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Table 1 EDS results of solder joint interface shown in
Fig. 3(a)
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Fig.3 SEM image and XRD results of Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu solder joint interface: (a) SEM image; (b) XRD pattern
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Fig. 4 SEM images of Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu solder joint interface in different thermal cycling: (a) 0 cycle; (b) 50 cycles;
(c) 80 cycles; (d) 100 cycles
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Fig. 6 Shear strength of Sn2.5Ag0.7Cu0.1RExNi/Cu(x=0,
0.05, 0.1, %)solder joint in different thermal cycling
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Fig. 7 SEM images of Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu solder joint shear fracture in different thermal cycling and EDS results of
points 4 and B: (a) 0 cycle; (b) 50 cycles; (c) 80 cycles; (d) 100 cycles; () EDS results of point 4; (f) EDS results of point B

(Cu, Ni)eSns(MLE 7(f)), XEHIHFZIAIEIAETAR 1%k
Wi o R AEAEET AR N B9 R AEAE S I IMC J2 . 18
0~100 #HEFFJHH, Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu 4T
PR BT VI LA — e S I A sy, X2 T
EFIRH 2 BT D) AR I, ST 4N ST X R A2 PR AR
%, WP BIMREEETME S PRSI, 1
ARG RIRIN, A 7CRERKKR, IR 2O LY )
FEWT I BRI BT DI Wi R IR . B AR A 1)
(R, BT b AR AR AR G b g s R S T 1
PIVEWT LD, W T R N R T 2, 1%
W2 B 22 0 R AEAE R SR T ) IMC JZ21(Cu, - Ni)eSns
e, HLZ0 A AR B S b, 0BT S
FHIE . ZAEIA 100 WG, BAE IMC 2 5 4T421)

Zi A AEWT R, W U B LR S A
R, WIS EE D, TR, R, A
BUJZ IR HT RGBT DX o 33 W B AR A J 300 1 484
T 0 SR W 252 1) LA D T 0 Mg Ve 5

23 S5t

Sn2.5Ag0.7Cu0.1RExNi/Cu 4T3 Sk £ AN [i] 1 %1
PRI, B2 ARG TMEHS 2B X 4R
AT K« SR A IMC (04K BRSS9
HOEAT . FERIEIR 4 T Cu J/ Il i A 74
A BB LI IMC 5 AT R b L &b R
Sn JEUFIEAT OV AE B(Cus Ni)eSns /2, f#(Cu, Ni)eSns



2578

PR R AR

2016 4 12 H

JE SN EN, R e P A KA 7 IS T TMC
“CHRRT L, G IMC R I TRARIE AR Ty S
KIGFH) “F0R7, SEG I IMC J5 R SRR AN
. JCEE AU IMC 8 TREREAH, semisEEkX
HAVEREIELLEE, HIEA . RO S e BARAET
JREEL IR FE AP VE I e g e S T Sk . kA
PIGRERN, — e S EETEd 2k, 7
[f] IMC JUSPAE R, JEASHLAL, XA ST 1Bk i M R
AEEVERAC. EBESLIIEIMER T, RSk E
Pres Hom ko>, IR R A 2 R RO
WiDx , % I HE 2 Sk W7 1 pR 0 B 284 1) DA O 32 1)
PI-MaT & Wi Re AR (W AE Al sk T SE PR R K. A
B, SR8 ST IMC K 1 Rd 4 DAE S AT 5
S NINTIE LGN

Sn2.5Ag0.7Cu0.1RE £PEHS B hnid i Ni, #J
DIANEZHAR . SCEET BRI E R P BE . Ni i a5 B
5 Cu WAHIE, JRF P4y Cu MAHIT, 7E3FRM
THEEE IR IRBEAIE T, Ni s B85 A0 m)
YER, mI DA MR S A IMC Sk R~ BT Ni
75 Sn FERERFR AR /N, Ni-Sn 48 [k 54 v
A FH RN, N A B NGRS N S C 2 T
77, i EE R bk Sl IMC R A
K, IR AR LR T By Uik B (R A, R %
SR AT SRR . BT Ni JeER Al Al IMC P E
K, Bk, o7 B ETRRE A IS f 19 Ni k4 4T
JRESLIEIR AT N 1T 52k

