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Abstract

The ion substitution with Mfr and W+ co-substituted N~ in B site of a low firing ByO;—ZnO-NkOs-based AB,O; pyrochlore
ceramics was investigated. The ftrand WP+ co-substitution was tentatively introduced in cubic-monoclinic pyrochlores co-existing ceramics
BizZny_3.(Zn:Nby_,_»,Mn,W,)O; (x = 0.5-065,y = 0, 0.02, 0.05, 0.1) and the results shows interested regular influence on the structure,
dielectric properties with the amount of substitution amount change. With the structure evaluation and electrical properties measurement
results, the Mfi- and WP+ substituted NB" in B site shows effective to depress the grain growth and the ceramic with fine grainsjmi—3
can be obtained. The electrical properties was also enhanced in smaller substitution amount but degraded with the substitution amount
increasing. Based on these results, small amount dfMnd WP+ substitution was successfully applied to a base ceramic with the electrical
properties satisfied the NP0 specification to miniaturize the grains and enhance the sintering behavior.
© 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction BizZny/3Nby 307 (B phase), a monoclinic zirconolite-like
pyrochlore phase, dielectric constant80, temperature
Low-fire bismuth-based ceramics is a typical high fre- coefficient of dielectric constantaf) ~ +200ppm?C
guency dielectrics with high permittivity and low dielectric  [3]. Therefore, a two phase composite with NRQ
loss and received special attention with the advances=+30ppm?C between—55 and 125C) characteristics is
in microelectronic technologies and microwave com- attainable within this system by adjusting the composition
munication. Bj)O3—ZnO-NbOs (BZN)-based ceramics with a self-formeda— co-existing phase structure. The
with the incorporation of BiO3—NiO-Nk,Os (BNN) relations of phase equilibrium, crystal structure and dielec-
were firstly explored in 1970's as the dielectrics for tric properties were also studidd]. A high performance
temperature-stable and temperature-compensating multi-BZN-based dielectric with the low sintering temperature
layer ceramic capacitors in Chirfa]. The sintering tem-  below 940°C satisfied the EIA specification COG was de-
peratures of BZN-BNN-based ceramics were found to be veloped for multilayer capacitors, microwave resonators and
below 1000°C so that high-Ag electrode materials can be filters[5]. Because of the strong potentiality in commercial
used. Similar studies of BZN-based dielectrics were then applications of BZN-based dielectrics for microwave mul-
made by Yan and co-workef&]. Our previous work in- tilayer devices, the studies on the microwave properties of
dicated that the main phases of BZN-based ceramics areBZN materials become more and more active réw8].
a cubic pyrochlore BisZnNb;sO7 (o phase), dielectric ~ For improving the properties of the BZN ceramics, some
constant~170, temperature coefficient of dielectric con- works were performed for studying the influence of the ion
stant ¢,) ~ —500ppm?C, and a monoclinic pyrochlore substitution and doping in this syste®-11]. The dielec-
tric properties of BZN ceramics are in highly dependent on
the additives and compositions.
* Corresponding author. Fax:86-29-2668794. During the developing the NPO compositions in BZN
E-mail address: hwang@mail xjtu.edu.cn (H. Wang). system for commercial use, there are two main problems
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continuously inhibit the commercial applications. One is that 0
the dielectric properties, especially the temperature coeffi- o o—a

cient of the capacitance is highly sensitive to the sintering 0 0 o 9mh 9 0
temperature, another is the abnormal grain growth or sec-
ondary recrystallization easily happenéd.

=0.05
In this paper, the effect of introducing the Knand W+ L, A " g

to substitute the NY™ in B site which are shared by two g
ions of different valency4] of a BZN-basea&—{3 pyrochlore = y=0.02
ceramic was investigated. The results show it is an effective = i L
way to improve the sinterability and depress the grain growth Ilen—
properties of the ceramics for practical use. The optimized
composition with NPO characteristics is a good candidate for o o . -
MLCC, LTCC and multiplayer devices in high frequency to o o h o J\_ X y=0
microwave ceramics. : T - T - T - . -
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2. Experimenta] Fig. 1. XRD patterns of BiZny_3.(Zn,Nby_,_2,Mn,W,)O7

(x = 0.5-065,y =0, 0.02, 0.05, 0.1) ceramics sintered at 960for 2 h.

