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Microwave Assisted Sintering of Sr-doped Zinc Titanate (Sro.2ZnosTiO3)
Nano-ceramics
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Sr02ZnogTiOz (SZT) ternary nanopowders of perovskite structure samples were prepared by conventional solid state
reaction technique using ultra-pure metal oxide powders. SrCOs, ZnO and TiO2 powders were used as a source of
Strontium, Zinc, and Titanium. The calcination temperature of the samples is 820 °C and sintered at different temperatures
ranging from 850 °C to 1000 °C in conventional and microwave furnaces for 2 hours and 30 min., respectively. The
synthesized nano-powders were characterized using XRD, SEM, XPS and their dielectric properties were studied by
temperature dependent LCR meter. The dielectric constant increases with an increase in sintering temperature until 950 °C
and it decreases with a further increase of frequency.
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1. INTRODUCTION (dielectric) properties at a high frequency range (s = 25,
. ) . . . . tan(d) < 1073, % = ~—51 ppm/°C) and its comparatively low
_Microwave dielectric  ceramics improve device  jntering temperature (below 1000 °C), high Q-factor is the
efficiency and the packaging density of microwave roq It of ordered behavior and in the case of doped ZnTiOs
integrated circuits and are widely used in microwave filters,  an4 que to compositional ordering as a result of the decrease
oscillators and phase shifters. With the rapid development jj the Jattice strain [9, 10]. A good dielectric material must
of the fifth-generation (5G) mobile network and the need for - paye controlled grain size, be less porous, and be highly
new microwave (MW) devices, it is necessary to explore  textyred. The dielectric constant increases with doping
novel materials for rapid signals [1]._D|electr|_c coqstant () concentration and sintering environment (microwave) [11].
and loss tangent (9) values play a vital role in microwave  Therefore, high dielectric constant (k) and low loss tan(s)
and millimeter-wave (30300 GHz) radio frequencies as  gre key parameters in identifying the suitable dielectric
circuit substrates and other device applications, due to their 1\ a¢arial which is an extremely challenging task. Recently
less time delay in signal transmission [2]. In general, MW \jaqdaiah M. et al. [12] introduced Sr-doped MnTiOs rutile
ceramics are synthesized by using conventional sintering at  caramics with high k (> 10%) and low tan(d) (< 0.05) over a
temperatures greater than 1,200 K [3, 4]. _ wide temperature range between 300 ~ 450 K. Lin L., et. al
The high-k dielectric materials are important 131 and PallaviS., et.al [14] reported that dielectric
components in microelectronic devices such as flash  pronerties of titanate ceramics greatly depended on the Sr
memory, dynamic random-access memory (DRAM) and  goping concentration and sintering temperature. The
central processing unit (CPU) due to their good capacitive optimum doping concentration and sintering temperature
coupling, reduction in leakage current between electrodes 4154t 0.2 to 0.3 wt.% and 950 °C. Compared with MnTiOs
and less energy C(_)nsumption for Iong?term reliability(flash Sr-doped ZnTiO; ceramics have much more stable physical
memory) [5]. Wide band gap (E,) is also an important (gjelectric) properties [15]. Based on the above discussion,
parameter in addition to the dielectric constant to reduce the e choose ZnTiOs as the base while SrCOs substitutes
charge carrier injection from electrodes into dielectrics that dopant for base materials and the overall charge is balanced
causes the leakage current. Therefore, the ideal dielectric vt proper stoichiometric ratio.
with high-k should possess both large k and Eq [6]. The k In the present work, a stoichiometric compound of
was dependent on the ionic polarizabilities of any doped Sro2ZnosTiOs were prepared by conventional solid state
ATIOs structured ceramics (Sr, Mn, Zn, Mg) [7].  reaction, following the estimation of the structure of the

K.Yim. etal. [8] reported that the doped ZnTiOs is an  compound, lattice parameters, grain size and surface
attractive dielectric material having good physical
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morphology, composition, and dielectric properties were
analyzed based on different characterizations.

