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IMPEDANCE RELAXATION IN NagsBiosTiO3 CERAMICS

Spectra of complex impedance Z*(@) are investigated in sodium bismuth titanate NaysBigsTiO3
ceramics, which is considered as promising ecologically friendly material for piezoelectric devices and
electro- mechanical transducers. Measurements are performed in frequency range 5 Hz-1.3 107 Hz of
AC field, temperature was varied in the interval 773-1123 K. Experimental spectra are presented as
diagrams in (Z'-Z") complex plane and discussed within equivalent circuit approach. It is shown that
for studied temperatures experimental hodographs contain two arcs and can be described by imped-
ance of two serially connected parallel RC circuits. Down shift of the arcs centers from Z’ axis is at-
tributed to relaxation times t distribution and described by replacing of usual capacities by generalized
ones. The high frequency arc corresponds to charge transfer within NagysBiosTiO3 grains, which are
considered as isolated and surrounded by continuous intergrain medium. The low frequency arc re-
flects conduction within intergrain regions. It is supposed that arcs of the experimental hodographs are
contributed by both ionic and electronic hopping transport. lonic motion can be realized through mo-
bility of Na* cations and O vacancies. Electrons can hop via traps such as F* centers.

Keywords: sodium bismuth titanate, impedance spectroscopy.

CrieKTpH KOMIIJIEKCHOTO iMnenancy Z*(®) BUBYeHi 1JIsi KepaMiky HATPili-BicMyTOBOro THTAHATY
NagsBigsTiO3, sikuii € mepcrneKTHBHUM MATePiaioM s I'€30eJIeKTPHYHUX MPUCTPOIB il e1eKTpome-
XaHiYHHX MepeTBOpIOBaYiB. BuMipn BHKoHaHI B yacToTHOMY Aianaszoni 5 I - 1.3-10 I'u, TemMnepartypa
3miHOBaJaca B inTepBaii 773-1123 K. ExcnepuMeHTA/IbHI CIIEKTPH NPEACTaBJIeH] y BUIIAAL Aiarpam
B KOMILIeKcHil miomuHi (Z'-Z'") i 00roBopiooThesl HAa 0CHOBI MeTOay ekBiBajeHTHHX cxeM. Iloka3ano,
10 /151 BUBYEHHX TeMIIepaTyp eKcliepMMeHTAIbHI rogorpadu MicTsiTh ABi Ayru i MokKyTh OyTH ONH-
caHi iMmegancoM JBOX NOC/TIiA0BHO 3'€HAHUX napajejbHUX RC jgaHmiokkiB. 3MilleHHS LEHTPIiB Ayr
BHHU3 Bi oci Z' mpunmncano po3moainty 4aciB pejakcanii T i onmucano 3aMiHOI0 3BHYAIHUNX €MHOCTeil
y3arajbHeHUMH. BucokouactoTHa ayra Ha rogorpadgax BiANnoBigae mepeHocy 3apsiiy B 3epHax
NasBigsTiO, siki nependavaroThest i301-0BaHHMH i 0TOYEHHMH (e3MepepBHUM MiK3ePeHHHM MPOCTO-
poM. HuzbkouacToTHa 1yra Biio0paskye NpoBiHicTh B Misk3epeHHUX 00J1acTsIX. OOIPYHTOBY€ETHCS, 1O
AYTH HA eKCHePHUMEHTAILHHX rogorpadgax MicTATh BKJIAAH iOHHOI i eJIeKTPOHHOI cTPUOKOBOI NPOBIA-
Hocti. lounuii pyx moske 3ilicHioBaTHes 32 paxyHoK MoGiibuux kationis Na* i Bakanciii 0”. Enext-
POHH MOKYTh 31iliCHIOBATH CTPUGKH MO NACTKAX, Takux K F* uenTpu.

KonrouoBi c1oBa: HaTpiii-BicMyTOBHI THTaHAT, IMIIEaHCHA CIIEKTPOCKOIIIS.

