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Abstract

The effects of chemical substitution of €acation on the structure and the microwave dielectric properties of BiZnTa-based ceramics
were investigated. The relations between B-site partially substituting,{€8isZn,,s_,/3Tas/3)O; and dielectric properties especially the
temperature coefficient of dielectric constant were evaluated. The phase structure was studied by XRD and microstructure by SEM techniques.
The crystal structure of the un-substituted (Biny/3Tay3).O; was characterized as monoclinic zirconolite-like structure. With increasing
amount of C&" cation substitution, the crystal structure gradually transforms from monoclinic zirconolite-like structure to a co-existing phase
structure with fluorite and BCT phase.
© 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction unit cell. Analogous to the BZN systems, there are two
major structural variations in BD3—ZnO-TaOs (BZT)
Among bismuth-based ceramics, 2Bg—ZnO-NbkOs systems: a cubic pyrochlore based on thesBnTa; 507
(BZN) ternary oxides have been received special at- (a-BZT) composition; a lower symmetry zirconolite phase
tention and investigated widely in the past ydar6]. based on the BZny 3Tay;307 (B-BZT) composition. Re-
This system features two structurally distinct compounds cently, BZT systems were studied as candidate materials
Bi15ZnNby 507 («-BZN) and BbZnz 3Nbg 307 (B-BZN), for microwave dielectric$8,9].
which exhibit very dissimilar dielectric properties. Recent  In the present work, we investigated the dielectric prop-
studies combined electron, X-ray, and neutron powder erties of the monoclinic zirconolite structure of tBeBZT
diffraction techniques to elucidate the crystal structures system and attempted to modify the temperature coefficients
of these compounds revealed that their structures are py-of dielectric constant«,, ppm/fC) by cation substitution of
rochlore and zirconolite-like structures, respectivilyr]. the BbZny/3Tas/307 structure. In this paper, we reported
Yao and co-worker§4—6] have reported that pyrochlore our work of partial replacement of 2h cation with C&*
compound in BZN system shows excellent properties: low cation and the effect on dielectric properties. The chemi-
sintering temperature, high dielectric constant, and compo-cal formula of the system is BiCa,;3 Zny/3—,,3Tas;3)O7
sitionally adjustable temperature coefficients of capacitance.(BCZT) (0 < y < 1.0).
Matjaz and Davie$3] reported the effect of cation substi-
tutions on the structure and dielectric properties of the two
bismuth zinc niobate polymorph{BZN and-BZN) and 2. Experimental procedures
attempted to correlate the changes in chemistry to the tem-
perature coefficients of dielectric constant. Levin et[2]. The starting materials were s, ZnO, TaOs and
reported that th@-BZN compound crystallizes with a mon- CaCGQ; powders with high purity above 99%. All of the com-
oclinic zirconolite-like structures, which were described as positions in BCZT system were prepared using solid-state
a distorted pyrochlore structure with a pseudo-orthorhombic yagction techniques. The oxide powders were weighed in
appropriate ratios and mixed in de-ionized water using
mspondmg author. Tel¢86-21-65980544: ZrO; mi!ling media in polyethylene co'ntain'ers. The slurries
fax: +86-21-65985179. were dried at 120C for 15h and calcined in a closed alu-
E-mail address: shenbo@fmrl.ac.cn (B. Shen). mina crucible at 800C for 4 h. The calcined powders were
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ball-milled again, dried, granulated through 200-mesh sieve cation less than 0.5/3M, i.e.,, & y < 0.5. With the
and pressed into pellets of 12 mm in diameter and 2 mm in value ofy increasing, a phase with fluorite structure was
thickness using PVA as binder. Another kind of specimens detected. Furthermore, we investigated the complete sub-
was formed into 12 mm diameter and 6 mm thickness, usedstitution of C&* for Zn?* at a quantity up toy = 2. The
for microwave properties measurements. The green pelletscomposition BiCap/3Tas;307 denoted as BCT phase has
were then heated and sintered at 950-11Ddor 4h in a a different XRD pattern from the BZnp/3Tas307. The
sealed alumina crucible. The density was determined by thephase compositions and crystal structures of the sample
Archimedes’ method (buoyancy method). could not be elucidated at present. The intermediate compo-
X-ray diffraction was performed using Bruker D8 X-ray sitions (05 < y < 2) exhibited two-phase even three-phase
diffractometer with Cu radiation filtered through Ni. A coexisted. The ionic radius of the ®a cation (0.1nm
scanning electron microscope was used for microstructurein VI coordination) is much larger than the Zn cation
characterization. For the low frequency dielectric char- (0.074nm in VI coordination)11]. When C&* cation sub-
acterization, the sintered thin disks were polished. Silver stitution into the Bj(Zny,3Tay,3)O7 structure, the range of
paste was applied and baked as electrodes. The dielectricolid-solution formation for Bi(Ca,/3Zny/3—,/3Tas/3)07
properties of silver-plated pellets were measured by a highwas very limited ¢ < 0.5). Multiple phase assemblages
precision LCR meter (Hewlett-Packard 4284A) in conjunc- formed for high Ca content composition. Compositions of
tion with a computer-interfaced temperature chamber at the compounds significantly alter the crystal structure of the
temperatures range from160 to—60°C. Temperature co-  materials.
efficient of dielectric constant was calculated from the slope  Microstructure of theB-BZT and the BCT sample is
of dielectric constant in the temperature range of 20485  shown inFig. 2 The SEM revealed marked differences be-
and the dielectric constant at 20. Dielectric character-  tween the two samples. The apparent large planar grains
istics at microwave frequencies were measured by Hakki were observed for the BCT samples sintered at @30 he
and Coleman’s dielectric resonator method, as modified samples yield larger grains with a strong platy habit com-
and improved by Courtnejt0]. A cylindrically shaped di- pared with theB-BZT samples. The planar grains may be
electric resonator was positioned between two brass platescorresponding to the BCT phase. These results were consis-
A KEITHLEY 6517A high resistance meter was used to tent with the results observed using XRD.
measure the electrical resistivity. The temperature dependence of the dielectric constant (
and dissipation factor (ta¥) both 3-BZT and BCT at radio
frequency is shown ifrig. 3. For 3-BZT sample, with de-

