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Abstract

Correlations between microwave dielectric properties and the dielectric polarizabilities related to the bond valences of A- and B-site ions in
Pb-based complex perovskite ceramics have been investigated. With the decrease of A-site bond valence, the dielectric constants were highe
than those obtained from the dielectric additivity rule due to the rattling behavior of A-site ions. The temperature coefficient of the resonant
frequency (TCF) depended strongly on the bond valences of the A- and B-sites, as well as the tolerandgifettterperovskite structure.

In the tilted region { < 1.0), the tilting of the oxygen octahedra increased and the TCF decreased because of the increasing bond valence of
the B-site. Also, the dependence of TCF on the bond valence of the A-site was similar to its dependence on the toleramtice factor (
© 2004 Elsevier Ltd and Techna S.r.I. All rights reserved.
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1. Introduction to be affected by the rattling effect as well as the ionic po-
larizability [5], and TCF was closely related with the tem-

With rapid progress of the telecommunication system, perature coefficient of dielectric constant (TCK), which de-

several kinds of microwave dielectric materials have been in- pended on the distortion of oxygen octahedra in AR@r-

vestigated to meet the demand for the miniaturization, com- ovskite structurg6]. On the other hand, the rattling effect

pactness and easy matching of microwave integrated circuits.and the octahedral distortion were largely dependent on the

Especially, complex perovskite compounds A(B@®; were bond strength and bond length of the composing ions, which

extensively studied due to their superior dielectric proper- could be expressed quantitatively by the bond valdAe.

ties at microwave frequenci¢$—3]. Various attempts have In this study, the effects of A- and B-site bond valences

been made to control the microwave dielectric properties on the microwave dielectric properties of Pb-based complex

of Pb-based perovskite systems such as the substitution operovskite compound were investigated.

c&t for P?*, and T for B** in (Pb,Ca)BQ, (B = Zr,

Hf, (Fer2Nby/2), (Mg1/2Nby/2), (Niy2Nby)2)) [4]. How-

ever, most of searches have been mainly empirical, and they  Experimental procedures

compositional dependence on the dielectric const@nand

the temperature coefficient of resonant frequency (TCF) has  High purity (=99.0%) oxide powders of PbO, CagO

been explained by the dielectric mixing rule and structural Fe,0; Nb,Os, Ta,0s, SNQ, and TiQ, were used as the

change. starting materials. They were weighed according to the
Microwave dielectric properties are affected by the crys- compositions of (Pp.,Ca,)(Fey5Ta0.5)O03 (PCFT) (050 <

tal structure and the interactions between cation and anion, < g 65), (Ph_,Ca,)(F&sNbg.s)Os (PCFN) (055 < x <

of the compound. At microwave frequenciéswas found g gg), (Ply.5Ca05)((Mdo.33Ta0,67)1_,SN,)03  (PCMTS)

(0.01 < y < 0.05) and (Pbs5Cay5)((Mgo.33Tao.67)1—, Tiy)

* Corresponding author. Tel:82-2-2123-2847; fax+82-2-392-1680. O3 (PCMTT) (005 < y < 0.15). The specimens were
E-mail address: khyoon@yonsei.ac.kr (K.H. Yoon). prepared by the conventional mixed oxide method via
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the columbite route. Raw materials were ball milled whereaghs and aieo are the observed and the theoretical
and calcined at 900C for 3h followed by sintering at  polarizabilitieswa, ag, andap are the ionic polarizabilities
1150-1400C for 3 h. To reduce the loss of PbO and de- of A-and B-site ions and oxygehjs the measured dielectric
composition during higher-temperature sintering, the speci- constantp is 47/3 andVy, is the molar volume, respectively.
mens were buried in powders of the same composition and
placed into a platinum crucible.
X-ray powder diffraction analysis (D/Max-3C, Rigaku, 3. Resultsand discussion
Japan) was used to determine the crystalline structure and
lattice parameters. The polished surface was observed using It has been reported that the microwave dielectric proper-
a scanning electron microscope (JEOL, JSM 820, Japan).ties depend on the secondary phases and density, as well as
The dielectric constant and unload®dsalue at frequencies  the compositions of the materigl8]. For the entire compo-
of 5-6 GHz were measured by the post resonant method de-sitional range of PCFT, PCFN, PCMTS and PCMTT, a sin-
veloped by Hakki and Coleman. TCF was measured by the gle phase with perovskite structure was confirmed by X-ray
cavity method at frequencies of 9—11 GHz and the temper- diffraction patterns. Also, the effect of density on the mi-
ature range of 25-8CC. crowave dielectric properties of the specimens could be ne-
The bond valence of A- and B-site in the ABPerovskite glected because the relative density was higher than 95% in
was calculated from the bond valence parameters of A- andthose Pb-based complex perovskite ceramics.

B-site cation and the distancet (o, ds—o) between A- and Microwave dielectric properties and A-site bond valence
B-site cation and oxygen by tiggs. (1) and (2)respectively of PCFT and PCFN systems are showTable 1 With an
[71: increase of Ca content, the dielectric const#)tdnd TCF
were decreased. The tolerance factdrof the specimens,
Vi= Z Vij 1) described the stability of perovskite structure, decreased due
J to the smaller ionic size of Ga (1.34A, CN = 12) than

that of P+ (1.49A, CN= 12).

