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Abstract

The products and microwave dielectric properties of ceramics with nominal composition (BagoCag )(YB'12)OGyx+4.5)2
(B'=Nb’", Ta’") are investigated. When x=0.5, i.e. (BagoCag )(Y2B12)O3 (B =Nb’*, Ta>"), the product contains a con-
siderable amount of Y,Oj3 as well as the main perovskite phase. When x = 0.3 the product is single phase, equivalent to Ba(Ca;,Y3/9
Nbs/9)O3 or Ba(Ca,9Y3/9Tas;9)Os3. The lattice parameters of these new compounds are smaller than those of Ba(Y;,Nb;,,)O5 and
Ba(Y2Ta,;»)O;. The relative permittivities (e,) of these new compounds are larger than those of Ba(Y;;B'1,2)0; (B =Nb>*,
Ta>"). The increase in ¢, of the Nb-system is about 4 times larger than that of the Ta-system. The Qf values of the present ceramics
are larger than the Ca-containing perovskite in the (Ba,_,Ca,)(Mg,;3Ta,/3)O3 system. The sharp increase of ¢, in this study cannot
be explained by the Ca?™ rattling ion model at the 4-site, which applies to the case of the (Ba;_,Ca,)(Mg;/;3Ta,3)Os system. A new

method to explain the increase in ¢, is discussed.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

The paraelectric properties of perovskite oxides
change upon partial substitutions of their A4-site alka-
line-earth ions. Are there rules for the substitutions, to
explain the changes in paraelectric properties—relative
permittivity, and dielectric loss, and their changes with
temperature? This inquiry has motivated many
investigations'™ and this study. We investigate a new
system with a nominal composition (Bag 9Cag 1)(Y 5’1 2)
OGy+4a5)2 (B=Nb>", Ta’").

Previous studies have dealt with systems (A4;_,4")ZrOs
and (A4,_A")(B13823)03 (4, A'=Ba, Sr, Ca) including
the pressure and temperature dependences of
capacitances' and yielded very interesting experimental
relationships among elastic parameters and dielectric
properties.* Moreover, the systems, (Ba;.Ca.)(B2B'1)2)
03 (B3+ :Y3+’ 1\1(13+7 Gd3+; B/5+ =Nb5+, Ta5+)’
have been studied® for comparison with other reported
systems.

* Corresponding author. Tel.: +81-46-291-3162; fax: + 81-46-242-
8760.
E-mail address: ikawa@chem.kanagawa-it.ac.jp (H. Ikawa).
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2. Experimentals

The nominal composition of the two systems is
expressed as (Bag oCag 1)(YB'12)O;x+ 45,2 (B =Nb>*,
Ta*>*). The two compositions with x of 0.5—
(Bag.oCag 1)(Y,2812)Os—have been prepared by Ikawa
and Takemoto.’> Guaranteed grade reagents were used
to prepare specimens according to normal ceramic pro-
cessing. A micro pulverizer (Fritsch, P-5), setting 80 ml
pots made of partially stabilized zirconia, was used after
the first and second calcinations at 1200 °C for 9 h. The
shaped powder was CIPed under 1.0 GPa (Sugino
Machine, HPV-150C4). Ceramic disks about § mm in
diameter and 4 mm length were prepared by sintering in
air at 1600 °C for 5 or 6 h.

Specimens were characterized by XRD (Rigaku,
RINT2500VHF), SEM, and density measurements
(Micromeritrics, AccuPyc 1330). The microwave
dielectric properties were measured by means of the
Hakki—Coleman® and Kobayashi’” method in the TEq,
mode at about 9 GHz. A network analyzer (HP, 8722C)
system was used in association with the program SU2-
RODTEO1 Ver.2.” The temperature dependence of the
resonance frequency of the disk was measured from 0 to
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80 °C. The temperature coefficient of resonance fre-
quency (TCf) was evaluated using data at 20 and
80 °C.

