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Abstract: Problem statement: The stresses to humidity, DC and AC bias, multipipulse voltages
and high temperatures are known to affect the taarigerformance and it is also interesting to know
the effect of both DC bias and temperature stresgeshe same timeApproach: Here, the
simultaneous DC and temperature stresses degmadet&s investigated to see the changes of
nonlinear coefficientd) in Zn-Bi-Ti oxide low-voltage varistor ceramicetered at various sintering
temperatures (1140-1260°C) and two sintering doematimes of 45 and 90 min. The current-voltage
characteristics of the varistor ceramics were eatafllResults: The o of ceramic was observed to be
decreased with increasing sintering temperaturéerAbaded with DC and temperature stresses of
0.75Vi1a/80°C/12 h, thex of ceramics for 90 min sintering time decreasds wintering temperature,
however that sintered for 45 min sintering timer@ase with sintering timeConclusion: The
application of DC and temperature stresses in ZmiRixide ceramics sintered at very long time cause
thea to decrease as evidence from higher leakage d¢urren
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INTRODUCTION of ZnO varistoP. Therefore, the stability of ZnO based
varistors against constant voltage biases, alteghand
Zinc oxide varistors is polycrystalline ceramibatt ~ Direct Current (DC), or voltage surge is recognizad
consist of ZnO with minor additives and is formed one of the crucial subjects to be investig8ted
through the sintering process. The resultant prpduc The degradation process usually leads to the
with a unique grain boundary feature, is respoesibt  reduction in the potential barrier height and cause
nonlinear |-V characteristics of the deVicé Such defects near grain boundaft®$” One of major
varistors are used to protect electrical equipmenthallenges in the continuing development of varisto
against voltage surges and can be used severa timbas been to reduce the degradation because thdsrsud
without being damaged. Nowadays with thedegradation may increase energy loss in the vasisto
development of micro-electronic technology and éarg and results faults to the circltfd It is reportef® that
scale integrated circuit, ever-increasing number oDC bias can lead to a substantial increase of tgaka
varistors is being used for low-voltage applicasion current and decreasing breakdown voltage in ZnO
such as in automobile electronics and semiconductdsased varistors. In this study the influence of
electronics. ZnO based varistors are widely usedimultaneously the DC and temperature stresseleon t
because of their extreme nonlinearity in their I-V Zn-Bi-Ti oxide varistor ceramic is presented.
characteristic that protects power and signal lemel
electrical circuits against dangerous voltage surge MATERIALSAND METHODS
ZnO based varistor is formed with other metal ogidé
small amounts such as Bk, TiO,, CoO, MnO and Sample preparation: Oxide precursors of 99.9 %
ShOs®. These additives are the main tools that areurity were used. Samples were prepared by sddig st
use to improve the nonlinear response and thelisgabi route ceramic processing. Their composition coedist
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of 99.0 mol % ZnO + 0.5 mol % RD; + 0.5 mol %  varistor voltage (Vma) Was measured at a current of
TiO, powder and they were mixed in specific 1.0 mA and the leakage current)(lwas measured at
proportions. The mixtures were milled with zircomiu 0.80 Viya. In addition, the nonlinear coefficient, was
balls and deionised water for 24 h. After that, thedetermined from the following equation:
mixture was being dried at 150°C for 24 h and pre-

sintered at 800°C for 2 h. The pre-sintered mixture logl2—log 1

was pulverized gsing an agate mortqr/pestle art_n‘ aft @ ~logVa—log Vs (1)

1.75 wt.% Polyvinyl Alcohol (PVA) binder addition,

the granulated powder was sieved by using a 75 pum

mesh screen to produce starting powder. Finally th&Vhere:

discs of 10 mm in diameter and 1 mm in thicknesd: =1mA

approximately at a pressure 2 tons were pressed arel =10 mA _

sintered at various sintering temperatures (1140Y1and\s = The voltages corresponding tp dnd b,
1260°C) and two sintering duration time of & respectively

90 min with heating and cooling rate 2.66°C Thin

Silver paste was coated on both faces 5 mm in dexme The DC and temperature stresses test was

of the sample and was heating at 550°C for 10 fifie.  performed under one state, 0.%454/80°C/12 h. After
samples were labeled with A = 1140°C; B = 1170°C,applying the stresses, |-V characteristics wereriat
C = 1200°C; D = 1230°C and E = 1260°C for 45 androom temperature.
90 min sintering duration; respectively.

