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CERAMIC COMPOSITION, LOW VOLTAGE ZINC OXIDE VARISTOR MADE
FROM THE CERAMIC COMPOSITION AND PROCESS FOR
MANUFACTURING THE LOW VOLTAGE ZINC OXIDE VARISTOR

Field of the Invention

[0001] The present invention generally relates to voltage-dependent varistors, and
more particularly to a ceramic composition for low voltage zinc oxide varistor, a low
voltage zinc oxide varistor made from the ceramic composition, and further to a process for

manufacturing the low voltage zinc oxide varistor.
Background of the Invention

[0002] Currently, zinc oxide (ZnO) varistors are the electronic components that are
most widely used to protect electronic devices and electrical circuits from hazardous
electrical transients and surges. They are normally connected in parallel to the devices that
are being protected. Under normal steady state operation, a varistor is dormant; it is a state
known as the sleep mode. If an electrical transient/surge is present, the varistor detects it in
nanosecond speed and switches into a highly conductive state thereby creating a low
impedance path to divert the electrical transient/surge away from the electronic devices but
into the varistor. Thus, the varistor absorbs the energy of the electrical transient/surge or
diverts the electrical transient/surge to ground if the varistor is grounded.

[0003] The switch of a varistor occurs at a threshold voltage that is 15%-20% higher
than the maximum continuous operating voltage of the device being protected. Above the
threshold voltage, the varistor is highly nonlinear and draws in huge currents with little
voltage increase. In this nonlinear region, the current-voltage characteristics is commonly
expressed as equation (1):

[0004] [=KV* ¢))

[0005] where K is a constant and « is the nonlinear coefficient. With a large value
of a, the varistor offers excellent response to transients by conducting current more quickly.

The nonlinear coefficient is defined as equation (2):
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[0007] where I, and I; are currents at voltages V> and V), respectively, with V; larger
than V.
[0008] In countries where lightning occurrence is high, there is an imperative need

~ for electrical surge protection against lightning-induced electrical surges because of their

very high energy and peak currents. The lightning-induced surges can cause serious
damage to many electrical equipments especially low voltage equipments (below 30 Vrms),

and these extreme surges are probable causes of building fires.
Summary of the Invention

[0009] It is the objective of the present invention to offer a ceramic composition that
can produce varistors with high energy handling capable of handling lightning-induced
surges without comprorﬁising other varistor characteristics. The ceramic compositions are
optimized to produce low voltage zinc oxide varistors with excellent electrical properties
for the full range of the ohmic and nonlinear current-voltage spectra.

[0010] One embodiment of the present invention provides a ceramic composition
comprises zinc oxide and metal oxide additives of Bi, Co, Ni, Ti, Mn, Si, and B, wherein
the ceramic composition comprises 0.05 to 7 mole % of Bi, 0.05 to 5 mole % of Co, 0.05 to
6 mole % of Ni, 0.05 to 5 mole % of Ti, 0.05 to 5 mole % of Mn, 0.01 to 0.1 mole % of Si,
0.01 to 0.1 mole % of B, and 90 to 99 mole % of ZnO; wherein the ceramic composition is
used to manufacture a sintered body for making a low Voltage zinc oxide varistor.

[0011] In another embodiment of the ceramic composition, the ceramic composition
comprises 0.2 to 3 mole % of Bi>O3, 0.2 to 2 mole % of C0,03, 0.2 to 2 mole % of NiO, 0.2
to 2 mole % of TiO,, 0.2 to 2 mole % of Mn,03, 0.01 to 1 mole % of SiO,, 0.01 to 1 mole
% of B,03, and 95 to 99 mole % ZnO.

