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Abstract: In this study we aims to examine the effects of Co30s and NiO doping on the defects and

electrical properties in ZnO-BixO3-Sh03 (Sb/Bi=0.5) varistors. It seemed to form Zn;” (0.20 eV) and V'

(0.33 eV) as dominant defects in Co and Ni co-doped ZBS system, however only V," appeared in Co- or

Ni-doped ZBS. Even though the same defects it was different in capacitance (1.5~4.5 nF) and resistance
(0.3~9.5 kQ). The wvaristor characteristics were improved with Co and Co+Ni doping (non-linear
coefficient, a= 36 and 29, relatively) in ZBS. The various parameters (Ng= 1.43~2.33x10" Cm’S, N=1.40~
2.28x10" cm % @= 1.76~2.37 V, W= 98~118 nm) calculated from the C-V characteristics in our systems
did not depend greatly on the type of dopant, which were in the range of a typical ZnO varistors. It
should be derived a improved C-V equation carefully for more reliable parameters because the variation
of the varistor capacitance as a function of the applied dc voltage is depend on the defect, frequency, and
temperature.
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Fig. 1. Modulus spectroscopy of Ni and/or Co-doped
7ZnO-Bis0s-ShyOs sintered at 1,300°C. (a) M”-logf at 240
K, (b) In7 vs. 1,000/T plot.

Table 1. Summary of M”-logf of Ni and/or Co-doped
7ZnO-Bis05-ShyOs sintered at 1,300C.

Composition no. 5 Co .
(eV) (nF) (kQ)

7ZBS P1 0.20 2.5 0.4

P2 0.33 1.9 95

7ZBSNi P2 0.33 2.4 79

7ZBSCo P2 0.33 45 4.3

ZBS(CoNi) P1 0.20 15 0.3

P2 0.33 1.6 8.8
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Fig. 2. J-E characteristics of ZBS, ZBSNi, ZBSCo, and
7ZBS(CoNi) sintered at 1,300C.

Table 2. Summary of J-FE characteristics of ZBS, ZBSN;j,
7BSCo, and ZBS(CoNi).

Vb Jr pab
(V) (A/cm?)  (x10°Qcm)

ZBS 7 24 262 0.7
ZBSNi 9 2.7 177 3.2
ZBSCo 36 3.6 14 3.4

ZBS(CoNi) 29 3.2 7.3 5.1
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Fig. 3. C-V characteristics of ZBS, ZBSNi, ZBSCo, and
ZBS(CoNi) sintered at 1,300C.

Table 3. Summary of C-V characteristics of ZBS, ZBSN;,
7BSCo, and ZBS(CoNi).

Composition Na Ne “ W
P (x10%m®)  (x10Z%cm® (V)  (om)
7BS 2.33 2.28 237 08

7ZBSNi 1.19 1.40 176 118
7BSCo 1.54 1.66 190 108

7ZBS(CoNi) 1.43 1.67 2.07 117

100 kHz 1.36 1.70 2.26 125
1 MHz 1.30 1.85 281 142
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