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Investigating Progress on Low-Permittivity Microwave
Dielectric Ceramic Substrate

LEI Wen, LU Wenzhong
( Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: Low-permittivity (&,) can minimize cross-coupling loss between substrate and conductor and shorten the time
for the electronic signal transition, and high quality factor (Q + f) can increase selectivity and simplify heat dispersing
structure, moreover near-zero temperature coefficient of resonant frequency (7;) can ensure stability of the frequency a-
gainst temperature change. Especially as working frequency gradually expands, thermal conductivity of substrate should be
considered carefully due to an increase in dielectric loss and calorific value. Thermal conductivity of ceramics is about 20
times as that of organic materials, therefore, low-permittivity microwave dielectric ceramics become promising materials for
high-performance substrate applications. In addition, high strength and excellent surface/interface characteristics are also
required. So an overview on low-permittivity microwave dielectric ceramics with £, <15 are present firstly, and then meas-
ures on reducing permittivity and increasing surface densification are introduced. Finally, some suggestions of investigating
high-performance low-permittivity microwave dielectric ceramic substrates are also proposed.

Key words: microwave substrate; dielectric ceramics; low-permittivity ; surface densification

Vol. 31 No. 7

F, JRPERIRAS T ML R AR, Al SRR A T

B B

Wl 30 5 DA s A TR A B i, (7S IEIR B4
RAREMYE, REBFEMAREBSZHER, &
Gk th ol e 7, DU, % 1 7 0 06
SR B A B B R PR RE S BB T
2R

A HU KRB I/ A R L5 A Al =2 8] 119 58 A 5 40

RS EHE: 2012 -04 - 06

EEWB: ERAAPFEERIIH (61172004, 50902055)
7R84 50 H (2010A090200001 )

EEEN: 30 B, 1977 4L, W, R4S

BIES: BIcd, W, 1966 &4, HEE, kTl

welE TAERAR A al £ 0k, I % B R R IR AR R
A B TR B ORI R R TR S
ARG BRI R AP T R L, A
HROB/NE 4 Ze A, AR ER TR AT LI/ NE 33% L
bo HHTESARIRBLE B, 105 2 A B U T
15 115 73 1 s W e AL, (ELRE 3 8 A 00 RN W T
I IRFE AW R, AR PR A IR TGS, AR B
RN — AT LHE A H RN NR . TR R T
A B 20 524, ol ffe it AT
/AL, FFREWL I = An O 4 7 iy A ] ek (PR
PR A L3 BOARMEREAR S 4 LUR, Witk A0 4
REGT R INEM L L, g Rt sik, mikRhE



55739 H

SCRE ARSI o g e T AR AT 5 17

ANEFLFR, SRS BTN, S B G
HLH RO H 1Y o XORE O KAPRH A AR, IRl
SR REAR 1Y ) S B A R AR AR . A, ASCE B
BN HHEEUNT 15 WK 0B 5T B 88 A1 RHMA 2R i B
FEHERENGOL, TERCELRE b, 250 MR SRR A A L 5L
MY RN R SR AT i, A IR AR HE R A, IR
KB R MBI B R L R R R R SR T A R
P R A IO i s B AR A ), B LB A N S e R
2 BREANBBEAREEMR

AR, 5 RMEN B E (e, <15) F = i ot R 506
RHEZEH BT IS, R RMA R, B AHE —
MrERmREL L . DU RERRERIE . M DB AR 55 3L RIS 4 4
FHREh BE P % A KL
2.1 ZHsEEEE