[0012] In yet another embodiment of the ceramic composition, the ceramic
composition comprises 0.5 to 1 mole % of Bi;O3, 0.3 to 0.7 mole % of Co,0s3, 0.3 to 0.7
mole % of NiO, 0.3 to 1 mole % of TiO,, 0.3 to 0.7 mole % of Mn,03, 0.02 to 0.05 mole %
of Si0,, 0.05 to 0.08 mole % of B,03, and 95 to 99% ZnO.
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[0013] Another embodiment of the present invention provides a low voltage zinc

oxide varistor comprising a sintered body, a pair of electrode layers sandwiching the

‘sintered body in ohmic contact, a pair of solder contacts conductively coupling with the

electrode layers, and a pair of wire leads conductively coupled with the electrode layers via
the solder contact; wherein the sintered body is made of a ceramic composition, and
wherein the ceramic composition comprises 0.05 to 7 mole % of Bi, 0.05 to 5 mole % of
Co, 0.05 to 6 mole % of Ni, 0.05 to 5 mole % of Ti, 0.05 to 5 mole % of Mn, 0.01 to 0.1
mole % of Si, 0.01 to 0.1 mole % of B, and 90 to 99 mole % of ZnO.

[0014] In another embodiment of the low voltage zinc oxide varistor, the sintered
body is any suitable form selected from the group consisting of circular disc, square plate or
rectangular plate.

[0015]) In another embodiment of the low voltage zinc oxide varistor, the ceramic
composition comprises 0.2 to 3 mole % of Bi;O3, 0.2 to 2 mole % of Co0,03, 0.2 to 2 mole
% of NiO, 0.2 to 2 mole % of TiO,, 0.2 to 2 mole % of Mn,03, 0.01 to 1 mole % of SiO,,
0.01 to 1 mole % of B,03, and 95 to 99 mole % ZnO.

[0016] In another embodiment of the low voltage zinc oxide varistor, the ceramic
composition comprises 0.5 to 1 mole % of Bi,03, 0.3 to 0.7 mole % of Co;03, 0.3 to 0.7
mole % of NiO, 0.3 to 1 mole % of TiO,, 0.3 to 0.7 mole % of Mn,03, 0.02 to 0.05 mole %
of Si0,, 0.05 to 0.08 mole % of B,0s, and 95 to 99% ZnO.

[0017] The objectives and advantages of the invention will become apparent from
the following detailed description of preferred embodiments thereof in connection with the

accompanying drawings.

Brief Description of the Drawings

[0018] Preferred embodiments according to the present invention will now be
described with reference to the Figures, in which like reference numerals denote like
elements.

[0019] FIG 1 is a partial cross-section view of a varistor in accordance with one
embodiment of the present invention.

[0020] FIG 2 is a graph showing voltage-current characteristics of exemplary

varistors in accordance with embodiments of the present invention.
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Detailed Description of the Invention

[0021] The present invention may be understood more readily by reference to the
following detailed description of certain embodiments of the invention.

[0022] Throughout this application, where publications are referenced, thé
disclosures of these publications are hereby incorporated by reference, in their entireties,
into this application in order to more fully describe the state of art to which this invention
pertains.

[0023] The present invention provides a low-voltage zinc oxide varistor that has
improved capability in handling very high energy overvoltage surges without compromising
other varistor characteristics. FIG 1 shows a partial cross-section view of a low voltage
zinc oxide varistor in accordance with one embodiment of the present invention. As shown
in FIG 1, the varistor comprises a sintered body 1, a pair of electrode layers 2 sandwiching
the sintered body in ohmic contact, a pair of solder contacts 3 conductively coupling with
the electrode layers, and a pair of wire leads 4 conductively coupled with the electrode
layers via the solder contact. The sintered body 1 can be any suitable form; for example,
circular disc, square plate or rectangular plate.

