles are of a substantially uniform particle

gsize. Advantageously, a uniform dispersion and particles of

3a
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supstantially 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
advantageously increases the non-linear characteristics of the
varistor.

In disclosed embodimentg, the varistor is substantially free of
inorganic oxides other than zinc oxide. Advantageously, the disclosed
varistor may not reguire additional additives and hence may be free
of constituentsg other than zinc oxide and resin. More advantageously,
ag 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 cdntrol.

In a second aspect, there is provided a method of fabricating a
varistor, compriging: 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 gzinc oxide particles therein; and wherein the step of
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
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 wvaristor. Advantageously, high

temperatures assoclated with a sintering step are not reguired.
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Definitions
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The following words and terms used herein shall have
The term “other inorganic oxide” and “other inorganic oxide
additives” may be used interchangeably and for the purpcses of
this application, refer o all incrganic coxides other than zinc
oxide (Zn0O).

The term “zinc oxide (Zn0) grain”, for the purpeses of this

gisclosure, refers to ZnC in the wvaristor mixture of

particles together and creating one solid plece. Sintering

controls the densification and grain growth of a material.
The term “densification” refers to the act of reducing

porosity of a material thereby increasing its density.

The term “grain-growth” refers to the increass 1in size of

at nich temperature.

The term “mold” as used herein is intended o encompass all
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The word “substantially” does not exclude “completely” e.g.

also intended to include a composition with small amounts of 7
which dees not materially affect the composition or aiter the

properties of the composition. Thne term “substantially free” in

reference to incrganic oxides other than zinc ox
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amount which is less than about 0.1 vol%. Where necessary, the
word “substantially” may be omitted from the definition of the
invention.

XN~

substantially uniformly dispersed” and varliants

ct
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The
thereof as used herein refers to the variation in population

densizy {e.g. particle distribution) of the zinc czide particles

SRRy
i 5

;ithin & unit volume of resin medlia being less than about

=

than about #%5%. The wvariation in
of the dispersed zinc oxide particles in the
final wvaristor product, zan be guanti
technicues. For example, a sample of the
extrudate is analysed to determine whether the percent oif zinc

sxide particles have computed sizes which are within the ranges

snother method

‘1~4

set forth herein below concerning particle size.

appropriate wavelength and intensity to enable one to guantify
the pumber 2f particles which show up as “imperfections”; and
the size of each is also visible under appropriate
magnification. Another method is to use Digital Microscope VHX
(Keyence) to measure a samele for the particle diameter and
uniformity in dispsrsion.

Mo ~prm Mooy PR Y b -y~ - -~ 14 . [ S A T 5=

Lnge Term substantially nomogeneous as used nerein reiers

to particles which are generally evenly dispersed within the

N
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mixture or dispersion without substantial agglcomeration within

The term “uniform” in relation to particlie size generxall:

e.g. & size
range of about 1 to 30 um. The particle size may refer to the
ameter 3£ the particles where they are substantially

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

h

size range may refer to the eguivalent diameter cof the particles
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ical particlies or may

{(lergth, breadth, height or thickness) c¢f the non-spherical

Ls used herein, tvhe termsg “about"™ and
he context of concentrations of compoenents

or where applicable, typically means +/~ 5%

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

yE the stated value,

even more typically +/- :% o0f the stated value, and even nore

-t

disclosed in a& vrange format.

brevity and should not be construed as an inflexible limitation

on the feterels] ct disclosed ranges. Accordingly, the
description of a range should be considered to have specifically

d
disclosed all the possible sub-ranges as well as wdividual

"3
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numerical

a range such as from 1 to

specifically disclosed sub-ranges such as

D

-~

from 2 to 4,

nuambers

The accompanying drawings

serves to

for purposes

definition of the limits of the
Fig. i is a graph

TAarisLtor.

an embodiment of t

3B is a flow chart

of & conventional ceramlc varils
boundaries in a conventicnal

M. Matsucka et al.,

schematic

of ¢

values within that ra

within

frem 2

illustrate a disclosed

principles of the

illustration

\ .
showing

tor.

image

to 6, from 3 to 6

that

however,

to  have

from 1 to

- F

etc., as

range, for example, 1, 2,
f the breadth of the

embodiment
disclosed
the drawings

cenly, and

not as a

fabricavion

of  the

ceramic varistor The image was
ZnGC Varistor, Ohmsha Ltd., 2009,
diagram of a varistor product
he present application
the correlation betwesn varistor
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Fig. 7 is a graph comparing the voltage-current

characteristics of vhe wvaristor according o an er
3

3
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the present application and & conventional ceramic varistor

Fig. 2 is a schematic diagram showing a c¢ross-secticn of

accoraind O an smlbodinent (O34 the vresent

P iS4
&

is & graph showing the impulse voltage-current

characteristics ofi the varistor of Example 3.

impuise voltage-—-current
characteristics of the varistor of Exanple 3 compared with a
conventional varistor component.

