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Fig. 1 CNT-G mixed liquid(a) and TEM images of graphene and carbon nanotubes((b)—(c))
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B2 CNT-G HERIGK Ag FEE AT 200 ‘CHESE 10 min J5 1 SEM 1%
Fig. 2 CNT-G enhanced nano-Ag paste(a) and SEM image of paste after sintering at 200 ‘C for 10 min(b)
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Fig. 3 TG-DSC curves of CNT-G mixed liquid(a) and CNT-G enhanced nano-Ag paste(b) (heating rate 5 ‘C/min, air

atmosphere)
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Fig. 4 Sintered SiC-DBC joint by CNT-G reinforced Ag paste: (a) Macro image; (b) Cross-section microstructure;

(c) Magnified view of sintered layer on chip side; (d) Magnified view of sintered layer on substrate side; (¢) Bonding interface

between sintered layer and chip; (f) Bonding interface between sintered layer and substrate
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Fig. 5 Elemental mapping scanning of sintered layer: (a)

Ag element; (b) C element
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Fig. 7 Effect of sintering temperature on shear strength

MR E N 200 C B, RIEETRHHY D
fEA TR, HEMBR AR, BabimERm, ¢
K Ag HERSMELRAELUNEROERE, MW



31455 12

REZE, S RIDRE A SRIERRAUKR Ag FGRER ) FE 3579

CNT-G $EiRgK Ag 1B beas Bk MR A 5
MPa. B R EEF, Hesk R B I 2R 32 7,
[ ] 50 S i AT BN . Mkesb iRy 230 C
iif, CNT-G #i5mgK Ag LB Rk Ag fE g
(109 3k (107 24058 5 43 A 12 MPa AT 11 MPa, JHEAH
O /2 S5 [H ZEFR MIL-STD-883J JIT ER 1) 5 FE H (6
MPa). #R#E CNT-G #3EgKk Ag EF M TG-DSC
Mk, 7F 150~250 CREEHEPN, EEFIEID
Podyg b, HHA S K&k, SAENEER
SOURLIZE T R R TS HE SR, i v 7 R ] ) 2 e T AR A
JFRBORL S FEAR 0] (B Ak R . Aok Ag Bedbah 2y
B, BEE RS RIE S, Ag BURIY HEE
JIRARIIER, Ag FIORLE 3 F RIE AR Bl 1 4 8 %
BEREBYHOFEERIG &SGR QREN
280 CHf, CNT-G HHgK Ag FEFFAIGK Ag 12
BRI 58 4 ) 9 87 MPa fll 47 MPa. i
— AR R AIRE S 300 CHF, CNT-G 584K
Ag JEBREHS MBI R R R, HOP
BIBIUIREIE ) 90 MPa. 9K Ag JRE e4h It sk ik
JE ik $) 72 MPa. K, CNT-G BE529hk Ag IR
HIEEAE 230~300 “C U [ #BBE LISy 1 EEAR 1)

E 8 7 250 CheghzL syl O

EE, SEEHRARRMNRES LZE . 540 Ag
YURIEF MR, FONA RGO E E A
THIIIN, KH CNT-G H5Rak Ag 12T Bas it
BBV R TR E T .

Bl 8 BT NTE 250 ‘CHRadh a1k B U)W L%
o M 8(ayrlkn, HSLBIVIMIRS, Besh/mdaR
ZHERAE TR, DA TR, Wk
BN TFH . B 8(b) i AL I ROULIT - SEM
B EWIHEIERARAIGH, WIFRE EEREE
(AR, 2 B T ZRAr B 0 A be b 2 A HF 2L 1 8(c)
JIE 7 9 50 8 P A BT 2R 1) s s A o EH ] () mT
G IR RS FLBR BN, e [RIBON AL, 1R

O AL, BB IS . B 8(d)FT
TN EEI TR R ) s A R . B 8(d)nT AN,
X IR A B AR &, FEWT RN H BB I AR T
W, BAHEY5 A — SRR, )R ERiEse
MEB e . BRI ESE R EEE S O, X
LA 2 UM &6 SR — B BRI Fy 7 0 (g
FIAS ] 0 R R P S B A Z A — 8, FE R
KIMM Au /25 CNT-G B98I 40K Ag 158 TP H#L,
TERUGE 456 RIFMECEE.

Sintered layer

~~~~~

.........

> 3 |
" O Ak
2 o
."' P <
7 d @,,,2/

g SE
&/ Shear direction

Fig. 8 Shear fracture morphologies of joint sintered at 250 ‘C: (a) Macroscopic fracture morphology; (b) Microscopic

fracture morphology; (c¢) Enlarged view of region C; (d) Enlarged view of region D
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Low temperature sintering of power chip by
carbon nanotube-graphene reinforced nano-Ag paste

ZHU Tang-kui', LI Guo-chao?, ZHANG Hong-qiang?

(1. Yiwu Industrial and Commercial College, Jinhua 322000, China;
2. School of Engineering, Southwest Petroleum University, Nanchong 637001, China;
3. School of Mechanical Engineering& Automation, Beihang University, Beijing 100084, China)

Abstract: Nano-Ag sintering is an ideal sintering materials for third-generation wide-band gap semiconductor chip
packaging due to its excellent thermal conductivity and high temperature resistance. How to choose a suitable
second phase to stabilize the evolution of the sintered layer structure during high-temperature operation is one of
the important challenges of Ag sintering technology. In this paper, carbon nanotube-graphene (CNT-G) was used to
reinforce the nano-Ag paste. The sintered microstructure, shear strength, and the influence of the added phase were
analyzed. Results show that the decomposition temperature of CNT-G reinforced nano-Ag paste is 250 ‘C, and the
content of Ag and CNT-G is 93% (mass fraction). As sintering temperature increases, more and more particles form
sintering necks, which gradually increases the density of the sintered body. The CNT-G reinforced nano-Ag paste
can realize bonding SiC chip and DBC substrate at temperature of =230 ‘C and sintering pressure of 5 MPa.
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