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Abstract

Microwave dielectric properties of the BEO,0-based ceramics with ZnBO addition up to 3 wt.% and containing Zv€re investigated
at the sintering temperatures ranging from 900 to ‘@B0Effects of the ZnBO addition on the bulk density, microstructure, and dielectric
properties of the BA150,9-based ceramics at microwave frequency were elucidated. X-ray diffraction (XRD) results show the presence of
five crystalline phases, B&igO,o, BaZr(BG;),, BaTiyOg, BaZrO; and Z13SiO, in the sintered ceramics, depending upon the amount of ZnBO
addition. Optimum dielectric properties were obtained for theTB#®,o-based ceramic with 1 wt.% ZnBO addition and sintered in air at
940°C for 2 h, having the dielectric propertig®:= 1137 Q x f=8300),¢, value = 27.3, and; = 2.5 ppm/C. In addition, to understand well
the effect of the BaZr(Bg), phase on the dielectric properties of BgO,o-based ceramics, the BaZr(B)p composition was synthesised
from individual BaCQ, ZrO, and BOs; powders. Plots of dielectric loss versus sintering temperatures show a linearity, and ranges from 0.85
(at 1080°C) to 0.08 (at 1250C). However, the dielectric constant does not increase with increasing sintering temperature, and its value is
maintained at 11-13.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction low melting point material is generally known to be the most
effective and the least expansive way of achieving high den-
Many researches have beenfocusing on developing dielec-sity of sintered ceramics. However, the microwave dielectric
tric materials recently with high quality factoQ(x f), high properties of dielectric resonators were also deeply affected
dielectric constantsf) and zero temperature coefficient of by the liquid sintering temperature due to the development
resonant frequency() for the use of dielectric resonator and of microstructure at low sintering temperature or the reaction
microwave device substrate. In general, these dielectrics between host material and additive.
have to be sintered at high temperatures (1300-16584° A commercially available dielectric powder from Ferro
However, the sintering temperatures for those microwave di- America, which, according to the XRD analysis, is mainly
electrics were too high to apply the low melting point of silver composed of the BaigO,p phase, is used as the host material
as internal conductors. To reduce the sintering temperaturein this study. It was reported that the Ti®@ich compounds of
of dielectric materials, glass addition, chemical processing the barium titanate-based ceramics with B84 and 4.5, i.e.
and small particle sizes of the starting materials are generallyBaTisOg, and BaTigO2p, have superior dielectric properties
useful®’ The liquid-phase sintering by adding glass or other for microwave resonator applicatiof§.The dielectric con-
stants and quality factors of the two ceramics are 34.6, 39.8,
* Corresponding author. and 5720, 8000, with temperature coefficients of 14.2 and 2,
E-mail addressy.c.lee@yageo.com (Y.-C. Lee). respectively. Typically microwave dielectric resonators are
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Table 1
The compositions of host ULF280 ceramic powder

Component TiQ BaO Zr ZnO SrO HfG B,0s3
Content (wt.%) 49.9 27.8 120 5.0 0.07 0.18 15

SiO,
35

required to have a high dielectric constasy) 35, a low-
dielectric loss or high quality fact@ (1/tans) >3000, and a
near-zero temperature coefficient of resonant frequeng§ (
According to this powder compositions, 12 wt.% Zr€bn-
tent was found by XRF analyzing dable llisted. As in
the case of pure BaTi§)three ferroelectric phase transitions
can also be observed in Ba{Tj,Zry)O3 solid solutions for Zr
concentrationg < 0.13: (1) rhombohedral-orthorhombic, (2)
orthorhombic—tetragonal, and (3) tetragona—cdbicwas
reported that the increasing of Zr results in reducing the av-
erage grain size, decreasing of the dielectric constaint (

and also maintaining low and stable leakage current. This

is because Zt ion (0.087 nm) has larger ionic size than
Ti** (0.068 nm)L° and Zf* is chemically more stable than
Ti4+ 11,12

In this paper, the BAigO2p-based ceramics with ZnBO
addition is reported. The dielectric properties obBigaO2o-
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2.2. The preparation of BaZr(B£}», ceramic

Samples of BaZr(Bg), were prepared by conventional
solid-state methods from individual high-purity oxide pow-
der (>99.9%): BaC@(Hayashi Chemical Industries, Japan),
ZrO7 (Janssen Chemica, Japan), an®B(Fluka Chemicals
Inc., Germany). The starting materials were mixed according
to the desired stoichiometry and ground in deionised water
for 6 h in a ball-mill with¢ 2 mm zirconia balls, and the mean
particle size D50) is 0.5um. The powders were calcined in
air at 900°C for 3 h after milling. Then the calcined powders
were milled again for 6 h. The mean particle size is about
0.4pm. After drying, the powders were pressed uniaxially
into pellets in a steel die. Sintering of these pellets were car-
ried out at temperatures between 1080and 1250C for a
period of 2 h.