Fig. 10A i1is a micrographic iImage of the porosity of
conventional varistor component.

Fig. 10R is & micrographic image of the porosity of the
varistor of Example 3.

Disclosure of Optional Embodiments

Conventionally, & varistor 1s an element for protecting
devices from high electrical surges such as veltage or current
spikes originating from events such as, for example, fromn

L ightning strikes, <Tripped circuit breakers, electromagnetic

{

pulses and inductive spikes to name a few. Depending on the

be selected for use. Electrical surges c¢an enter from warious
points such as electrical power lines, signal lines and
lightning reods. Sometimes, electrical surges tThat occcuxr from
static electricity must alsc be considered.

and the withstand voltage o©of the device to be protectaed is 400
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describes the range for Normal Var
It shows the lesakage region 102, normal varistor operation 10
nd upturn region 106. It also describes the low « region (b)

12, wvaristor action regicon (a) 114 and the low o« region (<)

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

resistance property is such that the range for Normal Varistor

<L

Cperation as shown in Fig. 1 is broad, and that the graph 100 is
flat in this range. in Fig. 1 1s described by the

the value of o in the eguation,

Enother important vroperty for a varister is rts allowable

my A g e o e oy A m e o
SGXraCier 1 stias

current. kg shown in

beyond the transition re

1y, then the waristor itself will become damaged. Ccnventionally

as shown in Fig. 2, the varistor is connected in the
device to¢ be protected. Fig. Z shows the power the
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206, the earth 20% and the

ground connection 210, as well as the lighitning surge 220, the
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apply to the device 2036, and the device 206 will also become

Eo)

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

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

r . 1 e “ 3 e ek - T e - P o~ L~ < s - - % J e RN J
nG 1s mixed with a resin. In an sembodiment, tThe disclosed

varistor comprises a solid phase of zinc oxide particlies
substantially uniformly dispersed within & resin media.

The pMOV has superior properties compared to conventional
ceranic varlstors. Without being bound to theory, it is thought
that conventional wvaristors which reguire acdition of a
sintering additive and subsequent sintering to form the varistor
are not as effecrive as pMOVs because during the sintering

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

form layers akin to
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ZnG particles
form and are
not affected py air spaces. This results in pMOVs having better

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

steps invelved 1n forming a pMOV and a conventional ceramic

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

F oy - = - ¥y PP .y g . J - PR pdil -

formation of an embodiment of the present invention. Fig. 3B
shows a flow chart for the formation of a conventioconal ceramic
varistor. It can pbe seen that compared to the conventiona:

method described in Fig. 3B, the method for forxrming the varistor
of the present application as described in Fig. 323 i1s vwvery
simple and uncomplicated.

The most common wa To make conventicnal

is to add other inorganic oxide additives

[
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the sinteri

ic oxide additives is

conventional

ol

electrical

D

-t

conventiconal

semi-conduct

overcome

the temperature and

ition, a grain Dboundary

As 1t can pe seen from

the size o©f the IZnC

A
100

Q
=
st
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ic varistors, the In0

the grain boundaries

that 1s larger than what

rlation afforded by the

F,

in  ingredients o©f the
mixed togesther at a
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molded to form the varistor. More particularly, the ZnC powder
or the Zn0 crystal particles having a particular size are simply

mixed with the resin to form the wvaristor. By this method, <the

entional ceramic varistors, whereby

pMOVs, 1if the mixing step 1s

formed. This is again, unlike

conventional ceramic varistors, whereby during the sintering

step, numerous pores dre formed.