CrieKTpbl KOMILIEKCHOTO MMIeanca Z*(®) u3y4yeHbl sl KePAMHUKH HATPUii-BHCMYTOBOTO TH-
tanata NagsBigsTiO3, KoTOpBIil sAB/sIETCS] MEPCHEKTHBHBIM MATEPHAIOM ISl Mbe30)JIEKTPHYECKHX
YCTPOIiCTB M 3/1eKTPOMeXaHHYeCKHX npeodpasosarelieii. I3MepeHns: BbINOJHEHbI B YaCTOTHOM JHana-
3ome 5 ' - 1.3-10° T, TemmepaTypa u3MensIach B uuTepsaze 773-1123 K. DxcmepuMenTaIbHbIE
CHEKTPHI MPEICTABIEHbI B BH/E AHATPAMM Ha KOMIUIEKCHOI miIockoctd (Z'-Z') u obcy:kaawTes Ha
OCHOBAHHH MeTO0/1a IKBHBAJIEHTHBIX cxeM. IlokazaHo, 4TO JJIsl M3yYEeHHBIX TeMIEPaTyp 3KCHepHMeH-
TallbHbIe ToA0rpadbl coep:kaT ABe AyTH U MOTYT ObITh ONUCAHBI HMIIEJAHCOM JBYX IOCJe0BaTeILHO
coeqnHeHHBIX NapaniedbHbix RC nenouek. CMeleHne HeHTPOB AYT BHU3 OT OcH Z’ MPHUIHCAHO pac-
npe/ie/ieHHI0 BpeMeH peJaKcallMi T H ONHCAHO 3aMeHOi 00bIYHBIX eMKocTell 00001eHHbIMH. Bhicoko-
YacTOTHasl Ayra Ha rojorpadax cooTBeTCTBYeT mepeHocy 3apsiia B 3epHax NagsBigsTiO3, koTopbie
MPeNnoJaraloTcs H30JHPOBAHHBIMHE M OKPYKEHHBIMH HelPePhIBHBIM MeK3éPeHHBIM MPOCTPAHCTBOM.
HuzkouacToTHast Ayra oTpa:kaeT NpoBOAUMOCTh B Mexk3épeHbIX o0aacTsax. O60CHOBBIBaETCS, YTO 1YIH
HA JKCHEPHMEHTAIBLHBIX roforpagax coaep:kaT BKJIAAbl HOHHOH M 3JIEKTPOHHON NPBIKKOBOI NPOBO-
auMocTH. JIBUKeHHe HOHOB MOMKET OCYHIECTBJIATLCS MOCPEACTBOM MOOHJIBLHBLIX KaTHoHoB Na* u Ba-
kaucuii 02, DJIeKTPOHBI MOTYT COBEPINATH MPBIKKH N0 JOBYIIKAM, TAKHM Kak F* menTphbL.

KumoueBble c10Ba: HaTPUH-BUCMYTOBBIN TUTAHAT, UMIEJAHCHAS CIIEKTPOCKOITHS.
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1. Introduction

Structural defects strongly influence physical properties and efficiency of solid state
materials applied in functional electronics. For active dielectrics this fact is of special im-
portance, since lattice imperfections increase electronic and ionic conductance at working
temperatures and therefore result in material degradation and worsening of the electro-
physical properties. Among other substances of perovskite family, sodium bismuth titan-
ate NagsBigsTiOz (NBT) is most promising compound for piezoelectric devices and
electro- mechanical transducers. Recently it was found that electrical properties of NBT
single crystal were dependent on atmosphere and temperature of thermal treating [1, 2].
The results obtained in [1, 2] show presence of associated defects, which include oxygen
vacancies and demonstrate electrical activity. In particular, slow relaxing dipolar com-
plexes give rise to high dielectric anomaly around 670 K, whereas mobile defects in-
crease samples capacitance and conductivity at high temperatures.

2. Experimental results and discussion

It is known that valuable information on charge transfer processes can be obtained
by impedance spectroscopy [3,4]. In this paper we study the spectra of complex imped-
ance Z*(w) in NBT ceramics synthesized by usual technology. The samples were cut as
9x9x0.5 mm?® plates; Pt electrodes were fired on main faces at 923 K during 15 hours.
The data were measured in AC field by HP4192LF impedance meter operating in a fre-
quency range 5 Hz-1.3 10" Hz. The measurements were carried out in the interval 773-
1123 K in order to reveal charge transfer phenomena, which were hardly detectable at
lower temperatures. Experiment was performed on cooling run in dry nitrogen atmos-
phere, the thermostatic regime was used. For each measuring cycle temperature of the
sample was stabilized during 40 min.