2. EXPERIMENTAL DETAILS

Sro2ZngsTiO; ceramic compound was synthesized by
standard solid-state reaction technique using analytical
grade powders of ZnO, SrCO3 and TiO; (purity > 99.99 %).
The powders were calcined at 500 °C for Two hours and
chilled in dry circumstances to eliminate any remaining
moisture. In a panner ball mill, the stoichiometric powders
of SrCQO3 ZnO and TiO; were combined and crushed for
5 hours using ethanol as the gaining medium. To form the
precursor powder, the mixture was first dried at 100 °C for
5hours and then calcined at 820 °C for 5 hours. The
calcined powder was remilled with zirconia balls for 5 hours
in ethanol after being sieved through a 200 pum sieve, and
then dried. The resulting composite was then crushed and
pressed into disc pellets by a cold isostatic press at a
pressure of 200 MPa, with a diameter of 1.2cm and a
thickness of 2 to 6 mm. Finally, the synthesized samples
were sintered in a conventional furnace and microwave
furnace at 850-—1000°C for 2hours and 30 minutes.
respectively.

The crystalline phase of the ceramic samples was
studied at room temperature by an automated X-ray
diffractometer (D/Max-3C, Rigaku, Japan) over the 20
range of 10—80° with a step of 0.02° and a step time of 10 s.
The microstructures and surface morphology of the ceramic
were investigated with a scanning electron microscope
(SEM, JSM-6500F, JEOL, Japan). The sample composition
and spin states were measured by XPS analysis. The
dielectric properties (k & tan(d)) were measured using the
HIOKI 3532-50 LCR HiTester (Japan) at varying
temperatures and frequencies (up to 1 MHz).

3. RESULTS AND DISCUSSION

The XRD patterns of conventional and microwave
sintered Sro2ZnggTiO3 ceramic samples are shown in Fig. 1.
The patterns predominantly show diffraction peaks
associated with the ilmenite hexagonal structure with a
space group of R3 [16]. Furthermore, in conventional
sintered samples, there were secondary peaks attributed to
ZnTiO3 (JCPDS file #26-1500) [17] as Zn,TiO4 (JCPDS file
#86-0158), while in microwave sintering, Zn?* is substituted
by Sr?* ions. The incorporation of Sr ions into the ZnTiOs
lattice is known to be able to suppress the phase transition
from anatase to the rutile phase [18]. This phenomenon
results from the formation of the Ti-O-Sr?* bonds, leading
to the stabilization of the hexagonal phase in ZnTiOs [19].

It can also be due to this low sintering temperature and
short soaking time during microwave sintering, which can
effectively avoid liquid segregation at grain boundaries of
the SZT ceramics that occurs with other sintering methods
[20]. The average crystallite size is estimated by using
Debye-Scherer's method [21]:

0.9xA
b= Bcos@’ )
where D is the average crystallite size; A is the wavelength
(1.5404 A°[22]) of X-rays used; g is the full width at half

maxima (FWHM) in radians. The calculated average
crystallite size of Sr-doped ZnTiOs is increased with
sintering temperature till 950 °C (31.5—-46.8 nm) later it
slightly decreases (38.3 nm).
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Fig. 1. X-ray diffraction patterns of SZT ceramics at various
sintering temperatures (8501000 °C): a-conventional
sintering; b —microwave sintering

It is noticed that the normal crystallite size reduction
happens at high temperatures. This is because of the
difference in the development rate between various

Fig. 2. Surface morphology of SZT ceramics microwave sintered
at: a—850 °C; b—900 °C; ¢—950 °C; d—1000 °C
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Fig. 2 depicts the SEM images of microwave-assisted
SZT ceramic samples sintered at 850-1000 °C,
respectively. All the SZT samples’ grains are crystalline,
and neither a clear secondary phase nor any segregation
phenomena are discernible [24]. For the samples presented
in Fig. 2, the average grain sizes were determined to be
1.28, 1.48, 1.67, and 1.42 um, respectively. We think that
microwave sintering may modify the microstructure and
dielectric characteristics of the SZT ceramics by the contact
between the particles and grain development during the
sintering process [25]. XPS was used to examine the
chemical composition of the SZT ceramic samples. The
SZT@950°C ceramic sample’s global survey scan is
displayed in Fig. 3. As a result, XPS data support the
incorporation of Sr elements into the ZnTOs lattice (SZT).
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Fig. 3. XPS global survey scan of microwave-sintered SZT
ceramics at 950 °C

