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Abstract

The effects of Ce@addition on the sintering behaviors and the microwave dielectric properties of Bikdr@mics were investigated.
CeQ, addition lowered the phase transition temperature (from orthorhombic to triclinic phases) and decreased the sinterability,of BINbO
ceramics. Low oxygen partial pressure atmosphere were found to enhance the sinterability and accelerate the phase transition procedure o
the ceramics. The change of dielectric constants and quality factors with the bulk densities and the phase compositions of the ceramics were
reported. The (BigssCe.05)NbO; 025 ceramics sintered at 95C had a remarkable microwave dielectric property.
© 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction (x = 0.005, 0.01, 0.02, 0.05, 0.1, 0.2). A small amount of
CuO (0.4 mol%) was added to the powder as a sintering aid

Multilayer microwave devices have been developed to after the mixture was calcined at 800 for 5 h. Then proper
reduce the size and weight of the components in mobile grganic binder was added to the powder before pressed uni-
communications. In multilayer structures, low sintering axially into one pellet 12 mm in diameter, 1 mm in thickness
temperature dielectric materials were needed to co-fire with gnd another 15 mm in diameter, 6-8 mm in thickness. Protect
low melting point base metal electrode (BME) such as cop- gas in our study was of high purity 2N>99.999%). Sam-
per or silver. Bismuth-based dielectric ceramics were well ples were sintered at temperatures between 925 ane®75
known as low-fire materials, the microwave dielectric Prop- under ambient and i\]atmospheres for 2h, respecti\/e]y_
erties of BINbQ ceramics were first reported by Kagata  Crystalline phases were analyzed by X-ray diffraction
etal.[1]. Some researcf?] showed that Ag can react with  method. Microstructure was observed by a scanning elec-
BiNbO, ceramics, so copper appeared to be the only usabletron microscope. The densities of columns-like specimen
BME for BiNbO4 system. sintered at 950C were measured by the liquid Archimedes’

A major problem of BME was that the devices must be method. Measurements of the dielectric constant and the un-
fired under oxygen-free atmosphere to protect Cu from oxi- loadedQ values on Tlg11 mode at 4—6 GHz were completed
dation. Under that atmosphere the BiNpuld be slightly by Hakki and Coleman’s dielectric resonator method. Tem-
reduced, forming point defects in the lattices, and would perature coefficient of dielectric constant under intermediate

change the sintering behaviors. Our interest was to clarify frequency (1 MHz) was tested by HP4284 using the smaller
the effects of sintering atmosphere and Gas0bstitution on samples.

the microstructures and the microwave dielectric properties

of (Bi1—xCe)NbO, ceramics. ) )
3. Results and discussion

2. Experimental procedures It was known that BiNb@ had a low-temperature
phase (orthorhombic) below 102G, which changed to
Pure starting materials Ce©Bi>O3, NbyOs5 (>99.9%) high-temperature phase (triclinic) gradually as the temper-

were mixed according to the composition {BjCe,)NbO, ature was increasefB]. The calcined powder exhibited
the orthorhombic phase as the main crystalline phase. But

* Corresponding author. Fax:86-21-65985179. CeQ-doped samples sintered at a temperature above®25
E-mail address: westdew@sina.com (Z. Wang). showed a mixture of high- and low-temperature phases,
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Fig. 1. X-ray diffraction patterns of (Bi,Ce)NbO, sintered under dif-
ferent atmosphere.

without other impurity phase. As shown fiig. 1, more the

R-value of the samples witlh = 0.05 sintered under air
increased sharply even though the fire temperature was
925°C, theR-value becomes 0.458 as fire temperature was
increased to 950C, and the phase transition was completed
at 975°C. It was interesting to find that the sample with
x = 0.05 sintered at 925C under N got a higheR-value
of 0.513 compared with the samples sintered under air, and
the samples sintered at 925 under N were found to be
entirely in triclinic phase. It seemed that low oxygen partial
pressure atmosphere promoted the phase transition.