The impedance spectra Z*(w) are presented as diagrams in (Z’-2") complex plane
in Fig.1. Preliminary visual examination shows that for all temperatures the experimental
hodographs represent semicircle. Such spectra are usually simulated on the basis of
equivalent circuit approach by complex impedance of parallel RC circuit [3, 4]

Z*(0)=Z(0=0)-f+iotft €

where o — cyclic frequency of measuring field, t = RC — relaxation time connected with
rate of charge transfer. More detailed examination demonstrates that experimental data on
Fig.1 can not be described by impedance of simple parallel RC circuit. Two evident dis-
crepancies with this simple model can be distinguished. First, the center of arc is shifted
down from Z' axis. Second, the experimental points sufficiently deviate from ideal semi-
circle in the low- frequency part.

The first contradiction is usual feature for inhomogeneous media. As a rule, down
shift of the arc center is explained as consequence of the relaxation time t=RC distribu-
tion in the samples volume. Within equivalent circuit approach such behavior is simulat-
ed by parallel connection of ordinary resistor R with frequency dependent generalized
capacitance C*=4-(io)"* (0 <n < 1) [4].

The second mismatch of the experimental hodographs with ideal semicircle is visi-
ble in low- frequency part of the spectra (Fig.1). Such deviation can be understood by
taking into account that NBT ceramics represents two-phase system and consists of NBT
crystallites and interfacial space. It is natural to assume, that grains of NBT phase are iso-
lated one from another and surrounded by intergrains, which create continuous medium.
For such system impedance spectrum can be simulated by equivalent circuit consisting of
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two serially connected parallel RgCg* (grains) and RigCig* (intergrains) circuits [4]. The
complex impedance of such circuit is given by expression

2%(0)=| (R} +ioc; | + Ry +ioCy ) |. 0

The hodographs, computed with the help of relation (2), are drawn in Fig.1 by the solid
lines.

6,0x10’ 4 973K
c 3 & 1023K
< IO s 1073K
2,0x10° : o 1123K
| 0.0 T T T
< 3 4 4
1.5x10° - 0.0 5,0x10 1,0x10 1,5x10
7,0
e 713K
o 823K
= 873K
o 923K

Z',Q

Fig.1. Impedance spectra of NBT ceramics at various temperatures. Symbols represent experi-
mental d*ata, solid lines are calculated by using impedance of two serially c*onnecteg parallel RgCg* and
RigCiy circuits. Dashed lines represent hodographs for separated R,C, , RjqCiy circuits at 823 K.
Fragment with the spectra measured at T>973 K are enlarged in the insert above.

Crossing points of arcs with abscissa axis in Fig.1 makes it possible to determine
impedance Z'(®=0), and, consequently, conduction G'(0=0)=[Z'(»=0)]" in DC field [4].
These data, obtained for grains G4(0) and intergrains Giy(0), are plotted in Fig.2 in Ar-
rhenius scale. One can see that conduction Giy(0) for intregrains exceeds G4(0) values of
crystallites and is characterized by more high activation energy. Also in the insert to Fig.2
the exponents n of generalized capacity C* are compared for grains (ng) and intergrains
(nig). Lower values of nj; with respect to n, demonstrate more sufficient dispersion of
relaxation times t=[A-Z'(w=0)]"" within intergrain space relative to volume of crystallites.
More high conduction and values of exponent n (Fig.2) testify an increased content of
charge carriers and structural disorder within intergrain regions.

3. Conclusions

The available data [1, 2, 5] makes it possible to suppose that conductance in NBT
crystal combines ionic and electronic components. lonic motion can be contributed by
relatively light Na* cations and typical for complex oxides mobile oxygen O vacancies.
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Fig. 2. Dependences of conduction in DC field vs 1/T, obtained from hodographs (Fig.1): 1 - grains, 2 —
intergrains. The values of the exponent n in generalized capacity C* are in the insert.

For both types of ionic carriers Pt-electrodes are blocking or partially permeable
at high enough temperatures [4]. Therefore, nearly horizontal lines in low frequency re-
gion visible for hodographs at T > 873 K (Fig.1), can be connected with near electrode
ionic transport. On the other hand, electronic conductance in NBT is expected too via
hopping motion through the defects like F* centers. At that combination of ionic hopping
with electronic one can be simulated by parallel connection of two parallel RC circuits. It
is easy to show, that parallel connection of a few parallel RC circuits is equivalent to a
single parallel RC circuit with parameters averaged over the existing conductance mecha-
nisms. Thus, one can suppose, that the superimposed arcs in the experimental hodographs
(Fig.1) include both ionic and electronic contributions to the total conductance of NBT
ceramics.
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