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Fig.4 Microstructure and EDS-XRD analysis of Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu solder joints under external energy: (a) microstructure of

solder joint, (b) EDS results of point A, and (c) XRD pattern of solder joint
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Fig.5 Microstructure of Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu solder seam under external energy: (a) conventional soldering, (b) with ultrasonic

wave (USW) and electric field (E) assisting, and (c) the microstructure of the deep-etched solder joints
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Fig.6 SEM images of IMCs at the interface of Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu solder joints: (a) conventional soldering, (b) with USW

assisting, (¢) with USW and E assisting, (d) top-view of conventional soldering, () top-view of solder joints with USW assisting,

and (f) top-view of solder joints with USW and E assisting
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Table 1 Thickness, roughness and grain size of interfacial IMC for Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu joints (pm)

Solder joints IMC thickness IMC roughness Grain size of IMC
Conventional solder joints 43 2.6 34
USW assisted solder joints 3.6 1.9 3.0
USW and E assisted solder joints 3.0 1.7 2.7
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Fig.8 Fracture morphology of Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu joints under external energy: (a) conventional soldering, (b) with USW

assisting, (c) with USW and E assisting, and (d) schematic of ductile-brittle mixed fracture
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Table 2 EDS results of A, B and C points in Fig.8

Mole fraction/%

Point
Sn Ag Cu Ni
A 90.49 3.17 6.34
44.94 - 53.68 1.38
C 92.95 3.96 3.09

JE 5 PR A AT ARAH LU A s/, AR SRR BT D) it
JEARAANK, 0 AT IR A IMC DRSS ARl A
K, XKWL B DI s B2 55 51 IMC RS 2 2 % )
FHOGI o BHUERT AL, FE0E B A ST IMC S35 )5 B B A
CANASSZES 3~5 pum), ST IMC 2R BT ARk BT )
SEREERZ S E R EH . SAGEHRESN IMC JZRIRERE
R EFEEELZEIDIN SRR IMC 5 % A izl
AL, Tt 8 7l W F i 7 - F 3% i ) Sn2.5A¢0.7Cu0.1-



%9 1

FEREA . AMEERHED T Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu 4T 154 Sk 4 41 5 v fig

* 2805 °

REO0.05Ni/Cu £ 457423k FL1H IMC JZHURE 0 ks, 4T
FREE K W B A0 TSR AN AT IMC 2320 1) 7 i ol I
X [ ETEEMIAT RS, AL IMC J2 i FIURIET 24 Akt B+ 5
A I a0 & BB DI R 24N B 22 R AR AR AT % X3, X
T ET KB Sk B DI W7 VS PE X B B4 i, A S bz Sk B 1)
S EETH i o

3 & i

1) IR | - A RE ) A Sn2.5A20.7Cu-
0.1RE0.05Ni/Cu 5T 42 B L ET 48 0] 4 B-Sn. L2121 404k
LGRS, FHIHIX IMC P2 )58 KA R A
Fr1H IMC BURLRST ik ) o

2) A AT Sn2.5A20.7Cu0.1RE-
0.05Ni/Cu FFJEFE Sk uk e 5 FLF- I IMC JZ R R 2 D) AH
K, HEFEVE I R USRS LR 5 - A R R D AT R
Fe Sk S0 IMC JZRIRERE AR P o = AR, A AT R4
LR FETE i, 55 A GEAT AR LUt i 75 - FiL 37 A RE Sl B AT
PR B DR B iy 24.1%.

3) WA L S - A Be A AE Sn2.5A¢0.7Cu-
0.1RE0.05Ni/Cu £F 8 L Wi 42 i T 42 F i IMC
JE A R ST X [ BT AR MRS, ST (Cu,Ni)Sns
IMC fiff SEFVET S A B+ 00 83 1A I - VR 5 R T 284 L o, A
FSL BT U)W PRI L3 0, Sk BT D)5 B T i

53 30k

[1] Suganuma K. Translated by Ning Xiaoshan(‘7*I%111). Lead-free
Soldering Technology(Ji T /& 4% £ A)[M]. Beijing: Science
Press, 2004: 138

[2] Liu Yang(X|] #), Sun Fenglian(¥) X 3%). Chinese Journal of
Nonferrous Metals("F B 4,42 J& 5 4R)[J], 2012, 22(2): 460

[3] Zhang Xiaojiao(3KIEWF), Zhang Keke(3K FI#1), Zhao Kai(X
14) et al. Transactions of Materials & Heat Treatment(F ]
QLR 2EFR)[T], 2014, 35(9): 70

