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Abstract: In this study, we have investigated the effects of Cr dopant on the bulk trap levels and grain

boundary characteristics of BisOs-based ZnO (ZB) varistor using admittance spectroscopy and dielectric

5

functions (such as Z°, Y, M,

and V, probably in different ionization states in ZnO-BixO3-Cr:03

¢, and tan§). Admittance spectra show more than two bulk traps of Zn;

(ZBCr) system. Three kinds of

temperature-dependant activation energies (En's) were calculated as 0.11~0.14 eV of attractive coulombic

center, 0.16~0.17 eV of Z;, and 0.33 eV of V'

i

as dominant bulk defects. The grain boundaries of ZBCr

could be electrochemically divided into two types as a sensitive to ambient oxygen i.e. electrically active

one and an oxygen-—insensitive i.e. electrically inactive one. The grain boundaries were electrically single

type under 460 K (equivalent circuit as parallel RgniCgni) but separated as double one (RghiCgbi—Rgn2Can2)

over 480 K. It is revealed that the dielectric functions are very useful tool to separate the overlapped bulk

defect levels and to characterize the electrical properties of grain boundaries.
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Fig. 1.
and temperature, (B) In(o/ 1;2) vs. 1000/T.
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Fig. 2. Characteristics of each dielectric functions by

frequency and temperature. (A) 110 K, (B) 220 K, (C)

tan6-logf-T, (D) Int vs. 1000/T.
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Table 1. Summary of defect levels of ZBCr.

Method Pl (eV) P2 (eV) P3 (eV)
AS 0.14 - 0.29
M"-logf - 0.16 -
tanS-logf 0.12 0.17 0.33
e"-logf 0.11 - 0.33
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Fig. 3. (A) Z"-, M"-logf (420 K), (B) Z"-, M"-logf (520

K), (C) M"-logf (360~580 K), (D) resistance (Rg,) and
capacitance (Cg) of grain boundaries,
1000/T plot.
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Fig. 4. Schematic diagram of the microstructure and

grain boundary assigned by the results of IS & MS in
ZBCr system.
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