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Microstructure and Electrical Properties of PrsO11—Based ZnO Varistor
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Abstract

The microstructure and electrical properties of the PrgOn-based ZnO varistor ceramics, which are
composed of Zn-Pr-Co-Cr-Tb oxides, were investigated with TbsO7; amount. The varistor ceramics
exhibited very high densification based on increasing density in the range of 573~5.85 g/crn3 as
TbsO7 amount is increased. The calculated nonlinear exponent(a) in varistor ceramics without TbsOr
was only 89, whereas the @ value of the varistor ceramics with Th4O7 was abruptly increased in the
range of 186 to 420. In particular, the maximum value(42.0) of a was obtained by doping of 1.0
mol% TbsO7. The measured leakage current(J¢) in varistor ceramics without TbsO; was 40.1 gA,
whereas the I; value of the varistors with ThsO; was very abruptly decreased below 5 uA. It is
estimated that Tbs«O7 additives will is applied usefully in development of varistors possessing high
performance.
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Fig. 1. Microstructure of PreO:1-based ZnO varistor

ceramics With various ThsO7 contents; (a)
0.0 mol%, (b) 0.25 mol%, (c) 0.5 mol%, (d)

0.75 mol%, and (e) 1.0 mol%.
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Fig. 2. XRD patterns of Pr¢On-based ZnO
varistor ceramics with various TbsO7
contents; (a) 0.0 mol%, (b) 0.25 mol%,
(c) 05 mol%, (d) 0.75 mol%, and (e)
1.0 mol%.

Hed A 2718928, 05 mol% ol H7MA
= E2YE(G78 gm)E 2FEE ¢ LA
AL B ol AF7A BiEHoZ UE JHE
F A2 HE Fotd we 927 ZF4APR
ABATE Avs"es dF= ozl H/NFH 5A
of ojwg 9FFL ulAR FHRHG o9 o
TbOr& #7MEFE W=7t S7hshe AL ThOr
o] AAAAAR L3y wWiolg wddrh ¢
whoz AALAAE LT AeodE vE2H
Aargxe AP @A77t Frpsht o] ZH 4l
e BegoezAH NEE &8 HE4E AN
o AAE vATE gEeEe & 14 YEid
o},

1Y 2% ThiOr A7 ) @& PrsO:Al ZnO vt
g 28 Aztexel XRD #HElolt), o] B dE
AANFIE d3 A FAol Th-Tohi
(Th:0:)F Pr-F A3 (Pr:0) 22 Ho &S &<l
g 4 ok o8 dAE The oW (092A)
3 Pre] o]2uA(1.01A)°] Zn9] o] 2¥-H(0.74A)
Boh 27 g2 uZFe FAnLF ool i
9] TbsOr¢t PreOnel FAZ AXEoq AN A
oz #wagh

a¥ 3& TbO7 A7 ] W& PréOrAl ZnO xt
P2 Adgxg E-J S4ZAE Ued Ao
o} ThO70] H7MEA ¥ & wigliHY B4 =
Aol AY 2971 ¢ FJEHEZAH b ey

Electric field, E (V/cm)

0 snd - s

10 sttt “
10" 10° 10* 107 10° 10° 10* 10° 10° 10"
. 2
Current density, J (A/cm’)

a8 3. ThO; A7+3ol W& PrsOnA ZnO =g
28 Mgg2e E-J 54,

Fig. 3. E-J characteristics of Pr¢On-based
ZnQO varistor ceramics with various
Th4O7 contents.
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Fig. 4. Nonlinear exponent and leakage current
of PrsOn-based ZnO varistor ceramics
with various TbhsO7 contents.
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Table 1. The microstructural and the V-1
characteristic parameters of PreOi-
based varistors with various TbsO7

contents.
ThiO7 d [ Vima Vb a I
content
(mol%) (u#m) (g/cm®) (V/mm) (V/gb) (pA)

0.0 131 573 1026 13 89 401
0.25 101 575 1408 14 186 46

05 73 580 2991 22 3.7 17
0.75 51 582 5882 30 359 16
1.0 50 585 6514 33 420 29
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