55165 4 W R i % R Vol. 51, No. 4
2023 F 4 A JOURNAL OF THE CHINESE CERAMIC SOCIETY April, 2023

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20220467

T 7] 6G R F BB IR H £ A1l £l ALO; Fi %

WA, AEE DET, FWHE, FRE

(BHERFEMELARE, B R SR T2 E 5 e =, JEst 100084)

 OE: NTHR 6G K 2ZAMBARK R EER B R, SRR R4 T B AR E 50 e s fLgs i 2 7L
LM% . AR FERAEE R SERER R, VIRBEASEXMWIEI . J13Mas. K22t itk Remszm . 3%
B EA ESALE(68.9%~81.0%) RiPLEIRSE(17.6~87.8 MPa)I Z FLAMARMZE, 76 1 THz T HARBKM T #(1.38~1.63).
Wl B H(~2.5 cm™). A ELE $(1.90~2.67)FIA LR FE(~0.008) . E [AIE LA E 5 FL AT I J5 1/ B mPUR R, HR ik
V1) 25 R TE TR 2% I8 5 AN R R AR 565 T A o TR PRV E B R

KR ZAEMNERE; EriEfl; KkE; JtEtkae: Ariatkae
PESES: TQ174.75 XRkFRERS: A
[ 4% AR AT i8] : 2023-03-13

O %o
Porous Alumina Ceramics with Ultra-Low Dielectric Constant and Directional Pore Channels
for 6G Telecommunication Applications

CHEN Yugu, GUO Weijia, MA Zhiyu, LU Yutian, YUE Zhenxing
(State Key Laboratory of New Ceramics and Fine Processing, School of Materials Science and Engineering, Tsinghua University,
Beijing 100084, China)

Abstract: To meet the requirements of low-latency communication technology in the 6G terahertz band, porous alumina ceramics
with ultra-low dielectric constant and directional pore channels were prepared by a freeze-drying method. A relationship between the
structure and the properties of samples from different locations was investigated. The effect of solid content on the microstructure,
mechanical properties, terahertz optical and dielectric properties was analyzed. Porous alumina ceramics with high porosity (i.e.,
68.9%—81.0%) and compressive strength (i.e., 17.6—87.8 MPa) can be obtained, having ultra-low refractive index (i.e., 1.38—1.63),
absorption coefficient (i.e., ~2.5 cm"), dielectric constant (i.e., 1.90-2.67), and z dielectric loss (i.e., ~0.008) at 1 THz. The
directional pore channels exhibit high compressive strength in the direction parallel to the pores, and the special structure has potential
applications for terahertz waveguides and antenna substrates.
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Fig. 2 Microstructures of transverse and vertical sections from porous alumina ceramics with different locations
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Fig. 4 Terahertz optical and dielectric properties of porous alumina ceramics with different locations and dense alumina ceramics
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Fig. 5 Microstructures of transverse sections for porous alumina ceramics obtained from different solid volume fraction
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(a) Typical microstructure of pore wall

(c) Porosity and compressive strength

(b) Pore diameter distribution

(d) Relative compressive strength
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Fig. 6 Typical microstructure of pore wall, the effects of solid volume fraction on pore diameter distribution, porosity and

compressive strength of porous alumina ceramics
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Fig. 7 Terahertz optical and dielectric properties of porous alumina ceramics obtained from different solid volume fraction
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