RESULTS
Phase, density and microstructure measurement:
The crystalline phases were identified by an XRDphase, density and microstructure: The XRD
(PANalytical (Philips) X'Pert Pro PW3040/60) with analysis, Fig. 1, reveals diffraction peaks whiefong
CuKao radiation and the data were analyzed by usindo two phases, i.e., ZnO (ICSD code: 067454) and
X'Pert High Score software. The density of varistorintergranular layers in the varistor ceramics. The
ceramics was measured by the geometrical méthod intergranular layers are composed ofsChi and
One of the surfaces of samples was lapped and droumppeared as a very small peak in the XRD pattern fo
with SiC paper and polished with 1 pm diamondthe sample sintered at 1140°C for 45 min sintefimg
suspension to a mirror-like surface. The polishedonly. Many secondary phases with small peaks were
samples were thermally etched at 1100°C for 10, 2@etected in the ceramics at all sintering tempeeatu
and 30 min; respectively. The surface microstretur namely, BjTi;O;, (ICSD code: 024735) and ZFizOg
was examined by JEOL SEM, JSM-6400. The averageCSD code: 022381).
grain size (d) was determined by lineal intercept

3] : .
method™, given by: -
-B14Ti.3012
d = 1.56L/MN N
Where: | l J‘ ! I L ilELO:CfirQGmin
L = The random line length on the micrograph H . IR e
M = The magnification of the micrograph Y AL 4 Ll B S
N = The number of the grain boundaries intercepted = S
by lines l ] s S W VO
4 1140°C for 90 min
) | | A o n s
The compositional analysis of the selected areas B C L N
was determined by an attached with Oxford Inca —
Energy 200 EDAX system. - " . - -

Electrical measurement and DC stress. The |-V
characteristic of the varistor ceramics were ewalsia Fig. 1: XRD patterns of varistor ceramics at vasiou
using a source measure unit (Keithley 236). The sintering temperatures

1592



Am. J. Applied Sci., 6 (8): 1591-1595, 2009

— =45min | - 44 —=-Average 43 min
' —-90)min | 5 42 —e-Average_90 min|
= S 40
z EREL
£ £ 36
s 534
@ 3 32
5 230
Z z 32
1140 1170 1200 1230 1260 1140 1170 1200 1130 1260
Sintering temperature (*C) Sintering temperature (*C)
(@) (b)

Fig. 2: (a): Average density at different sintering
temperature; (b): Average grain size at different
sintering temperature
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Fig. 4: EDAX micrograph of varistor ceramics atigra

boundary
Fig. 3: SEM micrographs of sintered varistor cei@@mi 0.10| —®— Cument (I) before stresses
(a): 1140°C at 45 min sintering time; (b): 1140°C pog| T Cument () after stresses
at 90 min sintering time )
The density of sintered ceramics decreases from% Poe
5.31-4.94 and 5.24-5.03 g ciwith the increase of = 0.04

sintering temperature for 45 and 90 min sintering

time, respectively, Fig. 2a. For both sinteringdirthe 002
grain size increases with sintering temperaturg, Eb

and the large as well as small grains coexists as
evident from SEM micrograph, Fig. 3. From EDAX
analysis, the Bi and Ti were found at the grains
boundaries, Fig. 4.
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Fig. 5: I-V characteristics of the low-voltage ZnO
DC and temperature gressess From the |I-V varistor before and after DC and temperature
characteristics of the ceramic, Fig. 5, it can éensthat stresses
the varistor voltage decreases and leakage current
increases after DC and temperature stresses. Thmnlinear exponent af and leakage current jl
characteristic parameters, such as varistor volidgg,), obtained from the Fig. 5 are summarized ibl&4.
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Table 1: Variation of |-V characteristic parametefvaristor ceramics before and after DC and teatpee stresses

