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Effect of nickel on microwave dielectric 
properties of Ba(Mgl/3Ta2/3)O 3 

E. S. KIM*,  K. H. YOON 
Department of Ceramic Engineering, Yonsei University, Seoul, Korea 

The dielectric and physical properties of the complex perovskite Ba(Mgl/3Ta2/3)03 system in 
which magnesium was substituted for nickel from 0.03-0.67 mol %, were investigated in the 
temperature range 20-110 ~ and the frequency range 10.5-14.5 GHz. As the nickel content 
was increased, the dielectric constant, the degree of ordering, and the unloaded Q decreased. 
The temperature dependence of the dielectric constant and the temperature coefficient of 
resonant frequency of thespecimens annealed at 1500~ for 20 h were found to be greater 
than those of the specimens sintered at 1650~ for 2 h. These results are due to the increase 
in the density, the increase in grain size, and the lattice distortion. 

1. Introduction 
Recently, complex perovskite compounds with high 
dielectric constant and low dielectric loss have been 
found to be good microwave dielectric materials. A 
number of complex perovskite materials [1-3] and 
their solid solutions [4-6] have been investigated to 
develop their microwave dielectric properties and im- 
prove their suitability for microwave integrated cir- 
cuits. 

The microwave dielectric properties of complex 
perovskite compounds are sensitive to crystal struc- 
ture, such as B-site ordering, and to the microstructure 
of the specimens. We investigated the effect of ordering 
and lattice distortion of B-site ions on the microwave 
dielectric properties of Ba(Mgl/3Ta2/3)O3 and con- 
firmed that the loss quality strongly depended on the 
ordering of B-site ions and on the microstructure [7]. 
Galasso and Pyle [8] reported that the ordering of B- 
site ions in the complex perovskite compound 
A(Bo.33Tao.67)O3,  w as  a function of ionic size and 
charge difference. Desu and O'Bryan [3] explained 
that the improvement of the loss quality in 
Ba(Znl/3Ta2/3)O3 ceramics was due to zinc loss and 
lattice distortion, even after the ordering of B-site ions 
was completed. 

This study describes the effects of small ionic size in 
the Ba(Mgl/3Ta2/3)O 3 system, by means of substitut- 
ing nickel for magnesium ions, on the ordering and 
lattice distortion of B-site ions, and the effects of 
ordering and lattice distortion on its microwave di- 
electric properties. 

2. Experimental procedure 
The starting materials were high-purity (99.9%) 
BaCO3, MgO, Ta20 5 and Ni(NO3)z4HzO powders. 
These powders were weighed and ball-milled together 
for 24 h with ethanol and zirconia balls. The mixture 

was then dried and calcined at 1200 ~ for 10 h in air. 
The calcined powders were reground into fine pow- 
ders and screened through 80 mesh. The screened 
powder was isostatically pressed into discs under a 
pressure of 1500 kgcm -1 and then sintered at 1650 ~ 
for 2 h in air. The sintered specimens were also an- 
nealed at 1500~ for 20 h in air, the optimum an- 
nealing conditions found in our previous work [7]. 
The structures of sintered specimens and annealed 
specimens were investigated by X-ray powder diffrac- 
tion analysis. A least mean square method of analysis 
was used to calculate lattice parameters [9]. The 
density of the specimens was measured by an immer- 
sion technique. The microstructure of the specimens 
was observed by SEM (Jeol, JSM820, Japan) and 
energy dispersive spectroscopy (EDS, Link, AN- 
10000, UK). Hakki and Coleman's dielectric resonator 
method [10] in the TE o 1 1 mode was used to measure 
the microwave dielectric properties of sintered and 
annealed specimens. The dielectric constant and un- 
loaded Q were measured over the frequency range 
10.5-14.5 GHz. The temperature coefficient of re- 
sonant frequency was measured at 10.5 GHz in the 
range 20-110 ~ 

