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ABSTRACT

The chemical composition and uniaxial compressive stress are varied to observe their effect on the current-voltage
characteristics of ZnQO based ceramics. The variation of chemical composition produces two kinds of ceramics showing
ohmic and nonohmic current-voltage characteristics. The current at a fixed voltage increased with the increase of the
compressive stress for both ohmic and nonohmic ceramics. Ceramics showing nonohmic behavior exhibit better reversible
return of current-voltage curve when the applied compressive stress is removed from the ceramics than those showing
ohmic behavior do. We found an appropriate chemical composition showing linear relation between current and stress
at a fixed voltage. The ceramic materials with an appropriate chemical composition can be used as a potential sensing

material in pressure sensors.
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1. INTRODUCTION

The discovery of varistor properties in ZnO based
ceramics has lead to many studies directed toward the
understanding of the nonlinear behavior of the device.
It has been known that some oxides additives, such as
B1,05 or PrOy, are the key materials that cause the
nonlinear property of the device [1-4]. The Bi and Pr
elements are segregated to the grain boundaries of the
Zn0Q grains due to their big sizes, to change the electri-
cal conduction of the ZnO grain boundaries from sem-
iconducting to insulating state [5, 6] .

In contrast, very little discussion has appeared in
the literature regarding the stability of the device
under different environments. Especially mechanical
stresses are present in the ceramic material in various
ways, such as the anisotropic thermal expansion of
the ZnO ceramics and the differential thermal expan-
sion between the ZnO and other phases in the mate-
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rial. The mechanical stresses can be also introduced
to the ceramic material from the epoxy coating of the
ceramic material for packaging, and differential ther-
mal expansion either between inner electrode and
ceramic sheet of chip varistor, or between multilayer
PCB and the chip varistor.

Recently, we reported that the nonlinear behavior of
the device varied with different grain boundaries in the
same device and its cause might be due to the variation
of internal stress along the various grain boundaries [7].
In this work, we applied external uniaxial compressive
stress to a disk-type ZnO based ceramic to observe its
effect on the current-voltage characteristics of the
device. We also varied the chemical composition of the
Zn0 based ceramic to observe its effect on the current—
voltage charac-teristics.

2. EXPERIMENTAL

A mixture of ZnO and additives in a chemical rea-
gent grade of 99.9% purity was pressed into disks at
pressure of 350 kg/cm® Two kinds of ZnO based
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Table 1. List of oxide additives for fabrication of ZnO based ceramics [weight %)

Sepich Additives | ciss | BibOs | Cos0s | CrOs | Mncos | st | TiO, NiO | Total
I ) 14.8 3.9 0.8 17.7 4 2.8 4
2 0.08 14.8 6.4 32 13 0.5 12 2 422
3 0.2 14.8 5 32 13 4 0.2 4 44.4

ceramics were fabricated showing ohmic and nono-
hmic current-voltage characteristics. The ZnO based
ceramics with various additives used in this study are
listed in Table 1. The pressed bodies were sintered at
1170 for 2 hours in air and furnace cooled to room
temperature. The size of the sintered sample is 12 mm
in diameter and 1 mm in thickness. The sintered bod-
ies were lapped to parallel surface and provided with
ohmic electrodes on both sides made of a silver alloy.

The current-voltage characteristics of ZnO ceramics
were measured by using a computerized DC power
supply in a current range up to 10 A. The pressure
range of 0 to 3.4 MPa was applied to the samples
employing a compressive press.

3. RESULTS and DISCUSSION

Fig. 1 shows a typical current-voltage curve meas-
ured without external pressure for ZnO based ceram-
ics (sample #2) indicating nonohmic behavior. The
switch voltage where the current starts to increase
abruptly is 160 V. Therefore, parallel connection of
this ceramic to an electric product can serve as high
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Fig. 1. Current-voltage characteristics under no external
stress for ZnO based ceramics (sample #2) sho-
wing a nonohmic characteristics.
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voltage pass filter to protect the product from high
voltage electric shock above 200 V.

Fig. 2 shows a current-voltage curve obtained
under nor external stress for ZnO based ceramic
(sample #1) showing ohmic current-voltage behavior.
It is known that Bi segregates in grain boundaries and
converts the electrical properties of grain boundaries
from semiconducting into insulating state. The sam-
ple #1 contains less amount of Bi compared with
sample with nonohmic current-voltage behavior, indi-
cating that the Bi content is not enough to complete
conversion of the grain boundaries of the sample
from semiconducting into insulating state.

Fig. 3 shows the effect of uniaxial compressive
stress to the current-voltage curve of sample with
ohmic behavior (sample #1). The current increases
with increasing the stress applied at a fixed voltage.
When the applied stress is removed, however, the
current-voltage curve does not return to the original
one and the variation of current-voltage curve
becomes broad. This indicates that the sample is
affected irreversibly when the stress is applied. There
is also an abrupt increase of current when the applied
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Fig. 2. Current-voltage characteristics obtained under no
external stress for ZnO based ceramics (sample #1)
indicating an ohmic characteristic.
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Fig. 3. Current-voltage characteristics obtained under

external stresses for ZnO based ceramics (sample
#1) indicating ohmic characteristics.
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Fig. 4. Current-voltage characteristics obtained under
external stresses for ZnO based ceramics (sample
#2) showing nonohmic characteristics.

stress is small.

Fig. 4 shows the effect of uniaxial compreséive
stress to the current-voltage curve of sample showing
nonohmic behavior (sample #2). The current increases
with increasing the stress applied at a fixed voltage,
indicating the same result as the sample showing
ohmic behavior. The current variation with the applied
stress is greater than that of sample #1. This sample,
however, exhibits excellent return of the current-volt-
age curve, when the applied stress is removed. An
abrupt increase of the current at initial applied stress at
a fixed voltage still exists and deteriorates the linearity
of the current-stress relationship.

Fig. 5 shows the effect of uniaxial compressive
stress to the current-voltage curve of another sample
showing nonohmic behavior (sample #3). This sam-
ple shows reversible behavior of current-voltage
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Fig. 5. Current-voltage characteristics obtained under
external stresses for ZnO based ceramics (sample
#3) showing nonohmic characteristics.

curve with stress removal, and at the same time excel-
lent linearity of the current-stress relationship. This
sample can be utilized as an inexpensive and simple
pressure sensor material.

4. CONCLUSION

We observed the current-voltage characteristics of
ZnO based ceramics as a function of uniaxial com-
pressive stress. The chemical composition of the ZnO
based ceramics was varied to improve the reversibil-
ity of the current-voltage behavior when the applied
stress is removed, and also to improve the linearity of
the current-stress relationship at a fixed voltage. We
found an appropriate chemical composition of the
ZnO based ceramic exhibiting excellent reversibility
and linearity. Further study on an appropriate expla-
nation for this sample should be conducted.
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