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Abstract

The investigation of the structure and dielectric properties of (Ba,Sg)ba3ed ferroelectric glass-ceramic was carried out. Attention
has been focused on the relationships between sintering conditions, microstructure and dielectric properties. The sintering temperature and
time have been found to have pronounced effects on the density, grain growth and dielectric properties of the sintered BST glass-ceramics.
When increasing sintering temperature, the dielectric constant increases largely, the dielectric loss, however, does not change obviously at
paraelectric state. The tunability of dielectric constant increases largely with the increasing of sintering time form 0.5 to 4h. A maximum
tunability of 39.8% and a low dielectric loss of 0.00612 are obtained under sintering conditions 6C1fBC! h.
© 2004 Published by Elsevier Ltd and Techna Group S.r.l.
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1. Introduction Therefore, the properties of a certain ferroelectric material
will finally depend on the sintering condition, including

Barium strontium titanate (BST) has recently received sintering temperature and time.

much attention for its high electric-field tunability and Based on the above facts, a study of the properties of

low dielectric loss. These materials are very promising (Ba,Sr)TiG-based ferroelectric glass-ceramic is presented

for practical applications, such as phase shifter, delay in this paper. The effect of sintering conditions on the prop-

lines, tunable filters, steerable antennas, Ete3] When erties of the material was discussed.

used in these devices, a BST system must possess the

following characteristics: low dielectric constant; large

tunability; low dissipation factor and low temperature de- 2, Experimental

pendencg4]. Presently, further improvement of the per-

formance of BST is still desirable. And the correlation  (BagesSro.35)TiOs glass-ceramic powders doped with

between the material structure and material performance,2 mol.% BaO-Si@-B,0s glass were synthesised via a

in particular the most important parameters of tunability sol-gel method using barium acetate (BagCi@O)),

and loss, is important in guiding the exploration of new strontium acetate (Sr(GGEO0Y-(1/2)H,0), tetrabutly ti-

materials. tanate (Ti(GHgO)s), tetraethyl orthosilicate (TEOS) and
As we know, the dielectric property, based on the phase tributyl borate (B(GH90)z) as starting chemicals. All these

transition phenomena in ferroelectric material, is closely reagents were, respectively, dissolved into ethanol and

related to the crystal structure. On the other hand, the crys-acetic acid glacial, and then mixed to get final solution. Af-

tal structure of a ferroelectric system is closely dependent ter ageing and drying the xerogels were calcined at°8)0

on the thermal history and the fabrication methiag6]. and then crushed and ground by ball milling for 24h to

obtain fine powers. The powders were mixed with 8 wt.%

* Corresponding author. Tek:86-21-65980544; of 10% PVA solution and then pr'essed into disc-shaped

fax: +86-21-659851709. pellets. The green pellets were sintered at a temperature

E-mail address: zhangbin@fmrl.ac.cn (B. Zhang). range of 1000-1200C for up to 4 h.
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Fig. 2. XRD patterns of BST glass-ceramic xerogels calcined at different

Fig. 1. Relative density and shrinkage as a function of sintering temper-
temperature.

ature for BST glass-ceramic.
3. Results and discussion

Bulk density measurements were made using the Archi- The effect of sintering conditions on the sintered
medes technique. The theoretical densities of samples wergBa,Sr)TiQ glass-ceramics is correlated with their densi-
determined using the atomic weight and lattice constant. fication, grain growth behavior and dielectric properties.
The X-ray diffraction (XRD) analysis was carried out by Relative bulk density and shrinkage as functions of sinter-
using Cu kx radiation with 2 from 20 to 60. The mi- ing temperature have been presentedim 1 A sintering
crostructures were investigated on the as-fired surfaces oftemperature of 1000C produced a relative density of ap-
the sintered specimens using scanning electronic microscopyproximately 93.5%, this increased to 96.2, 98.3 and 98.7%
(SEM, JSM EMP-800). when sintered at 1050, 1100, and 1180 respectively.

The dielectric constant and loss were measured at a fre-However, increasing the sintering temperature further re-
guency of 100 kHz and at the temperature range-50 to sulted in a reduction of relative density (97.1% at 120).
100°C, using a HP4284 LCR meter. The dielectric constant The shrinkage increases with the increasing of sintering
was also measured under various dc fields. The dc field wastemperature.
applied on the polished parallel disks with a thickness of The XRD patterns for xerogels of BST glass-ceramic
0.3mm by a Keithley Model 6517 Electrometer. calcined at different temperatures are shownFig. 2

Fig. 3. SEM micrographs of BST samples sintered at (a) 2@)(b) 1050°C, (c) 1100°C and (d) 1200C for 2h.
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Fig. 4. SEM micrographs of BST samples sintered at TT®or (a) 0.5h, (b) 1h, (c) 2h and (d) 4h.

