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This letter reports the dielectric properties of the cubic pyrochlore,&Bi,4) »(ZNy4T8g/4) 207,
monoclinic zirconolite Bj(Zny3Tay3),0,, and their composites in the temperature range of 10—
400 K from 16 to ~10'° Hz. Composites with a near zero temperature coefficient of capacitance
(TCO) consisting of the cubic pyrochlore and monoclinic zirconolite phases have been obtained.
The observed microwave dielectric properties ~60, Q=~325, and TCG~30 ppm/K at~5.1

GHz) as well as their low sintering temperaturé@50—1100 °¢ show that the compounds are
promising materials for recently developed microwave devices, which demand that dielectric
ceramics can be cofired with silver electrodes. 2@03 American Institute of Physics.
[DOI: 10.1063/1.1575933

The compounds in the  ternary  system +x% M-BZT, with x=20, 60, 60, and 74, respectively,
Bi,0;—ZnO—-MeOs (Me=Nb) have received much atten- were prepared by solid state reaction. The complex dielectric
tion since the 1970's due to their low-temperature sinteringpermittivity was measured using an HP 4284 A meter with an
characteristics-'®At that moment, a main motivation for the ac field of 1 V/mm. The temperature dependence of the di-
study was to apply this type of materials to low sinteringelectric properties was measured in the temperature range
temperature multilayer capacitors at radio frequency. With10—423 K, while the specimen was being cooled or heated at
recent developments in microwave devices, the compatibilityy typical ramp rate of 1-2 K per min. TCC was calculated
of the ceramic processirgnainly sintering with metal elec-  from the slope of dielectric constant in the temperature range
trodes is emphasized, in which a moderate quality faQor of 120— 55 °C. The ring resonator and waveguide transmis-
value is allowed."*® For this application, the compounds in sjon techniques were adopted to measure the dielectric prop-
the ternary system BO;—ZnO-MeOs (Me=Nb and Ta  erties of the samples at microwave frequencies. The accuracy
become promising candidates due to the advantage of thg the measurements was compared using resonant post and

low-temperature sintering characteristic, ‘é"hiCh allow low gpit cavity techniques. The details of sample preparation and
temperature cofiring with silver electrodts? measurement were described in Ref. 20.

The most studied compounds in this ternary system are  the temperature dependence of the dielectric constant

(BiguZnig)o(ZMyMeg0),0; — and  Bb(ZMgMes)207 () ang dissipation factoftans) for C-BZT and M—BZT at
(Me=Nb and Ta with a cubic pyrochloréhereafter denoted radio frequency is shown in Figs(d) and Xf). For the cubic

aﬁnic_z?rZTrfolritMﬁ:—a tar;ghC:BiNrfgr r'\]/lTNdb) arl\l/ld rg;r_ll_of ; pyrochlore structure C—BZT, with decreasing temperatare,
clinic zirconotte structurenereatter denoted as - O first increases slightly, then decreases quickly. An obvious

21 it
Me=Ta and M-BZN for Me=Nb).=* In addition, the com- . : . S
. - . ) ' .. dielectric relaxation behavior is observed for bathand
posites consisting of the cubic pyrochlore and monoclinic L . )
. . . . . tané. For monoclinic zirconolite structure M—BZT, with de-
zirconolite phases are also studied due to the technical inter-

est that a near zero temperature coefficiEF€C) can be ﬁlre'?r? N9 te?\pert;a:turs,contmuoufsly decreazes ata_slow rz_a;the.
obtained from two-phase composites C—BZT M—BZT, elther noticeable drops nor irequency dispersions within

because of the sign of TCC of the dielectric constant forEPhe radio frequenc(;es ra(r;ge are fot:}ser(\j/.e (lt i'|u>r. M-BZT.
C—BZT and M—BZT is opposite. e temperature dependence of the dielectric congignt

The ternary system BDs—ZnO—NbOs has been exten- and dissipation facte(tan&) for. C—_BZT ata microwave
sively studied'® However, less attention was paid to the frequency 1.5 GHz is shown in Fig. 2 in the temperature
system BjO;—ZnO—TaOs. In this letter, we report the di- "ange, which is a most practical application temperature
electric properties of C—BZT, M=BZT, and their compositesrang‘?-_“ showe that t_he overall tendency fo_r the temperature
in the wide temperature and frequency rags0—10 K, 100 coefficient of dielectric constant of C—BZT is negative, and

Hz—~8.7 GH2. the one for M—BZT is negative. The dielectric loss behaves
The ceramic samples of (BiZnys)a(ZnyuTag,),0,, N the same way.
Bi,(Zny/5Tays),0; and their composites, (Ax)% C—BZT The dielectric measurement reveals thet~73, and

tan5=0.007 (quality factor Q=143 at 1 MHz; e=~64,
dElectronic mail: angchen@physics.uakron.edu tan§=0.018 Q=56) at ~5.2 GHz at room temperature,

bpresent address: Department of Polymer Engineering, The University ofVith TCC=—172 ppm/K(1 MHz) for C-BZT. For M—BZT,
Akron, Akron, OH 44325, e=~61, and tars=0.001 @Q=1000) at 1 MHz;e=~60.4,
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FIG. 1. Temperature dependence efand tans for C-BZT (x=0),

M-BZT (x=100), and composites witk=20, 50, 60, and 74, at 1, 10, and
100 kHz.

