EDX is missing,
although EDX
analysis is
performed (see
page 3), the same
as in the Elsevier
version, which
mentions EDX in
the abstract.

Different title and authorship than the other 3 papers.

E. Andronescu and S. Jinga were added after the ECERS
paper, although there is virtually no new content.

ROMANIAN JOURNAL OF INFORMATION
SCIENCE AND TECHNOLOGY
Volume 10, Number 3,{2007§ 261-268

Thermal Treatments Effects
on Microwave Dielectric Properties

of Ba(Zn,/3Tay/3)O3 Ceramics

A. TOACHIM!, M. I. TOACSAN!, L. NEDELCU!, M. G. BANCIU',
C. A. DUTU!, E. ANDRONESCU?, S. JINGA?

!National Institute of Materials Physics, Bucharest-Miagurele, Romania
E-mail: ioachim@infim.ro
2«Politehnica” University of Bucharest, Romania

E-mail: s.jinga@oxy.pub.ro

Abstract. Ba(Zn;/3Tas/3)O3 dielectric materials were prepared by solid
state reaction. The samples were sintered at temperatures in the range 1 400 +
1 600°C for 4 h. Morphostructural characterization was performed by using
— The dielectric properties were measured in the microwave range
(6 ~ 7 GHz). An additional annealing at 1 400°C for 10 hours was performed in
order to improve the dielectric parameters. The best parameters were achieved
for the samples sintered at 1 600°C with additional thermal treatment.

1. Introduction

Same typo as in
the IEEE paper.

Ba(Bj 3 B)/3)O3 complex perovskites are very attractive materials for very high
frequency applications (@G® owing to their attractive properties, especially the ultra

high values of the quality factor Q. Ba(Zn, /3Tag/3)O3 compound (BZT) has potential

for applications in satellite broadcasting at frequencies higher than 10 GHz and as
a very high @ dielectric resonators (DR) in mobile phone base stations or combiner
filter for PCS applications [1]. The BZT ceramics exhibit a dielectric constant of 29, a
Q@ X f product of 100 000 = 160 000 GHz and a low temperature coefficient of resonant
frequency 74 close to zero in the presence of such additives as strontium-gallium [2].

There are several factors, which influence the @ values of perovskites Ba(M?;r3

Tag;%)og with M = Mg, Zn such as: ‘the long range ordering (LRO) of cations, the
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2. Methods




In the TSF and ECERS articles, this result is cited from different
authors, namely [6] Roulland et al. That citation is missing here,
and those authors do not appear in the reference list in this article.
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is shown in Fig. 1. BZT ceramics sintered between 1 500°C and 1 600°C yere well
sintered.

The X-ray density of Ba(Zn;/3Tay;3)O3 ceramic is p; = 7 920 Kg/m3DI‘he
most dense ceramics exhibit a porosity value of 10%. An abnormal grain growth
together with an accentuated ZnO evaporation occurred above the sintering temper-
ature Ty = 1 525°C, so the bulk density slightly decreased. Above Ty = 1 525°C, the
bulk density continued to increase.

Same graph as
IEEE and TSF.
The ECERS
paper has a
table with the
same values.
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Fig. 1. Bulk density versus sintering temperature for BZT samples.

The X-ray diffraction patterns for BZT ceramic samples sintered at five sinter-
ing temperatures are given in Fig. 2. The patterns confirm the formation of the
hexagonal structure, which is the majority phase. For the BZT compounds sintered
at Ts = 1 525°C the patterns reveal the presence of secondary phases Ba;TagOas,
BagZnTagy and BaO, which disappear at higher sintering temperatures. The super-
lattice peaks at 20 = 17.6 and 26.4 degrees increase in intensity with the increase of
Ts up to 1 525°C. At Ts = 1 600°C they practically disappear. For temperatures up
to 1 525°C, the LRO gradually increases with the temperature increase.