2.3. Characteristics analysis

The crystalline phases of the sintered ceramics were iden-
tified by X-ray diffraction pattern analysis (XRD, Philips
X'Pert-MPD) using Cu ke radiation for 2 from 10°
to 60°. The diffraction spectra were collected at a scan
rate of 2.8/min. Microstructural observation of the sin-

based ceramics were characterised. The relation betweeriered ceramics was performed by scanning electron mi-

crystalline phases and microstructures obHaO»o-based
ceramics was also investigated. In addition, the dielectric
properties of the BaZr(Bg), ceramics also was studied, it

croscopy (SEM, Jeol. JEL-6400 Japan) equipped with
energy-dispersive spectroscopy (EDS). The bulk density
of the sintered pellets were measured by the Archimedes

was synthesised by conventional solid-state methods fromMethod. The particle size was measured by particle size

individual BaCQ, ZrO, and B.O3 powders.

2. Experimental procedures

2.1. The preparation of BdigO,p-based ceramic with
3Zn0O-B03 glass addition

The starting materials contain the ULF280 powder re-
ceived from the Ferro America and the 3ZnGQ€R glass.
They are mixed and ball-milled in deionised water wijth
2mm zirconia balls for 10h. The 3ZnO+83 glass was
prepared by weighing the starting materials of ZnO and
B2Os (Fluka Chemicals Inc. Germany) as well as mixing
them for 1h in a polyethylene pot mill using agate balls.
The mixed powders were calcined in a platinum crucible
at 940°C for 1h. The calcined powders were pulverised
with deionised water in the ball mill for 8 Do = 0.6um),

analyzer (Malvern, Mastersizer 2000, UK). The sintering
shrinkage of these samples was measured at a heating rate
of 5°C/min in air by a thermo-mechanical analyzer (TMA,
Netzsch DIL 402C, Germany). The dielectric characteris-
tics at microwave frequencies (7.25-9.31 GHz) were mea-
sured by the Hakki—Coleman dielectric resonator method,
where a cylindrically shaped specimen is positioned be-
tween two plated? An HP8719C network analyzer was used
for the microwave measuring system. The dielectric proper-
ties were calculated from the frequency of thegTE res-
onant mode. For convenience, thex f factor was used

for evaluating the loss quality, whefds the resonant fre-
guency. Composition of the host ULF280 ceramic powder
was analysed by X-ray fluorescence and the result is given in
Table 1

3. Results and discussion

dried and screened through a 100 mesh sieve. The meltings.1. Phase evolution in the sintered B&0,o-based

point of the 3ZnO-BO3 phase is 957C, as given by the
phase diagram from Yu and LeonbVand it was added into
the ULF280 powder by the amounts of 1 wt.%, 2 wt.%, and
3wt.%, respectively. After drying, the ball-milled powders
were pressed uniaxially into pellets in a steel die. Sintering

ceramics

In the BaO-TiQ binary system, many intermediate
phases, BagDy;, BaTisO11, BaTiyOg, and BaTigOzg, are
present in the Ti@rich side of the phase diagram, as re-

of the pellets was carried out in air at temperatures ranging ported by Rase and Ry.The X-ray diffraction spectra from

from 900°C to 960°C for a period of 2 h.

the as-sintered host ULF280 ceramic and those with different
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A:Ba,Ti,0,y  B:BaZr(BO,), C:BaTi,0,  Y:Zn,SiO, Z: BaZrO,
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Fig. 1. X-ray diffraction spectra of (a) the host ULF280 ceramic and the ceramics with (b) 1 wt.%, (c) 2wt.%, and (d) 3 wt.% additions and sintet€d at 940
for 2h.