3. Results and discussion 
It is reported that Ba(Mgl/3Ta2/3)O 3 has a hexagonal 
perovskite structure with magnesium and tantalum 
showing 1:2 order I-8]. The lattice parameter ratio, 
c/a, has a value greater than x / ~  ( =  1.2247) res- 
ulting from the ordering of B-site ions. Fig. 1 shows 
the dependence of the lattice parameter ratio, c/a, on 
the amount of nickel present. The annealed specimens 
showed a larger lattice parameter ratio than that of 
the sintered specimens because the ordering of the B- 
site ions was increased by the annealing process. For 
both sintered specimens and annealed specimens, the 
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Figure 1 Dependence of lattice parameter ratio, c/a, on the nickel 
content of Ba(Mg(~_x)/3Ni~/3Ta2/3)O3, sintered at ( t )  1650 ~ for 
2 h, and (�9 1500 ~ for 20 h. 
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Figure 3 Dependence of the ordering parameter on the nickel 
content of Ba(Mg(a _~)/3Ni~/3Ta2/3)O3, sintered at (O) 1650 ~ for 
2 h and (�9 1500~ for 20 h. 

x=o  
x= O ~  

x=2  L__ 
I I I 

116 115 114 
(a) 20 (deg) 

x=0  
x = 0 ~  

I I I 
116 115 114 

(b) 20 (deg) 

Figure 2 Profiles of (2 2 6) and (4 2 2) reflections of 
Ba(Mg~l _ ~)/3Ni:q3Ta2/3)O3. 

lattice parameter ratio was slightly decreased with 
increasing nickel content. These results are in agree- 
ment with our previous work [7]. 

The lattice distortion due to B-site ordering pro- 
duces the split of the (422) and (226) reflections in X- 
ray diffraction (XRD) patterns. The profile change of 
(422) and (226) reflections for both sintered and 
annealed Ba(Mg(l_x)/3Nix/3Ta2/3)O3 specimens is 
shown in Fig. 2. There was no lattice distortion for the 
specimens sintered at 1650 ~ for 2 h, while that of the 
annealed specimens could be observed through the 
entire composition range. This result indicates that the 
ordering of B-site ions due to thermal energy has a 
greater effect than the radius mismatch of B-site ions. 
Fig. 3 shows the ordering parameters of sintered and 
annealed specimens, which can be quantitatively 
evaluated from the degree of ordering. As the nickel 
content increased, the ordering parameters were 
slightly decreased for both sintered specimens and 
annealed specimens. For the same composition, the 
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Figure 4 Apparent density as a function of the amount of nickel 
content for Ba(Mg(x _x)/3Nix/3Ta2/3)O3, sintered at (0) 1650 ~ for 
2h, and (�9 1500~ for 20h. 

ordering parameters of the annealed specimens were 
higher than those of the sintered specimens. These 
results arein agreement with the report [3, 5] that the 
ordering of B-site ions increased with increasing an- 
nealing time. 

The apparent density of sintered specimens and 
annealed specimens is shown in Fig. 4. The density of 
both sintered and annealed specimens decreased dras- 
tically with increasing nickel content. The density of 
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annealed specimens was higher than that of the sin- 
tered specimens with the same composition because 
the grain size increased through the annealing process, 
as shown in Fig. 5. The microstructure of both sin- 
tered and annealed specimens showed needle-shaped 
grains appearing in grain boundaries. The number of 
needle-shaped grains increased with increasing nickel 
content, and also increased in the annealing process. 