3. Results and discussion
3.1. Product and lattice parameter of perovskite

Figs. 1 and 2 show XRD patterns of crushed sintered
pellets of selected x in the system (Bag 9Cag 1)(Y Nb)2)
O@x+4.52 and (BagoCag 1)(Y Ta;2)O@Gy+4.5)2, respec-
tively. The XRD patterns of Figs. 1(a) and 2(a) show
that there are considerable amounts of Y,05 as well as
the perovskites. This result confirms the work of Ikawa
and Takemoto.’ The XRD intensities of Y,O5 are weak
when x is 0.4, and not seen when x is 0.3. All the dif-
fractions peaks [Fig. 1(c) and 2(c)] were indexed
according to the indices of Ba(Y,,Ta;»)O3 (JCPDS 19-
0147). Therefore, they represent the spectra of Ba(Ca,
Y3/9Nb5/9)03 and Ba(Ca1/9Y3/9Ta5/9)O3. This means
that all the Ca®>" ions occupy the B-site of perovskite in
these systems. However, the authors cannot explain the
difference in the intensities of Y,O3 between Figs. 1(a)
and 2(a).

T

x=0.5
A

nEMnEye

(b)
x=0.4

nuesre

C)
x=0.3

Relative Intensity

NN

2030 40 350 60
Cu Ko 20 / degree

Fig. 1. XRD patterns of crushed sintered disks of the nominal com-
position (BagoCag )(Y Nb;2)Ogy +4.5)2. Diffractions belonging to
Y,0; are marked by triangles.

The lattice parameters are compared in Fig. 3. The
parameters of the two perovskites are approximately
independent of the composition (0.3<x<0.5). It is
because the composition of the product is Ba(Ca; Y39
Nbs,9)O3 or Ba(Ca,9Y39Tas9)O3. When the parameters
are examined in detail it may be noted that the para-
meters have a slight tendency to decrease with the
increase in x. It is inferred from this slight change in the
parameters that the chemical composition of the com-
pound is not strictly fixed at Ba(Ca,,9Y3,9Nbs;)O3 or
Ba(Ca;9Y39Tas)Os, but there is slight change in che-
mical composition, taking into account point defects.

The lattice parameters® of Ba(Y| »Nb; )O3 and
Ba(Y,/;Ta,»)O5 are also shown in Fig. 3; they are rea-
sonably close to each other. In comparison, the para-
meters of Ba(Ca1/9Y3/9Nb5/9)O3 and Ba(Ca1/9Y3/9Ta5/9)
O; are almost identical, and they are significantly smal-
ler than those of the former (Ca-free) compounds. The
mean ionic radii® of B-site ions of Ba(Y,Nb,;»)O5 and
Ba(Ca;9Y39Nbs9)O; are evaluated as follows. The
weighted arithmetical mean radii and the cube root of
mean cube radii of Y;,Nb;, are 77 and 79.1 pm,
respectively. These equivalent mean ionic radii for Ca g
Y30Nbsg are 76.7 and 79.4 pm, respectively. Nominally
the ionic radii of Nb>* and Ta>™" are identical.®
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Fig. 2. XRD patterns of crushed sintered disks of the nominal com-
position (BagoCag 1)(Y.Ta;;2)O@3y+ 4.5, Diffractions belonging to
Y,0; are marked by triangles.
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Fig. 3. Lattice parameter vs. composition parameter x in the nominal
composition (BaggCag )(YB'12)OGx+4.5,2 (B =Nb>*, Ta’").

The respective arithmetical mean radii (77 and 76.7
pm) support the larger parameter of Ba(Y,,Nb, )O3
than that of Ba(Ca, oY 3/9Nbs;9)O; (Fig. 3). On the other
hand, the respective cube root of mean cube radii (79.1
and 79.4 pm) are inconsistent with the experimental
data (Fig. 3) although the cell volume could be eval-
uated by the sum of volumes of respective ion spheres.’

The observed densities (units of 10° kg m~3) of disks
are as follows: (BagoCag 1)(YNb;2)O@y +4.5)2 system:
x=0.3: 5.854(6) (96.9% of theoretical density); x=0.35:
5.782(5); x=0.4: 5.846(3); x=0.45: 5.855(5); x=0.5:
5856(3) Then for the (Baogcao_1)(YXT31/2)O(3X+4.5)/2
system: x=0.3: 6.93(1) (97.2% of theoretical density);
x=0.4: 6.63(1); x=0.5: 6.80(2); x=0.7: 6.54(2). These
densities are sufficiently high for dielectric measure-
ments.