Vi — ex (Rij —du) @) The effect of compositional change on the microwave

ij = exp b dielectric properties could be elucidated by the change of

) . bond valence. A-site bond valences of PCFT and PCFN were

where the bond valence of atomV; was defined as the  gptained fromEgs. (1) and (2)As shown inTable 1 the
sum of all of the valences from a given atamR;j is the  gecrease of A-site bond valences could be explained by the
bond valence parameter, which could be obtained from the jecrease of the bond length of A-site with Ca content, even
literatured(8], djj is the length of a bond between atomnd  hough the tilting of oxygen octahedral was changed with
j, andb' is a universal constant equal to 0.37 A. the tolerance factort), Therefore, TCF of the specimens

The observed dielectric polarizabilitiegbs) of the spec-  depended on the bond valences of A-site, as well as the
imens were obtained from measured dielectric constant andolerance factort].
the unit-cell volume using the Clausius-Mossoti equation,  Similar calculations were applied to obtain B-site bond va-
and the theoretical dielectric polarizabilitiesi{eo) of the lence of PCMTS and PCMTT ifiable 2 The B-site bond va-
specimens were calculated from the ionic polarizabilities of |ence of PCMTS increased with an increase dt'Scontent,
composing ions and the additive rule of dielectric polariz- while that of PCMTT decreased with an increase dfTi

abilities byEgs. (3) and (4) [6] content. The observed g,y and theoreticaldneo) dielec-
V(K — 1) tric polarizabilites were calculated by the Clausius—Mossoti
daps= —————— 3) equation and the additivity rule of dielectric polarizabili-
b(K + 2) SN .
ties in Egs. (3) and (4) The volume of unit cell Vynitcell
otheolABO3) = aa +aB + @0 x 3 4) of Table 2 was obtained from the lattice parameters of the
Table 1
Microwave dielectric properties and A-site bond valence of PCFT and PCFN
Composition Dielectric Tolerance Ra—o (A) da—o (A) Bond TCF (ppm/C)
constant K) factor ¢) valence,Va
(Phy.50Ca0.50)(Fen5Ta0.5)O3 82.0 0.9745 2.0395 2.7928 1.5667 —-6.0
(Phy.4sCan55)(Fep5Tao 5)O3 72.0 0.9719 2.0323 2.7884 1.5547 —-135
(Phy.40Ca0,60)(Fen5Ta0.5)O3 65.0 0.9694 2.0250 2.7840 1.5427 -16.0
(Phy.35Ca0.65)(Fep5Tao,5)O3 60.0 0.9668 2.0178 2.7796 1.5309 —-16.5
(Phy 45Cay 55)(Fen.5Nbp 5) O3 76.7 0.9719 2.0323 2.7783 1.5977 3.4
(Phy.40Ca0.60)(FensNbg 5)O3 81.3 0.9694 2.0250 2.7816 1.5527 -9.19
(Phy.3sCa0.62)(Fen sNbg 5)O3 70.8 0.9683 2.0221 2.7830 1.5347 -11.61

(Php.36Can.64)(Fen5Nbg 5)O3 58.8 0.9673 2.0192 2.7866 1.5082 —12.02
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Table 2
Dielectric polarizabilities and B-site bond valence of PCMTS and PCMTT
Composition Theoretical Observed A (%) Bond TCF

K Vo 2 [(ctobs — @ttheo)/ valence,Vg (ppm/C)

Otheo unitcell Qobs ops % 100]

(Php5Ca05)(MJ0.33T80.67)0.99SM.0103 14.144 64 62.770 1 14.311 1.171 4.0947 -3
(Phy 5Cay5)(Mgo.33T20.67)0.97SM.0303 14.128 63 62.542 1 14.249 0.846 4.1336 -5
(Phy 5Ca 5)(Mgo.33T20.67)0.955M.0503 14.113 57 61.996 1 14.055 -0.414 42131 -9
(Ptb'5ca)'5)(|\/|go'ggTa)'67)0_g5Ti0'0503 14.118 67 61.860 1 14.133 0.105 4.1785 -3
(Pp5Can5)(Mgo.33Ta0.67)0.90 Ti0.1003 14.085 73 61.953 1 14.206 0.851 4.1504 5
(Ptb'5C6b'5)(Mgo'ggTa)'67)0_85Ti0'1503 14.052 77 62.047 1 14.257 1.442 4.1224 13
XRD pattems. With increasing éh and/or Tfpr content, AIthOUgh the tolerance faCIOI)(Of perOVSkite structure

atheo OF the specimens decreased due to the smaller dielec-has been reported to be closely related to the tilting of
tric polarizabilities of Sfi* (2.83A) and/or TH (2.93A)  oxygen octahedrd5], it is not sufficient to explain the
than that of (Mg 33Tage7)* (3.59A). Howeveragps ob- change of TCF by the tolerance factor because the effec-
tained from the measured decreased for PCMTS, while tive size of the ion in the center of oxygen octahedra is
aobs for PCMTT increased, respectively. These differences changed with tilting[8]. It was found the TCF behavior
of agps from ameo could be explained by the B-site bond of Pb-based complex perovskite to be related to the bond
valence. valences of A- and B-site ions. As the bond valence of

Figs. 1 and 2show that the deviations afops from A-site increased, TCF of PCFT and PCFN increased, while
atheo decreased with an increase of A- and B-site bond TCF of PCMTS and PCMTT decreased with increasing
valences in Pb-based complex perovskite ceramics. ThereB-site bond valence. Therefore, TCF of Pb-based com-
fore, the dielectric constant were found to depend not Plex perovskite compounds was associated with the bond
only on the ionic polarizabilities, but also on the rattling Vvalences of the A- and B-sites, as well as the tolerance
effect which could be evaluated by the bond valence of factor ().

materials.
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Fig. 1. Dependence of dielectric polarizabilities and TCF on A-site bond Fig. 2. Dependence of dielectric polarizabilities and TCF on B-site bond
valence. valence.
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