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ISR, 230 3.271 g-em ™, 13.231% Fi1 189.49
W-m K5 AIN fAZR A5 LA ) B BT a2 | 2 G
Tl 7 0T 2430, Horb AAw—AIN R A5 5 K25 50 JiE

146

255.13 MPa F1 K 2447 1 3.25 MPa'm'?, 3Aw—AIN 3k
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(a) 0Aw-AIN [1J SEM K% (b) 4Aw-AIN 1) SEM &%

2 um 2 um

(¢) OAW-AIN FFXiR; Al T
1 EDS [&li%

(d) 4Aw-AIN X Al JEE
1 EDS [&i%

2 ym

(e) OAw-AIN X} Y J6E (f) 4Aw-AIN JFXtRy Y JCE
Y EDS i Y EDS &%

E'5 AN B miy SEM K41 EDS &l i

KL IG, 2 B ROHFE T 248 R T et
JEHRETE AAW—AIN H, 167 HE IR SR T 4L
W EVER AIN G005 150 1 E A, HLAR I b 200/ R B
TIARSLY Jie, KW 545G 7R 1, S RE i A B LS
P80k R, TR Z T AIN P& Wi

iy NS - BOAN

.

(d) 3Aw-AIN

iy e W i b B AT AR TR R R AR OV S an &l 8
iR . & 8(a)2h OAw—AIN SRR EUR, 7T UL &
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E 6 AIN B &3 m i IR IE 5

(a) 0AW-AIN

7 R RTR] AIN @200 T B T 1 1) S AR
o BT RS TR 2SR 2R 2 A K T
fits BT 28 DX 3 R 5 T 2 X8R E SR R I 2R
0AW—AIN ¥ 5, Wi 248X LIVE AR B 240 32, 32244
WERMAY R, BEE AIN FRYSIA, 280 iR
HESMAAR AIN B, o T RS
LA i 1o T3 i LRI ok, S0 ] R gl [ B
>, BEJG , 2480 R 5% A8 SRy 28 & W7 2 (FHE AR
o MEATE R (TR EO R E] 3% KU, 284
W4 X I G R, S TR O L R
BRI 55 AR 11 22 T 4 20 e A2 Ay ' % Y
AN 258 Ay, RUAE A % X bR R K B I A
AIN @A, SRR U, 5858 5 AR L, AIN f 20
SIAJE BRI 52 T 202 8Os 4R T i
Pro MBLOE Tt FAHLS G B, Y e iR
TR P BAT LN, e T B LY e H 4% R U A
S48t 1) 2F F T L, 2R AT 2L LU D S R

(f) 5Aw-AIN
7 AIN B % Wi e s 26 Xk A SOOI S50 P50 (2t o DB 284 DXl A HE R )

Ribe 4 EU% . JCW LI, W RS U o
24, 8(b) XTI TAW—AIN Ff b e, FPH 200 75
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A, X DA A L 3 A2, (R LT A o
AR EE TR, 8] 8(c)~(f) A i (B340 =
2% (AR i, b o] i i X2 2] S 250 IR, 5 o0 S B
GRG0 R AR s A . T S [R]
Bt AR [V AH S )] B e 3508 B (AR THE o f i

(d) 3Aw-AIN (e) 4Aw-AIN

il BT it s S B K s L P AN LT 2, LW 2R
AL MWy T FIREIRERY], AIN ST 5|
ABRPEE T FERE e dh 28 DX o, HLI 28
FEA R R T S A AR ) DI, X T A S 5 A
B SR AL, T M TR S 50 B AR T

L

(f) 5Aw-AIN

P8 AIN g g W T A5 o DXl ) GO TR 358 PR (A 2 288 DX Sl P s s o 1 )

9 38 3 A FR T P e = a5 it Rk — 4
B BE T AIN fZBUTE I 25 AR 0 g VE AL . R
ABAQUS CAE 2023 #4257 7 RT3 mm*4 mmx
36 mm (1 AIN ALY, 75 3% Py 4 e 4K B 3 161
0.1~2.5 mm, FLAETEFE M 0.01~0.10 mm F¥ fifi HL 43 8L
7 AIN, HARFR 00 [ 2 (5 4%, A4 4wAIN;
PIEBAS HEAT R0 A RE i 45 OWAIN, FERTLRARAS
RSN S ARAE WA, 5 QR T
BB PG T S 2 ) 2 fk EE 5 R BCR 0.1, IEXF
TR TR AR, TR TR 1 b, 45 FRSk N

0] T 14 2R G2 Ar, V88 8 W (o AR SRl R 1)
AT PRSI TN ER . B R R, B 3R
TrBG N, AwAIN H ) 250 R FH 385801 358 53 s 1B,
ol G AR Uy 2 TR B e 135 7 1 7KF5 T OWAIN WU #E 32
I IR B R WA I R A W, R AR AE Y
JR T AT 2 157 0] A SR 3K P Ry 3 B R s,
N2 = HETE e ALAL B ) . AT WLFE 4wAIN H 20
KRITZLET, OWAIN T 5E 2 Wi, R T AIN @ Z07E
iz er T X B R BV

P9 A RRITHHY AIN B 1 = 5 25 fhad
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ARG R FHE KA AIN S0 AIN B2 1T
[ AR B3, B S T $ g R ) 2  fE 1 D ) 42
Fto it HEERAL LR AIN G205 SRS 6 %
5, T SL I BUR RRAS IR, AR T S 7 T
o WSHN AIN FhZ5RE G F 2 = A% 0 HGE I, AIN B
B R HIAF] 189.49 Wem "K', BRI INEE
i Tt 7.2%, I WAEDL T 5AH SiC MATGEIRR . £
J12PERE T T, AIN SAZ0 A 51 A 2 48U . v
W WS % s s A SRR, A B e T A DA T ot A 28
h B R g W R T M (R EO N
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Synergistic enhancement of thermal conductivity and mechanical
properties in aluminum nitride ceramics via AIN whisker reinforcements

SUN Chang, ZHOU Tiantian, CHENG Yiming, LI Shuangfei, Y ANG Fusheng, REN Hongrui, KUANG Jianlei", WANG Qi"

School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China

Abstract To address the growing demand for thermal dissipation substrates in high—power electronic devices, this study focuses on
overcoming the mechanical limitations of aluminum nitride (AIN) ceramics and the reduction in thermal conductivity associated with
conventional toughening methods. A phase—compatible toughening strategy using one—dimensional AIN whiskers is proposed. AIN
whiskers were synthesized via direct nitridation and incorporated into AIN ceramics through dry pressing and atmospheric pressure
sintering at elevated temperature. The results indicate that the AIN whiskers form strong interfacial bonds with the matrix, effectively
reducing thermal boundary resistance. Its high aspect ratio creates continuous, highly efficient heat conduction pathways, which
collectively enhance the thermal and mechanical properties of the AIN ceramic. The optimized composites achieved a thermal
conductivity of 189.49 W-m "K', a flexural strength of 255.13 MPa, and a fracture toughness of 3.25 MPa-m'?, corresponding to
enhancements of 7.2%, 150.8%, and 24.5%, respectively, compared to unreinforced AIN. Microstructural analysis combined with finite
element simulations confirms that the AIN whiskers effectively redistribute mechanical stress and suppress crack propagation. This work
provides a viable approach for developing high—performance ceramic substrates with integrated thermal management and structural
reliability for advanced electronic packaging applications.

Keywords AIN ceramic; AIN whisker; whisker toughening; thermal conductivity; mechanical properties
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