in pMOVs, the resin acts as the grain boundary eguivalent

o]

h—

it acts as a

P
)
ot

o G

acts as a binder or

to determine +th

)

aristor by simply

of the 7Zn0 powder
with the resin by

and the particles are encapsulated in a layer of polyacetal

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

1000/20 x 3 eV (energy level of Znd) = 150 ¥V if the wparticles

Illustrative, non-limiting embodiments of & wvaristo Will

completely free cof impurities. The

less than about about 0.01%, about

about 0.5% or about 1% o¢f idimpurities. The source oif Zn0 may

i
;_(‘
I
(.

comprise less than about 0.1% of impurit

} —
(@8]
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The ZnC may be crystalline. The ZnC may pe polycrystalline.
The Zn0O may be in the form of crystallites. The Zn0 may be 1in
“he form of a powder. The Zn0C may be in the form of particles.
The ZnC may be in the form of particles. The Zn0 may be in the
form of crystal particles.

The 2n0 may be of substantially uniform size. The size of
the zinc oxide (Zn0) particles may be in the range o about 1 um
to about 50 um, about 1 wm to about 20 um, about 1 um to about 5
um, about 1 pm to about 10 um, about 1 um toc about 15 pm, about
5 pm to apout 20 um, about 5 um to about 10 um, about 5 um to

about 1% um, akouit 10 um to about 15 um, about 10 pm to about 2C

T
um oy about 15 um to about 20 pm. The size ¢f the zinc oxide
n

(Zn0) particles may be in the range of about 5 um to- about 50 um.

The Zn( particles may advantageously have & narrow pax

size distributiorn. The ZIn0 particls may h a particle size

5
or more than about 99% of particles have a size 0f between about
1 um to about 50 pm.

If the zinc oxide (Zn0O) particles are too small (for

decreasing the efficiency of the varistor when mixed with the

resin. I£f the Zn0O particlies are toou large (for example,

~

than 5C um), then may break up during the mixing

step, causing the

rithirn the mixture, conseguently decreasing the

within

particles may be homogsneosu
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the zinc oxide (2n0) particles are not uniformly disperse

the resin, the variastion of the wvaristor volitage may increase,
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variation ¢f the varistor voeltage ma
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varistor thickness, thereby resulting in unpredictablility of the

pe affected by the homogeneity of the zinc oxide {7

b}

in the resin is clamping voltage. The homogeneit

oxide (Zn0) particles in the resin may affect

varistor product is too high (higher than specified in

the electrical devices or electronic devices tc be ovrotected in

an event that & surge occurs. In contrast, 1L the cilamplng

voltage 15 too low, then it is likely to be destroyed du

e Lo

constant current Leakage undey rated voltage from the power

it may be advantageous for the zinc oxide

{Zn0)

particles to bes substantially unifermly dispersed within the
resin in order to ensure that the wvaristor has conslstent

clamping vo!

The varistor may be substantially Zree of inorganic oxides

other than zinc oxide {(Zn0O). Other incrganic

oxides other than 2Zn0. 1o oxides mav include,



' The may be any polymer

that has

may have sultapble mechanical, electrical and thermal proverties
for use in & wvaristor. The resin mav be a thermoplastic pelymer.
Thermoplastic polymers are preferred over thermoseitting plastic

polymers as they have superior moulding properties in
particular, they are more suited for injection moulding methods
where the hested molten resin is moulded under pressure
Preferably, the resin may comprise a polyether structure

raving methylene greoups (-CH;-) and ether groups (-0-). More
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ected from the group consisti

mixture thereotf. Trese

electrical, thermal and/or

polyvacetal has superior resiszancs toe heat-deformation at high

high temperatures, making 1t ideal for use in a varistor.
The zinc oxide may be present in the varistor in a range of

about B0 vel% to about 80 wvol%, about 50 wvel % to about 55 wvol

%, aboutt 50 vel% to about 60 vel%, abkout 50 vol% to abour 65
vol%, about 50 vol% to about 70 vol%, about 50 vol% to about 75
vol%, about 3% e apout 55 wvel% to abkout €5
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60 volk to about 60 vel®t Zo about 70
vel%, about 60 vel% to : about 60 vol% to abour &0
vol%, about 63 vol% teo about 70 wvel%, about 65 vol% to about 75
vol%, about 63 vol% to about B0 vol%, about 70 about 75
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n

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

1

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

another embodiment, the zinc cxide 1s present in the wvaristor at

about 65 wvol% to optimize the packing of zinc oxide particles

L

LOC

y
i

f-
[933

low (for example, less than about 50 wol%) or toco high (for

example, more than about 80 vol%), the packing of zinc oxide
a1

lower nomogeneity of the zinc oxide dispersed in the rvesin ma
Iy p

result in unpredictable properties of the varistor produced.

