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Abstract: The lithium-based silicate microwave dielectric ceramics with ultra-low permittivity show great potential
as substrate materials in the fifth-generation wireless communication technology. However, the residual stress caused
by higher sintering temperatures leads to increased dielectric loss, thereby deteriorating the microwave dielectric
performance. In this work, B*" was introduced into LiAISi,O4 ceramics to reduce AI’* content, aiming to improve their
sintering temperature and microwave dielectric performance. LiB,Al; Si;O¢ (0<<x<0.20) microwave dielectric

ceramics were prepared using a combination of solid-state reaction and cold isostatic pressing techniques. Effects of
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B*" doping on the sintering characteristics, phase structure, microstructure, and microwave dielectric properties of the

materials were characterized. The results show that with a gradual increase in the doping concentration, sintering

temperature of the ceramics decreases significantly from 1400 to 1000 ‘C. Meanwhile, the relative permittivity (e)

decreases from 3.95 to 3.69, the quality factor (Q%f) increases significantly from 24300 to 30560 GHz, and the

temperature coefficient of resonant frequency (z;) increases from —45.9x10° to —20.9x10°° “C™'. Specifically, the

change in ¢, is mainly influenced by intrinsic polarization, lattice vibrations, and covalent bond strength of the material;

the improvement in Qxf is closely related to the increase in packing fraction (PF) and the decrease in damping

coefficient; the increase in z; is strongly correlated with the bond valence of oxygen (V). Furthermore, the composition

with x = 0.20 exhibits the best microwave dielectric performance with & = 3.69, Oxf'= 30560 GHz, and ;= -20.9x10° °C™.

Findings of this study on LiB,Al; ,Si,0¢ provide important theoretical guidance and practical insights for development

and application of high-performance microwave dielectric ceramics in the future.
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Fig. 2 XRD patterns of LiB,Al,_,Si,O4 ceramics
(a) At the optimum sintering temperature; (b-d) Rietveld refinement fitting patterns at (b) x =0, (¢c) x = 0.12, and (d) x = 0.20
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Tablel Rietveld refined structural parameters of LiB,Al;_.Si,Og ceramics

Lattice parameter

X Rp /% pr 1% XZ
a/nm b/nm c/nm V/nm?®
0 0.75380(5) 0.75380(5) 0.91556(4) 0.52024(4) 7.69 10.8 1.84
0.05 0.75346(3) 0.75346(3) 0.91533(1) 0.51963(9) 7.32 10.1 1.83
0.08 0.75320(5) 0.75320(5) 0.91494(0) 0.51906(2) 7.24 10.2 1.89
0.12 0.75286(8) 0.75286(8) 0.91434(9) 0.51826(2) 7.24 10.2 1.87
0.16 0.75246(2) 0.75246(2) 0.91332(8) 0.51712(5) 7.29 10.1 1.86
0.20 0.75206(4) 0.75206(4) 0.91257(9) 0.51615(5) 7.22 9.98 1.87
a, b, and c are unit cell parameters;  is unit cell volume; R, and R,,, are reliability factors; x*is goodness of fit
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Fig. 4 SEM images and grain size distributions of LiB,Al, ,Si,0¢ ceramics
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Table3 Bond valence, covalence and
aver age covalence of LiBAl,_Si,O¢ ceramics

x Vi Vsuat Vo o Guio/% Csyaro/% Average/%
0 0.820 3.906 1912 18.87 53.18 36.03
0.05 0.821 3.935 1.924 18.89 53.44 36.16
0.08 0.823 3.947 1.930 18.92 53.54 36.23

0.12 0.824 3.978 1.943 18.94 53.81 36.37
0.16 0.825 4.036 1.968 18.95 54.31 36.63
0.20 0.829 4.075 1.986 19.02 54.65 36.83

F4 JLFEEIS LiBAILSI 06 M HIKREE R B (ST)FRIK /i B AL R 19 20,2838 4149
Table4 Sintering temperatures (ST) and microwave dielectric properties of several silicates
compared with LiB,Al;_,Si,Og" 1% 228 38 41-43)

Component ST/C & 0xfIGHz /(x107%, ‘C™ Ref.
LiAlSiO, 1350 49 36000 -573 [17]
Li(AlpgsLig 01)SiO05.90 1250 3.49 51358 -51.48 [17]
Ca,Si0, 1450 8.6 26100 -89 [19]
S1,Si0, 1575 9.5 19100 -205 [19]
Ba,SiO, 1525 13.1 17900 -17 [19]
Zn,Si0, 1340 5.7 53000 -16 [41]
Ba,ZnSi,0, 1200 8.09 26600 -51.4 [42]
Sr,MgSi,0, 1280 6.85 22530 -32 [43]
SrsMgSi,O5 1450 11.6 25375 -57.41 [44]
Li,SiO; 1025 6.19 30550 -40.95 [38]
Li,ZnSiO, 1250 5.8 14700 -96.6 [45]
Li,MgSiO, 1100 5.73 13570 -16.7 [26]
LiB,Al,_,Si04(0.02<x<20.1) 875-1100 3.34-3.73 25770-27540 -22.85—16.5 [28]
LiB,Al;_,Si,06(0<x<0.20) 1000-1400 3.69-3.95 24300-30500 —45.9—20.9 This work
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