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ABSTRACT

StTiO; calcined-powders were prepared at 1400°C in a reducing atrmosphere (N»-H,). The electrical features of the grain boundaries
of the polycrystalline ceramics, which were synthesized from the semiconducting 8rTiO; calcined-powders by pressureless sintering
at 1350°C for 2 hrs, were investigated in terms of a sintering atmosphere. The ceramics exhibit typical varistor features; the threshold
voltage, grain boundary resistance and boundary potential barrier height of the ceramics varied 430 V/icm, 10 MQ-m and 2.0 %
1076V to 1000 Vi/em, 240 MQ-cm and 1.1 eV with varying the sintering atmosphere from nitrogen-hydrogen to air, respectively.
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Fig. 1. SEM image of the aggregates of SrTiO; calcined-
powders. The calcined aggregates were prepared by
annealing the starting powders at 1400°C in an
atmosphere of N,-H; for 4 hr.
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Fig. 2. (a) Variation of the diameter of the SrTiO; calcined-
aggregates with crushing time. (b) SEM and (¢) TEM
images of the SrTiO; aggregates; thesc were crushed for
50 min. A diffraction pattern obtained from the powder
in (c) is illustrated at the right-upper comer, indicating
that the powder is a single crystal.
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Fig. 3. SEM image of the SrTiO; ceramics. The ceramics were
synthesized from semiconducting SrTiO; calcined-
powders.

Table 1. Variation of thc Density of SrTi0; Ceramics with

Sintering Atmosphere
N,-H, N, air
(N;:H,=9:1) * (N,:0,=8:2)
Density (g/cm’) 3.6 32 42
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Fig. 4. Variation of the electrical characteristics of the SrTiO,
ceramics with sintering atmosphere; (a) [-V relations,
(b) complex impedance spectra, (c) €-V relations.

S =electrode area
R, = grain boundary resistance

&7AA ] A3EAY FAE 217} 0.16 cm™H 0.1 cme] %

A 38 A 45(2001)



384 REERE

Table 2. Variation of the Electrical Characteristics of StTiO; Ceramics with Sintering Atmosphere

No-H, (Ny:H,=9:1) N, air (Ny:0,=8:2)
Threshold voltage (Vy, V/em) 430 510 >1000
Grain boundary resistance (Rgp, ML) 0.4 0.6 7.6
Grain boundary resistivity (p,p, MQ *+ cm) 10 20 240
Barrier height (®, V) 2.0 X 107 8.0 X 107 1.1

ot 942 Hg 27 2 YAFAE 4= 2p.m9]- 100 nm
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C = capacitance per unit area of a grain boundary
C, = capacitance at zero applied voltage
= dielectric constant of SrTiO,
Ny=donor concentration
¢ = grain boundary barrier height
V =applied voltage per grain boundary
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Fig. 5. (a) Schematic of semiconducting SrTiOy calcined-
powders: a high concentration (C‘V) of Vg is present
in the powders (P). (b) Schematié of polycrystalline
ceramics consisting of semiconducting grains (G): the
ceramics were prepared from the semiconducting
calcined-powders shown in (a) in various sintering
atmosphere. (c) A typical electrostatic potential distribu-
tion near the grain boundaries along the line AB in (b).
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Table 3. Preparation of Semiconducting SrTiO; Powders and Sintering Conditions

for 4 hrs. (simple process, cf. Ref. 14)

Reference Preparation of semiconducting SrTiO; Preparation of powders Sintering conditions
Present Semiconducting SrTiO; was prepared by | The calcined SrTiO; was crushed | Sintering at 1350°C for 2 hrs
process calcination at 1400°C in N,-H, atmosphere | using a supersonic cleaner. in various sintering atmosphere.

Semiconducting SrTiQ; was prepared by
calcination at 1100°C in air for 4hs,
14 followed by sintering at 1550°C in Ny-H,
atmosphere for 4 hrs. (complicated process,
cf. present process)

The sintered SrTiO; was crushed | Sintering at 1350°C for 2 hrs
by physical methods like sieving | in various sintering atmosphere.
and sedimentation techniques.

Same as in Ref.14.
11

In addition, same as in Ref. 14, | Hot-press sintering at 1250°C
the powders were coated with | for 30min in N, with 25

Na,O materials. MPa.
Table 4. Variation of Electrical Features
Electrical features Threshold voltage (V/em) Grain boundary resistance (M£2)
%__“'*--H‘__ﬂ Sintering
there N,-H, N, air N»-H, N, air
Reference e

Present data 430 510 >1000 0.4 0.6 7.6
14 64 26 >1000 0.003 0.02 3.1
11 - 0.67-80.9 - - 0.003~0.01 -

- 1 data not available
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