The variation of wvaristor voeltage may be less than about
20%, less than about 10%, or less than abcut 5%, when varistors
are formed from a uniform dispersion of zino oxide within the
1. In an embodiment, the variatiocon of varistor o
be less than about 5% when the thickness of the varistor is
changed. In an embodiment, when 65 vol% of zinc oxide is present
in the resin, fthe wvariation of varisitor voltage may be less than

about 5% when the thickness of the varistor 1z changed. The

varistor may take on various shapes and sizes depending on 1its

I
purpose and where 1t is fo be used. An exanple of a varistor 18
shown in Fig. 5 comprising electrodes 502 on either face of a
disc shaped warister. Fig 5 shows the ccating 500 electrode
17



:lternative shape a varistor
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can take mayv 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 abouvt (0.5 mm, about 0.1 mm to
about 1 mm, zbout 0.1 mme to about 1.5 mm, about 0.1 mm tfto about
2 mm, abcut 0.5 mm to about 1 mm, abouib 0.5 mm o about 1.5 mm
about 0.% mm o about 2 mm, about 0.5 mm to about 5 mm, about 1
mm to about 1.5 rmm, about 1 mm to about 2 mm, abouit 1 mm to
about 5 mm, about 1.5 mm to about Z mm, about 1.5 mm Lo about 5

mm oy about 2 mm to aboutr D mm.

contact with both surfaces of the mixture. The varistor may
further comprise tLwo electrodes, sachk i1in  contact with  Ltwo
surfaces 03I the mixtur=s. As shown in Fig. 5, if the varistor is
disc shaped, <then each of the two electrodes will be 1n contact

are not limited to, silver, tin, nickel or any mixtures thereof.
The electrode may have a length of about 10 wmm, about 20 mm oxr

‘he electrode may have a length of about 20 mm. The
electrode may have a diameter of about 0.5 mm, about 9.8 mm, oxr
about 1.0 mm. The electrode may have a diameter of about 0.5 mm.

The electrode may De attached to the varistor mixzture usin

W3

oy

—~ 1 R
an electrically co

1ductive epoxy resin.

The varistor may further comprise a coating applied to the

(SR,

4]

he cecating may be applied To protect

the varlstor. The coating may comprise an insulating polymer.

The coating may compriss &poxy resin. The coating may have a
£
iR

thickness o© about 0.3 mm, abouvt .5 mm or about 0.7 mm. The

t
ng may have a thickness of about 0.5 mm.
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istor may be capable of withstanding & surge voltage

east 4500 V, at least 5000 Vv, at least 3500 V, at least

0
The varistor may have a porosity of less than 5%, less than

¢ 0. 3 I [ - o} e \ o -3 v [ b P o, "
4%, less than 3%, less than 2%, less than 1%, less than 0.5% or

®
o
i

S8 ian 0.3%. Advantageously, the low porosity imparts to the
disclosed varistor better insulating properties and better non-

linear
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stive properties than ccnventicna
advantageously, the low porosity decreasss the likelihood
breakdown or expension. The disclosed varistor is therefore a

more stable product than conventiocnal varistors.

th
2
3
I
ot
g
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by

Illustrative, non-limiting embodliments of
Tabricating a varistor will now be disclosed.

-

fabricating a varistor may comprise mixing a

=
3
[ty
o
—
O
9]
O
b}

substantially homogenous miznture 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 compriss the step of providing zinc

bty

oxide {(Zn0) and a resin. The mevthod may comprise the step of

s

cting zinc oxide particles of a substantially unifor

=3

e

particle size to be mixed with the resin.
The mixing step may be conducted under conditions to

substantially uniformly disperse the solld phase of zinc oxide

particles within the resin media. The mixing step may comprise

i~ is to be noted that any mixing method known to the skilled
STQOT TS [ T=ET1 md ma 1o oms 117 FnilFiliae rhe S ,r*'{""t, o F nt v iy
px_ r3scn LLr,ay T ISe as _LQ‘:-..j a5 LU LULTI il Chne Tunction I miXin
the Zn0 with the resin. The nmixing step may be performed using a
mixing machine. The mixing step may comprise kneading. XKneading
may be performed using a kneader reactor. The zinc oxide {(ZnD)

