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Ag(Ta,Nb)O; materials have a perovskite structure with a low loss tangent. These materials have been widely
researched for their applications as high-frequency, passive components. Also, Ag(Ta,Nb)O, materials have weak
frequency dispersion with high dielectric permittivity which gives them enormous potential for use in electronic
components, including the filters, and embedded capacitors. Therefore, our research will discuss the structural and
electrical relaxation properties of Ag(Ta,4zNb,,)O; ceramics for device applications. We will investigate using X-ray
diffraction to understand their structural properties and will analyze voltage dependent leakage current and time-
dependent relaxation behavior to understand their material properties.
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1. INTRODUCTION

These days, perovskite-type ferroelectric materials have drawn
substantial attention due to their properties for dielectric and
piezoelectric applications, like for capacitors or infrared sensors
[1]. In this paper, we introduce Ag(Ta,Nb)O,; materials which
have highly dielectric properties and low dielectric losses. These
materials are potentially useful for wireless-communications,
microelectronic technologies, and the miniaturization of micro-
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wave components [2-4]. Comprehensive study of the dielectric
properties of microwave, and sub-millimeter to infrared spec-
troscopy have proved that Ag(Ta,Nb)O, are good ferroelectric
materials [5].

Ferroelectrics are brilliant materials which have a nonlinear
behavior in their dielectric permittivity, with an applied elec-
tric field and ferroelectric characteristics strongly dependent
on composition, processing condition, microstructure, applied
electric field, operating temperature, and frequency. Ag(Ta,Nb)
O, (hereafter ATN) material can be adapted to microwave appli-
cations due to their low loss tangent of around 3x10™ from the 1
kHz to the 100 GHz range [6]. Many studies have been carried out
to investigate how to improve the dielectric properties through
a conventional mixed method [7-10]. ATN shows an interesting
dependence of physical properties, such as phase transition and
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the dielectric permittivity on the Ta/Nb com-position. According
to Kania, perovskite ATN ceramics showed high dielectric per-
mittivity and low loss tangent with temperature-stable dielectric
properties [6]. Therefore, ATN can be a useful material for ap-
plications in wireless communications, microwave technologies,
and miniaturization of components [11]. The electrical proper-
ties, including the leakage current and the relaxation behavior,
were found to be greatly influenced by the composition. From
this point view, we analyze the characteristics of the various
compositions of ATN ceramics.

2. EXPERIMENTS

To prepare Ag(Ta,Nb)O; ceramics, Ag(Ta,Nb)O; powder was
prepared from Ag,0, Ta,0;, and Nb,O; powders with a high
purity of 99.9 % by a conventional mixing method. Ag,0, Ta,O;,
and Nb,O, powders were employed to prepare the stoichio-
metric composition of Ag(Ta,Nb)O, ceramics. After being ball-
milled for 24 hours with ZrO, balls and then dried, Ag(Ta,Nb)
O, powders were calcined at 940°C for 2 hours and then slowly
cooled. According to the different Ta / Nb compositions of
Ag(Ta,Nb)O, materials, the sintering temperatures have to be
different[12]. The refined powder size was of around 127 pm.
After granulation, these powders were pressed at 1 ton/cm®. Af-
ter pressing, the Ag(Ta,Nb)O, ceramics were sintered at 1,140C
for 4 hours.

Finally, silver paste was applied to the upper and bottom
side of the Ag(Ta,Nb)O, ceramics. We measured the crystalline
structure of the Ag(Ta,Nb)O; ceramics using X-ray diffraction
(XRD) patterns (@-26 scans with Cu-Ka source). The time-
dependent leakage current behaviors of the ATN ceramics were
measured using a Keithley 6517A Electrometer/High Resis-
tance Meter.