Minor trace of (Ba,Sr)C@ phase is detected at 600 and At 60°C, theC-V curves for samples sintered at 1T%D
800°C and is decomposed below 9TD. At higher tem- for up to 4 h are shown ifrig. 6. It can be seen that the dc
peratures, the phase structure is tetragonal perovskitefield is effective for suppressing the dielectric constant. The
phase of (Ba,Sr)Ti@ No secondary phase is detected dielectric constant is linearly decreased with the increasing
by XRD. And the broadening of diffraction peak is ob- of applied dc field in the range of 5-30kV/cm. TV
vious at a lower temperature, due to the small grain curves indicate that it is possible to obtain a high tunability
size. in the paraelectric state.

Micrographs of as-fired surface of BST glass-ceramics  The tunability K) was calculated by using the expression:
sintered at various temperatures from 1000 to IZD@re

shown inFig. 3a—d A mixture of various grain sizes is k(%) = W x 100 1)
evident for the sample sintered at 1080 which shows very
large grains coexist with very small ones. With the increasing
of sintering temperature, the grain size increases largely. 12000 —— 1200°C, 2h
The microstructure becomes denser, and the microstructure 10000 f------1150°C, 20 £}
homogeneity improves. 8000 | 7777 1100°C, 2 £k
Fig. 4a—dshow the images of the grains of the BST “ 5000 ""'igzg:g' i: .;7";" \"\.‘
glass-ceramic sintered at 118D for 0.5, 1, 2 and 4 h, re- . '.,;_’-/’ vy
spectively. It can be seen that prolonging sintering time is 4000 | oo™ N
also effective to increase the grain size and improve the mi- 2000 | *ﬁ--a.h%
crostructure homogeneity. ol v v v
The variation of dielectric constant and loss with sintering 0.06
temperature for the BST glass-ceramic is showtig 5.
An obvious feature is that the dielectric constant decreases 0.05F
and its temperature spectrum broadens with the decreasing 0.04 |
of sintering temperature. The sample sintered at @00 e 903l
does not shows a clearly Curie peak. The dielectric loss is e
much lower in the paraelectric state-@.006) than in the 002
ferroelectric state~0.04), owing to the disappearance of 0.01} \.\e‘;.,_‘__“__
domain. With the increasing of sintering temperature, the M R

dielectric loss increases at ferroelectric state, but does not
change obviously at paraelectric state. Sintering time has

Temperature (C°)

0]
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similar effect on the dielectric properties of the samples as Fig. 5. Temperature dependence of the dielectric constant and dielectric

that of the sintering temperature.

loss for samples sintered at different temperature.
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Fig. 6. Dielectric constant versus dc field for BST glass-ceramic sintered
at 1150°C for different time.
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Fig. 7. Dielectric tunability and dielectric loss for BST glass-ceramic
sintered at different temperature (a), or for different time (b).

wheree(0) ande(E) represent the dielectric constant at zero
and a certairk field, respectively. Effects of sintering tem-
perature and time on the dielectric tunability and loss of
samples are shown iRig. 7. The dielectric tunability in-
crease from 32.4 to 37.1% with the increasing of sintering
temperature from 1000 to 115@, increasing the sintering

temperature further, however, results in a reduction in tun-

ability (seeFig. 79. It's obvious that prolonging sintering
time is effective to increase tunability (s€&y. 7b. When
increasing the sintering time form 0.5 to 4 h, the tunability
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tunability [7,8]. The sintering conditions do not affect the
dielectric loss obviously.

4, Conclusion

The BaO-Si@-B;03 glass doped BST glass-ceramics
of high density and optimised dielectric properties may be
fabricated between 1050 and 12@ The sintering tem-
perature and time have been found to have a pronounced
effect on the density, grain growth and dielectric properties
of the sintered BST glass-ceramic. In general, the dielec-
tric constant and tunability increases with increasing of the
sintering temperature or the prolonging of sintering time.
Prolonging sintering time is more effective to raise the tun-
ability. A maximum tunability of 39.8% is obtained under
sintering conditions of 1150C for 4 h.
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