19
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may be mixed with a

polyacetal and molded te form

The mwixing step may result

homogeneous.
e conducted simultaneous

fter the mixing

temperature that 1is

The heating step

ih
=}
®
”
D
0
'-J -
s
-
D

the wviscos

=

ty of

a temperature is

with

2 sinterinc. The heating step may be
a temperaturs that 1s about 55%, or about 60%,

lower than the point of liquefaction of the mixture.
The heating ster may be conducted at a

in

auration

for a

oo

about 0.%

the mixing step

rprn Lo about 100 rpm

be conducted

such as

at a

the resin.

at reduces

temperatures

vy e
r) [

or

o vrne
rTIoYmed

at

about 70%

about 15C°C,

25072, abou
N oy
about 200%C

-3
ae

hours to

O

t 1507C to
to about
for a

about 1
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rpm, about 123 rpm te about 200 rpm, about 150 rpm to about 175

The method of fabricating a varistor may Zurther comprise a

step of molding the mixture. The molding step may Ccomprise any
process that gives shape to the mixture. It is to be noted that
any molding method known to the skilled perscon may be used as

long as 1t fulfilis =he

of melding the Zn0 and resin
mixture intc a varistor. The molding step may comprise injection
molding. The injection molding step may comprise feeding the
mixture ints & heated barrel, mixing and forcing iLhe mixture
into a mold cavity, where it may cocl and harden to the
configuration of the cavity. The forcing may be performed usin
a ram or screw-type plunger. The injection molding may be

" —~ 3 — D L a— - T oad e WS AL I
performed by an injeccicn molding machine.

The disclosed method may comprise pressing fthe mixture into
. - ]

he wvaristor voltage (Vc) of pMCVs may

Zecause sintering is cenventionally performed under high

remperatures for a leong duration of time, it can be expensive

3 _— - -~ - B -— Pragget Ty S 3 - 3 - 1 3 s
and tTime consuming to  perfcorm. The disclosed methecd may

- o - 3 Py N . - — —_ it -
advantageousiy the step o0Ff sintering altocgether,
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b.

ving the me
methed of

wWouilLa oe

varlistor

size of Zn0 remains the same aven
with the resin. Thus, the Zn0 parti

aniform. In additio the

homogeneously distributed thin ©

disclogsed metl

molten resin to form a

than 0.7 vol% or less than 1 vol
in the pMOV may be less than 0.5
creep vroperties of the polyacetal

ZnU particles

od may furthe

1%. The amount of

to the simple

mass production of

+ha
e

quaiity of the

better and

p s

would he

fter

mixing and/or
icle size may be substantizlly
substantially

may Dbe

he resin.

[ad

comprise

of

due

present 1in the pMOV may be
voli%, Less than 0.5 vel%, less

particles are ideal.y arranged within a plane in
an orderly manney, the number of current saths may

of

vlane
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electroding step may comprise any process that provides a pair
of electrodes. It is to be noted that any electroding method

4

known to the skilled person may be used as long a

3]

s 1t fulflilils

U

the function of providing at least one electrode to the varistor
1e electroding step may be accomplished by means of thick film
silver fired onto the wvaristor surface. Wire leads or strap

terminals may then Dbe soldered in place. An electrically

b

conductive acdhesive, such as epoxy, maey be used to connect th

0

leads To the varistoer.

The disclosed mechod may comprise a step cf applying a

coating ©to the mixture. The coating step may comprise any
process That wpackages o©or protec the zinc oxide and resin
mixture. The coating step may comprise an encapsulation step.

Trhe cecating may be of any suitable material that can proetect the
3 p’ k. I

mixtare. For example, plastic, epoxy or phenolic coatings can oe

Althougn the idnventicon has Dbeen described herein with

reference to specific embodiments, many modifications and
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Non-limiting examples of the invention wil:

described in greater detail by reference to specific Examples,
which should not ke construed as in any way limiting tne scope

Example 1: Formation of the pMOV

average diametrer of

To form a pMOV, Zn0 particles having an
20 nm was mixed with polyacetal resin at a 65% blending ratio by
volume of resin. The mixing step was pericrmed in a kneader
machine ({(Laboratory Kneader TDRIC)-2, Toshin (Japan)}. The

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

[N

nto a varistor having a board thickness of
of 10 mm. The molding step was performed at 150 MPa at 200 °C

with an in‘tecctien wvelocity of 30 mm/s.

