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Influence of Dy,03 Addition on Microstructure and Electrical
Properties of PrgO;;-Based ZnO Varistor Ceramics
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Abstract The microstructure and electrical characteristics of PrgOs1-based ZnO varistor ceramics composed of
Zn0-Prg01;-Co0-Cr;05-Dy,03-based ceramics were investigated with Dy,0O; content in the range of 0.0~2.0
mol%. As Dy20; content was increased, the average grain size was decreased in the range of 18.6~4.7 tm and
the density of the ceramic was decreased in the range of 5.53~4.34 g/lem®. While, the varistor voltage was
increased in the range of 39.4~436.6 V/mm and the nonlinear exponent was in the range of 4.5~66.6 with
increasing Dy20; content. The addition of Dy,O; highly enhanced the nonlinear properties of varistors,
compared with the varistor without Dy;O;. In particular, the varistor with Dy,03 content of 0.5 mol% exhibited
the highest nonlinearity, in which the nonlinear exponent is 66.6 and the leakage current is 1.2 pA. The donor
concentration and the density of interface states were decreased in the range of (4.19~0.33) X 10*%/cm® and
(5.38~1.74) X 10'%cm?, respectively, with increasing DysOj3 content. The minimum dissipation factor of 0.0302

was obtained from 0.5moi% Dy.Os.
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Fig. 1. SEM micrographs of ZnO-PrQO);-based varistor ceramics with various Dy,0O; contents. (a) 0.0 mol% (b) 0.5 mol% (c)

1.0 mol%, and (d) 2.0 mol%
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Fig. 2. XRD of ZnO-PrsO-based varistor ceramics with
various Dy,05 contents; (a) 0.0 mol%, (b) 0.5 mol%. (c) 1.0
mol%, (d) 2.0 mol%.
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Fig. 3. The E-J characteristics of ZnO- PreO,;-based varistor
ceramics with various Dy,O5 contents.
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Fig. 4. The varistor voltage and the voltage per grain boundary
of ZnO-PrsO;,-based varistor ceramics with various Dy,0;
contents.
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Fig. 5. The nonlinear exponent and the leakage current of

Zn0O-PrO,-based varistor ceramics with various Dy,0;
contents.
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Fig. 6. (1/Cy —/2Cy) vs. Vgb of ZnO-PrgO;-based varistor
ceramics with various Dy,0O; contents.

5 : T . . ; 60

i 4 —° 150 §
E — <
— 140 g
= 3 E
g o R U
§ o QO %\
= ] 5
5 0 g
D
§ 1+ Io1 I\- 110 =
g — . a

] o lo

0.0 0.5 1.0 1.5 2.0
Dy, O, content (mol%%)

Fig. 7. The donor concentration and the depletion layer width
of ZnO-PrqO,,-based varistor ceramics with various Dy,0;3
contents.
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Table 1. The microstructural and the V-I characteristic parameters of ZnO-PrsO,;-based varistor ceramics with various Dy,0;

contents.
Dy,0; content (mol%) d (Wm) P (g/cm3) Vima (V/mm) Ve (V/gb) o I (UA)
0.0 18.6 5.53 394 0.7 4.5 87.9
0.5 11.5 543 223.8 2.6 66.6 1.2
1.0 6.8 4.64 3454 24 342 37
20 4.7 4.34 436.6 2.0 37.0 24
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Table 2. The C-V and dielectric characteristic parameters of ZnO-PrsO; -based varistor ceramics with various Dy,0O; contents.

Dy,0; content (mol%) Ny (10"%cm?) N, (10'%cm?) & (eV) ¢ (nm) Earp' tand
0.0 4.19 5.38 0.74 12.9 5982.3 0.3423
0.5 1.15 3.40 1.07 29.5 1477.5 0.0302
1.0 0.60 2.68 1.28 44.8 545.8 0.1053
2.0 0.33 1.74 0.97 52.3 373.6 0.0757
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Fig. 8. The dielectric characteristics of ZnO-PrsO;;-based
varistor ceramics with various Dy,0; contents.
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