The variation of dielectric constant (k) and dielectric
loss tangent (tan(o)) with temperature (300-700K) at
different frequencies (1 kHz to 1 MHz) of the SZT@950 °C
ceramic sample is shown in Fig. 4. It can be observed from
Fig. 4, that the k (Fig. 4 a) and tan (5) (Fig. 4 b) is found to
increase slowly with the increase of temperature up to 500 K
and above 500 K, a sharp increasing trend in both cases is
observed for all the samples. The sharp increase can be
attributed to the interfacial or space-charge polarization
effect [26]. In addition, k and tan(¢d) were found to decrease
with an increase in frequency. This happens due to
ineffective space charges at the grain boundary interface
[27, 28].

At room temperature (f=1MHz), the SZT ceramic
sintered at 950 °C showed a dielectric constant of ~ 25. In
general, the polarization due to grain boundaries is more
active at the lower frequencies, and as the frequency
increase, the polarization due to grains will be more. Up to
100 Hz, the Maxwell-Wagner interfacial polarization [29]
becomes predominant and for further increase of frequency,
the effectiveness of space charges will be diminished. Thus,
the k, as well as tan(d), will be decreased. The transition
temperature of the SZT@950 °C is noticed at ~ 655 K at
which the structural transformation usually occurs.
Normally, at the transition temperature, all the charge
carriers will be accumulated at the grain boundary interface
and therefore the resistivity of the grain boundary decreases.
Hence, the breakage of the grain boundary takes place
which can again be responsible for the peak value of the
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dielectric constant or loss [12, 30].

Fig. 5 shows the dielectric constant and loss of SZT
specimens with respect to microwave sintering temperature
at RT and f=1 MHz. With the increase in the sintering
temperature, the K of the SZT ceramics increased due to the
increase in density.

250

2004
I
5 1504
=
=]
]
£ 1004
(2]
=
2
2 s5p
0
T T Al T v T N T v T v L] L]
30 360 410 460 510 580 610 660
Temperature, K
a
—=— 0.1KHz
104 |——1KHz
—— 10KHz
—e— 100KHZ|
81 | ——1MHz
@ B
[=]
-
I
E 4
[*]
@
2
a2
04
T

T L]
410 510
Temperature, K

b

Fig. 4. a—dielectric constant; b—loss tangent with temperature
(310-675K) and frequency (0.1-1MHz) of SZT
ceramics microwave sintered at 950 °C
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Fig. 5. Variation of dielectric constant and loss with the sintering
temperature of SZT ceramics at RT and f =1 MHz

As seenin Fig. 5, the SZT sample sintered at 950 °C has
shown a high dielectric constant and low dielectric loss.
This can be attributed to the imperfections that will work as
scattering centers to the charge carriers and hence the huge
value of dielectric constant and low dielectric loss may be
obtained. The ionic radius of Sr2*(1.12A°) [31] is larger



compared to Zn?*(0.74A°) [22, 32], so the K was increased
due to the increase of the dielectric polarizability of SZT
samples with ilmenite structure [33].

4. CONCLUSIONS

In this work, a novel SZT nano-ceramic sample was
synthesized successfully by the solid-state reaction method.
We studied the effect of sintering temperature and
environment on the dielectric properties of SZT ceramics.
We found that the k of the SZT ceramics increased
significantly and reached a maximum value of
~230 (0.1 KHz) at 950°C sintering temperature in
microwave sintering. The dielectric constant is increased
with temperature and decreased with frequency up to the
transition temperature (650 K) of the samples. Therefore,
tuning the sintering temperature can enhance the dielectric
properties (high k and low tan(d)) of SZT ceramics. This
type of high k and low tan(s) values noticed at room
temperature are most suitable for the filter, charge stored
capacitors, and microwave resonator applications.
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