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Abstract

BiNbO, ceramic is one of the potential low-firing microwave dielectric materials for microwave applications. In this work, Fe oxides were
doped into BiNbQ ceramics. The samples were sintered in air and flowingéépectively. A comparative study of the sintering performance,
the crystalline morphology and the dielectric properties (at both low frequency and microwave frequency) of samples sintered under both
atmosphere were performed by means of SEM, LCR meter, network analyzer, and thermal environmental test chamber. Material’s dielectric
performance under microwave frequency is especially considered. Then, the influence®padditives on the dielectric properties of
BiNbO, ceramics is investigated. At the same time, the defect influences on the dielectric properties were also discussed.
© 2004 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction BiNbO4 ceramics, and sintered the samples under differ-
ent atmosphere. By observing the corresponding dielectric
The development of dielectric materials for microwave ap- properties, the influences of defect on the dielectric proper-
plications has been focused on reducing the size and weighties of BiNbQ; ceramics were discussed.
of RF-front end components in mobile communications. Re-
cently, the development of low temperature co-firing ceram-
ics (LTCCs) has attracted much interest because of their ap-2, Experimental procedures
plication in multilayer integrated circuits (MLICs) such as
LC filters [1]. In order to satisfy the devices requirements,  Specimen were prepared by conventional solid-state reac-
the microwave dielectric ceramics with low sintering tem- tion technique. The starting materials to form BiNb&m-
perature are needed to co-fire with low-loss conductors suchpound were high-purity (>99.9%) BDz, and NbOs pow-
as Ag or Cu. So, finding dielectric ceramic materials with ders. The powders were mixed according to the stoichiomet-
low sintering temperature and excellent dielectric properties ric ratio of BiNbO; and the FeO3 doping amount ok wt.%
has become a major focus. (x = 0.3, 0.5, 0.8, and 1.0). All mixtures were ball-milled
Bismuth-based dielectric ceramics have been proposedfor 24 h with deionized water. After dried, the reagent was
as candidate dielectrics for LTCC due to their low sintering calcined at 800C for 2 h. Then the powders were uniaxially
temperature and excellent dielectric properties. BiblbO pressed into pellets in a steel die. Those pellets were sin-
ceramic with practical dielectric properties at microwave tered in air and flowing N (0.2 l/min) for 2 h, respectively.
frequency was first reported by Kagata et @. Many The sintering temperature ranged from 950 to 980
researchers have made strong efforts to modify the dielec- By using the Archimedes method, the bulk densities of
tric properties and the temperature coefficighd]. In this  the sintered ceramics were measured. Crystal structure of
work, we doped F& (the valence may shift to-g) into these FgO3 doped BiNbQ ceramics were investigated by
means of the X-ray diffraction (XRD) patterns (BRUKER,
* Corresponding author. Fax:86-21-65985179. D8 advanced). The micrograph observation of the ceramics
E-mail address: yangyong@fmrl.ac.cn (Y. Yang). was performed by a SEM (JEOL, JSM-5510). An HP8753E
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Fig. 1. Bulk densities of F®s; doped BiNbQ ceramics at different Fig. 2. XRD patterns of R8s doped BiNbQ ceramics sintered at 98C:
sintering atmosphere. (a) x = 0.3, in air; (b)x = 1.0 in air; (c)x = 03, in Np; and (d)x = 1.0,
in No.

network analyzer was used to measure the dielectric constan
(er) and the quality factor valugl at microwave frequency

by Hakki and Coleman’s dielectric resonator metfisgb].

The temperature coefficient of resonant frequengywas

Esured by means of a HP4284 precision LCR meter and a
thermal environmental test chamber.

determined as follows: 3. Results and discussion
_feo—fo 4 o : i i
Tf = GOx—fzo x 10° (ppm/°C) The bulk density values of E®3 doped BiNbQ ceramics