The compositions of BZN-based composition &in,_z,
(Zn{Nbp_,_2,Mn,W,)O7 (x = 0.5-065,y = 0, 0.02, 0.05, and temperature varying from room temperature to “4D0
0.1) with the M+ and WP+ substituting NB* in B site by placing the discs in an automated measurement system
were synthesized by conventional ceramic technology. High consisting of a PC computer, a HP 4284 A LCR meter and
purity BioOz, ZnO, MnG,, WO3 and reagent grade NOs a temperature chamber.
were used as starting materials. The constituent oxides were
weighed out in proper ratio and mixed with alcohol using
agate milling media. The slurries were filtered and dried 3. Results and discussion
under an infrared lamp. The dried powders were calcined
in air from 750 to 850C for 2h. Then the powders were ~ The XRD patterns of the BiZny_3,(ZnNbz_,_2,Mn,
pressed into discs of 10mm in diameter. The discs were W,)O7 (x = 0.5-065, y = 0, 0.02, 0.05, 0.1) ceram-
finally sintered from 900 to 100QC for 2 h. ics sintered at 960C for 2h were shown irFig. 1 The

The phase structures of BZN samples were characterizedcrystal structures of the sintered samples were character-
by X-ray diffractormetry (XRD). The X-ray diffraction pat- ized as cubic pyrochlorexj and monoclinic pyrochloreg)
terns were obtained using a Rigaku D/MAX-2400 X-ray co-existing phasesx). Table 1presents the phase ratio
diffractometer with Cu & radiation by 0.02 with 29 steps of different compositions. The phase ratiocofin Table 1)
width. The microstructure characterization was made by a was calculated by the following equation:
scanning electron microscope (SEM). I,

Samples for dielectric measurements were painted elec- (%) = A 100% (1)
trodes with low-temperature-fired silver paste. The dielectric o B
permittivity and dissipation factor of samples were measured wherel,, | are the intensities of the strongest peak of phases
using a high precision LCR meter (HP 4284 A). The fre- « andp, respectively. The phase ratiogradually decreases
guency dependence of the dielectric behavior were measuredvith y value increasing. This indicates that the phase struc-
by a HP 4284 A LCR meter (1 kHz-1 MHz). The electrical ture gradually changes from tle dominating to domi-
resistivity were measured by a HP 4339A high-resistance nating when the amount of substitution increasing. There is
meter under a measuring voltage of 100V dc for 1 min. The no other impurity phase observed in all the patterns. This
temperature dependence of the dielectric constant and lossneans that a limited substitutional solid solution with‘¥in
were measured at different frequencies (1, 10 and 100 kHz)and WPt co-substituted Nd in B site are formed which

Table 1
The phase ratio, densities and dielectric properties gfBb_3,(Zn.Nbz_,_2,Mn,W,)O7 (x = 0.5-065, y = 0, 0.02, 0.05, 0.1) ceramics sintered at
980°C for 2h

Composition ) a (%) ¢ (20°C, 1 MHz) tarns (20°C, 1 MHz) p (2cm) a. (85°C, ppm/C) Density (g/cm)
0 87 109 0.0001 4.366 103 —120 7.339
0.02 80 101 0.0001 1.194 10 —40 7.351
0.05 58 98 0.0003 4.81¢ 102 +26 7.501

0.1 31 92 0.0004 6.24% 1011 +158 7.263
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Fig. 2. SEM photos of Bi.Zny_3,(ZnNbz_;_>,Mn,W,)O7 (x = 0.5-0.65) ceramics before and after substitution sintered at 1Q0fr 2h: (a)y =0
and (b)y = 0.05.