[0024] The sintered body 1 is made from a ceramic composition that is comprised
of zinc oxide and various metal oxides. In one embodiment, the ceramic composition
comprises 0.05 to 7 mole % of Bi, 0.05 to 5 mole % of Co, 0.05 to 6 mole % of Ni, 0.05 to
5 mole % of Ti, 0.05 to 5 mole % of Mn, 0.01 to 0.1 mole % of Si, 0.01 to 0.1 mole % of B,
and 90 to 99 mole % of ZnO. In another embodiment, the ceramic composition preferably
comprises 0.2 to 3 mole % of Bi,03, 0.2 to 2 mole % of C0,03, 0.2 to 2 mole % of NiO, 0.2
to 2 mole % of TiO,, 0.2 to 2 mole % of Mn,03, 0.01 to 1 mole % of SiO, 0.01 to 1 mole
% of B,0;, and 95 to 99 mole % ZnO. In yet another embodiment, the ceramic
composition preferably comprises 0.5 to 1 mole % of B1,O3, 0.3 to 0.7 mole % of Co,03,
0.3 to 0.7 mole % of NiO, 0.3 to 1 mole % of TiO,, 0.3 to 0.7 mole % of Mn,O;, 0.02 to
0.05 mole % of SiO,, 0.05 to 0.08 mole % of B,0s, and 95 to 99% ZnO.

[0025] In one embodiment, the sintered body 1 comprises about 90 to about 99 mole
% of ZnO and about 1 to about 10 mole % of metal oxide additives. The composition of the

metal oxide additives comprises 0.05 to 7 mole % of Bi, 0.05 to 5 mole % of Co, 0.05 to 6
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mole % of Ni, 0.05 to 5 mole % of Ti, 0.05 to 5 mole % of Mn, 0.01 to 0.1 mole % of Si
and 0.01 to 0.1 mole % of B. In another embodiment, the composition of the metal oxide
additives comprises 0.2 to 3 mole % of Bi,03, 0.2 to 2 mole % of C0,03, 0.2 to 2 mole % of
NiQ, 0.2 to 2 mole % of TiO,, 0.2 to 2 mole % of Mn,03, 0.01 to 1 mole % of SiO,, and
0.01 to 1 mole % of B,Os. In yet another embodiment, the composition of the metal oxide
additives preferably comprises 0.5 to 1 mole % of Bi,O3, 0.3 to 0.7 mole % of C0203, 0.3 to
0.7 mole % of NiO, 0.3 to 1 mole % of TiO,, 0.3 to 0.7 mole % of Mn;03, 0.02 to 0.05
mole % of SiO,, and 0.05 to 0.08 mole % of B,0;.

[0026] In one specific example -of the present invention, the ceramic cpmposition
for making the sintered body of the low voltage zinc oxide varistor is listed in Table I.
Three batches of ZnO (A, B, C) with white seal grade were obtained from three different
ZnO manufacturers. The specific surface area of the three ZnO powder types varied from
about 4.3 to about 5.7 m’/g. Three batches of ceramic compositions of which each
containing one batch of ZnO (A, B or C) were homogenously mixed with distilled water
and organic binder in a ball mill containing zirconia grinding media. A deflocculant was
added to obtain correct slurry viscosity. The ratio of solid content to liquid content was
about 65:35. After ball milling for about 24 h, the slurry was dried without segregation,
sieved to less than 200 um size and pressed into discs at about 15 kpsi. The green varistor
discs were sintered at a temperature in the range of about 1100°C to about 1300°C for a
time in the range of about 1 h to about 3 h in air. Electrode layers and wire leads were
applied to the sintered body via conventional methods. One exemplary varistor was 13-mm

diameter low voltage varistor model for testing hereinbelow.

[0027]
TABLE I
MATERIAL MOL %
ZnO 97.00
Bi.O, 0.800
Co.0, 0.500
NiO 0.500
TiO, 0.600
Mn,O, 0.500
Si02 0.030
B.O, 0.070
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[0028] The varistors were tested in accordance with European Standard
specifications CECC 42201 that are summarized in Table II whereby the specifications are
for 13-mm diameter models. FIG 2 shows typical voltage-current characteristics of the
tested varistors made in accordance with the present invention. The destructive surge test
were done up to 1000 A peak current under a 8x20us waveshape and the varistors exhibited
extraordinary energy handling capability at 1000 A peak current that are not previously
known. These high performance varistors are excellent surge suppressing components for
lightning-prone regions with high frequencies of lightning-induced electrical surges.