amounts of ZnBO addition are given kig. 1 For the host The XRD spectra for the ULF280 ceramics with 1 wt.%,
ceramic sintered at 94@ shown inFig. 1(a), it is obtained 2wt.% and 3wt.% ZnBO additions sintered at 9@are
that there are three crystalline phases;B§O2o, BaTisOg, shown inFig. 1(b)—(d), respectively. Compared with the host

BaZrO; presentin the specimen. Among them, it has been re- material, it is noted that the intensity of the HégO2g phase
ported that the BaligO»0 and BaTiyOg phases have high di-  decreases, and the BaDg and BaZrQ phases are nearly
electric constants, low-dielectric losses, and low-temperaturedisappeared in the sintered ceramic with 1wt.% ZnBO ad-
coefficients of resonant frequert§;1®and are considered to  dition. On the contrary, the BaZr(B{) phase increases and
be the potential ceramic materials suitable for dielectric res- a new phase, Z15i0y, is observed in the specimen. As the

onators at microwave frequency. amounts of ZnBO addition increase above 2wt.%, the con-
4.6
4.4
4.2 4
mE 4
o
o
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Fig. 2. Bulk density vs. sintering temperature of the ULF280 ceramics with ZnBO additions.
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tent of the two crystalline phases, BaZr(B@and ZnSiOy,

is increased noticeably. As indicated in the XRD spectra of
Fig. 1, the (104) peak of the BaZr(Bf» phase at 285is

very strong for the ceramics with 3 wt.% ZnBO addition. The
results suggest that the addition of ZnBO glass phase has en-
hanced the formation of BaZr(B{y and ZnSiO,4 phases in

the BaTigOyg-based ceramics.

3.2. Physical properties of the sintered B&O,o-based
ceramics

As described in the experimental, the ULF280 ceram-
ics with different amounts of ZnBO addition were sintered
in air at temperatures ranging from 900 to 960°C for
2h, and the particle size of the starting powder was con-
trolled at 0.5+ 0.1pum. Fig. 2 shows the bulk density of
the ULF280 ceramic pellets as a function of the sintering
temperature. It can be seen that in general the density of
the sintered ceramics increases with the sintering tempera-
ture. The extent of the increasing rate, however, depends on
the amount of the ZnBO additions. Theoretical density of
the BaTigO2g ceramic is reported to be 4.61 g/%ﬁr? The
ULF280 ceramics with 1wt.% ZnBO addition can be sin-
tered to over 96% of the theoretical density, i.e. 4.43 g/cm
at 940°C for 2h in air. The bulk density remains much
the same as the sintering temperature is further increased,
e.g. 960°C.

The influence of the sintering temperature on the bulk den-
sity of the ULF280 ceramics is, however, dependent upon
the amounts of the ZnBO addition. For example, the sat-
uration temperature, at which the bulk density of the sin-
tered ceramics reaches 93% of the theoretical value, for
the 2wt.% and 3wt.% ZnBO added ceramics is lowered to
920°C. Similar results are reported by other investigafors
that the ZnBO glass phase assists in the densification of the
BapTigOy0 dielectrics through liquid-phase sintering. It is
also interesting to note that the sintered ceramic with high-
est bulk density is not associated with the ceramic having
highest ZnBO addition. In fact, the addition of 1 wt.% ZnBO
to the ULF280 ceramics that were sintered at 9@0and :
960°C has resulted in the highest density among the sintered X35.000 Sim 900000
specimens.

SEM micrographs of the ZnBO added specimens sin-
tered at 940C are shown irFig. 3(a)—(c), for the amount  Fig. 3. SEM micrographs of the ULF280 ceramics with (a) 1wt.%, (b)
of 1wt.%, 2wt.%, and 3wt.% ZnBO addition, respec- 2wt.%, and (c) 3wt.% ZnBO additions and sintered at 9@@or 2 h.
tively. The microstructure of the sintered ceramics shows
a lot of change, in which a dendrite phase was increased
with ZnBO increasing. According to the XRD spectra gies of the BaL lines and TiK lines are superimposed.
of Fig. 1, the composition of dendrite phase should be The X-ray diffraction analysis in the previous section has
BazZr(BOs)2 since the intensity of BaZr(B§), peak was clearly shown that higher ZnBO addition has enhanced
increased significantly with ZnBO increasing. The den- the formation of the BaZr(Bg), phase. It is therefore
drite phase was further analysed by energy-dispersive specbelieved that the dendrites are composed of BaZgBO
troscopy (EDS) and the result is given kig. 4 Com- phase, in which it may surrounded by the B0, phase.
pared with the matrix phase, it is obtained that the den- Further study of the microstructure using transmission
drite phase has higher signal intensities in Zr, Ba, and electron microscopy would be useful to figure out the
Ti, along with Si and Zn, in which the X-ray ener- issue.
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Fig. 4. Microstructure of the ULF280 ceramic with 3wt.% ZnBO addition and sintered &t®4@ 2 h, in which the compositions of (a) dendrites and (b)
the matrix were analysed by energy-dispersive spectroscopy.