3. RESULT AND DISCUSSION

Figure 1 displays the ©-26 X-ray diffraction patterns ©-26 of
Ag(Ta,¢Nb,,)O; ceramics, which were sintered at 1,140°C. Ac-
cording to the analysis of the X-ray diffraction patterns, we found
that Ag(Ta,zNb,,)O; ceramics have a perovskite structure and
don’t observe the pyrochlore phase. The lattice parameter ¢ and
a of Ag(Ta,sNb,,)O; ceramics were calculated by employing the
Nelson-Riley extrapolation function with a least mean squares
method:
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where C is an interplane distance calculated from the ap-
parent Bragg 26 peak positions, and A is a fitting coefficient.
The calculated lattice parameters ¢ and a of the Ag(Ta,;Nb,,)O;
ceramics were 3.957 A and 3.937 A. According to these lattice pa-
rameters, we suppose that these ATN ceramics have perovskite
structure with a pseudo-cubic system [12].

Figure 2 illustrates the temperature dependent resistivity of
the Ag(Ta,4Nb,,)O, ceramics. The resistivity of these ceramics
was calculated from the resistance by considering the geometry.
During calculation, the total electrode area of the vertical-type
ceramic capacitor and the length of the current path between
the electrodes were considered. Due to the current-voltage
properties and their relationship to temperature, we proposed
the Arrhenius equation to describe the temperature-dependent
resistance behaviour:
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Fig. 1. X-ray diffraction (XRD) ©-26 scans with CuKa radiation for
Ag(TaygNb,,)O; ceramics.
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Fig. 2. Temperature-dependent resistivity of the Ag(Ta,zNb,,)O, ce-
ramics in the Arrhenius form.
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where T is the temperature in Kelvin, E, is the activation energy
of carriers, k is the Boltzmann constant (8.62x10” eV/K), and p,
is the resistance at infinite temperature. The temperature coef-
ficient of resistance, a, can be written as

1d E,
a= b ®)
pdl kT

From Eq. (3), the calculated temperature coefficient of
this thick film was -5.08x10"' K. The simulated p, of the
Ag(Ta,sNb,,)O; ceramics was 8,247.4 GQ.cm, and the calculated
activation energies were around 0.31 eV [13].

Figure 3 indicates the transient current I recorded in the time
domain for the Ag(Ta,3zNb,,)O, ceramics. At a room temperature
range, we measured the time-dependent leakage currents at
voltages of 30, 60, and 90V, respectively. By applying a respec-
tive step voltage to the Ag(Ta,;Nb,,)O; ceramics, we were able to
presume that the bias voltages caused different types of dipole
reorientations in the ceramics.

Therefore, we defined these time-dependent leakage currents
as polarization currents ‘I, from the different types of dipole
motions and the true leakage current ‘I,,.. From the simulation
in Fig. 3, we may claim that the time-dependent current behav-
ior can be expressed by the relaxation of dipole motions in the
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Fig. 3. Time-dependent leakage current characteristics of
Ag(TaygNb,,)O; ceramics.
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Fig. 4. The SEM image of the Ag(Ta,;Nb,,)O, ceramics sintered at
1,140C.

polarization process [14]:

1(t)=1,,+ A4 exp(—t/t)+ A4, exp(—t/t,)
+ 4, exp(—t/t;)
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The simulated values are listed in Table 1.

Figure 4 shows the SEM image of the Ag(Ta,;Nb,,)O; ceram-
ics sintered at 1,140°C. We observed the grain shape and size
of the Ag(Ta,sNb,,)O, ceramics, and we can argue that the
Ag(Ta,gNb,,)O; ceramics were well crystallized. Due to the vola-
tility of Ag ions during the sintering process, a small porosity of
the Ag(Tay4Nb,,)O; ceramics was observed. We can conclude
that the porosity and grain size in the Ag(Ta,;Nb,,)O; ceramics
played a role in increasing the transient current I recorded in the
time domain for the Ag(Ta,Nb)O, ceramics.

4. CONCLUSIONS

In this research, we analyze the structural and electrical char-
acteristics of the Ag(Ta,sNb,,)O; ceramics. Using X-ray diffrac-
tion analysis, we could see that ATN ceramics had a perovskite
structure with pseudo-cubic systems. The calculated lattice
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Table 1. Fitting value of the transient current I recorded in the time
domain for Ag(Ta,sNb,,)O; ceramics.