The microstructure of BZT ceramics sintered in air at 1 500°C/4h and 1 600°C/4h
was investigated by using SEM. The images are presented in Figs. 3-4. The micro-
graph presents a bimodal distribution of the grains size for BZT sample sintered at
1 500°C. Micron grains are located on the grain boundaries or on the grain surfaces;
some grains with size in the range 3 + 6 pm are polyhedral with rounded corners and
not well faceted and others are spherical with sizes up to 1.5 pm. Well faceted, polyhe-
dral grains with smooth surfaces and edges and dimensions in the range
are observed for BZT sample sintered at 1 600°C. The abnormal granular growth to-
gether with the ZnO evaporation can explain the non-monotonic variation of the
BZT bulk density with T, for Ts > 1 500°C.IThe relatively small difference

Different numerical value
from the IEEE paper,
although all other results,
pictures and graphs are
identical.
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1 500°C and 1 600°C sintering temperatures has as effect a strong granular growth,
as can be noticed in Fig. 3 and Fig. 4.

Same
figure.
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Fig. 2. XRD patterns of Ba(Zn;/5Tay,3)O3 system
versus sintering temperature.
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a

Same
picture to

TSF and Fig. 3. Micrographs of the BZT sample sintered 1 500°C/4 h.
IEEE.

Same
picture to
TSF and
IEEE.

Fig. 4. Micrographs of the BZT sample sintered 1 600°C/4 h.

Microwave measurements on dielectric constant and loss tangent were carried out
on the BZT samples. The obtained data revealed a determinant influence of the
sintering temperature on the complex dielectric constant. The variation of the di-
electric constant and dielectric loss with the sintering temperature can be observed
in Fig. 5. This can be considered as an effect of the reduced porosity resulting in a
better densification at high sintering temperatures, as can be seen in Fig. 1.

The loss tangent exhibits values around 2 x 10~* for samples sintered at 1 400°C
and 1 450°C. With the sintering temperature increase, the dielectric loss tangent
increases up to 7 x 107% for T, = 1 500°C, then decreases down to 2 x 10~* for
Ts, = 1 600°C, as can be noticed in Fig. 5. This variation could be related to the
Zn and Ta cation ordering process and with the secondary phases, which appear
for sintering temperatures between 1 450°C and 1 525°C as shown in Fig. 2. For
temperatures higher than 1 525°C, these phases disappear and, consequently, the
dielectric loss decreases.
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Fig. 5. Dielectric properties versus sintering temperature
for BZT samples without annealing.
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Fig. 6. Dielectric properties versus sintering temperature
for annealed BZT samples.

The additional thermal treatment at 1 400°C for 10 h for all the samples resulted
in the reduction of the BZT dielectric loss as can be seen in Fig. 6. For annealed
samples, the dielectric loss continuously decreases with the increase of the sintering
temperature. The dielectric constant values were not substantially modified by the
annealing treatment, with only one exception of the BZT samples sintered at 1 600°C.
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The quality factor @) values normalized at 10 GHz for the BZT samples are pre-
sented in Fig. 7. The @ is higher for annealed samples than for the samples without
thermal treatment; this difference is more significant especially for BZT samples sin-
tered beyond 1 525°C, which indicate the necessity of post sintering thermal treat-
ment. The BZT samples sintered at 1 600°C exhibit a dielectric constant of about 31
and a quality factor normalized to 10 GHz up to 13 500.
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Fig. 7. Quality factor normalized at 10 GHz versus sintering
temperature for BZT samples with and without annealing.

) TSF and IEEE papers
4. Conclusions read "higher than".

Ba(Zn;/3Tay,3)O03 ceramics with low loss in microwave domain were\obtained by
solid state reaction in the temperature range 1 400 + 1 600°C.

For sintering temperatures higher then 1 500°C, the XRD patterns\reveal the
BZT multiphase compositions with the presence of trigonal supercell pealis and low
Zn content secondary phases. The last two disappear for samples sinteredlat|1 600°C.

The quality factor @ strongly depends on the BZT crystalline structure: the
unit cell distortion and cationic order. Dielectric loss decreases with the increase of
ordering degree in the structure and with the disappearance of secondary phases.
Lowest loss is obtained for a Zn and Ta completely ordered BZT ceramic with a
strongly distorted unit cell. Porosity has small effect on dielectric loss of BZT material.

Well-sintered and annealed BZT samples exhibit a dielectric constant around 31
and a @ X f product up to 135 000 GHz. The achieved very-high values of the quality
factor @ recommend the BZT materials for microwave applications.
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