attributes to the closed radius of ¥n(0.054 nm) and \&* 10~24cmP) and W (11.1, 10%4cm®) than that of Nb (15.7,
(0.066 nm) to that of Nb" (0.064 nm) and the balanced va- 10-2*cm?). The dielectric dissipation factor of the samples
lence. at room temperature is on the order of f@t 1 MHz before
The microstructures of the samples were studied by SEM and after substitution. The frequency dependency of dielec-
technology. The dense ceramics of the substituted can be obtric behaviors of the ceramics is shown kiig. 3. The di-
tained after sintered at 96C for 2 h. The base ceramig & electric constants of the different compositions vary slightly
0) has a dense crystal microstructure with bigger grains from with the frequency varying. The dielectric loss diminishes
5 to 10pm at 1000°C (Fig. 2 and the trace of secondary with the frequency increasing which is due to the leakage
crystallization can be seen. With the substitution ofin  conduction. The higher the substitution amount, the larger
and WPt to Nb°*, the extent of grain abnormally growing the decrease of dielectric loss is. The temperature depen-
up was effectively controlled. For example, the grain size of dence of dielectric behaviors of the ceramics is shown in
y = 0.05 composition is about 2+8m at 1000°C (Fig. 2). Fig. 4 The temperature coefficieat was calculated by the
That indicates Mfit and WH substitution are effective for ~ following formula:
depressing the grain growing. £r, — 1y
The dielectric properties of the ceramics are listed in @ = e (Th—T1)
Table 1 The base ceramics have excellent electrical resistiv- !
ity greater than 18 © cm. The resistivity reach the summit  whereer, is the dielectric constant & (here,T; is 25°C),
of 1014 Q cm aty = 0.02 but then decreases untilf@ cm and e, is the dielectric constant af, (here, T2 is 85
wheny = 0.1. With the value ofy increasing, the dielectric ~ or 125°C). The temperature dependence of the dielectric
constant of the samples gradually decreases and the tempeibehavior shows that botk and ta® goes up with the
ature coefficientr, increases. The decrease of the dielectric temperature rising at lower frequencies. The higher the sub-
constant is due to the smaller polarizabilities of the Mn (9.4, stitution amount, the lower the onset point. This indicated
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Fig. 3. Frequency dependence okEiny 3,(ZnNbz_,_2,Mn,W,)O7 (x = 0.5-065, y = 0, 0.02, 0.05, 0.1) ceramics sintered at 960for 2 h.
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Fig. 4. Temperature dependence og&iny_3,(ZnNbp_,_2,Mn,W,)O7 (x = 0.5-065, y = 0 (a); 0.02 (b); 0.05 (c); and 0.1 (d)) ceramics sintered at
960°C for 2h.

that the typical leakage conductance of high temperatureas oxygen vacancies occurred when the substitution amount
existed. With the temperature increasing, electrical conduc- increasing. This situation is easy to happen when théMn
tivity increases due to the increase in thermally activated change its valence af4 to lower valence of-2. Noticed that
drift mobility of electric charge carriers according to the densities of the samples first increase with the substitution
hopping conduction mechanisih2]. This is in accordance  amountincreasing tp = 0.05 then anomaly decrease to the
with the results of frequency dependency. Since the radiuslowest when the substitution amount continuously increasing

of Mn** is smaller than that of N, the mobility of elec- to y = 0.1 (Table J). Considering the mean atomic weight
tric charge carriers in B site increases with the amount of of Mn and W (119.389) in 1:1 is bigger than that of Nb
substitution increasing. (92.906), the density should increase continuously with the

Since the MnQ and WQ; in the ratio of 1:1 are intro- substitution amount increasing. The decreased density of
duced for substitution of NfDs, The substitution will lead y = 0.1 results more porosities in the sample. Both the
a dynamic equivalence in ideal state as in the following:  porosity and the lattice defects would be responsible for the

Nb,Os degrading of the dielectric behavior pf= 0.1.

2Mn0O, — 2Mny, + 4035 + Vo** 3) For improving the dielectric properties and inhibiting the
grain growing up in the NPO composition in BZN system for

b : . -

2WOs Nb2O5 2Wip® + 507 + %02 T @) practical use, the small amount of Kfhand WFt substi

tution in B site for the NB™ was adoptedTable 2presents
the dielectric properties of the NPO compositions in BZN

However, if the MnQ introduced with some reductive MnO S
system before and after Mh and WP+ substitution. The

then more oxygen vacancies will be produced in such a

situation: a, changes only=16 ppm?C in the optimized composition
NBYO comparing with 69 ppmcC of the base NPO composition at
2MnO —2= 2Mnyj, + 205 + 3Vo** (5) the sintering temperature range from 940 to 980Fig. 5

is the SEM photos of the optimized composition sintered
Combined with the measurement results of the electrical at 940-980C. It showed that the grain growing was well
properties, it could be deduced that some lattice defects suckcontrolled and there is no abnormal grain growth. The grain
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Fig. 5. SEM micrographs of Mi and WPt substituted BZN-based NPO ceramics (after substitution) sintered &C9#0 2 h (a) and 980C for 2 h (b).
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