3.2. Dielectric property

Fig. 4 shows e, and Qf values of the ceramic disks.
The &y Valu655 of Ba(Yl/sz1/2)03 and Ba(Yl/zTal/z)O3
in the figure agree well with reported data.® The respec-
tive Er of 42.8 (X:03) and 33.4 of Ba(Cal/ng/ng5/9)
O3 and Ba(Y,,,Nb;,)O3 are compared with those &, of
332 (X:O.3) and 30.1 of Ba(Ca1/9Y3/9Ta5/9)O3 and
Ba(Y,Ta;»)O0s. The increase in &, due to the incor-
poration of Ca?* is evident. Moreover, the sharp
increase in &, of Ba(Ca;9Y39Nbs)O5 is outstanding;
this increase in g, is about 4 times larger than the
increase in Ba(Ca,9Y39Tas/9)0s5.

The Qf values are large when x=0.3, and they
decrease sharply when x =0.4; they remain low values till
x=0.5. All the Of values of the (Ba;_,Ca.)(B,,8'1)O;3
systems’ are very small, similar to those of x=0.51in Fig. 4,
when x is larger than about 0.05. Accordingly, the large
QOf values in Fig. 4 when x=0.3 are impressive. For com-
parison, the Qf values of Ba(Y,Nb;;)O3 and Ba(Y;
Ta,; )05 are 48.9 THz and 38.1 THz, respectively.> Even
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Fig. 4. Relative permittivity and the Qf value of the disk vs. x in the
nominal composition (Bag 9Cao 1)(YB'12)OGx+4.5,2 (B =Nb>*, Ta’™).

the large Qf values of this study at x=0.3 are far smaller
than those of the terminal compositions.

The temperature dependence of resonance frequency
for the Ca-free specimens was almost linear. Fig. 5
shows T'Cf vs. composition in the (Bag ¢Cag 1)(Y (Nbj )
O@x+4.5)2 system. The relationship is thought to be a
typical one. Fig. 5 also shows TCf” for Ba(Y;,2Nb )O3
and Ba(Y;xTa;;»)0s. It is evident that TCf of Ba(Ca,
Y39Nbs/9)O3 (x=0.3) is very large compared to that of
Ba(Yl/sz1/2)03. Slmllarly, TCf of Ba(Cal/9Y3/9Ta5/9)
O3 (x=0.3) is larger than that of Ba(Y;,Ta;;)O;. The
TCf vs. composition relationship of the figure is very
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Fig. 5. Temperature coefficient of resonance frequency (7Cf) vs. x in the
nominal composition (Bag ¢Cag 1 )(YB'12)Oix + 4.5,2 (B = Nb°*, Ta® ™).
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similar to the composition dependence of the Qf data
(Fig. 4). 1t is inferred from this that both Qf and TCf
are mainly controlled by a similar parameter.

The sharp increase in ¢, of the (Ba;.,Ca,)(B;/385/3)03
system (when x is smaller than about 0.25) is explained
by the rattling of Ca®>" ion at the A-site.”> Fig. 6 com-
pares the observed normalized lattice parameters with
the calculated ones.’ The calculation was carried out by
assuming that the cell volume can be evaluated by tak-
ing the sum of volumes of respective ion spheres®
according to the chemical formula.’ The rattling of
Ca?" ion is realized from the fact that the observed
lattice parameters are larger than the calculated ones.
Furthermore, the sharp increase in g. of the (Ba;_,
Ca,)(Mg;/3Ta,3)O5 system occurs while there is a cata-
strophic decrease in the Qf value.?

It was noted that the ¢, values of Ba(Ca,;9Y3/9B'5/9)O3
(x=0.3) are larger than those of Ba(Y,8,2)0;
(B'=Nb>*", Ta>") (Fig. 4) and the lattice parameters of
the Ca?* containing compounds are smaller than those
of Ba(Y2B'12)0; (B =Nb>", Ta’>*) (Fig. 3). Further-
more, the calculated lattice parameters are larger than
those observed. Accordingly, the sharp increase in e,
cannot simply be explained by the rattling ion model.
The authors are now focusing on the mass effects in
perovskite ferroelectrics.'®!!" The difference in mass
between the A-site ion and BOg octahedron may play an
important role in determining the relative permittivities
of some kinds of perovskites; namely, the smaller dif-
ference in mass between Ba?™ ion and (Y, 2Nb;2)O6
than between Ba®* ion and (Y,Ta;2)Os may be the
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Fig. 6. Normalized lattice parameter vs. x in the nominal composition
(Ba,_Ca,)(Mg;3Tay3)0s.°

main reason for the larger e, of Ba(Y,Nb,,)O; than
the Er of Ba(Yl/zTa1/2)03.
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