[0029]

TABLEII
Low Voltage Varistor Models 11V, 14V, 17V s
Voltage at ImA, Vi, (V) 17-19 21-23 26-28
Clamping Surge Peak Current (A) 5 5 5
Maximum Clamping Voltage (V) 33 43 53
Voltage for Leakage Current Test (V) 14 18 22
Maximum Leakage Current (pA) 100 100 90
Destructive Test Peak Current (A)
( 8x20ps waveshape current surge) 500 >00 >00

[0030] The physical properties of the varistors for the three batches A, B and C are
listed in Table III whereby the values are suitable for mass production. The electrical
characteristics of the varistors for the three batches A, B and C are listed in Table IV
whereby all of the values satisfy the international standard specifications listed in Table 1.
The varistors’ exceptional characteristic of electrical energy handling are shown in Table V
whereby the varistors were subjected to current surges with peak currents 1000 A and 2000
A under a 8x20ps waveshape. All varistor samples survived the very destructive tests
without any obvious physical damage. Currently specifications for 1000 A and 2000 A
current surge tests do not exist for 13-mm diameter low voltage varistor models. The fact
that the varistors survived surge current four times that of the international standard is an

amazing one indeed.
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TABLE III
PHYSICAL PROPERTIES OF
VARISTOR SAMPLES
PROPERTIES
A B C
Sintered Weight (g) 0.4633 0.4611 0.4598
Sintered Thickness (mm) 0.913 0.911 0.907
Green Thickness (mm) 1.0432 1.0462 - 1.0462
Thickness Shrinkage (%) 12.481 12.923 12.998
Sintered Diameter (mm) 11.130 11.070 11.062
Diameter Shrinkage (%) 15.038 15.496 15.557
Sintered Area (cm’) 0.9729 0.9625 0.9611
Sintered Volume (cm®) 0.08883 0.08768 0.08717
Sintered Density (g/cm®) 5.216 5.259 5.275
% Theoretical Density 912 919 | 92
[0031]
TABLE 1V
Electrical Characteristics A C D
Grain Boundary Resistivity, Q,, (MS2.cm) 2.759 2250 2325
Grain Boundary Barrier, Vg, (V) 126 1.66 1.76
Leakage Current, I; 15.87 5.48 1831
(nA)
Dielectric Constant, % 14 161 15 564 8156
at IkHz
Capacitance at 1 kHz (nF) 6.9 1.6 4.0
Onset Switch Voltage, V,, 21.07 18.34 25.56
)
Nonlinear Coefficient, a 17.28 18.19 36.68
Voltage at ImA, V,,, 21.78 18.44 26.96
02
Capacitance Critical Voltage, V., (V) 22 19 27
Capacitance Resonant Frequency, f, (MHz) 10 10 125
Onset Upturn Voltage, V., (V) 3441 32.08 3564
Clamping Ratio 2.11 2.14 1.51
ZnO Grain Resistivity, @, (S2.cm) 0.589 0.524 0831
Degradation (%) 0.58 2.68 2.18

[0032]
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TABLE V
e | e |1
RMS DC . Across Varistor )
Sample | g tin ratin Varistor after 1000A | - 20stor
Label nating & | before 1000A after 2000A
(at ImA) (at ImA) surge test,
surge test, 8/20s (V) surge test,
8/20us (V) HS 8/20ps (V)
All 14 22 21 18 15
Al7 17 28 27 24 17
A24 14 22 20 16 13
C20 14 22 20 18 12
C23 11 19 19 15 9
C30 11 19 14 8 6
D17 17 28 26 18 5
D9 14 22 22 14 9
D14 11 19 18 11 7

