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The Ca0O-Li,0-Sm,03-TiO, system has been reported having a high dielectric constant and
good temperature stability. Based on the composition of CaO: Li,0:Sm;03:TiO;: =
16:9:12:63, the modifications of CaO and Sm,03; were investigated. In this paper, CaO has
been partially substituted by BaO and Sm,03 by Nd,0s. It was found that the introduction
of BaO leads the modified ceramics to be mixtures of two phases. The fQ value has been
significantly promoted, while the dielectric constant can remain higher than 90. To obtain a
higher dielectric constant, Sm,03 has been further partially replaced by Nd,03. The
sintering temperatures for the property change were also studied. The temperature
coefficient of resonant frequency could be varied from a positive value to a negative value
according to the different sintering temperatures. Excellent dielectric properties of ¢, =103,
fQ=7200 and 7 =+2 ppm/°C were obtained with a composition of CaO :BaO:Li,0:
Sm;03:Nd,03: TiO,=14:4:8:10:2:63 (molar ratio) and sintered at 1350°C for 3 h.
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1. Introduction by SrO. When SrO is 1 mol%, the dielectric constant

With the recent progress in the microwave commu-increased to 110, théQ value was slightly lowered

nication system, microwave dielectric ceramics withdown to 4500 GHz, and thg was 7 ppn/C. The suc-

a high dielectric constant become more importanicessive investigation for different lanthanide element

for the miniaturization of microwave device such assubstitutions for Sm was reported [7]. They success-

filters, duplexers, voltage-controlled oscillators, andfully improved thee, and maintained the temperature

down converters. These ceramics are required for atability. Unfortunately, the Q value was poor. In this

high dielectric constantsf), high Q value and small paper, thefQ value is promoted from the BaO sub-

temperature coefficient of resonant frequengy. Es-  stitution for CaO. The degradation &f has been pre-

pecially when they are used in UHF and SHF bandyented using NgO3 to partially replace SgO;3. In the

they should have a high,, since then the guided- experiment, the microwave dielectric properties were

wavelength in the medium is rather long as compared toneasured; X-ray diffraction (XRD) and scanning elec-

other higher frequency bands. In the past years, mantron microscopy (SEM) analysis were also employed to

microwave dielectrics, such as (Pb,Ba)O.Rg-TiO,  investigate the crystal structure and the microstructure.

[1] and (Ba,Sr)O-SB03-TiO, [2] were developed and The following sections will introduce the experimental

widely used. However, the dielectric constants of thesgrocedure and discuss the effects of replacing BaO for

materials were not higher than 100. CaO and NdOs; for SmyO3. Moreover, the effects of
Generally, a dielectric material with a high dielec- the sintering temperature are also considered.

tric constant has a large positive temperature coeffi-

cient for the resonant frequency [3]. With the concept of

compensation for the temperature coefficient, K. EzakR. Experimental procedure

et al. [4] combined CaTiQ@ [5] having a large posi- 2.1. Sample preparation

tive 7t and (Li,2Smy,2)TiO3 [6] having a large nega- High-purity raw material CaC¢) BaCGQ;, LiCOs,

tive on to obtain a high dielectric material with good SmyO3, Ndb,O3 and TiG, (over 99.9% purity) were

temperature stability for the resonant frequency. Theveighed according to their molar ratio. They were

CaO-Lb0O-Sm03-TiO, system was then developed. mixed in a plastic jar, ball-milled with agate balls for

The authors proposed the non-stoichiometric composii6 hin distilled water, dried, and calcined at 1000or

tion of CaO:LbO:Sm0O3:TiO,=16:9:12:63 asa 3 hin air. The calcined powders were remilled, dried,

temperature stable dielectric material for the dielectricgranulated with PVA and sieved. The sieved powders

resonator use. In their study, CaO was further replacedere then uniaxially pressed into cylindrical disks with
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11 mm in diameter and 5 mm in height. After being TABLE | Dielectric properties of the (Ca, Ba)O40-SmyO3-TiO2
fired to remove the organic binder, these disks weré&®ramics

S|ntered at 1300—1460 fOF 3 h |n aII’ No. CaO BaO Lio:; szo3 Ti02 e fQ D (g/crr?) 7
. 1 16 O 9 12 63 104 4280 4.78 +9
2.2. Measuring method 2 13 3 9 12 63 92 6230 505 —26

The dielectric constang, and the fQ value at mi- 3 14 4 8 12 63 96 7580 515 —6
crowave frequencies were determined by the method
proposed by Hakki and Coleman [8], and improved by

