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Electrical Properties of Multilayer Chip Varistors in the Response Surface Analysis
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Abstract

In order to enhance sintering characteristics on the ZnO-PrsOn1 based multilayer chip varistors

(MLVs), a response surface analysis using central composite design method were carried out. As'a

result, varistor voltage(Vima), nonlinear coefficient (a), leakage current (I.) and capacitance (C) were

considered to be mainly affected by sintered temperature and holding time. MLVs sintered at 1200 T

and above 1200 T revealed poor electrical characteristics, possibly due to the reaction between

electrode materials(Pd) and ZnO-PrsOn based ceramics. On the sintering temperature range 1150 ~
1175 C, nonlinear coefficient (@) and leakage current (It) were shown to be 60 ~ 69 and below 0.3
1A, respectively. In particular, MLVs sintered at 1175 C, 1.5 hr and 2 T/hr (cooling speed) showed
stable ESD(Electrical Static Discharge) characteristics under the condition of 10 times at 8 Kv with
deviation varistor voltage, and deviation nonlinear coefficient were 0.3 % and 0.33 % (at positive), 0.55

% (at negative), respectively.
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Table 1. Test factor, factor level and target values
for response surface analysis method.
2F%
dgeR | AmsE T
Vima [V] a I, [wA] FDF]
22T Low 1150
() High 1200
FAAZ | Low ! 12| Min. 30 Max. 200] 50
(hr) High 3
Wzts e Low 1
(°’c/min} High 3
E 2 AgAIR 48 J¥dx2A9 43
Table 2. Test condition and results for response
surface analysis method.
LrE2E TRl Al ZE s
No | Tvpe (c) (hr) ('c/hr)
1 1 1200 3 1
2 1 1217 2 °
3 | 1200 1 1
4 0 1175 2 2
5 — 1175 2 3.7
6 1 1150 3 3
7 0 1175 2 2
8 - 1175 2 0.3
9 1 1150 1 1
10 0 1175 o 2
1 1 1200 3 3
12 0 1175 2 2
13 1 1200 1 3
14 1 1175 3.7 2
15 0 1175 2 2
16 1 1175 0.3 2
17 1 1150 1 3
18 0 1175 2 2
19 1 1150 3 1
20 = 1133 2 2
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SEM micrographs and EDS analysis
results of the multilayer ceramic varistors
sintered at 1175 C for 2 h.

(a) SEM micrographs (b) EDS analysis
results
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Surface Plot of VImA

VimA

Hold values: Cooling: 2.0
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Fig. 2. Varistor voltage Vima of the multilayer
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chip varistor as a function of sintering
temperature and holding time.
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Surface Plot of Leakage
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Fig. 3. Leakage current of the multilayer chip
varistor as a function of sintering
temperature and holding time.
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Fig. 4. Non-liner coefficient of the multilayer

chip varistor as a function of sintering
temperature and holding time.
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Fig. 5. Capacitance of the multilayer chip
varistor as a function of sintering
temperature and holding time,
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