AL O, BA ST R B R AR A LR AE
TEECAR A T B AR AR R R L AR 1970 4F
CourtneymﬁjﬁﬁiﬁT ALO;, BB R A PERE: &, =
9.41, tans=1.5x107, 7,= -6 x107°/C, R A5
ALO, HARE s T, (Hl THl& L2 E0,
RER G, AL R 2 8% 10 000 %, PRI xE
iﬁﬁfﬂjm . Molla™ | Kobayashim F1 Woode'™ S W
Mbegs k4 A AR /N T 5 x 10 7 /Y AL O, £ 541
BARE, SRR E T ALO; BE M N TR . S,
NATRIH TiO, A %4 1 ALO, ibesitine, I
0.9A1,0,-0. 1TiO, PR = fHIH W ZEF(E, HIKR S
HH B ALTIO; M (7,= +79 x107°/°C) , B ALHI
T TiO, (7, = +398 x 10 ™°/C) X441 22 5 345 2
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K1 SNBSS (1 - x) ZnAl, 0,-xCo, TiO, F %
B XRD Ei%: (a) x=0, 1650 C; (b) x=0.1,1525C;
(¢) x=0.2,1525%C; (d) x=0.3,1500 °C; (e) x=0.4,
1500 C; (f) x=0.5, 1500 C; (g) x=0.6, 1475 C;
(h) x=0.7, 1450 C; (i) x=0.8, 1425 C; (j) x=0.9,
1400 C; (k) x=1.0, 1400 C
Fig. 1 XRD patterns of (1 - x)ZnAl,0,-xCo,TiO, ceramics sintered
at different densification temperatures; (a) x =0, 1 650 C,
(b) x=0.1,1525%C, (¢) x=0.2,1525C, (d) x=
0.3, 1500 °C, (e) x=0.4, 1500 °C, (f) x=0.5, 1500 C,
(g) x=0.6,1475 C, (h) x=0.7, 1450 C, (i) x=0.8,
1425°C, (j) x=0.9, 1400 C, and (k) x=1.0, 1400 C

K2 (1-x)ZnAl,0,-xCo,TiO, (x=0.5) &) SEM 1%
Fig.2  SEM images of (1 —x)ZnAl,0,-xCo,TiO,(x =0.5) ceramics
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B3 JEfk 2 it & b Mg, ,, Si0, Fd & 1 XRD 3% & (a) Mg/Si
=2, (b) Mg/Si=2.025, (c¢) Mg/Si=2.05, (d) Mg/Si
=2.2

Fig. 3 XRD patterns of nonstoichiometric Mg, ,, SiO, ceramics with

various Mg/Si ratios: (a) Mg/Si=2, (b) Mg/Si=2.025,
(c) Mg/Si=2.05, and (d) Mg/Si=2.2
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F1 M (VO,), BEMRBIENBERMABRBLEE (HBEE)
Table 1 Microwave dielectric properties and starting melting temperature ( or decomposing temperature)
of M, (VO, ), ceramics
Composition T/ C &, Q- f/GHz T/ x107%°C 7! T,/C Reference
Mg; (VO,), 1 050 9.2 64 000 -85 1074 [36]
(MgCo, ) (VO4), 900 9.5 78 906 -94.5 — [34]
(MgZn, ) (VO,), 800 8.1 44 709 -108.2 — [(36]
Coy (VO,), 850 9.8 50 000 -100 850 [34]
Zny (VO ), 800 8.5 22 500 -120 815 [36]
Ba; (VO,), 1 600 11.0 62 347 28.8 1610 [35]
Note: T sintering temperature, T, started decomposition temperature

Kl 4 a-Ca,P,0, F B-Ca,P,0, £ A [F] I B B2 45 J5 (19 SEM
% (a) B-Ca,P,0;, 1150C, 2 h, (b) a-Ca,P,0,,
1290°C, 4 h

Fig. 4 SEM photographs of (a) 8-Ca,P,0, sintered at 1 150 C

2 h and (b) a-Ca,P,0; sintered at 1 290 C, 4 h

{36 B-Ca,P,0, i, Bian 257" 4k HF 58 T A,P,0, (A =
Sr, Ba, Mg, Zn, Mn) Fd& bR REEVERE TGN A HL
PEgE, KB Zn,P,0, % 875 C B 45 )5 Ae 15 8 5 % 1y
a-Zn,P,0, (e, =7.5. Q - f =50 000 GHz, 7, = —204
x107°/°C) , K5, FIFISEEERY Ca B Zn, 2900 C
B4h 5 e K13 HLAH CaZnP,O, P %, Q- fERTF
Ca,P,0, Ml Zn,P,0,, &, Fl 7, 43 5~ 7.56 Fl - 82 x
107°/°CH™ ) 5 it 5 6l B, Cho &M F ] TiO, ¥
B-Ca,P, 0, A 7 (EIH T T i Guo &5 @ i e s
St/P LB RER S A HE Sr, P, O, FER 7, {H
BEBRER T A R P AR E 2R, RHEAR