Kobayashi and Katoh [9]. It is found that the modified ceramic contains two

The disks were, in turn, placed between two paralmixed phases. One phase consistent with the previ-
lel conductor plates. Then, the §&z and Tk, modes  ous report [4] has been identified as Ca@@4iSnpOs-
were measured using HP8510B network analyzer. Th&j0,, while the other peaks were identified as that of
dielectric constantwas calculated from the resonant frega 0. Sm,05-4TiO, with JCPDS #43-0235. As com-
quency of the Tk1 mode of the cylindrical disk. For  pared to CaO-1dO-SmyO5-TiO,, it is obvious that the
the Qq measurement, the conductor loss resulting fromsmall amount of Ti@ disappeared and a secondary
the eddy currents around the conductive plate surfacgshase of Ba@m,03-4TiO, formed in the BaO mod-
must be subtracted so as to obtain the dielectric qualityfied ceramics. Due to the presence of the secondary
factor. For this purpose, two disks with different heightphase, the dielectric properties were changed. The low-
were prepared, one is for Hia mode and the other is ered value of the dielectric constant can be explained
for TEo12 mode, where the disk for the & mode  py the logarithmic mixture rule. The microwave char-
measurement has 2 times height as that of the disk fojcteristics of the modified system are listed in Table 1.
the TE11 mode. The temperature dependence of resowhen the substituted amount of BaO is 3 mol% (sam-
nant frequency was measured in the temperature rangfle No. 2), the dielectric properties: tle of 92, the
of 0-80°C. The crystal phases of the sintered specimerfQ value of 6230 GHz and the value of—26 ppm?C
were determined by X'ray diffraction. The microstru- were obtained. Since the Bao-%'TiOZ system has
tures of the as-sintered surfaces were observed by scaghighQ value, but a lowes, and a negativer value, it
ning electron microscopy (SEM). is reasonable for the degradatiorepfthe improvement
of the fQ value and a negative shift of the value in
the modified system.

The microphotograph of the as-sintered surface from
SEM observation is shown in Fig. 2a. The micropho-
tographs of the CaO-LD-Sm0Os-TiO, system and
BaO Sm,03-4TiO, are also shown in Fig. 2b and ¢
for comparison. In Fig. 2a, the microphotograph of
Ca0-BaO-LyO-SmO3-TiO, shows that there coex-
ist two different grains in the specimen. One has a
cuboid shape similar to that of CaO,0-SnpO3-TiOo,
YT - while the other one has a bar shape similar to that

:Ca0-Li,0-Sm,0,-Ti0, . . .
X :BaO-Smy0,4TiO of BaOSm03-4TiO,. It is assumed that the cuboid-
0:Tio, : shaped grain of CaO-kO-SmyOs-TiO, becomes Li-
rich, since some SgD; and TiG, have been extracted
for the formation of BaGBnm,0O3-4TiOs.

For the calculation of the temperature coefficient of
resonant frequency, the is defined as follows.

_ (fr, = ) /fo
. L-T

3. Results and discussion

3.1. Effect of BaO replacement for CaO

The Ca0-Ly0-SmpO3-TiO, system with compaosition
of CaO:LbO:Sm0O3:TiO,=16:9:12:63 wadirst
modified by introducing some amount of BaO to re-
place CaO. X-ray diffraction analyses of the CaO-BaO
LioO-SmO3-TiO, system were examined in Fig. 1.

ox

Tf

where fy, fr,, and fy, are the resonant frequencies at
20°C, O°C and 80C, respectively.

Since the dielectrics in the CaO-BaO,0-SnpO3-
TiO, system are the mixtures of two phases, the
should be also attributed to the resulting volume frac-
tion of each phase. Since the {LiSm,;,)TiO3 phase
has a large negativeg value, the CaO-LiO-Snmp0s-
TiO, phase with Li-rich would result in a negative
7s value. It is believed that the increment of the sec-
ondary phase Ba@myO3-4TiO, accompanying with
‘ ] f l ‘ the CaO-LyO-SmyO3-TiO, phase which has a negative

20 40 60 8 1 value make the; negatively shift.
Figure 1 X-ray diffraction patterns of the (0.1&)CaOxBaO In order to obtain a material with a higher a higher
0.09L,0-0.12Sm05-0.63TiO, system at (ak = 0 (b) x = 0.03. fQ value and a smalt; value, the amount of each
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Figure 2 SEM microphotographs of the as-sintered surfaces of
(a) 0.13Ca@.03Ba00.09Li,0-0.12Sm03-0.63Tiy; (b) 0.16Ca®
0.09Lir0-0.12Sm03-0.63TiG,; (c) BaOSNMp03-4TiOs.

componentin the CaO-BaO-4®-Smpy0Os3-TiO, system
has been slight adjusted. The amounts of CaO and Ba
were intuitively lifted by 1 mol% for a highet, and a
higher fQ value, respectively, while the decrease in the
Li,O content was for the compensation of the temper
ature stability. The adjustment of sample No. 3 gives ¢
moderates; of 96, a highfQ value of 7580 GHz and a
smallt; value of—6 ppm/C.

3.2. Effect of Nd,03 replacement for Sm,0;

study [7], the authors have investigated the tendency for
the partial replacement of L@3 for Sm,O3, where Ln

is the lanthanide element. They found that the ionic ra-
dius of Ln would influence the polarization. With an
increment in the ionic radius of Ln, thg increases
almost linearly. However, théQ value was degraded.
Therefore, we started with the BaO modified system
and replaced some amount ofd®x for SmpO3 to im-
prove thes;.

