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Research Progress on Microwave Dielectric Ceramics Based on Cold Sintering Process

CHEN Naichao, CHENG Jin, WANG Hong
(Department of Materials Science and Engineering, Southern University of Science and Technology, Shenzhen 518055,
Guangdong, China)

Abstract: Microwave dielectric ceramics are widely used as dielectric materials in passive devices of the internet of things, industrial
internet, 5G communications, and global satellite communication systems. This review introduced the densify mechanism and process
parameters of cold sintering process. The main material systems and devices of cold sintered microwave dielectric ceramics were
summarized. The main challenges and prospections of cold sintered microwave dielectric ceramics were pointed out. Cold sintering
process has some advantages of low sintering temperature (<300 ‘C), co-firing heterogeneous materials, small grain size difference
before and after sintering, simple preparation process, energy saving and environmental protection, etc., which has potential

applications in multi-layer co-fired ceramics and microwave system integration.
Keywords: cold sintering process; microwave dielectric ceramics; microwave devices; microwave properties
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Fig. 1 Diagram of the “dissolution—precipitation” compaction mechanism of cold sintering process
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Table 1 Density and performance of traditional sintering versus cold sintering of Li,M00,, Na,Mo0,0,, K,Mo0,0,

112]

Cold sintering process

Conventional Sintering Process

Materials
Density/(g-cm ) Performance Density/(g-cm ) Performance
Li:MoO4 2.9(95.7%) &=5.61 2.895(95.5%) e=5.5
Qxf=30 500 GHz(f=17.4 GHz) Qxf=46 000 GHz
Na,Mo,0- 3.45(93.7%) e=13.4 3.59(97%) e=12.9
Qxf=14 900 GHz(f=11.2 GHz) Qxf=62 400 GHz
K>Mo,07 3.39(94.1%) £=9.8 &=1.5

Qxf =16 000 GHz(f=13.3 GHz)

Qxf=22 000 GHz

TR ER AT TK, B & —RE 5T
A RREEIARL . BE A KA RREHOR, W&
RAVEEIR EL AR R $h B A P RLEAT T R =W AL
2016 4, Guo ZUSRAABesEHA, 765 IE )
250~350 MHz, /% 8 120 CHIZA TR, I8N 2%~3%
(192 B PR VE Bl B4, Bedh 20 min BRI 3RA3 30
B Ge 25 [11(LiBi)o sMoOg P &, AHX %5 88.5%, &
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2021 4, Zhou 2L HIA s AR TS 1%
FELERI) LiF-CaTiO;, 43t 800 CHIFAKHL G, #x
RAIEREN & ~10.89, Qxf~26 580 GHz, 7p ~+2.89x
10%°Co [A4E, Jin Z5UORI A Besk HoR$i % BaF,
%, 1E 150~600 MPa JE /7. 150 ‘CKe45 1 h, &3t
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2 500 GHz, 7~+32x107%/"C)"; 0.2MgTi05-0.8 NaCl
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7£ 300 MPa, 180°Ckest 1 h, HEIEF] 90%. Fti)5
7E 800~900 CHIAMHE 4 h, HEFFIAF] 96%, ik
PR 100~1 200 nm, FAIEHEREAN: & N
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—33%x10°%/°C~ —26x10°/°C. 2021 4F, Vilesh 25
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M tand=0.05, 0.02. 2020 4, Song ZP5H| F A
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MPa, @ 155 C F R4S 25 min, % Eik %
96.23%; i 3, 1K 7128 300 MPa, 5N 210 C
Bedth 25 min, AT 98.52%; H=2, RN
300 MPa, JREN 210 CE4E 25 min, %k F)
99.13% . F 4%, A TEREN €.~33.44, Qxf ~16 218 GHz.
2021 4, Wang 2P F A Bes Ho R BB 45 TiO,.
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SR A B HRAE 300 CHIZ: 3 F/KIMER T
JERI BN, A E|~80%; B JE7E 950~1 000 C
Bk 2 h, BHEIEF] 98.5%~99.8%, 4 HLHH A
92.0~98.4, Qxf Ay 27 800~31 900 GHz.
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B BDAAR A 2 B T ORI, RGR IR K BE S AT R B
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WARRETR « Bl Eh DA HLE G, s Ak B
R A7 B AR SR AR 45 B, AR BRAF I I R 2 I
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Table 2 Comparison of properties of cold-sintered microwave dielectric ceramic

