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Improved Sintering Behavior and Microwave Dielectric Properties for Ge**
Doped BaSnSi;O9 Ceramics
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Abstract: Microwave dielectric ceramics are key materials for manufacturing 5SG communication components. The microwave
dielectric ceramics of BaSn(Si;_yGey);09(0 X< 1.0) were prepared via conventional solid-state reactions, and the effect of
substituting Ge*" for Si*' of BaSnSi;O, ceramic on the sintering behavior, crystal structure, and microwave dielectric properties was
investigated. The results show that the BaSnSi;Oy ceramic exhibits the porous microstructure and poor microwave dielectric
properties (i.e., £=6.61, Qxf=7 977 GHz at 15.03 GHz, and t=37.8x10"%/°C). The BaSn (Si;_yGey);06(0<x<X1.0) solid solutions are
obtained with Ge*" substitution for Si*', the crystal structure is a hexagonal structure with P-6¢2 space group. The Ge*" substitution
for Si* can improve the microwave dielectric properties of BaSn(Si;_Gey);0o(0<x<X1.0) ceramics by optimising the sintering
behavior and changing the crystal structural parameters. The Qxf values of BaSn(Si;_yGe,);09(0<<x<X1.0) ceramics are mainly
controlled by the relative covalency of Si/Ge—O and Sn—O bonds. As x=1.0, the BaSn(Si;_yGey);09 ceramic exhibits the optimal
microwave dielectric properties (i.e., £=8.53, Qxf=15 829 GHz at 14.41 GHz, and r=-34.2x10° C™").
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(b) Rietveld refinement of XRD patterns for BaSn(Si; xGey);09 (0<Xx<1.0)

(a) XRD patterns of BaSn (Si;_xGex);09 (0=<X<1.0) ceramics

(c) Crystal structure of BaSnSi;Oq

K1 (a) BaSn(Si, xGey):Oo(0<x<1.0)M %) XRD #: (b) BaSn(Si; xGey);0s(0<x<1.0)/ & (] Rietveld ¥ 1£&; (c) BaSnSi;Oy

R A S5 g 1
Fig. 1

(a) XRD patterns of BaSn(Si;_Gey);09 (0<x=1.0) ceramics; (b) Rietveld refinement of XRD patterns for

BaSn(Si;_,Ge,);09 (0<x<1.0); (c) Crystal structure of BaSnSi;Oq

F 1 BaSn(Si;_,Ge);0, FIERI SIS M Rietveld 151525 R
Table 1 Lattice parameters and Rietveld discrepancy factors of BaSn (Si; ,Ge,);09 ceramics

Compositions Space group a/A b/A c/A V/A® pue/(grem™) Rup/% Ry/% Pa
x=0 P-6c2 6.739 6.739 9.857 387.621 4.149 17.4 13.6 5.68
x=0.2 P-6c2 6.774 6.774 9.923 394.268 4.304 18.4 14.7 6.47
x=0.4 P-6c2 6.811 6.811 10.005 401.921 4.443 18.1 13.9 5.88
x=0.6 P-6c2 6.842 6.842 10.080 408.607 4.587 19.8 15.7 6.76
x=0.8 P-6c2 6.877 6.877 10.169 416.532 4.713 19.3 15.0 6.53
x=1.0 P-6c2 6.904 6.904 10.250 423.181 4.848 18.4 13.7 6.44

a, b, c—Lattice parameters; V—Unit cell volume; p;,—Relative density; Ry, Ry, Xz—Rietveld discrepancy factors.
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Fig. 2 SEM images of the BaSn(Si; yGey);09 (0<<Xx<1.0) ceramics; insets were the corresponding back scattering images and

results of EDS
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Fig. 4 Variation of quality factor, relative covalency of
Si/Ge—O bond, and relative covalency of Sn—O bond
of BaSn(Si;_,Gey)309 (0<<X<1.0) ceramics with X
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