0
300

and tan5=0.0014 Q=710) at~6 GHz with TCC=+60
ppm/K (1 MHz). As the signs of TCC for C—BZT and

M—BZT are opposite, it is expected that a near zero TCC cah

be obtained from a two-phase composite, C-BZAT
M-BZT.

The temperature dependence of the dielectric behavio

for the composites, (£x)% C—BZT+x% M—BZT, with
x=20, 40, 50, 74, was also measured and is shown in Fig
1(b)—1(e). It can be clearly seen with increasing conteiaif
the monoclinic zirconolite M—BZT, the dielectric stéfe)
decreases, fromhe=18 for pure cubic pyrochlore C-BZT
(x=0) to Ae=~2.5 forx=74, andAe=~0 for pure mono-
clinic zirconolite M—BZT (=100). TCC of the samples
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FIG. 2. Temperature dependence eofind tans for C—BZT (x=0) and

M-BZT (x=100) at 1.5 GHz.
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FIG. 3. Relaxation rate vs 1/T curve of the samples. Open circles: experi-
mental data; Lines: fitting to the Arrhenius law.

increases from-172 ppm/K atx=0, to TCC=~+20 ppm/K

at x=74, and to TC&+60 ppm/K atx=100. In addition,
the quality factorQ is reasonably high, which is-500 at 1
MHz, and~325 at~5.1 GHz. These results indicate that the
composites C—BZT and M—BZT indeed provide a technical
advantage for obtaining a near zero TCC.

The relaxation ratev as a function of the inverse tem-
perature (IT) for C—BZT is plotted in Fig. 3. The data can
be well fitted to the Arrhenius law

V="7¢ eXF(U/kBT), (1)
wherew is the attempt frequency is the activation energy
for relaxation, andr is the temperature. The fit parameters
areU=0.11+0.004 eV andvo=~4X 10" Hz.

The dielectric relaxation rate versusrifor the compos-
ites (1—x)% C—BZT+x% M-BZT, with x=20, 50, 60,
and 74, respectively, is also shown in Fig. 3, which fits well
to the Arrhenius law. The activation enertly varies within
0.1£0.015 eV for all samples. This implies that the dielectric
elaxation has the same physical origin for all samples, that
Is, it comes from the dielectric relaxation of C—BZT, which
is attributed to the reorientation of the “seventh” oxygen
ith Bi and/or Zn cations dipoles of cubic pyrochlore

Big4ZNy,4) 2(ZN,.Me5,4) .07 under external ac fields in our

previous worké?

From the results of the phase assemblages and crystal-
line structure analyses of the samples;-()% C—BZT(N)
+x% M-BZT(N), with x=0, 20, 50, 60, 74, and 100, re-
spectively, by x-ray diffractioR® we know that between the
two end compositions, i.e., as 28<74, the compositions
belong to diphasic composites including C—BZT phase and
M—BZT phase.

In addition, an interesting phenomenon we observed in
M—BZT is that, although no visible drop iacan be seen, a
slight but visible relaxation process can be observed idtan
as shown in Fig. ). The result means that ta@is a more
sensitive parameter reflecting the dielectric polarization re-
sponses. A similar phenomenon has been observed in $rTiO
thin films 23 Currently, the physical nature of the tdpeak is
uncertain. An explanation is, although M—BZT is a nomi-
nally pure single phase examined by x-ray diffraction, it may
include a small amount of C—BZT phase, which leads to the
appearance of a slight dielectric relaxation in éamndeed,
with careful inspection in taé for other compositions, as
shown in Fig. If), it can be seen that the tanpeak, for
example at 10 kHz, occurs at almost the same temperature

for all samples, with increasingfrom 0 to 100. This implies
license or copyright, see http://apl.aip.org/apl/copyright.jsp



