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Abstract

MgTa; sNby sOg ceramics were combined from two microwave dielectrics with gk f values and high values, MgTaOs (sintered
at 1500°C, & =30.5,Q x f=56,900 GHz, and; =28.3 ppm/C) and MgNROs (sintered at 1300C, ¢ =21.7,Q x f=89,900 GHz, and
7 = —68.5 ppm/C) MgNb,Og, in order to obtain microwave dielectric resonators wijthalue close to 0 ppmC. The sintering and microwave
dielectric characteristics of MgTgNbg sOs ceramics were investigated in this study. As the sintering temperature increased fronC1800
1450°C, the density values, the values, and th@ x f values of MgTasNbg sOs ceramics increased and saturated at 245@&ndz; values
were shifted to close 0 ppA€. The 1450C-sintered MgTasNbysOs ceramics had the microwave dielectric characteristics, 6f27.9,
Q x f=33,100 GHz, and; =—0.7 ppm/C.
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1. Introduction ics increase with the increase of sintering temperature and
saturate at 1500C and 1300C, respectively, and the val-

In general, a dielectric material with a high dielectric ues will also reach a saturation value of 28.5 pjtnand
constant has a largg valuel? To adjustz; value of mi- —68.5ppm/C, respectively. FronTable 1 MgNb,Og ce-
crowave dielectric resonators close to zero, two or more com- ramics has higl x f value and lower sintering temperature,
pounds having negative and positisevalues are employed  butit also has large negativevalue; MgTaOg ceramics has
to form a solid solution or mixed phases. Kucheiko reported lowerQ x fvalue and higher sintering temperature, butit also

that zerors value was achieved at CaTi@Ca(Ak/»Tay2)O3 has large positives value. Two reasons urge us to develop the
systemt Chen et al. reported that smatk value was microwave dielectric characteristics of Mglas—MgNb,Og
achieved at CaO—bD-SmO3-TiO, (CLST) systent in ceramics: the first is to fabricate microwave dielectric res-

which the Li/»Smy2TiO3 (g, =52, Q x f=2280 GHz and onator witht; value close to 0 pprfiC, the second is used

71 =—260 ppm{C) and CaTiQ (¢, =70, Q x f=3600 GHz MgNb2Oe to lower the sintering temperature of Mg

andt; =800 ppm/C) were combined. ceramics. For that MgTiaNbg 506 is used as the base com-
AB,0Og (A=Ca, Mn, Zn, Mg and B = Ta, Nb) compounds  paosition, and the sintering and microwave dielectric char-

have been investigated as microwave dielectric resonator byacteristics of MgTasNbg 50s ceramics are developed as a

Kan et al* and Lee et af. The microwave dielectric proper-  function of sintering temperatures.

ties of MgTaOg (sintered at 1400-155C) and MgNbOg

ceramics (sintered at 1200-13%0) are shown inTable 1

TheQ x f ande, values of MgTaOg and MgNkOg ceram- 2. Experimental procedures

* Corresponding author. Fax: +886 6 2266739: mobile: +886 6938351240,  Proportional amounts of reagent-grade starting materi-
E-mail addressccmin@mail.stut.edu.tw (C.-M. Cheng). als of MgO, NBbOs and TaOs were mixed, according to
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Table 1 of resonant frequencsyt are defined as:
Microwave dielectric characteristics of Mgfas and MgNkOg ceramics
Material Sintering er Q x f(GHz) 7t (ppmFC) E — fr— fo (]_)
temperature fo fo
) and
MgTaxOg 1400 25.2 28500 22
MgTaOs 1450 28.9 44300 21 _Jo 5
MgTaOs 1500 305 56900 28 "= fox T’ @)
MgTaOg 1550 30.6 58200 28
MgNb,Os 1300 15.7 34100 -78 wherefr andfg are the resonant frequencylatC (20—-80°C)
MgNb,Og 1350 20.5 66500 —69.1 and 20°C, respective|y_
MgNb,Og 1400 21.7 89900 —685
MgNb2Og 1450 21.8 91500 —683

3. Results and discussion

the composition MgTg0s, MgNb,Og, and MgTa sNbg 506, In order to evaluate the effects of the various sintering tem-
and ball-milled for 5h with deionized water. After drying, peratures on the morphological changes of MgiNbg 50g
the powder was ground and calcined at 100Gor 2 h. Af- ceramics, the surface micrographs of Mga#lbp 506 ce-