Sintering Before stresses After stresses
temperature
Sample (OC) VlmA (V) ||_ (]JA) o \Y 1mA (V) ||_ (]JA) o
A45 1140 17.470 617.12 2.21 15.75 651.51 2.21
B45 1170 7.740 651.59 1.91 7.690 694.76 2.17
C45 1200 5.970 720.55 1.68 4.610 662.32 1.98
D45 1230 1.730 755.02 1.51 2.950 802.89 1.58
E45 1260 0.470 823.97 1.37 0.450 819.12 0.99
A90 1140 7.970 792.08 2.01 4.980 797.49 1.32
B90 1170 3.910 813.71 1.84 3.540 813.71 1.42
C90 1200 2.110 975.91 1.72 1.570 781.27 1.12
D90 1230 2.530 806.73 1.35 1.990 807.89 1.14
E90 1260 0.760 858.44 1.25 - - -
—=— Alpha_45 before stresses segregated at the grain boundaries. The presence Ti
—m— Alpha 45 after stresses Y . . . .
—a— Alpha_90 before stresses indicates the Ti ions are substituted in the Ztidatas

- ® - Alpha 90 after stresses

the ionic radii of Ti ion is smaller than that of Zadii
in the grain boundaries.

DC and temperature stresses. As the sintering
temperature increased the,) value greatly decreased.
This is attributed to the decrease of the numbegraih
08 boundaries due to the increase of the average gjizan
1140 1170 1200 1230 1260 The grain size directly affects the voltage in I-V
Sintering temperature (°C) characteristics where at small grain size, higtessity

) o ) o or low porosity gives high nonlinear coefficientliwa
Fig. 6: The variation of average nonlinear coediiti()  Therefore, it can be seen that for this sample the

against sintering temperature for 45 and 90 mimypplication of low sintering temperature, 1140°€, i
before and after DC and temperature stresses  enough to produce maximuin value. Similarly, the

application of longer sintering time will produceora

As the sintering temperature increases thgsValue is pores and thus loweras can be seen for 45 and 90 min
greatly decreased from 17.47-0.47 V. In Fig. 6t gintering time.

nonlinear coefficient valuess, of samples are highest For the 45 min sintering timey value increases

at the low sintering temperature 1140°C but latergfier applying DC and temperature stresses. This is
decrease with the increase of sintering temperaturgyropably due to Joule's heating effect resultingmir
with sample sintered at low sintering time (45 M@l temperature stress that has similar effect as dfiat
slightly highero compared to that of high sintering time annealing®. This heating effect causes the change in
(90 min). After applying DC and temperature stresse microstructure of the ceramic samples at this site
thea value increases for samples sintered at 45 min byfme except sample sintered at 1260°C, rearranging
decreases for that of sintered at 90 min. itself which lead to improvement in nonlinearity.

However, a decrease for the samples sintered at 90

DISCUSSION min, or longer sintering time, after the stresJdss is

assumed due to the degradation of the varistors tha
Phase, density and microstructure: The addition of a associated with the lowering of potential barriethe
small amount of Ti@ enhances the grain growth grain boundaries. It is related to the annihilatioi
mechanism. This can be seen the highest densityterface defect states after DC and temperature
obtained at low sintering temperature, 1140°C, thestressing caused by ion migration mechaHf8niThe
grain size in the ceramics is small. This means thesimilar a lowering effect is also observed for the
sample has less pores, while at high sinteringceramic sample sintered at shorter sintering tidte,
temperature, the larger grain size indicates that t min, at the 1260°C. The sample sintered at shorter
pores are developed in the ceramics. From EDAXime and at 1140°C is the best because, apart of
analysis, the Bi and Ti were found at the grainshaving large grain size and most dense,dt\®lue is
boundaries, Fig. 4. This indicates the grain bomim the highest and does not change with DC and
composed of ZnO and small amount of Bi which istemperature stresses.
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CONCLUSION 7.

The Zn-Bi-Ti oxide varistor ceramic sintered

sample at 1140°C for 45 min was found to have the
highest density up to 5.31 g chand the highest 8.

nonlinear coefficient, 2.21. The application of @@&d
temperature stresses in Zn-Bi-Ti oxide ceramicseau
the nonlinear coefficient decreases for that ofesed at

90 min but increases for that sintered at 45 min

sintering time. 9.
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