Example 2: Electrical properties of the pMOV

The electrical properties of the varistor formed Dy the

method described in Example 1 were tested.

By

The measure

jo
<3
fu
<
i_l
6]
-t
©
3
<
o]
| sl
ot
o
Q
o]
-
@]
-~
Q
[
ot
o
6}
O,
=
O
=
O
th
I3
W
Q
k8
O]
s

thickness of the MOV as long as the Zn0 rparticle diamet



w

10

15

20

25

30

This 1s further supported in Fig. 6. In Flg. &, the
varistor voltage of varistors having three different thicknesses
(g

i.e. 0.4 mm (Sample 2){(601), 0.8 um

(Sample 3] {603), were measured.
O in the resgin., For =sach thickness, three samples were
measured. It 1s evidenced at the Vo of pMOVs vary consistently

with varistor thickness.

Impulse waveshape

Frurther, to assess the property of the pMOV, the
internationally recognised standard 8/20 us test impulse

waveshape experiment was performed. The varistor properties did

|.4~

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

were no sign

4]

of damage to the pMOV. In a comparative example

using a conventional ceramic varistor, application of a single
pulse at 4 kV destroyed the wvaristor. Without being bound by
theory, it is believed that this difference in property between

the pMOV and the conventional ceramic varister is due to the

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

t

?“§
e

he superior creep properties of the polyacetal resin.
K P pProx J

hllowable current

Fig. 7 shows the voltage-current characteristics of the

pMOV  gynthesized in EZxample 1. Compared to a conventional

1

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

ectional

n
A

rea), the pMOV 702 showed an allowable current that

t

1

is 20 times higher. Further, the o value that shows th

pe

H

for ce wag shown to be approximately 50, which is almos

?'7’

identical to an “ideal” conventional ceramic varistor having

five other meral addicives.

o
tn
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Without being beund to theory, if the Zn0 particles are

==

ideally arranged within a piane

for
3
U]
o}
O

rderly manner, the number

of current paths is thought to proportionalilly depend on the

number of Zn0d particles within the plane, as shown in Fig. 8

the horizontal plane of the compact.

The reason such a high allowable current and o valiue was
observed for pMOV is believed to be due to the numerous current
paths that exist, in addition to the fact there are wvery little

pores that maeke the performance of the varistor unstable, and

Q

the use of polvacetal resin that has superior creep propsrties.

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

T

application of the pMOV will enable manufacture of more compac:t
T

varistors. If the varistor i1tself becomes more compact, then its

application in mohile devices will alsc bhecome possi

o

Example 3

A varistor was formed by the method described in Example 1
and its electrical properties were compared agalnst those cf &

known conventional ceramic MOV (Littelfuse” VZ51EB34). The

N
()
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Sample Image Dimensionst  BC Impulse Surge Reliability {No.i Total number
clamping! clamping | withstand | of continuous of surge
i voltage |voitage @ capability pulses withstand
@ ImA | 8/20 us | until fallure jwithstood untili  capabifity
{impulse |failure @ 4kV}!{ {Impuise
i 1.2/50 ps; 1.2/50 us;
H
8/20 ps ! 8f20yps
combination | combination
wave} % wave)
Littelfuse Length: | 418 Ve | 1000 Vi, 4000 V 1% 6
V251HB34 37 mm
: Width ;
37 mm ’
Thickness: .
2.5 mm ;
pMOV Sample Diameter: [395.2 Voc| 900 Vip, | 6000 V** 10" 53
11 mm f
Thickness: i i
**pfrer testing with 53 pulses and a combilination wave of up o
6000 vV, the sample pMOV still had not failed, and 6000 V Zs the
maximum limit of the surce maching u .

Accoxrdingly, it is evident that, compared to a conventional
ceramic varistor, the pMOV showed bhetter electrical properties.
Specifically, compared to a conventional ceramic varistor, the

lamping {(breakdown) voltage of the pMOV 1s lower, the surge
withstand capability of the pMOV is 50% hicgher, the reliability
is 1C times igher and the total number of surges that can be
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characteristics. WNotably, the convertiocnal wvaristor

show varistor characteristics after 1000 V, whereas the non-
lineax of the wvaristor 890 according to an
erkbodiment ¢f the vresent Was .