3736 Appl. Phys. Lett., Vol. 82, No. 21, 26 May 2003 Ang et al.

that tand peaks may be caused by C—BZT phase, which isG. I. Golovshchikova, V. A. Isupov, A. G. Tutov, I. E. Myl'nikova, P. A.
small in quantity but exists even in nominally pure mono- Nikitina, and O. I. Tulinova, Sov. Phys. Solid Stalté, 2539(1973.
clinic phase ax=100. 2G. A. Smolenskii, V. A. Isupov, G. I. Golovshchikova, and A. G. Tutov,
However, a possibility that the dielectric relaxation does ,'2V: Akad- Nauk SSSR, Neorg. Mate2, 297(1976.
in th . i M—B Me=T. D. Bernard, J. Pannetier, and J. Luscas, Ferroele@ficd29(1978.
occur in the zircono Itg structure M- Z(T.e.: e a) can- 4B. Li, X. Wang, and Y. Mo,Inorganic Dielectric Materials(Science and
not be excluded at this moment. In fact, in addition to the Technology, Shanghai, 19860p. 153—168.
tané peak at~70 K, a quick increase in tahbelow ~50 K 5M. F. Yan, H. C. Ling, and W. W. Rhodes, J. Am. Ceram. St,.1106
in M—BZT is also visible. A similar decreag@creasein e (1990.
(tand) below 50 K in the zirconolite structure M—BZHi.e., ®J. Champamaud-Mesjard, M. Manier, and B. Frit, J. Alloys Conii
Me=Nb)* has been also observed. This implies that an ad-, 1741992
" . . . . D. Liy, Y. Liu, S. Q. H., and X. Yao, J. Am. Ceram. Sat5, 2129(1993.
ditional polarization mechanism might exist at even Iower8D Cann. C. A. Randall, and T. R. Shrout. Solid State Comm0, 529
temperatures. It is an interesting subject to study in detail the (1994 ’ o '
dielectric polarization mechanism in the zirconolite structure ¢x. wang, H. Wang, and X. Yao, J. Am. Ceram. S86, 2745 (1997.
system. 10H. Wang, X. Wang, and X. Yao, Ferroelectrit95, 19 (1997.
In conclusion, we have reported the microwave fre—iA- Mergen and W. E. Lee, Mater. Res. Bub2, 175(1997.
quency dielectric properties and the dielectric relaxation pro-_ M- Wang, D. Zhang, X. Wang, and X. Yao, J. Mater. Rb§.546 (1999.
cess in C—BZT and M—BZT ceramics. The observed micro- | Wand, X. Yao, L. zhang, and F. Xia, Ferroelectriz2s, 95 (1999; H.
. . . Wang, X. Yao, and F. Xiaipid. 229, 285(1999.
wave dielectric properties ares=~61.4 andQ=~56 al  1sy A vee K. R.Han, and H. T. Kim, J. Mater. S@4, 4699(1999.
~5.2 GHz with TCG=—-172 ppm/K_(l MHz) for C-BZT, 15\. Valant and P. K. Davies, J. Am. Ceram. S86, 147 (2000.
e=~60.4 andQ=710 at~6 GHz with TCG=+60 ppm/K 6w, Ren, S. Trolier-Mckinstry, C. A. Randall, and T. R. Shrout, J. Appl.
z) for M— and e=~60 andQ=~ at~5. Phys.89, 767 (2001).

1 MHz) for M—BZT and 60 and 325, 5.1 h (200D
GHz with TCC=~30 ppm/K (1 MHz) for the composite. ''H. Kagata, T. Inoue, J. Kato, I. Kameyama, and T. Ishizaki, Jpn. J. Appl.
The microwave dielectric properties, along with low sinter- "S- Part B1, 3152(1992. = _
ing temperature$950—-1100 °C show that the compounds S. Y. Cho, H. J. Youn, D. W. Kim, T. G. Kim, and K. S. Hong, J. Am.

g temp : S , P Ceram. Soc81, 3038(1998.
and their composites are promising materials for .recentlly dem; Nino, M. T. Lanagan, and C. A. Randall, J. Mater. Res1460(2001);
veloped microwave devices. Low temperature dielectric re- J. Appl. Phys89, 4512(2002.
laxation behavior for cubic C—BZT was observed, whose”®H. J. Youn, C. A. Clive, A. Chen, and M. T. Lanagan, J. Mater. Rés.
relaxation rate follows well the Arrhenius law in the wide 1502(2002. =~ _
frequency range ¥0-~10'Y Hz, and is tentatively attributed '('2'6’8\;”' C. A. Clive, J. Nino, and M. T. Lanagan, J. Mater. REB. 1406
to the reorientation of dipoles formed by the seventh 0xygen:, ‘cpen v. zhi, H. 3. Youn, C. A. Randall, A. S. Bhalla, L. E. Cross, J.
with the A-site cations(i.e., Bi and/or Zn of pyrochlore Nino, and M. Lanagan, Appl. Phys. Le80, 4807 (2002.

C-BZT. ZA. Chen, L. E. Cross, Y. Zhi, R. Guo, A. S. Bhalla, and J. H. Hao, Appl.

) ) ) Phys. Lett.78, 2754(2001; A. Chen, Y. Zhi, L. E. Cross, R. Guo, and A.
The authors would like to thank Dr. S. Trolier-Mckinstry s Bhalla,ibid. 79, 818 (2001.

for the stimulating discussion. 24p. Chenet al. (unpublishegl

Downloaded 14 Sep 2004 to 200.3.123.57. Redistribution subject to AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp



