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Abstract

The effects of VOs on the phase formation and dielectric properties @fB+ZnO-NBOs (BZN) pyrochlore ceramics were investigated.
With the small amount of ¥Os substitution (0005 < x < 0.05), the sintering temperatures ofiBZng 5(ZnosNbys_, V., )O; can be effectively
reduced from 1000 to 84@ while the phase structures still kept to be the pure cubic pyrochlores. JBgséems to provide an eutectic
melt below the sintering temperature to improve the sinterability. The dielectric constants decrease gradualjpyvithbgtitution while
the temperature coefficients of the samples continuously increase. The dielectric loss are in same level as that of the basic composition at the
smaller substitute amount & 0.02) but then degraded in lower frequency when the substitution reachred @05. Obvious dispersion in
the dielectric constant and loss was observed as a function of frequency and temperature after the substitution.
© 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction below 940°C was developed for multilayer capacitors, mi-
crowave resonators and filtef4—6]. Recent publications
Bi»0O3-ZnO-NbkOs (BZN) based pyrochlore ceramics have reported the formation, stability, dielectric relaxation
were first explored in 1970s by Chinese engineers for low and crystallographic characterization in this system as well
firing temperature multilayer capacitofs]. Recently, this as successful manufacturing of prototype devices include
system attracts more and more attentions due to its excel-LC filters and low temperature co-firing ceramic (LTCC)
lent dielectric properties in rf and microwave range. Pre- systems[7—11]. Previous works found that the doping of
vious work revealed that there are two main phases in the CuO and \4Os in BiNbO4 ceramics improved the sinter-
system: a cubic pyrochlore phase; BZnNb; 507, dielec- ability as well as microwave dielectric properties of BiNpO
tric constant~170, temperature coefficient of capacitance ceramicg12-14] Doping V>Os on the BpO3—NiO—NkO5
(TCC) ~—500 ppm?C, and a monoclinic zirconolite-like  (BNN) and BpO3—ZnO-NBkOs complex mixtures was also
pyrochlore phase BZnp;3Nbs/307, dielectric constant  tried [15]. Anyway, the mixed compositions and process
~80, temperature coefficient of capacitance (TCC) technology in that work are quite complicated.
~+4-200 ppm?C [2,3]. Its high dielectric constants, relatively According the principles of crystal chemistry, th&*Vis
low dielectric losses (high quality value), controllable TCC suitable for being introduced in the B site to substitutéNb
with the low sintering temperatures (below 10@) make in BZN pyrochlores due to its closed ionic radius, polariz-
this system a very appealing candidate for the application to ability and same valence. Moreover, the melt point 60y
low-fire high-frequency multiplayer devices. The relations is 690°C and it can react with the ZnO eutectica[ii5],
of phase equilibrium, crystal structure and dielectric prop- therefore it can be a good candidate for using as sintering
erties in this system were studied and a high performanceaids to reduce the sintering temperature needed for densify-
BZN-based NPO dielectric with the low-firing temperature ing the dielectrics.
In this paper, we introduce the vanadium pentoxide
* Corresponding author. Fax:86-29-82668794. to the Bi.sZnNby 507 cubic pyrochlore ceramic to form
E-mail address: hwang@mail xjtu.edu.cn (H. Wang). substitutional solid solutions by solid reaction process. It
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Fig. 1. SEM pictures of BisZngs(ZnosNbis—.V,)O7 ceramics sintered at 840 for 2h: (a)x = 0.02 and (b)x = 0.05.

should be pointed out that here the ion substitution rather HP4284 A LCR meter in conjunction with a computer con-
than ion doping is used to maintain the structure as it trolled temperature chamber at four different frequencies
is before substitution and avoid the second phase form-(1, 10, 100kHz and 1 MHz) and temperatures range of RT
ing. The effect of the ¥ substitution on the sintering to 300°C.

temperature, phase structure and dielectric properties of

Bi15Zngs5(ZngsNby sV ,)O7 dielectric properties were

then reported. 3. Results and discussion

The calcined powder has good sinterability and the dense
ceramics were obtained easily at the temperature from 840
to 940°C. After the \P* was introduced for the substitu-

The compositions of BisZno 5(ZnosNby s V,)O7 (x = tion of Nb5+'in BZN ceramic, the sintering tel_"npg_rature
0, 0.005, 0.01, 0.02, 0.05) were synthesized by conventional©f the substituted sample was lower down significantly.
powder processing technology. High purity,Bg, ZnO, 'I_'he sintering temperature o_f unsubstltute_d basic composi-
V,0s and reagent grade NBs were used. The constituent 10N Bi15ZN05(ZnosNby 5)O7 is 1000°C, while that of the
oxides were weighed out in proper ratio and mixed with alco- Bi15ZM05(ZnosNby s V,)O7 ceramics are 900C (x =
hol using agate milling media. The slurries were filtered and 0.005), 880°C (x = 0.01), 840}C_ (x = 0.02) and 840C
dried under an infrared lamp. Dried powders were pressed (* = 0.05), respectively. All the sintered samples have very
into disks of 10 mm in diameter. The samples were calcined
in a covered corundum crucible in air at 840—10Q0for
2 h. The density of the ceramic sample was measured by the
Archimedes method. The electrodes were then made using
silver paste.

The powder X-ray diffraction (XRD) was made by a
Philips X’pert X-ray diffractometer, Cu &, 40 kV-45mA.

The scanning step 0.92with an interval of 2s and the
diffraction lines in the 2 range of 10-80 were collected
and used for the determination of lattice parameters. The
morphology of sintered ceramics was studied by scanning = ___J_JL‘
electron microscopy (SEM) using a Zeiss Gemini electron

microscope.

The electrical resistivity of the sample was measured by
a HP 4339 A high resistance meter under a 100V dc bias P R T R - -
for 1 min. A HP4284A LCR meter was used for measuring % % 40 %0 &0 n 80
the frequency dependency of room temperature dielectric 26 (deg))
behaviors from 1kHz to 1 MHz. Dielectric measurements fig. 2. XRD patterns of BisZnos(ZnosNbis_.V,)O7 pyrochlore
as a function of temperature were carried out using a ceramics.

2. Experimental
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Table 1

The dielectric properties of B5Zngs(ZnosNbys_xV,)O7 ceramics

Composition X) ¢ (20°C, 1MHz) tans (20°C, 1 MHz) p (S2cm) TCC (ppm/C), 85°C TCC (ppm?C), 125°C
0 170 0.0001 >10'3 —515 —520

0.005 162 0.0004 >1018 —431 —448

0.01 157 0.0003 >10'3 —407 —420

0.02 151 0.0003 >1018 —396 —411

0.05 142 0.0011 >1012 —349 —348

high relative densities from 99.0 to 97.5% with the amount the basic composition (tah < 4 x 10~4) and the resistiv-
of V>* substitution increasing. The SEM analysis revealed ity is larger than 1#° for the compositions: < 0.02. The

the dense structure can be obtainew( 1) after the substi-  dielectric loss begins to increase wher> 0.05 and the
tution at the sintering temperature as lower as 830The  resistivity decreases to ¥®simultaneously. The tempera-
grain size increases with the amount 0fG4 increasing.  ture coefficient continuously increases with the substitution
It seems that YOs provides an eutectic melt with BD3 amount increasing from520 to—348 ppm?C. It is noticed

and ZnO below the sintering temperature to improve the that the \P* substitution can increase the temperature co-
sinterability. The higher the amount of,@s is, the lower  efficient with the decrease of dielectric constant while the

the sintering temperature is. dielectric loss remains in the same lower level as that before
V2" has smaller ionic radiugr(V>") = 0.054 and  substituted (See that af= 0.02).
r(Nb>") = 0.064 nm) than that of Nt". The XRD analy- Fig. 3 shows the frequency dependency of the dielectric

sis revealed that the phase structures of substituted sampl@nd dielectric loss of the series samples at room temper-
are still pure pyrochlores§g. 2) and no second phase was ature. The curves of dielectric constant and dielectric loss
observed. The lattice parameters of the substituted samplesemain flat with the frequency changing when< 0.02
keep stable at the same value of 1.055nm as that of thewhich means its have quite stable frequency dependence.
basic composition. That means™V partly substituting for ~ Whenx = 0.05, both dielectric constant and dielectric loss
Nb°t at B site results a relatively stable substitutional solid decreases with the frequency increasing. This is a very com-
solution Bh.5Zng5(ZnosNbys—,V)O7 (x < 0.05) and  mon behavior of dielectric and ferroelectrids] related to
there is no structure distortion happens. The densities of theleakage conductance. The decrease is rapid in low frequen-
samples decreased linearly with theé*vamount increasing  cies but becomes much slower in higher frequencies. This
and this seems attributes to the relative lower atomic weight phenomenon takes place when the jumping frequency of
of V (50.9415) than that of Nb (92.9064). _ the electric charge carrier cannot follow the alternation of
Table 1presents the data collected of the series samplesgpplied ac electric field beyond a certain critical frequency
at 1 MHz. As expected, the ™ substitution induces sig- (Table 2.
nificant changes on the dielectric properties. The dielectric  The temperature dependency of dielectric constant and
constant decreases gradually from 162 to 147. The decreasgoss of the substituted samples at selected frequencies are
of dielectric constant is associated with the smaller polar- given inFig. 4. Dielectric constant decreases and dielectric
izability of V than that of Nb (12.4 of V and 15.7 of Nb,  |oss increases as® ion substitution increases. Two kinds
10-24cm?). The dielectric loss keeps as lower as that of of pehavior are shown when < 0.01 and>0.02. When
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Fig. 3. Frequency dependency of dielectric constant and dissipation factog ¢2mjs(ZngsNby5_,V,)O7 ceramics at room temperature.
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Fig. 4. Temperature dependency of dielectric constant and dissipation factof €2rigis(ZnosNby sV ,)O; ceramics: (a)x = 0.005; (b)x = 0.01; (c)