Fig. 10A  shows a microgreph of the porosity <i a
conventional varlstor componant, Fig. 108 shows &
micrograph of the porosity of the pMOV of this Example. The

component is shown to be 11.41%, while that of the particles of
the pPMOV 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 wvaristor accozding to an embodiment o©i the

Further comparisons bhetween the conventional MOV and the

fiimitations of conventional MOVs| Advantages of pMOV

- Bulky |- Very small in size and thin

! - . P 4
- - Non flexiblie - Filexible
Tyt O ~ L e o g R = N e
- Not suizable for direct - Suitable for direct
microelectronics application micrecelectronics application

(e.g. smart vhone, laptop, | (e.g. smart phone, laptop,

P

PR e Y TR T NE SR
cab.et ety tablet etg;
3 1 ~ <5 - - - - - i T T TN o PIE S + M -y
- Higher manufacturing cost - Lower manuiacturing cost
28
28
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Applications

disclilosed wvaristor or in the fabrication »f the discliosed

The disclosed method may exclude the step of sintering,
which can be expensive and time consuming. The disclosed method
is Therefore advantageously simple and straightfcorward.

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

mass production of the disclosed wvarister wo

uld be easier. In
addition, the ogua.ity of the varistors produced by the disclosed

methed would be better and more consistent compared Lo
conventional ceramic varistors that reguire a sintering step =o

produce. Wizhout the step of sintering the ZnG with other metal

r the mixing and/or

Therefore, the disclosed varistor may compri

[
[}
D
3
]
S

el
b
=
cf
el
(@]
ot
{
W

and may be
advantageously substantially homeogenecusly distributed within
the resin.
in a wide
varistors

using 3-D

Further, the application of the pMOV may enable manufacture
- I ~ oy e e o - T ) wrm et ot 3 .
of more compact veristors. If the wvaristor itself bscomes more
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Claims

. A varistor cowmprising 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 wherein the Zn0 or the varistor has not been sintered.

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

free of inorganic oxides other than zinc oxide.

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

oxide particles are of a substantially uniform size.

. The varistor of claim 3, wherein the sgize of the zinc oxide

particles ig in the range of 1 pm to 50 um.

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

is a polymer.

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

. The varistor of claim 6, wherein the resin 1s selected from the

group consisting of polystyrene, polyethylene, polypropylene,
polyacetal, polymethyl acrylate, polycarbonate, polyamide,
polytetrafluoroethylene, tetrafluoroethylene,

perfluorocalkoxyethylene and any mixture thereof.

31
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10.

11.

12.

13.

14.

15.

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

oxide is present in the varistor in a range of 6% vol% to 70 vol%.

. The wvaristor of any one of the preceding claims, further

comprising a pair of electrodes in contact with at least one

surface of the varistor.

The wvaristor of any one of the preceding claims, further
comprising a coating applied to at least one surface of the

varistor.

The varistor of any one of the preceding claims, wherein the
varistor is capable of withstanding a surge voltage of at least

5000 V.

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

varistor has a porosity of less than 5%.

The wvaristor of any one of the preceding claims, wherein the

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

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

of sintering is not performed.

The method of claim 14, further comprising solidifying the

molten resin to form a gsolid phase of zinc oxide

32
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particles substantially uniformly dispersed within the resin

media.

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

substantially free of inorganic oxides other than zinc oxide.

17. The method of c¢laim 14 to 16, wherein the =zinc oxide

particles are of a substantially uniform size.

18. The method of c¢laim 17, wherein the size of the zinc

oxide particles is in the range of 1 uym to 50 pm.

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

mixing step comprises kneading.

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

comprising a step of molding the mixture.

21. The method of c¢laim 20, wherein the step of molding

comprises injection molding.

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

resin ig a polymer.

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,
polyethylene, polypropylene, polyacetal, polymethyl acrylate,

polycarbonate, polyamide,

33
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polytetrafluoroethylene, tetrafluorocethylene,

perfluoroalkoxyethylene and any mixture thereof.

25. The method of any one of claims 14 to 24, wherein the
zinc oxide 1is 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 c¢laims 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

compriging 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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