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Conductivity mechanism analysis at high temperature in bismuth titanate:
A single crystal with sillenite-type structure
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CEP: 19060-900, Presidente Prudente—SP, Brazil
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Conductivity behavior of the BjTiO,q single crystal was investigated by the electric modulus
spectroscopy, which was carried out in the frequency range from 5 Hz to 13 MHz and at
temperatures higher than 400 °C. The resistance curve exhibits a set of properties correlated to a
negative temperature coefficient thermistor. In the temperature range investigated, the characteristic
parameteKB) of the thermistor is equal to 4834 °C. Temperature coefficients of the residiance

were derived being equal to —3.82L072 °C™* at 400 °C and equal to -9.8610°2 °C * at 700 °C.

The nature of the electric relaxation phenomenon and magnitude dc conductivity are approached.
© 2005 American Institute of PhysidDOI: 10.1063/1.1869542

Bismuth titanium oxide BiTiO,, (BTO) crystallize on BTO seed oriented along tH&01] direction, held in a
the 123 space group in a body centered cubic structur@ure platinum seed holder, was used to start crystal growth.
termed as sillenité. This class of crystal exhibits a set of Further details are described elsewhere.
interesting physical properties, as electro-optical, elasto- The electrical characterization of the BTO crystal was
optical, optical activity, photoconductivity, and piezoelectri- carried out by impedance spectroscopy o &x3 mm
cal properties. These properties allow to the sillenite a widéample, which was cleaned with acetone in an ultrasonic
range of potential technological applications, such as a recleaner for 5 min and dried at 100 °C. Gold electric ohmic
versible recording medium for real-time holography or im- contacts were deposited to the sample using the sputtering
age processin@? Recent investigations have been addressedgchnique. Electric measurements_were carrl_ed outin the fre-
to the analysis of optical properties of sillenite-type AUeNCY range of 5 Hz—13 MHz, with an applied potential of
crystals* The combination of the electro-optical and photo-200 MV, using a Solartron 1260 impedance analyzer con-
conductivity properties, from which results the so-calledilled by a personal computer. A sample holder with a two-

photorefractive effect, consists of a reversible light inducec;‘ale(:tréljd(.3 ccti)r:cﬁgurgnon (;Nas u*sed._I;I,ectrE:'er:odmmq@)
change in the refractive indéxHowever, few reports are V&S derived from impe ano (w)=2'(w)~jZ"(w)) mea-

available regarding electrical properties of the BTO crystaégrfgfnts’ WhLCh W?re czrggd o_ut_frtom 4|00 to 7(;0 ::(\j/wth_ a
as a function of temperature, in specific far from room emperature step. min inferval was adopted prior
temperatur(?. to the thermal stabilization of the sample after each measur-

This work presents an insight on the conductivity Iohe_|ng temperature. All the measurements were performed in

f the BTO sinal tal funci ft atmospheric air. None kind of thermal hysteresis was ob-
nomenon of the single crystal as a function ot lempetage o jn the measuring performed during a heating and

ture. A set of electrical parameters assigned to high temper%’ooling cycle. An electrical analysis derived from electric

ture properties is derived. Analysis of these parameterg,,qys gives further insight into the conductivity relax-
indicates that the BTO electric resistance behaves as a Ned&ion. The electric modulud!® () was used as further tool

tive temperature coefficientNTC) thermistor. NTC ther- 5 the conduction relaxation analyis 3 The electric modu-
mistors are commonly polycrystalline ferrite spifelsith a lus formalism is given by the relatioM*(w)=jwCeZ (o)
combination of cations of transition metals or single Catio”:M’(w)ﬂM”(w), where C, is the vacuum capacitance of
phase. Recently, NTC thermistors based on the polycrystaihe cell, w is the angular frequenc§2=f). Figure 1 shows
line antimoniate with structure type spinel or _perChlorenormalized-imaginary parts1”/M”. _ of the electric modu-
have been reported at high temperatiiténteresting ther- |us as a function of logarithmic frequency for BTO at several
mistor parameters have been reported forStRO,, and  temperatures. According to Fig. 1, tM¢/M”._ curve exhib-
Bi3Zn,Sh;0,4 ceramics, which were derived from analysis of jts a maximum with a slight asymmetry. All peaks shift to-
impedance spectroscopy measurem&nits. ward more high frequencies with increasing measurement
Bi;,TiO, single crystal was grown by the pulling tech- temperature. The electric relaxation observed is a thermally
niques, using a resistive heating furnace and pure platinuractivated process.
crucibles. The starting batch melt was prepared by thor- Figures 2a) and Zb) show the variation of normalized
oughly mixing an appropriate amount of bismuth oxide andparameters taé/tan .. M"/M;.,, andz"/Z; .. as a func-
titanium oxide, followed by melting at temperature rangingtion of logarithmic frequency measured at 400 and 600 °C,
from 900 to 950 °C. respectively.