with different FeOs content versus sintering temperatures
Simultaneously, the temperature depended dielectric proper-were showed ifFig. 1L As a result, the bulk densities of the
ties at low frequencies (1, 10, and 100 kHz) were also mea-samples sintered in air increased steadily as the sintering
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Fig. 3. SEM micrographs of E©®3; doped BiNbQ ceramics: sintered at 97C: (a) x = 0.3, in air; (b) x = 0.3, in Np; (c) x = 1.0, in air; and (d)
x =10, in Np.
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temperature increased from 950 to 98D It can also be Fig. 3 shows the SEM micrograph of the surface of the
seen that the density values of samples sintereg indxied sintered samples. It can be seen that axtladue increased,
faster than those sintered in air whewalue ranged from  the grain size became smaller, and the ceramics sintered in
0.3t0 1.0. N2> were apparently not as dense as those sintered in air.
Fig. 2 showed the XRD patterns of the samples sintered It can also be found that very small pores existed in grain
at 980°C under both air and N It could be seen that all  boundary and triple point when the Fe content increased to
samples exhibited the low temperature phase (orthorhombic1.0 wt.%.
BiNbO4) as the main crystalline phase. However, triclinic The variation of the microwave dielectric constan) and
BiNbO4 phase appeared af 2= 29.3 for samples sintered  Q value at microwave frequency as a function of sintering
in 980°C. The amount of the triclinic BiNb@ phase in- temperature is shown iRigs. 4 and 5Generally, dielectric
creased with the the increasing of Fe content. The amountconstant increased when sintering temperature ranged from
of triclinic phase in the samples sintered in Was lessthan 950 to 980°C. To the samples sintered in aif, values in-
those sintered in air. However, no triclinic phase was found creased with the increasing Fe content. But the rules seemed
in samples sintered at 97C or lower temperature. The re- to be reversed to the samples sintered jn This could be
sults suggested that Fe doping lowered the phase transitiorcorrelated with the valency change of Fe. TQevalues of
temperature, and low oxygen partial pressure atmospherethe samples sintered in air firstly increased with the sinter-
may hold back the phase transition procedure. ing temperature and reached a maximum value at°@60
and then decrease@.values of the samples sintered in N

showed a similar trend, but the maximum value appeared at
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Fig. 4. Dielectric constants of BiNhOceramics withx = 0.3-10 as a Fig. 5. Q values of BiNbQ ceramics withx = 0.3-10 as a function of

function of sintering temperature. sintering temperature.
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970°C. According to the XRD and the density result, the
decrease in th® values may be caused by the amount varia-
tion of the triclinic phase. With the Fe content increase from
0.3 to 1.0wt.%, th& values decreased to a very low value.

It could be explained as: when the ceramics were sintered
in N2, much more Fe ions changed their valence from@

2*. When the F&" substituted the Bit at A site of the lat-
tice, oxygen vacancies appeared to keep electrical neutrality.
The amount of these oxygen vacancies increased witk the
value. This could make th@ value decreased. The dielec-
tric constants and dielectric loss at low frequencies (1, 10,
and 100 kHz) versus testing temperature were measured by
means of HP4284 LCR meter and the thermal test cham-
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ber. The curves are shown Kg. 6 (x = 0.3, sample sin-
tered at 960C). As expected, the dielectric constants and

loss increased to very high values as the result of thermal

ionic polarization when temperature was above 400The
details between 60 and 23Q were magnified in the small
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Fig. 6. Dielectric properties of BiNb ceramics with 0.6 wt.% ZnO
addition sintered at 97CC as a function of temperature.
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Fig. 7. 7, values of FeO3 doped BiNbQ ceramics sintered at 97C
as a function ofx value.

graphs in the figure. It can be seen that there were some dif-
ferences between the curves of the samples sintered under
different atmosphere. When the temperature ranged from 60
to 250°C, relaxation phenomenon could be recognized on
the curves of those samples sintered in But such phe-
nomenon did not appeared on those samples sintered in air.
It is known that low oxygen partial pressure could create
large amount of oxygen vacancies in the lattice. The relax-
ation phenomenon could be regarded as a proof of the exis-
tence of the vacancies. Oxygen vacancies and doping cation
at A site of the lattice (BY* substituted by F&) could be
associated by Coulomb force and form defect dipoles, that
caused the relaxation phenomenon at about €20t could
be decided that the oxygen vacancies were the main cause
of the relaxation of the samples sintered ip. N

The microwave temperature coefficientsy) of Fe,O3
doped BiNbQ ceramics sintered at 97C€ under both atmo-
sphere are shown fAig. 7. As aresultz ; values of the sam-
ples sintered in air decreased from about 20 to —10 ppm/
as thex value increasedr; of those samples sintered in
N> varied between-5 and 35 ppni/C, reached a maximum
value whenx = 0.8.

4, Conclusion

Fe,O3; addition made the microwave properties of
BiNbO4 ceramics poor@ value < 2000). The Fe addition
lowered the phase transition temperature. As the Fe amount
increased, th€) values decreased dramatically. The sinter-
ing atmosphere also had a remarkable effect on the dielectric
properties. The oxygen vacancies created by low oxygen
partial pressure atmosphere could decreas@thalue, and
the vacancies also could cause the relaxation phenomenon
at about 120C at low frequencies (1, 10, and 100 kHz).
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