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Abstract: Si;N, ceramics have become one of the most promising materials for third-generation semiconductor’s
ceramic substrates due to its excellent mechanical and thermal properties. In this work, seven rare earth oxides (RE,Os,
RE=Sc, Lu, Yb, Y, Gd, Nd, La) and non-oxides (MgSiN,) were used as composite sintering additives to prepare Si;Ny
ceramics with high strength and high thermal conductivity by hot pressing sintering and annealing. The effects of
RE,O; types in the composite additives on the phase composition, microstructure, mechanical properties, and thermal
conductivity of Si;N, ceramics were systematically studied. The mechanical properties of Si;N, ceramics after hot
pressing sintering were superior to that without hot pressing, and the bending strength of the sample with
Nd,O0;-MgSiN, additive reached (1115+49) MPa. After annealing, the thermal conductivity of Si;N, ceramics

increased significantly, and gradually increased with the decrease of the rare earth ion’s radius. The thermal
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conductivity of the sample with Sc,05-MgSiN, additive increased from 54.7 W-m 'K ' to 80.7 W-m "-K ' (increased

by 47.6%) after annealing. The results indicate that Sc,0;-MgSiN, is expected to be a new composite additive for the

preparation of high strength and high thermal conductivity Si;N, ceramics as compared to the internationally accepted

combination of Y,05;-MgSiN, and Yb,0;-MgSiN, additives.

K ey words: silicon nitride; composite sintering additives; annealing; thermal conductivity
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Fig. 1 XRD patterns of Si3sN, ceramics with different additive
systems prepared by hot pressing sintering
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Fig. 2 SEM images of the polished surfaces of Si;N,4 ceramics with different additive systems prepared by hot pressing sintering
(a) LuM; (b) YBM; (c) YM; (d) GdM; (e) NdM; (f) LaM
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Tablel Propertiesof SizN,ceramic samples prepared by hot pressing sintering
Sample Ipnic Relz_itive _Grain Vickers’ Flexural t;&gﬁ;uer; y coggsg?\?ilty y
radius/nm density/% size/um hardness/GPa strength/MPa (MPa: m! /2) (W ! ~K’1)
ScM 0.073 99.36 0.72+0.32 14.58+0.25 905+36 8.21%0.09 54.7
LuM 0.085 99.53 0.90+0.40 14.75+0.20 785425 8.01+0.12 49.6
YbM 0.086 99.49 0.97+0.47 14.75+0.27 759+20 8.03+0.16 49.7
YM 0.089 99.73 1.03+0.46 14.64+0.29 819+10 8.65+0.11 51.1
GdM 0.094 99.89 1.01+0.48 14.57+0.22 792434 7.62+0.47 54.6
NdM 0.100 99.37 0.95+0.42 14.79+0.27 1115+49 7.19+0.10 53.9
LaM 0.106 99.21 0.90+0.41 15.374+0.33 978+39 7.25+0.10 52.8
IR RAS G SisNg P& FIPERE AR 1 s, BTl « SN, © LuSiN:Or o YbSiN:O;

P MR 96 1 > 99%, BBl T Btk . fESIHL , o Feson

S A5 R o B AR PR IO, 445 et 6 El R R

SisNy M % (19 i 9 >14.35 GPa, B RE,05 ff1% S o 1

AR M . BINAE RE,05. MgSiN, /ER z N aa) s =, Ja .

A BRI E R 4 10 SiaNy B )23 P A A i, 5 [ —

25 3R E =739 MPa, WiEHIE=7.09 MPa-m'?, [ " o] o ﬂ

BEME AR B s VIS, I 2 wf 5 20 25 30 35 4 45

1, A TRVRE b 38 2 B M O B AR R R A BE 43
AT i B AH AH 45 A 1) g 4, MR O R 2 3
S 1 B A, 0T R R A 1) g 2 1k e TR AR TR,
PRI SisNy P& ) PE eI 22 5 2 B2 32 i A AH A
SR U, R A DL S T RAEER, P
SR 7, ScM. LaM Al NdM = ANEE i 25 il
FES T e, Horb NdM R 5 il o B2 A
(1115+49) MPa.

MERR G SisNg FEM G R T EA R, &
B 547 Wem K, HBCE RPUH B R R,
X5 Kitayama 224 IE 1) SisNy P 2 10 4 5 R B
4 B AR BN T IR T K RV R[], X AT R
BT HIERS S SNy R RSBV, fFERZ
IR, Ao U, SRR T E A E,
I HIR T LB TR IS R N . A
TS RE SNy FERGE, I B RAR
RE,03-MgSiN, £ & & Bhl i # + 85 1% SisN, P&
R PR, DAE L A B,
X A e 45 ] 45 1K) Si3N, P BE AT 1850 "CIRif% 6 h
(IR K FAALFE
22 RANFRLIE

1BKJERE I XRD EIREGE 3 fioR, BT RS
[ E SmAEN B-SisNy, fm (FIAH IR0 2240 45 A B
M4, LuMH Al YbMH 5 HEL T RE4SiHN,0,
(n(RE,03) : 7(Si0,)=4 : 1), NdAMH A1 YMH #£ 5 HHEL T

20/ (%)

B3 IRKACEE A FBFIA R SisN, Bl BT XRD &1
Fig. 3 XRD patterns of SizN, ceramics with different additive
systems after annealing

RE;Si;03N4 (TG Si0). ATA st #B A R RS Mg 1)
BEFEM, X 5 SCERIE RS RS, AT AR
KRR 5 Mg BT IESM T .

BRI ER G B-SisNg M EAE S I T 1 45
e 4 Fros, FEA RSB SRR R i T
BRI fORL R 25 40 . 5 B 2 18 K b B AT
FILLEE, S IaAH & B kb, R S SRR X
OB DAL N E R T 2 AL, B-SisNy diki
FHAC B o 3R KT G P38 SR RT B 1 5 7242
AR S(a)FTaR, A AR IR K G P38 dohi )R
SPHEBBH R OK, LuMH #8408k, A 1.32 pum; Bl
FERM LB RAEK, B-SizNy PR R IR
TR .

IBKIRALBERT G B-SisNy P 525 o B A K 5
I AR L2 AR R A S(b, o) FR,
MRS B-SisNy M EAE SR K AL B J5 ) PR R
BARAEFF R SR, BHlSRAE =567 MPa, Wi
P =6.62 MPa-m'?; {H 5B K HALBERTAR L, 25
fih o 5 T DRy 24 9 1k 2 o B R R RE R G R B, R BR
TEFE S5 H B a2 (B e B R WL
Bl 2 FIE 4 wrgn, #AARERJE, B-SisNg anbi R~}



%9 1 A5 0, & EERREE BT SisN, M8 ) A PR RE AN I 3 2 1 5 951

K4 B RALBLE AR BOFIE & SisN, M) B 006 ) SEM [ ¢
Fig. 4 SEM images of the polished surfaces of Si;N4 ceramics with different additive systems after annealing
(a) LuMH; (b) YbMH; (¢) YMH; (d) GAMH; (e) NdMH; (f) LaMH
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Fig. 5 (a) Average grain size, (b) bending strength, (c) fracture toughness, and (d) thermal conductivity
changing with radius of rare earth ion of Si3N, ceramics before and after annealing
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Fig. 6 Microstructures of Si;N, ceramic samples before and after annealing
(a) ScM and (d) ScMH etched by molten NaOH; Fracture surfaces of (b) YM, (e) YMH, (c) YbM and (f) YbMH
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