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Low-temperature dielectric relaxation in the pyrochlore
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The dielectric behavior of the pyrochlore gB¥n,,,),(Zny4Tag4) 0, compound has been studied.

A low-temperature dielectric relaxation was observed in a low-permittivity matrix with~ 60.

The dielectric relaxation process follows a modified Debye model in the vicinity of the relaxation
peak, and the relaxation rate follows the Arrhenius law in the wide frequency rarfgéo10
~10' Hz. The temperature intensity of dielectric peaks are independent of d¢<b&skV/cm).

The dielectric relaxation is tentatively attributed to the hopping of Zn/Bi ion& sites with more

than one equivalent potential minima, and the reorientation of the dipoles probably formed through
interactions with the “seventh oxygen” and the Bi/Z@-site ions in the pyrochlore
(BigjaZnya) 2(ZNn14Tag4) 20, compound. ©2002 American Institute of Physics.
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With recent development in microwave devices, theof the dielectric relaxation behavior are discussed.

compatibility of the ceramic processingnainly sintering The ceramic samples of (BiZny4)2(Zny4Tag4) 207

with metal electrodes is emphasized, but a moderate qualitywere prepared by the solid state reaction, as discussed
factor Q value is allowed:? For this application, a type of elsewheré. Complex dielectric permittivity was measured
microwave ceramics located in the ternary systemtsing an HP 4284A LCR meter with an ac field of 1 V/mm.
Bi,0;—ZnO-MgOs; (Me=Nb and Ta, which allow The temperature dependence of the dielectric properties was
low temperature cofiing with silver electrodes is Mmeasured in the temperature range 10-423 K, while the
being developed* The dielectric properties and SPecimen was being cooled or heated up at a typical cooling/
crystalline structure of the compounds change with the€ating rate of 1-2 K per minute. A dc voltage was applied
variation  of  composition$7® Two  compounds, © the samples and a blocking circuit was adopted to separate

(BizuZNy0) o(ZNnyMesss) ,0; and Bi(ZnyaMe,ss),0-, with the high dc v_oltage from_ th.e LCR mgter. The ring resonator
different crystalline structures have been mostly studieg@d waveguide transmission techniques were adopted to

Compound (BijiZny2) »(ZNn;,Mes ) ,0; has been indexed as measufre the d_lelec;rrl]c properties off ttr?e samples at rtn|cro—
a pyrochlore structure with a cubic symmetry, while com-Vave lrequencies. The accuracy ol the measurements was

pound Bi(ZnysMe,),0, has been recently identified as a compareq by the resonant post _and split cavity techniques.
: . . - . The details of samples preparation and measurement were
zirconolite structure with a monoclinic symmefhit is

known that these compounds are not ferroelectric Howeverd escribed in Ref. 4.
b X ' The temperature dependence of the dielectric constant

an '”tteres“”gt t;gdha;"otr_'s tlhat a '°W'temperat‘abi'°"" 4(¢") and dissipation factor (taf) for C-BZT is shown in Fig.
room temperatuiedielectric refaxation process was observed; -y decreasing temperature’ first increases slightly,

in cubic pyrochlore (BjsZnie)2(ZMsMe30) 07, butnotin 0 jecreases quickly. An obvious dielectric relaxation be-

. . . 1’3’4
zirconolite Bh(ZnysMez)207 . havior is observed for both’ and tans, and their relaxation

On the other hand, low-temperature dielectric relaxationzie a5 4 function of inverse temperatures is plotted in the
behavior which has no relation to the ferroelectricity has alsqnget of Fig. 1. The data can be well fitted to the Arrhenius
been observed in many systems with different crystalling,,, -

structures, for example, the perovskite structure systems, Bi-
doped SrTiQ,! and La-doped SrTiQ'? It seems that there v=vgexp —U/kgT), (1)

exist some common features in these different systems. For . : —
. . wherevy is the attempt frequency is the activation energy
example, the relaxation rate follows an Arrhenius law. How-

. . For relaxation, andr is the temperature. The fit parameters
ever, to date, no common explanation for the physica

— — 2
mechanism of the dielectric relaxation is available. areU=112 meV andv 3.7x10'% Hz.

) : ) The curve ofe” (the imaginary part of the permittivity
Obviously the understanding of the physical nature 0fvs e’ at 93 K, at which the dielectric relaxation behavior is

the dielectric relaxation is both of technical and fundamentabresent in the measured frequency range, is shown in Fig. 2
importance. In this letter, we focus on the study of the IOW'It can be seen that the data points fit reasonably into a semi-

temperature dielectric  relaxation F’eha"i‘?r of thecircular arc with the center lying underneath the abscissa,
(Big/aZNyja) 2(ZN1aT8g10),0; compound with cubic symme-  yeiated from the ideal Debye model. Hence, the modified

try, hereafter denoted as C-BZT. The physical characteristicBebye equation is adopted to evaluate the dielectric relax-
ation. The complex permittivity can be empirically described
dElectronic mail: angchen@psu.edu by the equatiort?
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FIG. 1. Temperature dependence of and tans for the pyrochlore