ter grinding and drying, the mixed powder was uniaxially ramics sintered at 1300-1400 are analyzed by SEM, and
pressed into pellets in a steel die. Sintering of these pelletsthe results are shown iRig. 1 As sintered at 1300C, the
was carried out attemperatures between TZband 1550C MgTay sNbp 506 ceramics show a porous structure and the
under ambient conditions for 4 h. isolated grains are easily observédg 1a). As sintered at
The crystal phases were analyzed by means of an X-ray1350°C, the pores decrease, and the Mgddbg sOs ce-
powder diffraction method using CudKradiation (Rigaku ramic reveals a dense structure with almost no pdtigs 1b).
D-max/1IB). The densities of the sintered specimens, as aAs sintered at 1400C, the MgTa sNbg 50g ceramics illus-
function of sintering temperature, were measured by the lig- trate homogeneously grain growtig. 1c), and the grain size
uid replacement method using deionized water as the lig- increases with the increase of sintering temperature. Fromthe
uid (Archimedes method). To investigate the morphology micrographs, the grain growth of MgaTgNbg sOg ceramics
of the samples, the sintered surfaces of the specimens werés promoted by the increase of sintering temperature.
observed, using SEM (Hitachi S-2500). Dielectric charac-  Fig. 2 shows the typical X-ray diffraction patterns of
teristics at microwave frequency were measured by Hakki MgTa; sNbg sOg, sintered at 1350-145C€. MgTaOg is
and Coleman'’s dielectric resonator mettfoghich was im- a single phase which belongs to tetragonal structure and
proved by Courtney.An HP8720ET network analyzer was hasa= b=4.7189A and c=9.2003A.8 MgNb,Og is a sin-
used for the microwave characteristic measurements. The di-gle phase which belongs to orthorhombic structure and
electric constant can be accurately determined by measuringhasa= 5.7001A, b=14.18753, and c=5.0331A.8 In this
the resonant frequency of the Jfg mode and verified by the  study, the crystal structure of Mgd@g ceramic (sin-
TEg1s resonant mode. For convenience, @e f-factor was tered at 1500C) hasa=b=4.7173A and c=9.2094A,
used for evaluating the loss quality, whérs the resonant  the crystal structure of MgNiDs ceramic (sintered at
frequency an®is the quality factor. The temperature change 1400°C) hasa= 5.720A, b=14.17804 andc=5.036A. The
of the resonant frequenafp/fg and temperature coefficient MgTa; sNbg sOg has the crystal structure of orthorhombic,

Fig. 1. The microstructures of MgTaNbg 50s ceramics sintered at different temperatures: (a) 28)(b) 1350°C, and (c) 1400C.
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Fig. 2. The X-ray patterns of MgTaNbg 50 ceramics sintered at different
temperatures.

which is similar to that of MgNpOg ceramics and ex-
ists the lattice constants @f=5.484A, b=13.724A, and
c=4.998A. These lattice constants of MoiTelNbg 50Og Ce-
ramics are smaller than those of Mg, because the P4
(0.64A) ionic radius is smaller than that of Rib(0.69A). For
MgTay sNbp 50 ceramics, even 145 is used as sintering
temperature, no impurity phases and raw material phases ex
ist in the ceramic and no decomposition of Mg E&lbg 50g

can be detected in the XRD patterns.

The density of MgTasNbg 50s ceramics is investigated
as a function of sintering temperatures of 1300-1450and
the results are shown ifig. 3. The theoretical density (TD)
of MgTay sNbg 506 ceramics calculated from the XRD pat-
terns is 6.071 g/cfh As the sintering temperature increases
from 1300°C to 1350°C, the density of MgTasNbg 505 ce-
ramics critically increases from 84.4% to 93.2%. According
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Fig. 3. The density and the dielectric constants of MggNbg 506 ceramics
sintered at different temperatures.
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Fig. 4. The quality valuesq x f) and the temperature coefficients of reso-
nant frequency) of MgTay sNbp 506 ceramics sintered at different tem-
peratures.

to the results irFig. 1, the decrease of pores will account
for this phenomenon. As the sintering temperature is higher
than 1350C, the density values of MgTaNbg 5O ceram-

ics are almost saturated, which exhibits a value as high as
96.8% and 96.9% theoretical density for samples sintered at
1400°C and 1450C, respectively. The dielectric constants
(er) of MgTag sNbg 506 ceramics are investigated as a func-
tion of sintering temperatures, and the results are also shown
in Fig. 3. Thee, values of MgTa sNbg s0g ceramic increase
with the increase of sintering temperatures and saturate at
about 1400C. The relationship betweepnvalues and sinter-

ing temperatures reveal the same tendency with that between
density values and sintering temperatures, because higher sin-
tering temperatures will cause the grain growth and fewer
pores, and that will result in a highervalue.

Fig. 4 shows theQ x f values of MgTasNbys0g ce-
ramics as a function of sintering temperatures. As the sin-
tering temperature increases, e« f values increase and
reach a maximum value of 33,100 GHz at 1480 TheQ x f
values are known to be affected by the morphologies of
MgTay sNbg 506 ceramics, such as porosity, grain sizes, and
the uniformity of grain growtt. Even the 1350C-sintered
ceramics reveal a dense surface, but the grain growth is not
uniform and it will lead to a lowe®) x f value. Ther; values
of MgTay sNbg 50 ceramics are also revealedhig. 4as a
function of sintering temperatures. As the sintering tempera-
tures increase from 130C to 1400°C, thers values change
steadily from—4.8 ppm?C to —0.8 ppm?C. And ther; val-
ues reach a saturated value-6d.7 ppm?C at 1450°C and
that is used as the optimized sintering temperature. Although
the maximumQ x f values of MgTa sNbg 50g ceramics are
somewhat lower than that of MgNRQeramics, however,
the ts value is largely improved in this study. It reveals the
potential applications of MgThaNbg s0s as microwave de-
vices.
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4. Conclusion
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