x = 0.02; (d) x = 0.05.

x < 0.01, the temperature dependency of dielectric constanttypically associated with losses by conductid®]. With

diminishes continually and that of dielectric loss slightly in-

the temperature increasing, electrical conductivity increases

crease with the temperature increasing. The dispersion of thedue to the increase in thermally activated drift mobility of
dielectric constant and loss upon frequency and temperatureelectric charge carriers according to the hopping conduction
was observed. No peaks in the dielectric constant curve weremechanism. Therefore, the dielectric polarization increases

found as a function of frequency, which maybe considered
to indicate that a lattice polarization-type phenomenon with
dipole formation did not actually occ{t7]. This dispersion

causing a marked increasedrand tans as the temperature
increases.

may be associated to the presence of atomic defects in the
structures. As to the pyrochlore case, one may assume tha#. Conclusions

oxygen vacancies are a intrinsic defect. When 0.02, the
dielectric constant and loss begin a rise with temperature in-
creasing. The lower the frequency, the lower the onset point.
This kind of dependence af and tans on temperature is

Table 2
The dielectric properties of BsZno5(ZnpsNbss—V,)O7 ceramics

Composition Density Density Relative  Lattice
(x) (measured) (theoretical) density parameter
(gler) (gler) (%) (nm)

0 7.0175 7.1240 98.5 1.0552
0.005 7.0476 7.1202 99.0 1.0555
0.01 7.0056 7.1130 98.5 1.0556
0.02 6.9948 7.1083 98.4 1.0555
0.05 6.9219 7.1003 97.5 1.0547

The effect of \LO5 substitution on the process, structure
and dielectric properties of BD3—ZnO-NkOs microwave
ceramics were investigated. The®s; amount is in the di-
rect proportion to the sintering temperature of the substi-
tuted sample with the lowered sintering temperature from
840 to 920°'C. With the small amount of ¥0Os substitution
(0.005 < x < 0.05), the phase structures still kept to be
the pure cubic pyrochlores which means the s success-
ful to be introduced to the B site. The dielectric constants
of V,0s-substituted BZN ceramics decrease gradually from
162 to 147 while the temperature coefficients continuously
increase from—520 to —348 ppm{C with the substitution
amount increasing. The dielectric loss are in smaller level
as that of the basic composition at the smaller substitute
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amount ¢ < 0.02) but then degraded when the substitution [7] D.P. Cann, C.A. Randall, T.R. Shrout, Investigation of the dielectric
reached tax = 0.05. The frequency and temperature di- properties of bismuth pyrochlore, Solid State Commun. 1000 (1996)

. . - . . 529-534.
electric spectroscopy reveal the dispersion on the dielectric [8] M. Valant, P.K. Davies, Crystal chemistry and dielectric properties of

constant and loss. chemically substituted (B5Zn,oNby5)O7 and Bi(Zng/sNba/s)O7
pyrochlores, J. Am. Ceram. Soc. 83 (1) (2000) 147-157.
[9] J.C. Nino, M.T. Lanagan, C.A. Randall, Dielectric relaxation
Acknowledgements in Bi,0O3—ZnO-NBOs system, J. Appl. Phys. 89 (8) (2001)
4512,

. . . [10] S. Kamba, V. Porokhonskyy, A. Pashkin, et al., Anomalous broad
This work was SquortEd by the Ministry of Sciences dielectric relaxation in BisZn; sNb; 507 pyrochlore, Phys. Rev. B

and Technology of China through 973-project under grant B66 (2002) 054106.

2002CB613302. Thanks should give to Dr. R. Elsebrock for [11] W. zhang, J. T. Hochheimer, C. Modes, et al., Higheiow loss
his help on SEM observation. dielectric ceramic cofireable with a commercial LTCC tape sys-
tem, in: Proceedings of the 2001 International Symposium on Mi-
croelectronics (SPIE), vol. 4587, International Microelectronics &
Packaging Society (IMAPS), Baltimore, MD, USA, 2001, pp. 127-
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