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Microwave Dielectric Properties of (Mg..Ni.)(Tig.05(Mg13Ta2/3)0.05)03 Ceramics
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Abstract The effects of Ni** substitution for Mg2+—sites on the microwave dielectric properties of (Mg;..Ni,)(Tioos(Mgi/3
Taz3)0.05)0;5 (0.01 < x < 0.05) (MNTMT) ceramics were investigated. MNTMT ceramics were prepared by conventional
solid-state reaction. When the MgO / TiO, ratio was changed from 1.00 to 1.02, MgTi,Os was detected as a secondary phase
along with the MgTiO; main phase in the MNTMT specimens sintered at 1,400 °C for 4h. For the MNTMT specimens with
MgO/ TiO, = 1.07 sintered at 1,400 °C for 4h, a single phase of MgTiOs with an ilmenite structure was obtained from the entire
range of compositions. The relative density of all the specimens sintered at 1,400 °C for 4h was higher than 95 %. The quality
factor (Qf) of the sintered specimens depended strongly on the degree of covalency of the specimens, and the sintered speci-
mens with x =0.01 showed the maximum QOf value of 489,400 GHz. The dielectric constant (K) decreased with increasing Ni**
content because Ni** had a lower dielectric polarizability (1.23A%) than Mg®" (1.32A%). As Ni** content increased, the tempe-
rature coefficient of resonant frequency (7CF) improved, from -55.56 to -21.85 ppm/°C, due to the increase in tolerance factor

(?) and the lower dielectric constant (K).
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Fig. 1. X-ray diffraction patterns of (Mg;.Ni,)(Tio.os(Mgi3Ta2/3)0.05)
Os ceramics sintered at 1,400 °C for 4 h: (a) MgO/TiO, = 1.00, (b)
MgO/TiO, = 1.02, (¢c) MgO/TiO, = 1.07.
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Fig. 2. Relative density of (Mgl_xNix)(Tio_qs(Mgl/3Taz/3)0,05)03 (001
< x < 0.05) ceramics sintered at 1,400 °C for 4 h (MgO/TiO, =
1.07).

o FHdE=E %E}W‘”‘:‘r /0 Wsto] gk v A2 A

Z-2 Fig. 30| 4] &&= Q1o U% linear intercept method'>
£ ol Bt 2 H A7 E AL A3 e 240 o
3} 6.46~6.65 pum = LEFTH MNTMTO] 24 ¥ 3o oj
sho] B AT 271 Ak kS ol A Ygron
2 2]Q1A 9 Ql(extrinsic factor)o] MNTMT&] ujo] = 2 1}t
FAEA A v A= FEFS AT = Aok AL &els)
AT} w2} A, 1,400 °Col| 4] 4X]7F 2 AF MNTMT ] 1}o]
29 $HEA] HIE 29lA] R ¢l(extrinsic factor)o]
opd A7 x4 A4 22 Q14 8 (intrinsic factor)
3 pHEA ] AEA R RS

theAlo] Ado]z MNTMT Q] %A4(MgO/TiO, = 1.07)°]|
i3t &7 A|H 2] XRD 4 d|o] & 2 5] Rietveld refine-
ment (RIR) 2418 3}tk MNTMT £ 72 A]HS| RIR &

A &S Fig. 4o dEt 2o, sid H2 SHE Jx=,



(Mg1.Ni,)(Tio.es(Mgi5Taz3)0.05)03 Aty 28] uto]| 23} 5740 E4

333

Fig. 3. SEM micrographs of (Mg;..Ni,)(Tig.os(Mgi3Ta2/3)0.05)O03 (0.01 < x < 0.05) ceramics sintered at 1,400 °C for 4 h (MgO/TiO, = 1.07)
(bar =10 pm): (a) x = 0.01, (b) x = 0.02, (c) x = 0.03, (d) x = 0.04 and (e) x = 0.05.
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Fig. 4. Rietveld refinement patterns of (Mg;_Ni,)(Tio9s(Mgi3Ta23)0.05)O3 (0.01 < x < 0.05) specimens sintered at 1,400 °C for 4 h (MgO/
TiO, = 1.07): (a) x=0.01, (b) x=0.02, (¢) x=0.03, (d) x = 0.04 and (e) x = 0.05.
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Table 1. Lattice parameter and unit cell volume of (Mg;_Ni,)(Tig.os
(Mgi5Taz3)005)053 (0.01 < x < 0.05) specimens sintered at 1,400
°C for 4 h MgO/TiO, = 1.07).

e Lattice parameter  Unit cell volume R-factor
(mol) a,b(A) c(A) (A% Gof Ry,
0.01 50652 13.9169 309.2176 1.9 798
0.02 5.0658  13.9198 309.3630 22 873
0.03 5.0662  13.9217 309.4503 2.1 8.64
0.04 5.0667  13.9243 309.5697 2.1 929
0.05 5.0669  13.9235 309.5763 21 9.13
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of (Mg1Ni)(Tio.05(Mg15Ta23)0.05)03 (0.01 =< x < 0.05) ceramics
sintered at 1,400 °C for 4 h (MgO/TiO, = 1.07).
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coefficient of resonant frequency (7CF) of (Mg;Ni,)(Tiges(Mgi/3
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