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Crystalline Structure, Vibrational Spectra and Intrinsic Dielectric Properties of
MgO-1.15Ga,0; Ceramic

LI Shigiao, WANG Bin, XU Pengyu, TU Bingtian, WANG Hao

(State Key Lab of Advanced Technology for Materials Synthesis and Processing, Wuhan University of
Technology, Wuhan 430070, China)

Abstract: Magnesium gallate spinel ceramic is a promising candidate material for communication system devices due to its unique
microwave dielectric properties. In this work, a pure phase MgO-1.15Ga,0; ceramic powder with the uniform and fine particle size
was synthesized via solid-state reaction. The crystal structure of synthesized powder was determined by X-ray diffraction, showing
that the structure is (Mgo(llgGaoAggz)IV[MgojglGa]_185D0_033]VIO4. The ceramic was fabricated by pressureless sintering and subsequent
hot isostatic pressing sintering with the powder. Furthermore, the correlations among crystal structure, phonon mode parameters and
intrinsic dielectric properties were investigated by Raman scattering spectroscopy and Fourier transform far-infrared reflection
spectroscopy. The results show that MgO-1.15Ga,0; ceramic has good microwave dielectric properties (i.e., dielectric constant ¢, of
13.21 and quality factor Q,xfof 166 THz). Besides, the [Mg—O] polyhedra vibrational group yields a larger contribution to infrared
active intensity and dielectric loss rather than other vibration modes. The lattice vibration modes at low frequencies also provide a
considerable contribution to intrinsic dielectric loss.
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Fig.2 Measured and calculated XRD patterns of MgO-1.15Ga,05
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£ 1 Mg0-1.15Ga,0; F1 MgGa,0, M R KRS 5]
Table 1 Crystallographic data of MgO-1.15Ga,0; and MgGa,0,
Composition a/nm u  plgem™) i dimm  dymm Fa/(N'm)Fa/(N'm™") Mg® Gar® Mgy Gay' % 0
MgO-1.15Ga,05 0.827834 0.25670 5386 0.7814 0.1888 02012 2388 121.8  0.1175 0.8825 03907 0.5925 0.0168 1.0000
MgGa,04* 0.828000 0.25830 5330 0.8600 0.1911 0.2003 2129 1317  0.1400 0.8600 0.4300 0.5700 0.0000 1.0000

Note: “The crystal structure information stems from ICSD#37359; T represents tetrahedron; M represents octahedron; ‘@ represents vacancy.
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(a) Particle size distribution curve
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Fig. 3 Particle size distribution curve and SEM photograph of
synthesized MgO-1.15Ga,03 powder
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Fig. 4 SEM photograph of etched surface for MgO-1.15Ga,04
after pressureless sintering

Red circles represent some pores.
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Fig. 5 SEM photograph of etched surface for MgO-1.15Ga,0;
after HIP sintering
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3 23981 290841 23288 324664 2.75 412.08

4 22559 207865 19161 305847 237 440.35

5 16781 142356 15516 411116 1.44 216.77
6 15495 404105 14217 136557 0.02 0.93
7 14173 59164 13317 260586 0.01 2.80

£,=5.32.
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