All three normalized parameters should be considered
dMembers of the UNESP/CVMat - Virtual Center of Research in Materials.smu'taneousu prior to Q|scern|ng bgtwee_n Iocahz{e_tjort
®Author to whom correspondence should be addressed:; electronic mail@nge conduction associated with dielectric relaxatiand

nobremal@prudente.unesp.br non-localized(long range conduction. According to Fig. 2,
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FIG. 1. Normalized.imaginary parM”/M;‘;‘ax of the electric modulus as a FIG. 3. Logarithmic of relaxation timeS, derived frafti andM” fUnCtiOnS,

function of logarithmic frequency for BjTiO,, at several temperatures. as a function of reciprocal temperatuteT.

there is an overlapping of peaks /2" andM"/M" to Figs. 1, 2a), and Zb). However, an asymmetric character
max max __.of peaks at frequencies above maximum frequency suggests

Such  development is evidence of Iong-rangef h buti f the lattice def I
conductivity’**Thus, a dc conductivity contribution can be 'Urther contribution of the lattice defect or structural aspects
the conduction relaxation. Furthermore, three peaks that

expected at frequencies up to the peak frequenc ,accordint . o . ’ .
P g P P q Y (gescnbea priori the same relaxation procé%§3are in com-

plete accordance with following order proposed elsewhire.

1.2 T
(@ | 400 C !+ 800 kHa Tians > T2 = T, (1)
1.0r A :::f,,u % ] where 7 is the relaxation time and the subscripts represent
x “E’A_A_tans the loss tangenttan d), Z the complex functiong’ (w), and
g 08 ‘A -3. ] M the M*(w). The experimental verification of relatioil)
e di A ./ suggests that long range conductivity is the major contribu-
g os} 1 L . tion at conductivity process at frequency and temperature
% ] i k : range investigated.
E g4l & | i ,éu _ The logarithmic of relaxation times, derived fraffti and
2 P A g | 'é M” functions, as a function of reciprocal temperatdr/d,
02l { _- # i are sh_own in Fig. 3. The derived data are described by
50 Hz+} ; Arrhenius’ law:
00| mm—— — 7q = To €XP(Ea/KT), (2)
10° 10" 10° 10° 10" 10° 10° 10’ where 7, is the preexponential factor or characteristic relax-
log f (H2) ation time constant an#,, is the activation energy for the
conduction relaxation. The relaxation time is a thermally ac-
i tivated process. The activation energy valuesEgf,» and
{b) 600°C | E..v» Obtained are similar, being equal to 0.98 and 0.97 eV,
10l 4 "7 * respectively. These_ v_alues are very simil_ar to e calcu-
Ala —&—M" Ty lated from conductivity data, which are in the range 0.99-
g J|AA s B 1.06 eVPH
% 08¢ g I\ % Such level of accordance betweEp, E, ., and E,»
b 06l A ‘A |r!d|cates actuating of a s_;lngle electronic conduction mecha-
ﬁ s kHzT A370 kHz ? nism. Both r, values derived fromr,» and 7y, parameters
= i N Ly are of the order of 13%-101* s being compatible with phe-
5 04r A A . nomenon correlated to the defect lattice vibration frequéncy.
< A A = In the BTO, the Ti* cation is tetrahedrally coordinated, oc-
y cupying the cube corners and body-centered sites and linked
by hepta-coordinated bismuth atoms. In fact, the Ti-vacancy
complex has been suggesﬂéd[aking into account that the

anion sublattice is fully occupied and the oxygen is relatively

immobile in the structure, most of the charge carried is

electroniéj17 and correlated to the complex defect formed
3e b .

FIG. 2. Variation of normalized parameters @an 6., M”/M},., and by th(_a(BlTi +h0) pair. . . .

7"170..as a function of legarithmic frequency measured@t400 and(h) Figure 4 shows the resistance and the logarithmic of re-

600 °C. sistance curves of BiTIO,y as a function of temperature.
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3.0x10° 11— 6.0 calculated in the temperature range from 400 to 700 °C is
' | Bi,TiO, single crystal equal to 4834 °C. Thex parameter derived at 400 and at
260107t | ; 132 700 °C is equal to ~3.0210°2 and -9.86x 103°C™, re-
i i 150 spectively. As a whole, thermistor parameters derived and
g 2.0x10°} H conductivity behavior are compatible with the conduction
p Com 145 _ mechanism actuating on the;BIiO,, that is of the hopping
[&] H H (e} . . . 9
£ o0t | . lao type, in accord with defects reported previouSiy*® From N
.‘g : - 2 high temperature impedance measurements, the conductivity
R 1.0x10°F — 135 value extrapolated at room temperature equal to 1.2
' — ; . X 10715 cm)~! has been reportétiThis value is in accor-
. 130 dance with one[7.6x 10713 cm)™1] reported previously
SoxtoTy ° 125 at room temperature obtained via dark conductivity
0oL ¢ * o o ' measuremeri‘ﬁ However, at Fe_mpgrature range inves_tigated,
200 250 500 550 660 650 700 20 a high level of dc conductivity is detected that might be
assigned to the thermal activation of a specific defect center
Temperature (°C) and/or changing of the gap structure. The extrapolation of the

n ivi room temperature shows an unrealisti
FIG. 4. Resistance and the logarithmic of resistance curves,¢fiBi,, as dCI co dUCtI ty at ?(?Q te _Ee ature shows an unrealistic
a function of temperature. value equal to X'10° (2 cm)™.
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