3. Results and discussion creasing of temperature,continuously decreases at a slow
rate. With decreasing of temperatutefirst decreases then
Fig. 1is the X-ray diffraction patterns of the &Cay/3 increases slightly in BCT sample. ' . .
Zny/3-,/3Taas3)O7 with differenty value. The basic com- Table 1summarized the change of dielectric properties

pound corresponds to Eny3Tas307 composition.  Versus Ca content in Biz (Cay/3Znz/3-y/3Tas/3)07. For
The BiZny/3Tay307 has a pattern similar to that of all compositions, th_e (.elec.trlcal resistivity was large than
Bi2Zn/3Nby/307 and could be indexed with monoclinic zir- 103 Q cm and the dissipation factor at 1 MHz was smaller
conolite structurd2]. According to XRD pattern, the main ~ than 10x 10~ excepting for the BCT sample. The apparent
crystalline phase remained monoclinic zirconolite struc- density of the sample sintered at 108D decreases gradu-

ture when Z&*t cation was partially substituted by &a ally with the Ca content increasing. It can be seen that, the
dielectric constants increase from 63 to 70 and the temper-

ature coefficients decrease from 75+4@2 ppm?C as the

Ca content increased. Within the ranges of solid solution,
20 N N i.e., with low amount of cation substitution (@ y < 0.5),
y-Ls A Aa the dielectric properties remained similar to those of the
y=1.0 B:j m o un-substitution sample. In accordance with the XRD, when
y=08 Al P 0.5 < y < 2 in BCZT, the change of the dielectric prop-
y=0.5 X - — erties might be due to the mixed phase or the secondary
y=0.1 Lk A . phase. As the composition contains a second phase& the
y=0.05 L " o value was much reduced. Tigf value of the composi_ti_ons
y=0.01 | N - of 0.5 < y < 2 became smaller than that of composition of
y=0 0<y=<05.
= M R As we saw in theTable 1 it was suitable for compensat-
10 20 30 40 50 60 70 ing thew, value, when a proper concentration of?Cavas
2Theta (Degrees) introduced to substitute 21 in the BCZT compound. With
Fig. 1. XRD patterns for B(Ca,3Zny3_y/aTay3)07 with y = 0-2 y = 0.8, BCZT gave a dielectric constant ef67.5, aQ