Fig. 5shows the linear dimension change of the sintered formed a liquid phase at low temperature, which promoted
ceramic pellets during the firing process using dilatometric sintering.
measurement. Additions of a small amount of the ZnBO glass
result in the dilatational curves that have a lower sintering 3 3. Dielectric properties of the sintered
temperature and shrinkage rate, as display&igns(b)—(d). Bay TigOs0-based ceramics
The undoped sample shrinks from 9268 as Fig. 5a)
shows, whereas the ZnBO-doped samples shrunk at a lower The dielectric constant of the ULF280 ceramics was mea-
temperature. The 3wt.% ZnBO-doped sample reached thesured at 1 MHz, and the result is showrFig. 6. Similar to
onset point of shrinkage at 846.@. Apparently, the ZnBO  the bulk density versus sintering temperature curvesgn2,

(a) ZnBO: 0wt%, Onset: 926.8° C
— .. = (b) ZnBO: 1wt%, Onset: 855.6° C
------------ (c) ZnBO: 2wt%, Onset: 856.6° C
- =.- (d)ZnBO: 3wt%, Onset: 846.9° C

-5 1

-10

AL/Lo (%)

-15 4

=20 - T T T T T
200 400 600 800 1000

Temperature (°C)

Fig. 5. Dilatometric curves of the ULF280 ceramics with different amounts of the ZnBO addition.
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Fig. 6. Dielectric constant versus sintering temperature of the ULF280 ceramics with ZnBO additions.
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Fig. 7. The temperature coefficients of resonant frequencyf the ULF280 ceramics as a function of the ZnBO addition.
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Fig. 8. TheQ x f values of the ULF280 ceramics as a function of the ZnBO addition.
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the dielectric constant of the ULF280 ceramics increases with B: BaZr(BOs), Z: BaZrO, RZr0,
the sintering temperature. The value of the ULF280 ce-
ramic without ZnBO addition spans from 16.1 (9@D) to
28.3 (960°C). For this class of ceramics, it is possible to ob-
tain high dielectric constant, e.g.> 24, only by raising the
sintering temperature above 940. The sintering tempera-
ture can be lowered down to 92G by an addition of 1 wt.%
or 2wt.% of ZnBO glass to the ceramics. Further increase of £
the ZnBO content up to 3 wt.%, highvalue can be achieved

at 900°C. Therefore, it can be concluded that the ZnBO glass
phase is very effective in lowering the sintering temperature
of the ULF280 ceramics having high dielectric constant.

A close look of the dielectric constant of the ULF280 ce- R
ramics with 3wt.% ZnBO addition reveals that the value 2 = 20 30 35
slightly decreases with the sintering temperature at above
920°C, a result very similar to the the bulk density versus Fig. 9. X-ray diffraction spectra of the BaZr(Bf) ceramics sintered at (a)
sintering temperature curvesfiig. 2 This observation sug- ~ +080°C: () 1180°C and (c) 1250C for 2h.
gests that the bulk density of the sintered ceramics determine,
to a large extent, the dielectric constant of the sintered ceram- ) -
ics. Kanai et al. has suggested that second phases such adition. In contrast to those with 3vyt.% _ZnBO addition, the
Bazr(BOs), and ZrpSiOs, and the grain size of the sintered Qxf valug; of the UII_F28O ceramics W|_th less than 2wt.%
ceramics could have strong effects on the dielectric constantZNBO additions and sintered at 980 are higher than the cor-
of the sintered ceramics. Nevertheless, the experimental re."éSponding ceramics and sintered at 980In practice, sin-
sults of this study seem to suggest that the dielectric constant€ring at 940C is preferred although thg x f value (8300)
of the ULF280 ceramics is mainly controlled by the bulk o_fthe ceramic is slightly lower than that (9000) of the ceramic
density of the sintered ceramics. sintered at 960C.

