[ 45 %8 m/202 & 4 A/ EMA

Ag-Pd gk & SRR E R e bk 2 B 1k

R, T, MEXL, Bl B8, 1E"

HRRFIM TR, P A E 900 % . Jbat 100084

TEE JORMIETE RES L HUKIR 2 12 L o IR IRAL . W) LA O 5 0 Sl L R AR AR BB SR AR W B 5 R B Ltk 2
T . AR EOEIT AR H & TR AEIRN Ag10%Pd 1K A4 JER M T SIC B A EEEE, B
FEHE 5 N K IR e 45 )2 1 B L Ak 2F T AL R T ) I PR R 0 K OB I AR IR PR 25 R e . FOR R L R Ag-10% Pd 44
KA G B T SIC I B RO AR (0 B B A SR (DBC) , 78 250 “C A9 IR B R 0T LASZELSY D) 3% B o4 21. 89 MPa 9%
%R E T E R MIL-STD-883K AYER (7.8 MPa) . Ag-Pd 4K &Pl L #iT B AE 1 R R & &M T4y
4.3 f5. 16 Ag-Pd HK A &b BB F T Z 5 PAO BIBLIT B8 7= W) 5 = 550K 0 A0 . A 3OE R T H R 09 2 8 st
] o ke BOGTTE Ag-Pd Gk A & R be g T 16 Go R AR OB BB & I G 8235 850 CH A & fhid 2.
Ag-Pd 94K G 4 AE 256 3% A2 S0 AR IR 3% 422 1 7 SR IE A 22 R ) 356 L, 2% 4 1 v T 2 e e 4 AR i 2

ES
KR BOCHEAR; AKE S RS BT,
hESES THI142.2 XHkiRER A

1 5] G

B 5 = AR R AR SRR 0 K L UL SIC 2R
PRI GEAS I RS 7E R IR Iy T3
I A BOR MU A 0, R B R AT MR S Y gk
IS N TIESE (3 R N TR S IO 2 v A
HELLAE = i T 35 A MRA% A SIC Zy R L1 g 1 D
FR AR T30 D)5 2 — AP AR O IR 3% 12 L 5
I e A3 ) i e T T AR L DAL 9 DK OB 67 b 45 4
ARRLIE T A . 94 AR AR AR DRI 4R IR B R
(5 AR RE L O T AR R A R B A
SEIRT SR L AR R B A B R LA I
M &R 2 — JUH IR A i SRR R Bk
TG AR E T IR B PRI AWTTUR L e A T B
PRI IR S SR R R I D) R ok
7 R A R A B ey R — SR U R T
weF T ARS8 25 B R BR ) 1 B 2 AR A
PR A RN VLT E TS

AT

doi: 10.3788/CJL202148.0802014

BN R BOCER P i A S T B ) B A A
&Ez—", B, —L2eE AN F (F I Panasonic,
ADATA) &2 % A8 R £ i 3 4R v B iy 4l b 2
THAE S . FAE 1979 4, Naguib 45" 3R I K i
IR A5 T WS INAS [F) 5 1 A A X AR 0 i Ak 2= 1T FS g
JIRYRE I 45 S B, 14 Y BT S o Bk B 19 0B,
BRI R AR O RO Y 1/100, Lin %5 fiF 5%
T AR AT R i AL, JT 4Rt PAO B9 A B T
RAE BH A A0 VA A . R HE R 2 i T3k i g8 ok AR AR
BRI T R BUR 15 % 0 4 K AR BURE CRi A2 R
50~100 nm) , 45 R & M, B 45 |2 b i Ak 5 12 7% 1Y g
JIm TR A AR B T W ek, H AT, WA
IE K L AR AR R A XM Ok G ek
BUEA 850 CTHMA &R . R -HWE &N
% 7543, Bk 23 52 ) bR 235 25 W BOE AL S TR I 2375 R 48
T A FELBHL 45— R A I B SR L 0 U R A A ik
T B T 2l S e 1 2 B 3 ke W AR R O RE B A2
gt SR RE B A Ag-Pd UK A 4 WKL

KB 2020-11-30; B HE: 2020-12-24; A BEH . 2021-01-20
EEWMAE . ERELMAITRILH(2017YFB1104900) | R H 4R Bl 2% 3 4 (51775299,52075287,51520105007)

