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(a) “Clean” grain boundary (b) Narrow grain boundary

(c) Wide grain boundary
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Fig. 1 Barrier characteristics of various grain boundaries (sketch map)

(b) Equivalent circuit model

Cp —— Depletion layer capacitance;
C; — Grain boundary capacitance;
Ry ——Grain resistance;
Rp —— Depletion layer resistance;
(a) Current can cross the sample by any R: Grain boundary resistance

type of grain boundaries (sketch map)
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Fig. 2 Equivalent circuit model of grain boundary
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Parameters of / - V nonlinear characteristics
Sample character Measuring temperature T /C Vomn /V | Vama /V a
Low Nb;Os content 15 85.2 106.1 10.5
Low Nb;Os content 85 : 85.7 107.6 10.1
High Nb;Os content 15 59.4 73.6 10.7
High Nb;Os content 85 53.0 66.5 10.1
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(a) “Clean” grain boundary (b) Narrow grain boundary
M4 §AHY Schottky $2
Fig.4 Schottky barrier of grain boundaries
@, — Interface barrier height; N, —Interface states;
E. ——Bottom energy level of conduction band; Er ——Fermi energy level
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Fig. 7 Barrier change and grain boundary capaci-
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tance of wide and narrow grain boundaries

under low DC bias

Ca — Equivalent capacitance;

Co — Intergranular phase capacitance;
C; ——Forward - bias barrier capacitance;
C; ——Reverse - bias barrier capacitance;
V, —Forward - bias voltage;

Vs ——Reverse — bias voltage)

@ —— Interface potential without DC bias
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Fig. 8 Barrier change and grain boundary capaci-

tance of “clean” grain boundary under low

DC bias

Cg —— Equivalent capacitance;

C3; ——Forward - bias barrier capacitance;
C, Reverse - bias barrier capacitance;
V3 ——Forward - bias voltage;

V. ——Reverse — bias voltage
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STUDY ON GRAIN BOUNDARY OF SrTiO; GBBL CAPACITORS
I. GRAIN BOUNDARY MODEL AND ELECTRIC PROPERTIES

Xu Baomin Song Xiangyun Wang Hong® Yin Zhiwen Wen Shulin
(Shanghai Institute of Ceramics, Chinese Academy of Sciences)

YDepartment of Materials Science, Shanghai University of Science and Technology)

ABSTRACT According to the complexity of intergranular phase and the barrier characteristics of various
grain boundaries, a new equivalent circuit model with composite grain boundary characteristics is proposed,
showing successfully the I -V nonlinear characteristics and dielectric property - voltage relation. For the low
donor doping materials, the I -V nonlinear characteristics in breakdown region is caused by the tunnel current
through the “clean” grain boundary and the narrow grain boundary, and is independent on temperature. How-

ever, for the high donor doping materials, the I -V nonlinear characteristics is caused by the avalanche current
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through the wide grain boundary, and by the tunnel current through the “clean” grain boundary and the nar-
row grain boundary, and is dependent on temperature. The voltage dependence of capacitance is small under
low DC bias,but the dielectric loss obviously increases with DC bias, which is caused by the thermally activat-

ed current crossing samples through the “clean” grain boundary and the narrow grain boundary.

KEY WORDS strontium titanate ceramics, grain boundary barrier layer capacitors, grain boundary layer
model, current - voltage nonlinear characteristics, dielectric properties — voltage characteris-

tics
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