Fig. 7 shows the temperature coefficient of resonant fre-
guency,ts, at maximumQ value as a function of the ZnBO  3.4. Phase evolution in the sintered BaZr(B9
addition. It can be easily seen that the ULF280 ceramics with ceramics
1wt.% and 2 wt.% ZnBO additions haveclose to zero, i.e.

2.5 and 1.5, which satisfies the requirement for microwave  The X-ray diffraction spectra of the calcined powder and
device applications. as-sintered ceramic are giverfig. 9. The XRD spectrum of

Fig. 8 shows theQ x f values of the ULF280 ceramics the calcined powder at 110C reveals that the BaZr(B£),
sintered at 940C and 960 C as a function of the ZnBO ad-  phase is the main crystalline phase with Zr& a minor
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Fig. 10. Bulk density vs. sintering temperature of the BaZr{B@eramics.
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Fig. 11. Dielectric constant and dielectric loss of the BaZr§p@eramics as a function of the sintering temperature.

phase. On the other hand, the XRD pattern of the sintered3.5. Physical and dielectric properties of the sintered
sample consists of mainly the BaZr(B) crystalline phase  BaZr(BGs), ceramics

with BaZrOz and Zr& as minor phases. The diffraction peaks

of the BaZrQ phase increase slightly with increasing sinter- The bulk density of the BaZr(B§). ceramics as a
ing temperature. function of sintering temperatures is shown kig. 10

— 1080 C -~ 1100 C -=-1120 C--—-1160 C----1180 C ---- 1250 C

AC/C (%)

Temperature (°C)

Fig. 12. T; curve of the BaZr(B@), ceramics with sintering temperature.



Y.-C. Lee et al. / Journal of the European Ceramic Society 25 (2005) 3459-3468 3467

It shows that the density of the sintered ceramics in- This result suggests that the BaZr(B@ phase formed
creases approximately linearly with the sintering temper- in BapTigO2p-based ceramics may have detrimental ef-
ature ranging from 1080C to 1250°C. The bulk density  fects on the high-frequency characteristics of the microwave
of the BaZr(BQ@), ceramic sintered at 125C for 2h is ceramics.
4.12 g/cnd. Fig. 12 shows theT. (T;) curves of the BaZr(Bg);
The dielectric constant and dielectric loss of the ceramic at different sintering temperatures ranging from
BaZr(BOs)2 ceramics were measured at 1 MHz, and the re- —30°C to + 80°C. At lower sintering temperatures such as
sults are shown ifrig. 11 Theg, of the BaZr(BQ), ceramic 1080°C, the ceramic exhibits poof; characteristics, in
ranges from 12.3 (108CC) to 11.85 (1250C) at 1 MHz. In which the AC/C value changes fromr—0.5% to~+0.2%.
contrastto results of density versus sintering temperature, theOn the other hand, the ceramic sintered at 1Z5&hows
dielectric constant of the ceramic does not increase with sin- very stableT. behavior (¢—0.05% to~+0.1%). The tem-
tering temperature. The reason could be because the dielecperature coefficient of dielectric constait) is commonly
tric constant of the BaZr(Bg), ceramic saturates at about cited in the literature for capacitor dielectrics. As is well-
11-13. However, the dielectric constant should increase with known, a small temperature coefficient of the resonant fre-
increasing sintering temperature which is associated with thequency {s) ensures the stability of the microwave compo-
density increase. On the other hand, the dielectric loss isnents at different working temperaturdgcan be correlated
also decreased with increasing sintering temperature, whichto T, by
would be accompanied by the decrease in dielectric constant.
By combining the two effects of density and dielectric loss, Ti= —T, —«a
the dielectric constant would be nearly independent of the 2°°
sintering temperature. ) ) ) .
If ~20vol.% BaZr(BQ), dendrite phase is occupied and vv_hereoz_ is '_[he I|_near Fhermal expansion coefficient of the
is rather than dispersed in host ceramic for sample with dielectricaistypically inthe range of 3—15 ppfr for most

3wt.% ZnBO addition Fig. 3(c)), the dielectric constant of ~ C€ramics.T, is clearly the dominant part ifly. It is easily
BayTigO,0-based ceramic s calculated using J. C. Maxwell's Understood that the adjustmentietoward 0 ppri/C can be