3 #ig

1) HZHIEIR T Sn2.5Ag0.7Cu0.1RExNi/Cu 4T 44
B IMC H1(Cu, Ni)eSns F1 CusSn AHZH . Bl FAAHER
JEWRE N, ETIEEESL S IMC (Cu, Ni)eSns JEA H
TRAR AR A Jap R R IR «“534R, IMC 133 & B
FHRE B 1GOR, AR RS B D) aR FE BRI . S NG & Ni
(0.05%) FRIET 4542 3K FL 7 IMC 347 J5 J3 FIOHDRE 35 ¢ 11K
F K By D) 5 B IR

2) £ 100 FAJEEE FE A Py BE FE R A S 5
Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu £T154482 S BT U 0 11 (i 52
DUET 4 A B PE T 24 1] (AT 48R IMC 2 4R LA
N - G WA

REFERENCES

[1] SUGANUMA K. EHVEFREEARM]. el %, dbnt: Bl

(2]

(31

(4]

(3]

(6]

(7]

(8]

[

[10]

(1]

HiR AL, 2004: 138-152.

SUGANUMA K. Lead-free soldering technology[M]. NING
Xiao-shan, transl. Beijing: Science Press, 2004: 138—152.
STELLER A, PAPE U, BLAIR L. Solder joint reliability in
automotive applications: New assessment criteria through the
use of EBSD[J]. Solid State Phenomena, 2010, 160: 307-312.

W LX, &, FIESE, EE, BREE. N
SnCuSb/Cu ST 543 S 0 BT 5 L2 L5 K7 I RFAL R SR D]. AR 4325
¢, 2010, 31(6): 85-89.

MENG Gong-ge, LI Dan, LI Zheng-ping, WANG Yan-peng,
CHEN Lei-da. Effects of aging on shearing strength and fracture
of SnCuSb/Cu
Transactions of the China Welding Institution, 2010, 31(6):
85-89.

TR, A, BROEA, VE T, SR A SR
Sn-Cu-Ni 75 54T R W 14 B8 1K) 52 W (7], 8 B2 2% 4, 2006,
27(10): 53-56.

WANG lJian-xin, XUE Song-bai, HAN Zong-jie, WANG Ning,

surface characteristics soldering joint[J].

YU Sheng-lin. Effect of temperature and coatings on Sn-Cu-Ni
lead-free solder wettability[J]. Transactions of the China
Welding Institution, 2006, 27(10): 53—56.

B, sRBIAT, EEA, B, HEUR. NI JoE X
Sn2.5Ag0.7Cu0.1RE/Cu JCAR IR AT T IMC ) 2 PERERY
SEMATT]. PSR, 2012, 33(11): 39-42.

LI Chen-yang, ZHANG Ke-ke, WANG Yao-li, ZHAO Kai, DU
Yi-le. Effect of Ni on interfacial IMC and mechanical properties
of Sn2.5Ag0.7Cu0.1RE/Cu solder joints[J]. Transactions of the
China Welding Institution, 2012, 33(11): 39—-42.

YU D Q, WANG L. The growth and roughness evolution of
intermetallic compounds of Sn-Ag-Cu/Cu interface during
soldering reaction[J]. Journal of Alloys and Compounds, 2008,
458(1/2): 542-547.

WANG Yao-li, ZHANG Ke-ke, LI Chen-yang, HAN Li-juan.
The morphology and evolution of Cu6SnS at the interface of
Sn-2.5Ag-0.7Cu-0.1RE/Cu solder joint during the isothermal
aging[J]. Materials Science Forum, 2012, 704: 685—689.
ZHANG Ning, SHI Yao-wu, GUO Fu, LEI Yong-ping, XIA
Zhi-dong, CHEN Zhen-hua, TIAN Li. Comparison of drop
performance between the Sn37Pb and the Sn3.8Ag0.7Cu solder
joints subjected to drop test[J]. Journal of Materials Science:
Materials in Electronics, 2011, 22: 292-298.

LIN Kwang-lung, SHIH Po-cheng. IMC formation on BGA
package with Sn-Ag-Cu and Sn-Ag-Cu-Ni-Ge solder balls[J].
Journal of Alloys and Compounds, 2008, 452(2): 291-297.