The micrographs of samples sintering at 960are shown
in Fig. 2 The grain growth was uniform and homogeneous
when Ce at a low level of content. But the sinterability of
ceramics decreased acutely with increasing the Ce-content
as a lot of pores can be found on the surface of the specimen
with x = 0.01 sintered under air. This led to the decrease of
density of the samples with Ce dopant content higher than
0.005. As showed ifrig. 3, the apparent density was only
79% of the theoretical value when the ceramics had a dopant

Ce( dopants and higher the sintering temperature, more iscontentx = 0.2. It seemed that the content of CuO sinter-
the triclinic phase formed. To determine the degree of phaseing aid did not reach a level enough to densify the ceramics.

transition, the triclinic phase intensity ratiB)(was defined
as R = Iyi/(Ii + Iortho), Wherelyi and lorno represent
the intensities of triclinic (8-12) and orthorhombic (04 0)
peaks, respectively. For dopants content 0.005-0.02,

However, the samples sintered understhiowed a different
trend. From Figs. 2b and d and 3, we could draw the con-
clusion that the ceramics were all well densified at 950
with various contents of Ce dopants under &mosphere.

the R-value of the samples showed little variation below It implied that low oxygen partial pressure atmosphere en-
950°C in spite of the sintering atmosphere. However, the hanced the sinterability of the Ce-doped BiNfp€eramics.
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Fig. 2. Micrograph of samples sintered at 980 (a) x = 0.005 under ambient atmosphere, (b)= 0.005 under N, (c) x = 0.2 under ambient

atmosphere, (dy = 0.2 under N.



Z. \ang et al./Ceramics International 30 (2004) 1329-1333 1331

- —m—air
7.4 4 —Q— N2
nE-m ®
7.2 4 ) \.
_ T
7.0 "
s 6.8
S |
°
D 6.6
b -
2 6.4+
8 1 [
6.2 -
6.0 o
5.8 .
T T T T T
0.00 0.05 0.10 0.15 0.20

Fig. 3. Densities of (Bi_Ce)NbO, ceramics sintered at 95C under ambient and Natmosphere.

This could be explained by the increase of volume diffusion  But we must remember the existence of phase transition
due to introduction of oxygen vacancies when oxide ceram- in the ceramics with the increase of Ce-content sintered at
ics were sintered underJ\atmosphere. a fixed sintering temperature. Huang et[d]. reported that

As we have mentioned earlier, there was a phase tran-the maximumQ; values of (Bi_,Ce,)NbO4 ceramics oc-
sition as samples with dopants content higher than 0.05cur at a phase transform ratio (orthorhombic to triclinic)
were sintered at a temperature higher than “@2%inder R = 0.3 and then rapidly decreased, and the procedure was
N>, this might cause an increase of the density due to the dominated by many factors. So, in this study, the maximum
pure triclinic BINbQ, getting a higher theoretical density Q; values occurred at phase transform rakio= 0.458.
7.5glcnt compared with orthorhombic 7.35 g/émHow- One different thing was that lower phase transform ratio can
ever, this effect might be weakened by the descendant cur-also decay th&); value, because a relatively high@; =
rent of density owning to the substitution of heavier Bi 14 000 achieved in the sample had almost a pure orthorhom-
atoms by lighter Ce atoms. This resulted in a lower density, bic phase withx = 0.01 before decreased t@; = 9600

7.092 g/crd, when ceramics with dopant= 0.2 were sin- with x = 0.02, which was assumed to be a composition of
tered under N, which was assumed to be well densified from orthorhombic and triclinic phase.
Fig. 3

Fig. 4illustrates the dielectric constant of (Bi;Ce,)NbO,
ceramics sintered at 95C. The trend was similar to the

bulk density. The dielectric constants of samples sintered 6 ] "= air
under air increased from 44.32 to 46.42 as Ce-content in- ] —o—N,
creased from 0.005 to 0.05, then decreased rapidly to 33.51 ] — @ .
as Ce-content attained 0.2. However, the dielectric constants _ 48 /