Material Density/% & Qxf/GHz /('Ch Refereme
Li;MoO, 95.7 5.1-5.61 10 200-30 500 ~170x107° [12, 20, 25]
Na;Mo,07, 93.7-95 12.7-13.7 12 00014 900 —99x10°° [12]
K>:Mo,07 94.1-100 6.37-9.8 16 000-26 500 —~70x10°° [12,30]
MoOs(annealing) 83.7 9.91 11 800 [57]
(LiBi)o.sMoO, 88.5 33.7 2300 184x10°° [10]
(LiBi)o.sM0O4~50%PTFE 10 2000 ~120x10°° [10]
Li;M0O,~70%PTFE 2.9 17 000 ~72x10° [21]
Li;M004-20%Mg,SiO4 90 5.05 16 030 [22]
Li;,Mo004—15%BaFe; ;019 94.1 5.8 17 430 [26]
Li;M004-50% Garnet 88 7.6 2300 ~124x10° [24]
Li;M004—10%BaTiO; 8.2 354 [20]
Li;M004—80%Nay sBig sMoO4 93.6 17.4 7470 —4.7x10°° [25]
Li;M004-30% MnZn ferrite 87 21.7 [26]
Li;M004-0.54Nip,Cug»Zno ¢Fe,04 95 7(10 MHz) [27]
Li;M004-20%TiO, 88 8.7 4000 20x107° [29]
(Ca,Bi)(Mo,V)04~5%Li,M0O;4 935 11.4 7070 —7.4x10°° [28]
Na;M0,07—(Big 95Lig.05)(Vo9M00.1)O4 40 4000 0 [30]
CaSnSiOs—35%K,Mo0, 98.6 9.2 6249 —0.5x10°° [31]
K;Mo0O4—8%CaTiO; 100 8.5 11 000 —4x107¢ [32]
0.5LiMgP0O4~0.1CaTiO3-0.4K;M00, 97 9.1 8500 6x10°° [33]
Bi;M0,0s-K>Mo0;4 100 31 3000 —1x10°° [35]
LiWVO4-70%K,MoO4 >92 7.8 4514 1.3x10°° [34]
Na,WO, 96 5.7 22 000~70 000 ~70x107° [37-38]
Na;WO,4~0.6Nig2Cug2Zng Fe,04 84 8(100 MHz) [39]
HBO,-1I 94.7 421 47 500 —~70x10°° [40]
H;BO; 97.7 2.83 59 400-146 000 —91x10°%, —242x10°° [41-42]
LiF(annealing) 92, 95.6 8.2, 845 110 800-134 050 ~135x107° [43—44]
LiF—CaTiOs(annealing) 10.89 26 580 2.89x107° [45]
BaF(annealing) 98.5 73 82320 ~109.4x10°° [46]
NaCl 52 12 000 ~36x10°° [47]
Al,Si0s—NaCl 4.52 22 350 —24x10°° [47]
NaCl 94.6 5.55 49 600 ~173x107° [49]
NaCa,Mg,V30,,—xNaCl (x=0.4-0.7) 80-94 6.9-7.4 5000-13 830 [50]
ALOs-NaCl 96 6.04 2500 32x10°° [51]
0.2MgTiO3-0.8NaCl 95 7.24 29 500 ~136x107° [52]
Li;Mg;TiOg(annealing) 96 15.51-15.68 17 790-47 960 (-33--26)x10"° [53]
BaBiLiTeOs—0.5% Li;Mo0, 93 12.5(900 MHz) [54]
BaBiLiTeO¢0.5% PTFE 98 9.01(900 MHz) [54]
Bi,04 99.13 33.44 16218 [55]
TiO,(annealing) 98.5-99.8 92.0-98.4 27 800-31 900 [56]
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461 Fheds 20 min, INHI4&H Li;MoO,s-Ag
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Wang %52V ] —Fh 5L Fa e A Be sk i 2 &
FEL CaTiOs—KoMoOy 1E RS BiA KL, LU 4 77
(27.5 mmx23.0 mmx0.05 mm){F Jy%& 5t 8 o Al
B BRI T e I R 4:(40.0 mmx40.0 mmx
1.4 mm), ERHO AR TAER 2.5 GHz, 1EH O
R AR S ROCR L 62%. I AT I AP R F
T A BREE K 65%CaSnSiOs—35% KoMoO, B &
PR BEAE AN AR, Berh FIRIE R AR 2R, i 98k
144 MHz @-10 dB, %% 5.7 dBi, JH. 5.2 GHz
I HEZER N 88.4 %. HAk, Z%HBAP AR H A
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BN FAEL EDR L Cu MG TR T2 ST
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BaF, fE N AR, Berh Rl 45 T s W v K2k,
W 3 fis. S 1=-16.5dB, ¥~ 5.84 dB, &A%
#-0.38 dB (5.78 GHz).

(a) Optical photographs

(b) Backscattered

(c) Backscattered electron micrographs

K2 Li,MoOAg % 2!

Fig.2 Li,M0O,-Ag multilayer ceramics!'”
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(a) Simulated upward and downward 3D radiation
patterns of the BaF,—based antenna at 5.8 GHz

(c) Measured and simulated radiation

patterns at the H-plane

(d) Measured and simulated radiation

patterns at the E-plane

(b) Setup of antenna measuring devices

in microwave anechoic chamber

(e) Measured total efficiency of the fabricated

antenna as a function of the frequency

B3 AR BRSS (¥ BaF, BT I R 26140

Fig. 3 Microstrip chip antenna that the dielectric material is the cold-sintered BaF,
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