Fig. 6 shows the EDS spectra taken from the grains 
(Fig. 5f, A), and the needle shaped grains in grain 
boundaries (Fig. 5f, B) of the annealed specimens for a 
nickel content of 0.67 mol %. It can be seen that the 
needle-shaped grains in the grain boundaries are de- 
pleted for higher barium, magnesium and nickel con- 
centrations and enhanced for high tantalum concen- 
tration. It was found that the liquid-phase formation 
occurred at temperatures of 1500, 1600, 1750, 1100, 
2000 and 1780~ for the BaO-MgO [11], 
MgO-Ta20  5 [12], TazOs-MgTa206 [13], BaO- 
NiO [14], MgO NiO [15] and Ta2Os-NiO [16] 
systems, respectively. The needle-shaped grains of sin- 
tered specimens were due to the BaO and NiO loss of 

the liquid-phase in the BaO-NiO system, while those 
of annealed specimens were due to the BaO, MgO and 
NiO loss of the liquid phase in the BaO-MgO and 
BaO-NiO systems. Thus, the annealed specimens with 
the same composition showed more needle-shaped 
grains than the sintered specimens. 

Fig. 7 shows the unloaded Q and dielectric constant 
measured at 10.5 GHz and 20 ~ Dielectric constants 
were slightly decreased with the increase in nickel 
content for both sintered and annealed specimens. 
This is due to the decrease of density and grain size, as 
shown in Figs 4 and 5. The annealed specimens with 
the same composition had a higher dielectric constant 
than that of the sintered specimens because the an- 
nealed specimens had a higher density and larger 
grain growth than those of the sintered specimens 
[7, 17]. 

As the nickel content was increased, the unloaded Q 
was drastically decreased, resulting from the decrease 
of density and increase of needle-shaped grains in 
grain boundaries. These results are in agreement with 
the reports of Takata and Kageyama [17] and 

Figure 5 Scanning electron micrographs of Ba(Mg(1 _x~z~Ni~/3Ta2/~)O3, (a-c) sintered at 1650~ for 2 h, and (d-f) sintered at 1500 ~ for 
20 h. (a, c) x = 0.25%, (b, d) x = 0.5%, (c, f) x = 2.00%. 
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Figure 6 EDS spectra of Ba(Mgo.9s/3Nio.oz/3Ta2/3)03 annealed at 
1500 ~ for 20 h. 

Wakino et al. [18]. The annealed specimens had a 
slightly higher unloaded Q than that of the sintered 
specimens with the same composition. The reason is 
that the annealed specimen has a higher degree of 
ordering than the sintered specimen, although it forms 
more needle-shaped grains, magnesium, tantalum-rich 
phase in the entire composition range. 

Fig. 8 shows the temperature dependence of the 
resonant frequency at 10.5 GHz as a function of tem- 
perature in the range 20-110~ The temperature 
coefficient of resonant frequency of the specimen sin- 
tered at 1650~ for 2 h was only slightly changed, 
while that of the specimen annealed at 1500 ~ for 20 h 
increased greatly with increasing nickel content. These 
results are due to the lattice distortion and the increase 
of the temperature coefficient of dielectric constant 
through the annealing process [7]. 

4 .  C o n c l u s i o n s  
1. As the nickel content was increased, the dielectric 

constant and the unloaded Q decreased due to the 
decrease in density, the decrease in grain size and the 
decrease in ordering parameters. 

2. Theneedle-shaped grains of the magnesium, tan- 
talum-rich phase were observed in both sintered and 
annealed specimens. Compared to the sintered speci- 
mens, the annealed specimens had a higher dielectric 
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Figure 7 Dependence of (�9 0) unloaded Q and (C], II) dielectric 
constant on the nickel content of Ba(Mg(l_x)/3Ni=/3Ta2/3)O3, 
sintered at (11, 0) 1650 ~ for 2 h, and (D, �9 1500 ~ for 20 h. 
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Figure 8 Temperature dependence of resonant frequency for 
Ba(Mg(1 x),3Nix/3Ta2/3)03, sintered at (O, W, A) 1650~ for 2 h 
and (�9 D, A) 1500~ for 20h. (�9 0) x = 0.10%, (D, II) x 
= 0.50%, (A, A) x = 2.00%. 

constant, a higher unloaded Q, and a greater temper- 
ature dependence of resonant frequency. 
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