3.2.1. Different replacement amount of

Nd, O3
Table Il illustrates the variation of dielectric proper-
ties with different amounts of Nd replacement. The
specimens were all sintered at 1360for 3 h. It is
found that the measured results agree with the pre-
dicted tendency. The, increases, thdQ value falls
down and ther; value becomes positive with the in-
creasing NdO3. The temperature dependence of the
resonant frequency is illustrated in Fig. 3. The more
the amount of NgO3, the more the curve bends up.
Excellent properties of, =103, fQ=7200 GHz and
7t = +2 ppm/C were obtained when the replacement
amount of NdOs for SmpyO3 is 0.17. Since the radii of
Sm and Nd are similar to each other, Nd might enter the
sites of Sm without changing the structure much. This
assumption has been demonstrated in Fig. 4, in which

TABLE Il Dielectric properties of the (Ca, Ba)Odd-(Sm_y,
Ndy)>03-TiO, ceramics with the composition of CaO :BaO;0i:
(Sm, Nd»O3:TiO2=14:4:8:12:63

y er fQ T

0 96 7580 -6
0.17 103 7200 +2
0.33 106 6620 +22
0.50 111 5490 +47

0.40

-0.10

40
T(°C)

80

Figure 3 Temperature change of the resonant frequency of the

Based on the above results, a further study on the dieleg:14caco.048200.08L,,0.0.12(Sm_y, Nd,),03-0.63Ti0, system as

tric constantwas proceeded in this paper. In the previou

& function ofy.
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Figure 4 XRD patterns of the 0.14Ca®04BaC0.08Lr0-0.12
(Smy_y, Ndy)203-0.63Ti0, system.

the peaks for the different amounts of Nd replacement
are almost the same as that of (Ca, Ba)@a-5m03-

TiO,. However, the main peaks shift to lower angles due
to the fact that N&">SnP*. The SEM observations of

the two-phase system with different sintering temper-
ature are shown in Fig. 5. As can be seen, the grains
are as same as those of the Ba modified system. Thus,
the cuboid-shaped grains and the bar-shaped grains are
recognized as CaO-40-(Sm,Nd}»Os-TiO, and BaO-
(Sm, Nd»Os3-TiO,, respectively.

3.2.2. Different sintering conditions

The effects of the sintering temperature to the dielectric
properties were then investigated with the composition
of CaO:BaO:Ly0O:Smp03:Nd,O3:TiO,=14:4:
8:10:2:63 The sintering temperatur@d) was varied  Figure 5 SEM observations of the as-sintered surfaces of 0.14Ca0
from 1300C to 1400C in this work, while the dwell  0.04BaG0.08L0-0.12(Sm.g3, Ndo.17)203-0.63TiC, sintered at (a)
time maintained at 3 h. The variations of the dielec-1300C; (b) 1350C; () 1400C.

tric properties £, fQ andz) and the apparent density

are illustrated in Fig. 6. With the increasirig, the

gr decreases linearly, théQ value increase rapid at TiO, phase dominates in the specimen, thus the high-
first and tends to saturate whé@g >1350C, the ester, the lowest fQ value and the largest positive
value goes toward negative, while the density reacheg value are obtained. As the sintering temperature
a maximum value at 137€, and then falls down gets higher, the grains of BaO-(Sm,N@}-TiO, grows
slightly. more rapidly than that of CaO-£0-(Sm,Nd}O3-TiO,

In general, the, is proportional to the density of the that would lower ther; value although the sintered
sintered body. However, it is failed in this two-phasebody becomes denser, the value shifts negatively,
system, thus the decreasespfmight result from the and thefQ value increases rapidly. The successive in-
grain growth condition. The SEM microphotographs crement of sintering temperature results in more for-
with different sintering temperatures as previouslymation of BSNT, which degrades that leads ther;
shown in Fig. 5 indicates that the grains grow up withto a negative value, and promotes th@ value. The
the increasing sintering temperature. When the sintemost balanced properties were obtained when sintered
ing temperature is low, the CaOJ0-(Sm,Nd}O3- at 1350C for 3 h.
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Figure 6 Microwave characteristics and bulk density of 0.14CaO
0.04Ba00.08Lir0-0.12(Sm g3, Ndp.17)203-0.63TiO, as functions of

the sintering temperature.

4. Conclusion

Tifor the formation of BaG5m,03-4TiO,, the phase of
CaO-Lp0O-Smy0s3-TiO, becomes Li-rich, which might
be considered to have a negatiygalue. The slight ad-
justment has effectively improved the negatiye

The further replacement of N@3; for Snp,O3 can
increase thes; XRD patterns show that the crystal
structures have no apparent changes with the different
replacement amounts. The sintering temperature has
influences on the density, the the fQ value, and the
7 value.
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