IR PSR E, % 5 Ag I IR 2o ke, 2
—RZBNIZRTER LTCC Aok, HH 7 K HARMK
Gk, I, Al R R AR o R LR R, DA
WIARA A RAFZE G ERE IR LTCC St it kl, B
B A B ),

2.4 NUisHEBREE

CaWO, X DA b 25 it 350% W %, 45 % WK, Yoon
ST OR R RS, SRR AR B o Park
SR, B Mg, Sio, B, REFEES CaWo, MY
R, 24 Mg,Sio, 50 10 mol% B}, (1 —x)CaWO,-
xMg, SiO, MIf N RE R fE: 2, =10, Q - =129 858
GHz, 7,= -49.6 x 10 °/°C , Wang Z"* | H] Na,W,0,
REA AL = CaWO, IYBEhPERE, 4850 Che4s52h g
O REIR 96%

Yoon %1 | il TiO, ¥, W T CaWo, F %
HIEIR AR T R, 4B A 26% TiO, (BE/RJ3H0) i),
AR TSR A A B R B 2%, (B[R] A
BOR 5 B R Bt & AR T AR RAE MR, A L BT R
17. 48, 1 & 5t R BC2URIREAIRE] 27 000 GHz,

Kim 2“7 BF5E T (1 - x) CaWO, -xLaNbO, [& 7 14 &
WEEEH 5 A A B REZ R e R, KLY x <0.35
fF, CaWO, figtj LaNbO, 584 [V E AU AH VA 4. Bl
H aHRIIGR, BB A R BRI R AT AR B R B
U, X & K & AP 48 A (Oxyen Bond
Valence ) Wi /N Z5 5, AR & TR B, R
s P D M A O R RS R, Y v =0.3
Bt, (1 -x)CaW0,-xLaNbO, #1 k425 1 150 C 4845 3 h
Ja, AR R A e ERE: £, =13.3, Q - f=
50 000 GHz, 7,= -8.7 x107°/C,

BhJe, Kim 2% B, Mk R d R BB A 0.5%
Bi, 0, #19% H,BO, (it f& 43 %0) B, CaWO, 4K EU%
AR EEREAG Z 850 °C, {31 0.5 h J5 Al JRA5 5 4 19 ok
AN PERE: £, =8.7, Q - f=70 220 GHz, 7,= - 15 x
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10°°/°C, BT L, CaWO,-(0.5% Bi,0,-9% H,BO,)
P %, WIAEJy LTCC iy feikf ko

BT, 8 5H R R 35 W IGIR LTCC A1 8} A h B 5T #4
Fo T EHSECE LR BT 660 C (AL YRS &) 1Y B 2

FARE, BROMERIE LTCC AR, 32 45 TRy 4 m L
S R IR HL B B LTCC AR

IRV G TR e g s A ek LA ) e R IR AR A
HUPERE, A BB o 00 % i R LTCC A i) B A A4

R2 PBERDEBRERMBESLTCC 1Y

Table2 W- and Mo-based LTCC materials with low-permittivity and ultra-low sintering temperature

Composition T/ C & Q - //GHz T/ x1076°C ! References

Li, MoO, 540 5.5 46 000 - 160 [49]

Li, WO, 650 5.5 62 000 - 146 [49]

Li, Zn, Mo, 0,, 630 1.1 70 000 -90 [50]
Li, AMo, 0, 570 9.5 50 000 -73 [50]
Li;InMo; O, 630 9.8 36 000 -73 [50]

Li, Ca, Mo, 0, 630 8.5 108 000 -89 [50]
Te, MoO, 520 13.6 46 900 -36 [51]

Te, (Mog o5 Wy o5) 05 520 13.9 25 820 -12.8 [51]

