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Electrical Potential Barrier and Resistive Characteristics of the
Grain Boundaries in Semiconducting BaTiO, Ceramics
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Abstract

We investigated the effect of Mn addition as well as cooling rate on the electrical characteristics of
grain boundaries in semiconducting BaTiO; ceramics. Complex impedance analysis and C-V measurement
were applied to measure the resistance and electrical potential barrier of the grain boundaries in a tem-
perature range from room temperature to Curie temperature. Depending on the Mn addition and cooling
rate, the resistance and electrical potential barrier ranged from 25 € to 9 M2 and from 0.03 eV to 1.84
eV, respectively. On the other hand, the grain resistance and donor concentration of the ceramics were
not influenced by the parameters. Relationships of the boundary electrical structure with the Mn pres-
ence and the boundary resistance were discussed.
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Fig. 1. Process of the sintering. The sam-
ples were sintered at 1330TC for
4hrs in air. Three different cooling
rates were applied : (a) 240¢C/hr,
(b) 60%c/hr, (c) 12¢/hr.
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2. SEM micrographs of samples with compositions (a) A and (b) B.
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Fig. 3. Resistivity vs temperature charac-
teristics of samples with composi-
tions (a) A and (b) B.
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Fig. 4. Impedance spectra of samples with
compositions (a) A and (b) B. The
arrow m indicates the direction of
frequency increase from 5 Hz to 13
MHz.
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Fig. 5. Impedance spectra of samples with
composition B. The arrow m indi-
cates the direction of frequency
increase from 5 Hz to 13 MHz.
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Table 1. Electrical characteristics of the
grain and grain boundary of sam-
ples with compositions A and B

cooling

N  [resistivity
$3(eV) | Pasy/Pan ¢ rate | reference
’ {#/cm®) | (2cm)

(t/hr)
021 | 5.0x10° [30X10°| 80XIF| 12
003 | 20x10* [5.2x10°| 15x10r| g0 | Present
Mucfroe| 0 | 30x10 |g.ox10| 00x10 | a0 | Y
BaliOs T 03]~ | - |w-10| W | 18

0.5-09] ~10* [1~2x10 10°-10°; 300 19
184 | LOX107|3.0x10%| 1.0x10°| 12

in-doned 0.75 | L.ox10° [3.0x10% ] 1.5%10'] 60 presznt
el g op | aoxie |31xi0e [ 20x10] a0 | WY
B0, -

. N

L | 800 -1 W | 18

* present study : data are from the present study.

- : relevant data are not available.

$5 : boundary potential barrier height

Puas/Poin * Tatio between the maximum resistivity and
the minimum resistivity.

Nj : donor concentration

resistivity - electrical resistivity at room temperature.
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Fig. 6. Capacitance vs bias voltage characteristics of samples with compositions (a) A and

(b) B.
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Fig. 7. (a) SEM micrograph and (b) SIMS mapping view of Mn. The sample was sintered
at 1330°C for 4hrs, and then cooled at 60%¢/hr.
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Fig. 8. Electrical and chemical characteris-
tics of the grain boundary in ceram-
ics. (a) Microstructure of the sin-
tered sample. A grain boundary
region and grains are represented
by m, and G,(G, Gj), respectively.
(b) Schematic of the region m in
(a). 1 : grain boundary (intergran-
ular phase), 2 @ diffusion layer
(excess charge region), 3 : depletion
layer (space charge region), 4 : bulk
region. (b) Charge density distrib-
ution(p(x)).
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Fig. 9. Schematic of the energy band

structure of the grain boundary.
g(E) : distribution function of
trap level density, ®5 : boundary
potential barrier, E¢'(Eg®) : Fermi
level, L; L, : depletion region
width, + : donor ion, - : mobile
electron, E, : lowest possible con-
duction band energy.
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