Ag(Ta,4Nb,,) O, ceramics

30V 60V 90V
Itrue 1.8972 x 107 5.3454 x 10 7.7909 x 107"
Al 1.4313 x 10" 5.3496 x 10" 1.8951 x 10-9
tl 3.8391 1.1321 0.641
A2 5.4443 x 107 1.5369 x 10" 4.8672 x 10"
2 21.6673 16.5071 3.8471
A3 5.7002 x 107" 4.2877 x 10 1.7008 x 10"
3 0.7601 16.5681 26.4724

parameters ¢ and a of the Ag(Ta,zNb,,)O; ceramics were 3.957
A and 3.937 A. Using the temperature-dependent resistivity, we
calculated the temperature coefficient of this thick film to be
-5.08x10™"" K. The simulated p, was measured at 8,247.4 GQ.cm,
and the calculated activation energies were of around 0.31 eV.
Also, a ccording to the analysis of the time-dependent relaxation
behaviors, we may argue that the time-dependent relaxation be-
haviors of the ATN ceramic’s different types of dipole reorienta-
tions were caused by range of the bias voltage.

We conclude Ag(Ta,sNb,,)O; ceramics had a well crystallized
structure and brilliant electrical properties for application as
passive components.

REFERENCES
[1] H.J. Bae, J. Koo, and J. P. Hong, J. Elect. Engin. Tech. 1, 120
(2006).

[2] I1S.Kim,]J.S. Song, S.J.Jeong, S. H. Jeon, J. K. Chung, and W. J.
Kim, J. Elect. Engin. Tech. 2, 391 (2007).

[3] C.I Lee, K. T.Kim, and C. I. Kim, Trans. Electr. Electron. Mater. 7,
67 (2001).

[4]  R. Ratheesh, H. Sreemoolanadhan, and MT. Sebastian, J. Solid
State Chem. 131, 2 (1997) [DOI: http://dx.doi.org/10.1006/
jssc.1996.7240].

[5] J. H. Koh, B. M. Moon and A. Grishin, Integ. Ferro. 39, 1361
(2001) [DOL: http://dx.doi.org/10.1080/10584580108011965]

[6] A. Kania, Phase Transit. 3, 131 (1983) [DOI: http://dx.doi.
0rg/10.1080/01411598308244116].

[7]  X.Hu, M. Valant and D. Suvorov, J. Appl. Phys. 99, 12410 (2006)
[DOT: http://dx.doi.org/10.1063/1.2209552].

[8] L. Li, J. Zhao, P. Zhang, R. Guo and H.Wang, J. Rare Earths
25, 163 (2007) [DOI: http://dx.doi.org/10.1016/S1002-
0721(07)60548-1].

[9] XY. Guo, N. Zhu, M. Xiao and XW. Wu, J. Am. Ceram. Soc.
90, 2467 (2007) [DOI: http://dx.doi.org/10.1111/j.1551-
2916.2007.01802.x].

[10] LX. Li, XW. Wu and YM. Wang, J. Electroceram. 11, 163 (2003)
[DOI: http://dx.doi.org/10.1023/B:JECR.0000026370.24972.6a].

[11] L. Cao, L. Li, P. Zhang, H. Wu and X. Wei. J. Alloys Compd.
487, 527 (2009) [DOI: http://dx.doi.org/10.1016/
jjallcom.2009.07.178].

[12] K.T. Lee, SSW Yun and J.H. Koh, J. Kor. Phy. Soc. 59, 2478 (2011)
[DOL: http://dx.doi.org/10.3938/jkps.59.2478].

[13] E. K. Akdogan, J. Bellotti, and A. Safari, Inst. Electr. Elec-
tron. Eng. 1, 191 (2000) [DOI: http://dx.doi.org/10.1109/
ISAE2000.941539].

[14] T. H. Yeom, K. T. Han, S. H. Choh, and K. S. Hong, J. Korean

Phys. Soc. 28, 113 (1995) [DOI: http://dx.doi.org/10.3938/
jkps.28.113].