Eq. (1)1 achieved by modifying the base composition using materials
of oppositeT, or restraining the unexpected second phase
&m = &2 {1 3Vi(e1 — &2) } @ formed in the host materiafs.
" &1+ 282 — Vf(81 — 82)

where Vs is the volume fraction occupied by the dispered 4. Conclusions
phasesg; and e, are the permittivity of BaZr(B@), and
BapTigO20 ceramic, respectivelyy, is permittivity of mix- The phase evolution, physical and dielectric properties
tures (BaTigOzg-based ceramics). The dielectric constant of of the BaTigO2o-based ceramics by the addition of ZnBO
the BaTigOz0-based ceramics are estimated from the values glass phase have been investigated. It is obtained that the
of pure BaZr(BQ), ceramics (12.0) and B&igO»o ceram- addition of the ZnBO glass phase in the ceramics can ef-
ics (39.8). The estimated dielectric constants fos BgO2o- fectively lower the sintering temperature, and increases the
based ceramic with 3wt.% ZnBO addition is 32.9. The ex- bulk density and dielectric constant of the sintered ceramics.
perimentally obtained results give values smaller than the The BaTigO2g-based ceramic with 1 wt.% ZnBO addition
estimated values. and sintered at 94TC in air for 2 h exhibits optimum mi-
Fig. 11also shows the dielectric loss of the BaZr(Be crowave properties ofy = 27.3,7¢ = 2.5ppmfC, andQ x
ceramic as a function of sintering temperature It can be f=8300. Moreover, the microstructures and dielectric prop-
seen that the dielectric loss decreases linearly with sinteringerties of BaZr(BQ),-based ceramics were investigated. The
temperature. Because high-density ceramics can be obtainedesults of X-ray diffraction (XRD) indicate that it consists of
at higher sintering temperatureBiqg. 10, this means that  mainly the BaZr(BQ), crystalline phase with BaZr{and
the pores became less in the high-density ceramics. It wasZrO, as minor phases. The following dielectric properties of
considered that the high dielectric loss was mainly caused BaZr(BGz),-based ceramics were obtained: Klyalues are
by insufficient densification of the BaZr(Bg» ceramic® maintained at-12 for sintering temperatures of 1080 to
Nonetheless, the dielectric loss of the BaZrd}£ceramic 1250°C; (2) dielectric loss is significantly reduced with in-
of about 0.08 is still very high, compared with those of creasing sintering temperature from 0.85 at 108@o 0.08
BapTigO20 or MgTiO3 materials (tan <0.002)%20 In ad- at 1250°C; and, (3) insulation resistance increases markedly
dition, the dielectric loss of the BaZr(Bf» ceramic was  with increasing sintering temperature. As is well-known, the
also measured at the high-frequency range by the mod-Q factor depends on dielectric 1093 (s given by 1/tai); it
ified Hakki—Coleman dielectric resonator methHddFor therefore showed poor performance at high frequency when
samples sintered at 125Q, the dielectric loss of the BaZr(BGs), phase was much formed in the microwave ce-
Bazr(BOs)2 ceramic is about 0.014Q=71) at 11 GHz. ramics.



34

References

10.

68

. Huang, C. L. and Weng, M. H., Low-fire BiTaQlielectric ceramics
for microwave applicationsMater. Lett, 2002,43, 32-35.

. Takada, T., Wang, S. F., Yoshikawa, S., Jang, S. J. and Newnham, R.
E., Effects of glass additions on (Zr,Sn)Ti@r microwave applica-
tions.J. Am. Ceram. Soc1994,77, 2485-2488.

. Takada, T., Wang, S. F., Yoshikawa, S., Jang, S. J. and Newnham,13.

R. E., Effect of glass additions on BaO-TiO—HANO3 microwave
ceramics.J. Am. Ceram. Soc1909,77, 1916.

. Yang, C. F., The microwave characteristics of glass-Badiceram-
ics. Jpn. J. Appl. Phys.1999,38, 3576-3579.

. Hirano, S. |., Hayashi, T. and Hatto, A., Chemical processing and
microwave characteristics of (Zr,Sn)TiOmicrowave dielectricsJ.
Am. Ceram. So¢.1991,74, 1320-1324.

