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Abstract: High thermal conductivity Si;N4 ceramic is a prospective substrate material for high-power electronic de-
vices. In this paper, pressureless and liquid-phase sintering was proposed using Re,O; (Re=Sm, Er, Lu) - TiO, as sin-
tering additives to effectively reduce the cost for applications. Effect of the additive type and content on microstructure,
mechanical properties and thermal conductivity of the ceramic were investigated. Results showed that the relative den-
sity, thermal conductivity and grain size of Si;N, decrease gradually with the increase of Re ionic (Re*") radius. With
addition of Sm,0;, the highest density can only reach 3.14 g/cm’, while the fracture toughness about 5.76 MPa-m"?
can be obtained when 8wt% Sm,05-TiO, is used. With 12wt% Lu,0;-TiO, as sintering aid, Si;N, ceramics show
high density of 3.28 g/cm’ as well as high fracture toughness, while the thermal conductivity is only 42 W/(m'K)
due to the presence of large amount of second phase. Thermal conductivity of SizN, reaches 51.8 W/(m'K) with the
addition of 8wt% Er,0;-TiO,, which can meet the requirement for substrate materials for power electronic device.
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Table 1 The mass ratio of Re,0O; to TiO,

Sm203T102(ST) Er203T102(ET) LU203T102(LT)
Mass ratio 2:1 1:1 1:1
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Fig. 1 Variation of density of Siz;N, ceramics with different
type and content of sintering additives
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Table 2 Ion radius, electronegativity and
melting point of rare earth elements

Element Sm Er Lu

Atomic number 62 68 71
Re**radius/pm 95.8 89.0 86.1
Electronegaticity 1.17 1.24 1.27
Tvm of Re,05/C 2262 2387 2510
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Fig. 2 XRD patterns of SizN4 ceramics with different sinter-
ing additives type (the sintering additives content was 8wt%)
(a) and Si;Ny ceramics with different sintering additive con-
tents (the sintering additive was Sm,05-TiO,)(b)
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Fig. 3 Variation of thermal conductivity of SizN, ceramic
with different sintering additives type and content



1278 T AL A R R

DLER B I SRAFAE T B B N B, B BRI 1 77
BIEHRE, HESEMEHRSETRE. AWE 3 mTLl
EH, MBS EER LB AE R, He
LT-2 £ G 0L 46.6 W/(mK), 1IX— 71 &
BT Lo’ BAER/NOE T2, B4 BT MEHkE
S5 VLSRRI R, T — 7 THIBE & 4G Bh 7 & &= 1
S, MR EUR FE S WA =, E R e 4 B R AR
28 M 2 LIRS MR e, SEMAFLMLL, 7rE
XT 7 H HIZ 3 BEAS I BE  BE B, AR TG 2
PR . AAh, R R R D R ke st Bt &
i BOEIEFLIOAELE, I LT-1 RE S S0 E 3R A,
WK 1 s
24 EMEHSHH

REEF G BRmaSIER SN, MEMRSRT
B, Tyl e N R, HA& ST B4 Bl A dh 2
B AR AR o IR I S 6 W 52 0% 485 B 7 e AR
LT-3 Al ET-3 FESL I RIMEE . &8 A FR LB
MIRE S AR B SAL, W 4 FoR, X AT RE A
M RV R A — R X HGE 4(a) 0 4(b),
A LAE PR AR Sk RS A ZE AR K, HIH E
B A ATLE SiaNy dfRL 8], AT A% s P
T M, XA IE MR R EERH
FRESRI A — MR R HE— 25 R R A AL
T RUSGE S AR AR SR R SR
2.5 HEMEESH

S LT-3. ET-3 Al ST-3 =4 k¢ fhidk4T 1241 B
MR, ZRWNE 4 Frox, MR Z4E IR FE 35 A 4R
&, (H2H R4 W 29 E 5 e, JLH 2
ST-3 Mk} EA BAR K % BT 2, H W R
XRS5, X AT AE A2 TR IR E DR, B4 k
HB A AL AR 7RSI R, WU T 5 A v B
71, fE1F R BB, TS B06 LA )
e [ B 2 P

WANERERE T 1600°CEiREFNIEBK 8 h )5,
TASF RS R R 4 fion. W UUE M ET S
IR A BT EE & . FoP RS ET-3 V3 R 42 5
51.8 W/(m'K), TMikES: LT-3 FIRSRBA K, X
AT RE R RUNIR K JE ET-3 FF & 1 &k R~ 281 R
KFRrEIERT, BB R — DA

3 Z5ig

D)IE R 51 NSRS R B 1242 1 s Ak
VI e s B30, £E 1700°C ¥ T Be4h al LU %t 2
I RACHE P

D)W FER I, BEE M LB TR ENIE R, MR
(B0 FE AR T 384 B PR, b LT-2 #E i B A
G, A F] 46.6 W/(m-K).

Bl 4 RIFRessBhA 2 SisN, M & (a)LT-3 #(b) ET-3 &
Tt ) 18

Fig. 4 Microstructures of Si3N, ceramic (a)LT-3 and (b)ET-3
with different sintering additives
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Table 4 Mechanical properties of Si;N, ceramic with dif-
ferent sintering additives and the corresponding thermal
conductivity value after annealing at 1600°C for 8 h

Fracture Thermal conductivity

Sample  toughness/ Hagllr)l ess/ after annealing/
(MPa-m"?) a (W-m K™
LT-3 5.29 10.8 453
ET-3 5.46 12.2 51.8
ST-3 5.76 11.7 40.8
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