[0033] AWhile the present invention has been described with reference to particular
embodiments, it will be understood that the embodiments are illustrative and that the
invention scope is not so limited. Alternative embodiments of the present invention will
become apparent to those having ordinary skill in the art to which the present invention
pertains. Such alternate embodiments are considered to be encompassed within the scope
of the present invention. Accordingly, the scope of the present invention is defined by the

appended claims and is supported by the foregoing description.
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CLAIMS
What is claimed is:
1. A ceramic composition comprises zinc oxide and metal oxide additives of Bi, Co,

Ni, Ti, Mn, Si, and B, wherein the ceramic composition comprises 0.05 to 7 mole % of Bi,
0.05 to 5 mole % of Co, 0.05 to 6 mole % of Ni, 0.05 to 5 mole % of Ti, 0.05 to 5 mole %
of Mn, 0.01 to 0.1 mole % of Si, 0.01 to 0.1 mole % of B, and 90 to 99 mole % of ZnO;
wherein the ceramic composition is used to manufacture a sintered body for making a low

voltage zinc oxide varistor.

2. The ceramic composition of claim 1, wherein the ceramic composition comprises
0.2 to 3 mole % of Bi,0s, 0.2 to 2 mole % of Co,03, 0.2 to 2 mole % of NiO, 0.2 to 2 mole
% of TiO,, 0.2 to 2 mole % of Mn,03, 0.01 to 1 mole % of SiO,, 0.01 to 1 mole % of B,0;3,
and 95 to 99 mole % ZnO.

3. The ceramic composition of claim 1, wherein the ceramic composition comprises
0.5 to 1 mole % of Bi,0s, 0.3 to 0.7 mole % of Co0,03, 0.3 to 0.7 mole % of NiO, 0.3 to 1
mole % of TiO,, 0.3 to 0.7 mole % of Mn,O3, 0.02 to 0.05 mole % of SiO,, 0.05 to 0.08
mole % of B,Os, and 95 to 99% ZnO.

4. A low voltage zinc oxide varistor comprising a sintered body, a pair of electrode
layers sandwiching the sintered body in ohmic contact, a pair of solder contacts
conductively coupling with the electrode layers, and a pair of wire leads conductively
coupled with the electrode layers via the solder contact; wherein the sintered body is made
of a ceramic composition, and wherein the ceramic composition comprises 0.05 to 7 mole
% of Bi, 0.05 to 5 mole % of Co, 0.05 to 6 mole % of Ni, 0.05 to 5 mole % of Ti, 0.05 to 5
mole % of Mn, 0.01 to 0.1 mole % of Si, 0.01 to 0.1 mole % of B, and 90 to 99 mole % of
ZnO.
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5. The low voltage zinc oxide varistor of claim 4, wherein the sintered body is any
suitable form selected from the group consisting of circular disc, square plate or rectangular

plate.

6. The low voltage zinc oxide varistor of claim 4, wherein the ceramic composition
comprises 0.2 to 3 mole % of Bi;03, 0.2 to 2 mole % of C0,03, 0.2 to 2 mole % of NiO, 0.2
to 2 mole % of TiO,, 0.2 to 2 mole % of Mn,03, 0.01 to 1 mole % of SiO,, 0.01 to 1 mole
% of B,0s3, and 95 to 99 mole % ZnO.

7. The low voltage zinc oxide varistor of claim 4, wherein the ceramic composition
comprises 0.5 to 1 mole % of Bi>O3, 0.3 to 0.7 mole % of C0,03, 0.3 to 0.7 mole % of NiO,
0.3 to 1 mole % of TiO,, 0.3 to 0.7 mole % of Mn,03, 0.02 to 0.05 mole % of SiO,, 0.05 to
0.08 mole % of B,0s3, and 95 to 99% ZnO.
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