. Cheng, C. M,, Yang, C. F. and Lo, S. H., Sintering and dielectric
properties of BaTigOyp microwave ceramics by glass additiaipn.

J. Appl. Phys.1997,86, 1604-1607.

. Kanai, H., Furukawa, O. and Nakamura, S. |., Effect eOB and
SiO, on dielectric properties and reliability of a lead-based relaxor
dielectric.J. Mater. Sci. 1996,31, 1609-1614.

. O'Bryan Jr., H. M., Thomson Jr., J. and Ploured, J. K., A new BaO-
TiO-TiO, compound with temperature-stable high permitivity and
low microwave lossJ. Am. Ceram. Socl1974,57, 450-453.

. Hennings, D., Schnell, A. and Simon, G., Diffuse ferroelectric phase

transitions Ba(Ti_yZry)O3 ceramics.J. Am. Ceram. Soc1982,65,

539-544.

Choi, W. S., Boo, J. H., Vi, J. and Hong, B., The effect of annealing

on the 0.5% Ce-doped Ba(dii;—x)O3 (BZT) thin film deposited by

RF magnetron sputtering systemlater. Sci. Semi. Proc.2003, 5,

211-214.

11.

12.

14.

15.

16.

17.

18.

19.

20.

Y.-C. Lee et al. / Journal of the European Ceramic Society 25 (2005) 3459-3468

Yu, Z.,, Ang, C., Guo, R. and Bhalla, A. S., Ferroelectric-relaxor
behavior of Ba(T4.7Zro.3)O3 ceramics.J. Appl. Phys. 2002, 92,
2655-2657.

Tang, X. G., Wang, J., Wang, X. X. and Chan, H. L. W., Effect
of grain size on the dielectric properties and tunabilities of sol-gel
derived Ba(Zg2Tio.g)O3 ceramics.Solid State Commun2004,131,
163-168.

Levin, E. M., Robbins, C. R. and Mcmurdie, H. Phase Diagrams

for Ceramists Vol 1. The American Ceramic Society, Columbus,
Ohio, 1964, p. 300.

Hakki, B. W. and Coleman, P. D., A dielectric resonator method of
measuring inductive capacities in the millimeter rantRE Trans.
Microwave Theory Tech1960,MTT8, 402-410.

Rase, D. E. and Roy, R., Phase equilibria in the system BaO-
TiO-TiOz. J. Am. Ceram. Soc1955,38, 102-113.

Plourde, J. K., Linn, D. F., O'Bryan Jr., H. M. and Thomson Jr., J.,
BapTigO20 as a microwave dielectric resonatdr. Am. Ceram. Soc.
1975,58, 418-420.

Tillmanns, E., Hofmeister, W. and Baur, W. H., Crystal structure of
the microwave dielectric resonator BagO,o. J. Am. Ceram. Sogc.
1983, 66, 268-271.

Kniajer, G., Dechant, K. and Apte, P., International conference on
multichip moduleslEEE 1997, 121-127.

Moulson, A. J. and Herbert, J. MElectroceramics Materials Prop-
erties Applications, London, 1990, pp. 79-82.

Jantunen, H., Rautioaho, R., Unsimaki, A. and Leppavuori, S., Com-
positions of MgTiQ@—CaTiO; ceramic with two borosilicate glasses
for LTCC technology.J. Eur. Ceram. So¢.2000, 20, 2331-2336.

. Dai, S. X., Huang, R. F. and Wilcox, D. L., Use of titanates to achieve

a temperature-stable low-temperature cofired ceramic dielectric for
wireless applications]. Am. Ceram. Soc2002,85, 828-832.



	Microwave dielectric properties and microstructures of Ba2Ti9O20-based ceramics with 3ZnO-B2O3 addition
	Introduction
	Experimental procedures
	The preparation of Ba2Ti9O20-based ceramic with 3ZnO-B2O3 glass addition
	The preparation of BaZr(BO3)2 ceramic
	Characteristics analysis

	Results and discussion
	Phase evolution in the sintered Ba2Ti9O20-based ceramics
	Physical properties of the sintered Ba2Ti9O20-based ceramics
	Dielectric properties of the sintered Ba2Ti9O20-based ceramics
	Phase evolution in the sintered BaZr(BO3)2 ceramics
	Physical and dielectric properties of the sintered BaZr(BO3)2 ceramics

	Conclusions
	References