compositions sintered at 103G for 4h. value of~2127 and ax, value of~14 ppm/C at 1 MHz.
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Fig. 2. The surface morphology of (a) tfgeBZT sample and (b) the BCT sample sintered at 1@3dor 4 h.

Dielectric properties of the BCZT ceramics at room temperature

Bi2(Cay/3ZNnz/3—y/3 e (20°C, tans (x1074, € (20°C, GHz)  tam (x107%, «, (ppmPC) Density p (Q2cm)  Qf (GHz)
Tau3)O07 1 MHz) 1 MHz) GHz) (g/cn?)
y=0 63.0 1.0 61.5 (5.59) 8.0 75 8.717 >101 6987
y =0.01 63.4 2.7 61.0 (5.27) 8.4 97 8.701 >1018 6275
y =0.05 63.5 4.1 60.8 (4.98) 10.5 99 8.691 =103 4743
y=0.1 63.7 4.3 62.0 (5.06) 10.8 96 8.675 >1013 4663
y=05 66.3 4.8 62.7 (5.04) 25 25 8.615 >10% 2007
y=0.8 67.5 4.7 63.5 (5.16) 42 14 8570 >1018 1229
y=1.0 67.5 5.1 64.3 (4.96) 51 8.0 8.462 >1018 970
y=15 68.6 7.2 66.5 (4.95) 77 -75 8.319 >1018 644
y=20 70.0 16.7 67.5 (4.53) 85 —22 8.212 >1013 533
0.04 Comparing with bismuth-based cubic pyrochlore such as
6al a-BZN, less attention was paid to tfgeBZN in the pre-
10.03 vious study. One of the reasons probably is that the cubic
E 6ol 002 5 pyrochlore structure is able to accommodate a wide range
2 177 8 of cation and anion substitutions; but the solid solubility
8 ol loor § of B-BZN is very limited for all substitution$3]. We ob-
£ g served a similar effect in th@-BZT. But the B-BZT or
%3 sal 1000 2 B-BZN exhibits a higheQ value as compared witlk-BZT
[a) o or a-BZN at microwave frequencies. Among the potential
1-0.01 : . ) - o )
56l microwave dielectrics within the limits of bismuth-based ce-
‘ ‘ ‘ ‘ ‘ -0.02 ramics,3-BZT display better properties tharBZT at mi-
100 -0 0 50 100 150 200 crowave frequencies.
Temperature (°C)
72 4. Conclusions
10.06
. 70! _ The dielectric properties of BCZT ceramics were studied
é looa g at microwave frequencies. The observed microwave dielec-
S 68l ke R tric properties weres =~ 615, Q =~ 1250 at~5.6 GHz
o 100 kHz S with o, =~ 75ppm?C at 1 MHz for B-BZT, ande =~
3 66/ 1000kHz 1002 § 67.5, Q =~ 118 at~4.5 GHz witha, =~ —22 ppm{C at
_g A 1 MHz for BCT. With lower amount of C& cation substitu-
64l 10.00 tion (0 < y < 0.5), the crystal structure was still monoclinic
zirconolite structure. With increasing of Ca content substi-
62 ‘ ‘ ‘ ‘ ‘ -0.02 tution (05 < y < 2), the crystal structure gradually trans-
100 -50 0 50 100 150 200

Temperature (°C)

forms from monoclinic zirconolite structure to a co-existing
phase structure with fluorite phase. If acation substi-

Fig. 3. Temperature dependence of dielectric constant and dissipationtuted for Zrt* cation entirely, the BCT phase was detected.
factor for B-BZT and BCT.

The phase structure of BCT is very different from fi8ZT.
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The dielectric properties change regularly with the structure
accordingly.
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