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Research progress on low dielectric constant inorganic dielectric materials
for 5G/6G wireless communications and advanced packaging technologies

BAO Jian, LI Zhenggiao, GUO Jing, WANG Changhao, XI Zhaochen, ZHOU Di"

(School of Electronic Science and Engineering, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: Functional inorganic dielectric materials with low dielectric constants (g,<10), represented by ceramic materials,
glass-ceramic composites, and microcrystalline glass, play an irreplaceable role in cutting-edge technologies such as high-
frequency and high-speed communications, high-density integrated packaging, and high-reliability electronic devices.
Among these, high-temperature co-fired ceramic (HTCC) technology employs high-strength alumina ceramics, high thermal
conductivity aluminum nitride ceramics, or low-dielectric-constant silicon-based ceramics as insulating packaging materials.
Low-temperature/ultra-low-temperature co-fired ceramic (LTCC/ULTCC) technology employs intrinsically low-sintering-
temperature ceramics, sintering aid-reduced sintering-temperature ceramics, glass-ceramic composites, and microcrystalline
glass as packaging materials. This paper elaborated and summarized the above low-dielectric-constant inorganic dielectric

materials, and prospected the application of machine learning (ML) in the prediction and design of novel low-dielectric and
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low-loss packaging materials, providing a new route for the development of related systems.
Key words: low dielectric constant; HTCC; LTCC/ULTCC; machine learning
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Fig.1 Flowchart of HTCC/LTCC technology process
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Fig.2 The crystal structures of a-Al,O, and y-Al,0,

(1 bR AR, 3& A N FH 7E 18 4 U, 5 2 e #hga e
PRI ZE 761 200°C LA 2 ANl il % 40l o AH
HRAE TE [F 2% % N M ALFORD £ )14 , a-AL,0, V4
BEAE1550°C FRE4E 5 h il DLk B BUEIRAS , thi Py
BERE S A F R FE (tand) K &2 2.7x10° (10 GHz) » ¢,
29810, IR IR FE R E(TCF) 21 8-60x10°C .,
H A 50 % 4 [ (KYOCERA) 1y HTCC 4538 1) 4% 55
Ak, HITF & B AO700/A0800 Z 471 1w 25 h 98 i 481k
B ) S %) 0 5 FE 43 ) AT I8 620 MPa 5 740 MPa
(ILFR D, S B BT 76 35 2% 1 78 o 52 0 56
(1 JEC J2 45 74 5 5 2 () B 5, T s R B 1 1 v 2
HRAAHEER L.

R FESUBHTCCH RSN
Table 1  The characteristics of alumina HTCC powder material from Kyocera

R4 R A440 A443 A473 AO610W AO700 AO800 A476
i, R e S e It It Sk
R JEH KNG g 1R R TIPS AR

o 1 MHz 9.8 9.6 9.1 9.2 9.4 9.4 9.4

ALY -
2 GHz — — 8.5 9.0 9.2 9.4 —
1 MHz 24 5 5 9 6 4 4
S HLARFE/(x107)

2 GHz — — 10 11 6 13 —

IR RE(RT~4007C)/(x10°C™) 7.1 6.9 6.9 6.9 7.2 75 7.2

T HR/(W/(m-K)) 14 18 18 17 21 16 24

YU % /MPa 400 460 400 460 620 740 350

W KB R /GPa 310 310 270 281 315 300 320
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Fig.3 The crystal structure of aluminum nitride
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Table 2 The research progress on sintering aids and sintering

processes for AIN ceramics

Redik , waE BT 2%
/C BT & /(W/(m-K)) /MPa ik
1850 Y, 0, KB AT IR K 222 — [21]
1650 CaF,-Li,CO,-Y,0, 141 — 021
1650 CaF,-Dy,0, 142 —
1900 CaF, 190.4 [23]
1600 CaZrO,-Y,0.+FisbiEkess 156 560 [24]
1700 Y,0,-Ce0, 176 392 [25]
1900 CeO, 156 — [26]
1850 Y,0, 205 295 [27]
1 860 Y,0, 206 344 [28]
1750 Sm,0,-Y,0,-Ca0 153.7 402 [29]
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Table 3 Low dielectric constant microwave dielectric

ceramic with sintering temperatures exceeding 950°C

. i%%ﬁiﬁ)ﬁ . of TCf %5%
/C i /GHz  /(x10°°C™y ik

SiO, (ki) AR 3.83 12 100 -8.30 [33]
ALSIO, 1525 443 41800 -17.00  [43]
Mg,P,0, 1150 490 31000 -1920  [44]
Li,MgSiO, 1250 510 15385 — [35]
LiAlO, 1250 545 14748  -190.00  [45]
CaCuSi,0,, 1045 575 20210 -38.90  [46]
SrCusi,0,, 1025 577 48790 -46.30  [46]
Li,ZnSiO, 1250 580 14700 -96.60  [47]
BaCuSi,0,, 1100 6.03 49952 -18.00  [48]
CaCoSi,0, 1175 6.04 12457 -18.90  [43]
a-Mg,P,0, 1150 6.10 38175 ~746.00  [49]
S1ZnSi,0, 1150 6.12 78064 -3320  [43]
Mg,ALSi,0,, 1440 6.20 40000 -24.00  [36]
Ni,P,0, 1200 623 83430 -24.63  [44]
BaALSi,0, 1450 636 44800 -46.90  [35]
Zn,Si0, 1340 6.60 219000  -61.00  [43]
BaZnSi,0, 1100 6.60 52400 -2450  [43]
BaSi,0, 1250 6.70 59500 -28.00  [50]
StMgSi,0, 1125 6.70 25800 -46.00  [51]
MgSiO, 1380 6.70 121200  -17.00  [52]
Co,P,0, 1160 6.76 36400 -23.90  [53]
CaSio, 1500 6.80 42200 -19.00  [54]
SIS0, 1500 6.80 12100 -66.00  [54]
Mg,SiO, 1500 6.80 270000  -70.00  [55]
CaMgSiO, 1350 7.05 62500 -62.90  [56]
a-Sr,P,0, 1150 7.1 35500 -23.00  [57]
St,ALSIO, 1525 720 33000 -37.00  [35]
LiYbSiO, 1140 730 25257  4.50~8.00 [58]
Ba,Si;0,, 1200 730 16700 25.00 [50]
Mn,P,0, 1100 734 23847 -9580  [57]
CaMnS$i,0, 1220 739 34100 -25.60  [59]
CaMg$i,0, 1290 746 59640 -46.00  [43]
KBaPO, 1150 758 31577 -13.30  [60]
BaZn,P,0, 1000 772 17000 -41.10  [61]
Ca,8i,0, 1300 7.80 28400 — [62]
Nd,SiO; 1500 7.94 38800 -53.00  [35]
YPO, 1600 8.00 67933 -3530  [63]
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Fig.4 The crystal structure of cordierite
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Fig.5 Two typical crystal structures in AMoO, ceramics
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Fig.6 The dielectric constant, quality factor, and sintering
temperature of low-dielectric-constant phosphate microwave

dielectric ceramics
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