46 .
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of the samples sintered under, Nhcreased stably from
44.28 t0 48.96 as Ce-content increased from 0.005 to 0.2. It
implied that the triclinic phase of ceramics has a higher di-
electric constant than the orthorhombic phase. The decrease
of dielectric constants of samples sintered under air can only
be explained by the existence of high levels of porosity. ]
The figures of merit of ceramics with various contents of 361 \
Ce( dopants sintered at 95C€ under different atmospheres 341 .
were shown irFig. 5. In the case of samples sintered under 32 . . , . , . , .
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Dielectric constant
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air, the quality factor increased first, reached a maximum
Qs = 15000 atx = 0.05, then followed by a sharp decrease. X
EXCIUdmg the except|0nal data pointat= 0.02, thle as Fig. 4. Dielectric constants of (Bi,Ce)NbO, ceramics sintered at

a function of Ce dopant was rather simple. 950°C under ambient and Natmosphere.
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Fig. 5. Figure of merit of (Bi_.Ce)NbO, ceramics sintered at 95C under ambient and Natmosphere.
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Fig. 6. 7. 80 of (Bi1—xCe)NbO, ceramics sintered at 95C€ under ambient and Natmosphere.

The quality factors of samples sintered under &mo- efficients were much higher, go > +100 ppm{C in spite
sphere were much smaller than that sintered under air. Itof the sintering atmosphere. But it was worthwhile to note
increased first, reached a maxinga = 5000 atx = 0.02, that the ceramics with dopant content 0.01 hadr, go =
and then followed by a decrease, reached a minindyyre= —38 ppm?C when sintered under ait, go = 70 ppm/C
3680 atx = 0.05, at last it increased slightly again. The for- when sintered under N
mation of oxygen vacancies might contribute to the decay
of Q compared with the highd®; of the samples sintered
under air. Since the triclinic-phase ceramics were well den- 4. Conclusions
sified, the poor dielectric properties might also be due to the
high intrinsic loss of high-temperature phase. (Bi1—Ce)NbO, ceramics with 0.4 mol% CuO sintering

Fig. 6shows the temperature coefficient of dielectric con- additives were found well densified far < 0.05 sintered
stant of (Bi_,Ce,)NbO, ceramics sintered at 95C under at 950°C under air, but the ceramics were a mixture of tri-
air and N atmospheres. For > 0.02, the temperature co-  clinic and orthorhombic phases, though the phase transition



Z. \ang et al./Ceramics International 30 (2004) 1329-1333 1333

remained very low. As more Ce substituted the Bi sites in Acknowledgements

BiNbO4 ceramics, i.ex > 0.05, low sinterability and rapid

phase transition were observed when samples were fired at This work was supported by the Ministry of Science
a temperature of 950C under ambient atmosphere. How- and Technology of China through 863-project under grant
ever, low oxygen partial pressure atmosphere was found t02001AA325110, 973-project under grant 2002CB613302.
enhance the sinterability and accelerate the phase transition

procedure. The dielectric constants of {BiCe,)NbO, ce-

ramics sintered at 95 under ambient atmosphere were References

strongly dependent on the bulk density and dopant content,

while those of the ceramics sintered under high purigyaN [1] H.. Kaggta, T. In.oue, J. Kato, |. Kameyama, Low-fire bismuth-based
mosphere at 950C were found to be saturated in the range ng'ZC”'C ceramics for microwave use, Jpn. J. Appl. Phys. 31 (1992)
of 44_—49. Unloaded quality factors pf samples sintered under[z] S.Y. Cho, H.J. Youn, D.W. Kim, Interaction of BiNhGbased
ambient atmosphere were much higher than that of the sam- "~ o-firing ceramics with silver electrodes, J. Am. Ceram. Soc. 81 (11)
ples sintered underNTher, of ceramics were quite higher (1998) 3038.

regardless of the sintering atmospherexfor 0.02. The mi- [3] R.S. Roth, J.L. Waring, Synthesis and stability of bismutotanta-
crowave dielectric properties of the (B}BCQJ‘OS)NbO4.025 lite, stibiotantalite and chemically similar, J. Res. National Bureau

. intered at 95C und bient at h Standards-A: Phys. Chem. 66A (6) (November/December 1962).
ceramics sintered a under ambient almosphere were [4] C.-L Huang, M.-H. Weng, C.-C. Wu, Low fire BiNbOmicrowave

er = 46.42, Qs = 15000, while the dielectric properties of dielectric ceramics modified by Si®3 addition, Mater. Res. Bull. 35
those sintered underJdNvere:s; = 46.05, Qs = 3700. (2001) 827-835.



	CeO2-modified BiNbO4 microwave ceramics sintered under atmosphere
	Introduction
	Experimental procedures
	Results and discussion
	Conclusions
	Acknowledgements
	References