“ E-mail: liulei@ tsinghua. edu. cn

0802014-1



=48 % FE S HI/2021 F£ 4 B/ E M

AT LR G be 4 o B T A A I A e B AT
AL AT LA FH 48 K BORE F) R 288007 5 BRI IR 3 4%
ARSCR AT O TR B AR BT T 1% Gtk ik
JIrs A LY i 4 T Ag-1020Pd KA 4 (
G AR R B 8O 1000)  IF R I T SIC R R Y
BAH %, ARSCHER TR MBS A Ag-100Pd
TR G G B S, 0 1R 45 T X 4 3k BT DT 1k
RERYSZNA . AP B THE T Ag-10%0Pd 99K G & HT
R AR i e L IR S A AT T X

2 I

R Tk i O DURR B AR 1 %5 Ag-1020 Pd 44K
A L) R . BT T BRSO A K

PNEE=X

He H

®)

200 ] WK 1064 nm, JKFEH 10 ps, §EH 5 5L
M B 55 2 0 60 v/min, 35255 45 BT BB AR SiC
O R SRR Sk B AR 1Y) B B A AR (DBC) . 4K
KRLDUFRAE SiC ot 5 18 . 2R )5 B s 4% 7% 1) DBC £&
M b E A B gt 5 e e £ AR, 2 k R s B
B 1) i, BEHL 5 3k AS [A] 00 35 R (1% i 780 41 4
BERMGS T DU Ag-10% Pd 40K & 4 WKL i B
o ABE G K TURE A 2 A0 U] 4 3K, X 4 K SO B
BTG A5 B AS [R]A A42 JUkE A4 250 e A AR LE
PRAER S 200~ 350 °C, WF[E] 24 30 min, JE J1 R
5 MPa, Ag-10% Pd #8 B v 8 R0 48 19 it & [ o4
90 = 10, M, K5 AgPd #HATX . A LU T
LR TR S S RS 83

1‘*‘“‘/\

DBC substrate

die attach material

heat sink

BT okG Sl R LR B R, ) kb OB TR % 99K G 45 (b)SIC 5 DBC AR $ 2% 45 3k 45 1

Fig. 1 Schematic illustration of nanoalloy preparation and joint cross-section. (a) Pulsed laser deposition of nanoalloy;

(b) cross-section of SiC and DBC substrate joint
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Fig. 2 As-deposited Ag-10% Pd nanoalloy film. (a) Ag-

10 % Pd nanoalloy film; (b) high magnification of

Ag-10% Pd nanoalloy; (c¢) element distribution of
Ag in nanoalloy; (d) element distribution of Pd

in nanoalloy

0802014-2



#4835 £ 8 HI/2021 £ 4 B/HEHH

SEREHE L 1K b OE B A DR 2 BRI L [ L BE
B £ Ag-10 % Pd 4K G 4,

DUARAS Ag-1020Pd 94K & 4 W I il JC K4 oK
TURL AL R o AN [k A2 R 9 K5 20 A K R AR LG
B3 P, o i oy B e # w5 . LA
L 99 76 AR BURDRL AR B/ T 1 pem, Hoh L

35 @ '
30+ — fitting

25[
20
151
107

Number distribution /%

L L L i
00 200 400 600 800 1000 1200

Particle diameter /nm

#9150 nm BYBORL G 2. 5 HUR BB LE , ik
gk ROBE /Y A 4 OB B AR A R T RE L TR TR
T 8495 Bl T BE 8 A AR T B R bR SR TR
BB A . X R BOLTIUR Ag-Pd 44K
BRSO B R A R S
LU T B AT 1 R AT A I

14
() - _

2t - —fitting
g 1or ;A _
g st
o 6 \/\
E
S at

2-

0 1

0 200 400 600 800 1000 1200 1400
Particle diameter /nm

B3 Ag10%Pd Gk G & BRI RAF 204 . () B 4041 5 (D AR 1

Fig. 3 Size distribution of Ag-10% Pd nanoalloy particles. (a) Number distribution; (b) volume ratio
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Fig. 4 Sintered joint using Ag-10% Pd nanoalloy and elements distribution in the joint (sintering temperature of 300 C).

(a) Macro morphology of joint; (b) elements distribution by line scanning
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Fig. 5 Typical microstructures and element distribution of Ag-10%Pd sintered layer (sintering temperature of 300 C).