[4] Liu Ping, Yao Pei, Liu Jim. Journal of Alloys & Compounds[J],
2009, 486(1-2): 474

References

[5] Zhang Keke, Zhang Xiaojiao, Qiu Ranfeng et al. Journal of
Materials Science: Materials in Electronics[J], 2014, 25(4):
1681
[6] Naka M, Hafez K M. Journal of Materials Science[J], 2003,
38(16): 3491
[7] Chinnam R K, Fauteux C, Neuenschwander J et al. Acta
Materialia[J], 2011, 59(4): 1474
[8] Kang J, Conrad H. Materials Science & Engineering A[J],
2003, 356(1-2): 8
[9] Tan A T, Tan A W, Yusof F. Journal of Alloys & Compounds[J],
2017, 705: 188
[10] Yu D Q, Wang L. Journal of Alloys & Compounds[J], 2008,
458(1-2): 542
[11] Ren Huailiang( % K 5% ). Metallographic Experimental
Technique( 4= #1 92 % 7 K H)[M]
Industry Press, 2005: 140

[12] Zhang Keke(3Kk A1), Guo Xingdong(¥E>% 7<), Wang Huigai
(LX) et al. Rare Metal Materials and Engineering (Wi H
& B MBS R[], 2017, 46(5): 1353

[13] Ji Hongjun, Wang Qiang, Li Mingyu et al. Journal of
Electronic Materials[J], 2014, 43(7): 2467

. Beijing: Metallurgical

[14] Ji Hongjun, Wang Qiang, Li Mingyu. Journal of Electronic
Materials[J], 2016, 45(1): 1

[15] Ji Hongjun, Qiao Yunfei, Li Mingyu. Scripta Materialia[l],
2016, 110: 19

[16] Conrad H, Guo Z, Sprecher A F. Scripta Metallurgicall],
1989, 23(6): 821

[17] Yu Daquan(J-K4%). Research on Lead-free Solder and Its
Interface in Electronic Packaging Interconnection(H ¥} %%
HO3E G Y AT RL K& JC ST ) 8 9T )[D]. Dalian: Dalian
University of Technology, 2004

[18] Liu Xiaoying, Huang Mingliang, Zhao Yanhui et al. Journal
of Alloys & Compounds[J], 2010, 492(1): 433

[19] Teo J W R, Sun Y F. Acta Materialia[J], 2008, 56(2): 242

Microstructure and Properties of Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu Solder Joints
Obtained by External Energy Assisted Soldering

Cui Jianguo', Zhang Keke'?, Zhao Di', Ma Ning', Cao Congcong', Pan Yibo'

(1. Henan University of Science and Technology, Luoyang 471023, China)

(2. Collaborative Innovation Center of Nonferrous Metals, Henan Key Laboratory of Non-ferrous

Materials Science & Processing Technology, Luoyang 471023, China)



- 2806 * W& EMES TR 847 %

Abstract: The Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu solder joints were fabricated by the ultrasonic wave (USW) and electric field (E) assisted
soldering technique. The microstructure and mechanical properties of the solder joints were analyzed by the scanning electron microscope
(SEM), energy dispersive spectrometer (EDS) and X-ray diffraction (XRD). Results show that the USW or the USW-E have great influence
on the microstructure of the solder joints. The USW or USW-E assisted soldering technique refines microstructure of the
Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu solder joints and promotes the proportion of eutectic structure, as well as reduces the average thickness,
roughness and grain size of interfacial IMC. The shear strength of the Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu soldering joints under the USW-E
assisted soldering is closely related to the roughness of interfacial IMC layer. The USW plays an important role in the decrease of
roughness of the interfacial IMC during the USW-E assisted soldering. Compared with shear strength of the traditional soldering joints, an
increment of 24.1% in shear strength of the soldering joints is achieved with the USW-E assisted soldering. With applying the USW or the
USW-E, the fracture path of the Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu soldering joints transfers from the interfacial transitional region composed
of soldering seam and interfacial IMC layer to the side of soldering seam. The fracture mechanism of the soldering joints obtained by the
USW or the USW-E assisted soldering are brittle-ductile mixed fracture with the cleavage of interfacial (Cu,Ni)sSns IMC and the
cleavage-dimple of soldering seam, which increases the proportion of ductile fracture zone and the shear strength of soldering joints.
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