BE, ABTEMCZ AT, 200 JLAS R A il P iy 1R b
w, Li, WO, Wi . i oK, ey i 2 85 WO ) I
HATHME . ZnMoO,-TiO, RETE 950 °C N RKAF UL 5 1 fll
S M BE, H BB AT TiO, A % H I 5 ZnMoO, () 7,
1™, {H Li,WO,-TiO, ¥ LABESS Il B s , 1 HLIG 7% F
FH TiO, SEiR$E Li, WO, 1 7 {8, X475 PR A W 485 AR
ZRK, BRHEHEN, HARGHE—BRAIR, I
4, Li,(M**),Mo,0,,, Li,(M’*)Mo,0,,(M =Zn, Ca,
Al, and In) 5 Ag, AlHLARCHBIA KA OB, 1 ZnMoO,
Wb 5 Ag SOWAE Ag,Zn, (MoO, ), A, PG, #5HMR
R BERE B MO 5 R Z ] SRR R R R, R RS

e
3 BERRITAEEHAERE

R AR HL B B0 T A 46 . ORI AR AL 32 8
T @B Ao BRI S A0 @9l AR
Lo Hrr, BIABMARSLERAR . 8548 B KRR
AR FL R B A RO v . UL AL AR A AL ( Con-
stitutive Porosity ) Fll A\ #& < fL ( Subtractive Porosity) , F:4s
SALAE S TR RS S B B <AL, HE
B2y Inm, APUSEEEFART 15% ; AL
BAEALR, TERRE AR rh sk 283 LR LA UATE A
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AL AT R 90%

Bittner % % FI 9 46 % 1, 16 825 18 9 Dupon
OSTAX Mt & T 85% W R P W b, 3 3o Jig 1ok 35 43 fd
FARAF AL, AH X 2 1 A e BOp B A B 4, O
PEPE G B BV Wk T2, W HOA T £ )2 LTCC

BRRL, HEMELLR AR . She 55177 1E TiO, (R R P B
NBBURAE i FLR, MPRHREE M &S, IR &P il
W 74% WAL, HA R B 100 BEARE] 9 A
Gong % ** 1| FH 3% 38 8% ( Glassy Carbon, GC) oK i 4L
A, R SR, BRI B RO TiO, B
BRI 3) o FREFT FEA B (S i B Bk
4. 2) BRI 9% BBy ek A& AL, 22 1250 “C 42
g, RIARIFRALARN 30% | S H BN 2.5 1A D8
WM AT, SIARUTAUR AR R R 2t
AR, HEERRA AT LN L TR S
A IR S5 1 25 52 MR 4 ORE A A 1B 456 T 7S iR R S M B
*3 BEEAEESEHBEHM 10, MEMRIK N EMELE
Table 3 Microwave dielectric properties of TiO, ceramics with

different glass-carbon content

Composition &, tand Q - f/GHz
TiO, +10.6% GC  89.22 8.18 x10° 36 773
TiO, +43. 1% GC 44.79 1.28 x10°* 31 881
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B AL TAL RS /N T R — 1l SR, ol AL T AR
BHA RIS . BRI SR RE R, B R SUEi LA
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— I AL R S AR 3k R S R
LRI, A RIbEAS T2, fEkRaiik R ik
PR B DR 25 0 fihE, 33k oA BRTERE AR v 5 Km0
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HUIER . B 5 i T2 AL B S F R AN
[Mfy AL O, ) AL O,-Si0, )2, £ 1 000 C# a5,
WIZH SEM HUR S, K S B il ALO, FHpRiEE R
0.3 wm MIR)ZE, B TEFIRYRL(E Sa), FHE
DRR U S SORE e ) W s A AR A /), 3L b A B A e v
HEH, W2 MRS MBS AL O, SRR
R ~1 4 um WIRZEC R, MO (& 5h), &6
21000 C A H ) Z2 LB 8 FE AR R TH AL O,-Si0, IR )2
1y SEM A&, dEFE L, FIFHEK - BERIRZREL, 1E
ZAL M B RSB 7O . BRI ORI,

E5 ZMESER E A0, KR ARRR A,0,-S0, IRES
1000 CHAAHIGIRIZR SEM fA: (a) d=0.3 pm,
(b) d=1~1.4 um
Fig. 5 Effect of alumina grain size d in Al,05-Si0, coating
annealed at 1 000 “C on coating cracking: (a) 0.3 wm
and (b) 1 ~1.4 pm
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Fig. 6 SEM image of Al,05-Si0, coating annealed at 1 000 °C

on the porous ceramic substrate
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