(a) Microstructure of Ag-Pd sintered layer; (b) Ag distribution; (c¢) Pd distribution
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Fig. 7 Typical fracture surface of nanoalloy sintered joint (sintering temperature of 300 ‘C). (a) Macro morphology of

fracture surface; (b) high magnification of fracture surface
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Abstract

Objective There is an increasing demand for die attach materials with the rapid development of SiC devices, which
can be bonded at low-temperature and function at high temperature. Nano-Ag sintering has been extensively
investigated for application in high-temperature power electronics. However, the electrochemical-migration of Ag
ions is the main drawback. Pd is famous for its chemical stability, and various studies have focused on the influence
of Pd content on the effectiveness and its mechanism. Recently, researchers have been trying to mix Pd and Ag
nanoparticles (NPs) to improve the resistance to electrochemical-migration of the sintered layer. However, Pd has a
melting point higher than that of Ag, whereas the alloying process needs high temperature (~850 ‘C ) to form Ag-Pd
alloy. Pulsed laser deposition (PLD) is a physical method feasible for fabricationg Ag-Pd nanoalloy without using
organic additives such as polyvinylpyrrolidone, which is required in the chemical method. In this work, Ag-10% Pd
nanoalloy was fabricated by the PLD method, which can be used to connect SiC and Ag-coated direct bonding copper
(DBC) substrates. The sintered layer enhances resistance to electrochemical-migration with low-temperature
bonding characteristics. The microstructure of the bonding, shear properties, and its electrochemical-migration
resistance are studied.

Methods Ag-10%Pd NPs were fabricated using PLD with a pressure of 750 Pa of Ar atmosphere. The Ag-Pd target
was fabricated by powder sintering with weight ratio of 90 : 10. A picosecond laser with a pulse width of 10 ps was
employed to ablate the target. Ag-Pd NPs were deposited on the back side of SiC chip (G. P. Tech, Ti/Ni/Ag
metallization), then the SiC chip was removed from the substrate and placed on the Ag-coated DBC ( HuaSemi
Electronics, Ni/Au metallization). The interconnecting process is performed at a temperature range of 200 C —
350 C assisted with a pressure of 5 MPa for 30 min in air. The shear test is conducted using Dage 4000. The
electrochemical-migration test is conducted using a water drop test.

Results and Discussions The microstructure of as-deposited Ag-Pd film comprises various NPs with diameters less
than 1 pm (Fig. 3). Element results indicate that these deposited NPs are in alloy state with a uniform composition
distribution. The sintered joint comprises SiC chip, bondline and Ag-coated substrates (Fig. 4). The bondline
thickness is about 27 pum, which is only 31.6% of the as-deposited state. Thus, the Ag-Pd film had excellent
deformability. The bondline exhibited Ag-9.57 % Pd alloy microstructure without obvious element segregation. The
sintered joint achieved a shear strength of 21.89 MPa at the sintering temperature of 250 ‘C, which is higher than
the US military standard MIL-STD-883K (7.8 MPa). Therefore, Ag-Pd nanoalloy film can be used as die attach
material for low-temperature bonding. The sintering temperature provides the driving force for sintering process, as
a denser bondline is achieved when the temperature is increased to 300 ‘C (Fig. 6). Fracture surface reveals that
the failure mainly occurred at the bondline, indicating that high bonding quality interface is realized (Fig. 7).
Compared with pure Ag, Ag-Pd nanoalloy exhibited a more than quadruple resistance to electrochemical-migration
during the water drop test (Fig. 8). For pure Ag electrode, the current reached 1 mA with only 81.4 s, while the
Ag-Pd electrode required 349. 7 s for the short-circuit process. The dissolution of Ag ion was blocked by PdO
formation on the anode, which played a paramount role in extending the short-circuit time, whereas the migration
product was cloud-like instead of dendritic growth. This work proposed a method for fabricating Ag-Pd nanoalloy
films as die attach material without the high alloying temperature. It should be noted that, Pd has a higher melting
point (1554 C ) than Ag (961.7 C ), and Ag-Pd nanoalloy sintering requires higher sintering temperature than pure
Ag NPs. Moreover, adding Pd is costly. Consequently, the sintering temperature, demand of electrochemical-
migration resistance and its cost should be balanced when applying Ag-Pd nanoalloy in electronic packaging.

Conclusions Ag-10%Pd nanoalloy was successfully fabricated as die attach material using PLD. The sintered joint
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achieved a shear strength of 21.89 MPa at the sintering temperature of 250 ‘C, which was higher than the US
military standard MIL-STD-883K (7.8 MPa). Compared with pure Ag, Ag-Pd nanoalloy exhibited a more than
quadruple electrochemical-migration resistance. The dissolution of Ag ion was blocked by PdO formation on the anode
with obviously extended short-circuit time, whereas the migration product was cloud-like. Compared with
conventional direct sintering of Ag and Pb nanoparticles, pulsed laser deposited Ag-Pd nanoalloy sintering avoids
high-temperature alloying process (850 C ), which is promising for Ag-Pd low-temperature bonding and is expected
to provide a solution for the high-reliability power electronic packaging.

Key words laser technique; nanoalloy; low-temperature sintering; electronic packaging; electrochemical-

migration
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