(BisaZMyya) 2(Zny 4 Tag14) ,0; compound:(a) ¢" at 1, 10, 100, and 1000 kHz
(solid curves, from top to bottom(b) tans at 1, 10, 100, and 1000 kHz
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FIG. 3. Frequency dependence @ef and tans for the pyrochlore
(BigaZny ) o(ZNy 4Tag4) .07 compound at 93 K. The error bar is a fluctua-
tion of data obtained from different measurement technique at microwave
frequencies. Open symbols: experimental data; solid curves: fitting to Egs.
(3) and (4).

curve is in agreement with the experimental data. The results
show that the dielectric spectra of C-BZT follows the modi-

fied Debye model.
In a recent report for C-BZN thin films by Rezt al,*°a

(solid curves, from bottom to t9pThe microwave frequencies are labeled, very small electric-field effect<10%) on ¢ is observed un-

the dottted curves are plotted to guide the eyes. Inset: Relaxatiow xete
1/T curve. Open circles: experimental data; solid lines: fitting to the Arrhen-

ius law.

e*=g,.+(e9—&x)/[1+(iw7)?],

)

whereeg is the static permittivitye., is the permittivity at

high frequency,w is the angular frequency; is the mean
relaxation time, ang3=1— «, where« is the angle of the

semicircular arc. The fitting data show that=0.24, ¢,

=75.6, ande,,=45.4. Although there are no data between

the points at 1 MHz and 1 GHz for C-BZT, the curve &f
VS 8, for (Bi3,4Zn1,4)2(Zn1,4Nb3,4)207 (denoted as C'BZN
has been studied from 80 Hz to 1 GHz with more frequenC|e§-he source of this broadening is usually associated with

between 1 MHz and 1 GHz, and the results also show goo

fits to the Cole—Cole relation with the same levehof* This

indicates that the present data for C-BZT are reasonable, aqg

self-consistent with a similar polarization mechanism.

The real(¢’) and imaginary(e”) parts of the permittivity

can be rewritten from Eq2) in the following way:

e'=g,+(Ae’'/2){1—sinh Bz)/[ cosh Bz)

+cog Bm/2)]},

e"=(Ae'[2)sin(Bm/2)/[coshi Bz)+cog Bm/2)],

wherez=In(w7) andAe’'=¢,

&

©)
(4)

der very high dc field§~800 kV/cm. We checked this be-
havior in bulk samples up to 60 kV/cm, and noted that the
temperature and intensity of dielectric peaks are independant
of dc bias for both C-BZT and C-BZN.

As discussed above, the dielectric relaxation process in
cubic pyrochlore C-BZ1N) has three major characteristics:

(1) The first characteristic indicates the relaxation obeys
the Arrhenius law as opposed to a Vogel—-Fulcher law. This
implies that there is very weak to no cooperation between the
dipoles in the C-BZT system.

(2) The second characteristic of a suppressed semicircle
shows a Cole—Cole plot with a relatively large this indi-
cates that there is broad distribution in the relaxation times.

Hwany body interactions. We, therefore, assume that there is a
weak interaction between dipoles, and is associated with
rge levels of disorder among many sites in the Bi-
pyrochlore. This is consistent with recent structural studies in
the C-BZN system, in which the C-BZT will strongly follow.

(3) The temperature of the dielectric peak is almost in-
dependent of dc bias. This characteristic implies that there
are either no micropolar clusters or very weakly collaborated
dipole clusters in pyrochlore C-BZW). This extrapolation
can be supported by studies in KTaOCaTiO;, and
(La,Na) TiO; under dc biag®

Considering(1)—(3) the results indicate that this system
can be classified as a “dielectric relaxot®This implies that

The calculated frequency dependence of the dielectrigye gielectric relaxation is strongly perturbed by local disor-
constant and taf is shown in Fig. 3, according to Eq&)

and(4), and tam:_s’.’/s’ by using the data obtained from the (BizaZnya) »(ZnyaTaga) ,0, compound, the partial substitu-
Cole—Cole plot fitting. It can be seen that the calculatedjon of zn ions for Bi ions lead to more than one equivalent
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FIG. 2. Cole-Cole plot ("

(BiaaZnyg) 2(Zny4Tag14) ,0; compound at 93 K(Open circles: experimental

data; circular arc: fitting curye
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der and local chemical inhomogeneity. In the pyrochlore

potential minima atA sites. The positional hopping of the
cations and anions in these positions leads to the dielectric
relaxation. This type of dielectric polarization mechanism is
similar to the “dielectric-relaxor modes” observed in Bi
doped SrTiQ, which are related to the movement of off-
centered Bi iong*®

In addition, it is also known that cubic pyrochlore struc-
ture A,B,0O; oxides could be recognized as the cubic pyro-
chlore of A,B,OgZ-type structure(Z denotes the “seventh
oxygen” ions, which could be O, S, OH, or).FBecause of
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