LIU Ping, YAO Pei, LIU Jim. Evolutions of the interface and
shear strength between SnAgCu-xNi solder and Cu substrate
during isothermal aging at 150 “C[J]. Journal of Alloys and
Compounds, 2009, 486(1/2): 474-479.

FHR), SKATRT, 22HiFH, @5 is. RE % SnAgCu #EHG 4
R REREIE D], FERMAREAEAR, 2011, 32(12): 35-37.



$26 B 12 BENA, A% ERIMAEFANT Sn2.5A20.7Cu0. 1RExXNi/Cu 545 F i F 422 Sk BE B0 5% 0 2579

[12]

[13]

WANG Yao-li, ZHANG Ke-ke, LI Chen-yang, HENG [14] £ M, smdkfe, skd4d, FFEN*E. Sn-3.5Ag-0.5Cu /Cu St

Zhong-hao. Effect of RE on properties of SnAgCu solder alloy MR EERII]. o EA AR 4R, 2006, 16(3): 495-499.

and its joints[J]. Transaction of Materials and Heat Treatment, WANG Ye, HUANG Ji-hua, ZHANG lJian-gang, QI Li-hua.
2011, 32(12): 35-37. Microstructure of Sn-3.5Ag-0.5Cu/Cu interface[J]. The Chinese
PANG J H L, PRAKASH K H, LOW T H. Isothermal and Journal of Nonferrous Metals, 2006, 16(3): 495—499.

thermal cycling aging on IMC growth rate in Pb-free and [15] S5FSEk, v %, 7k, [FE-mEE st L E i amm
Pb-based solder interfaces[C]/ The Ninth Intersociety JEPl AR K], AL 2E SR, 2001, 17(5): 453—456.
Conference on Thermal and Thermomechanical Phenomena In LAO Bang-sheng, GAO Su, ZHANG Qi-yun. Nonequilibrium
Electronic Systems. Piscataway: IEEE, 2004: 109—115. growth of intermetallics at the interface of liquid-solid metal[J].
VR, B985k, # o, G E x Acta Physico-chimica Sinica, 2001, 17(5): 453—456.
Sn3.0Ag0.5Cu/Cu FTHEEK S AL A I RS2 M), MR [16] x| P, B, JeX s, BN, Nixh SAC0307 AT R
FREAAR, 2015, 36(1): 93-98. RSN LT (RS2 TR ST [0]. 4544, 2014(5): 27-30.

XU Yuan-yuan, YAN Yan-fu, LI Shuai, GE Ying. Effect of LIU Ping, ZHONG Hai-feng, LONG Zheng-yi, GU Xiao-long.
thermal cycles on intermetallic compounds of Sn3.0Ag0.5Cu/Cu Effect of Ni on SAC0307 lead-free solder performance and
soldering joint[J]. Transaction of Materials and Heat Treatment, interfaces[J]. Welding & Joining, 2014(5): 27-30.

2015, 36(1): 93-98.

Effect on interface and property of Sn2.5Ag0.7Cu0.1RExNi/Cu
solder joints in severe thermal cycling

GUO Xing-dong" 2, ZHANG Ke-ke"?, QIU Ran-feng', SHI Hong-xin', WANG Yao-li', MA Ning'

(1. College of Materials Science and Engineering, Henan University of Science and Technology, Luoyang 471023, China;
2. Collaborative Innovation Center of Nonferrous Metals,

Henan University of Science and Technology, Luoyang 471023, China)

Abstract: The effect of severe thermal cycling on the IMC and mechanical property of Sn2.5Ag0.7Cu0.1RExNi/Cu
solder joint was analyzed by SEM, XRD and EDS. The results show that the Sn2.5Ag0.7Cu0.1RExNi/Cu solder joints
under severe thermal cycling exhibit duplex intermetallic compounds (IMCs) structure; i.e., a layer of (Cu, Ni)¢Sns close
to the solder and a layer of Cus;Sn adjacent to the Cu substrate. The morphology of the IMC in soldered joints transfers
from wavy-shape into larger bamboo shoots with the increasing of thermal cycling, which causes increase of roughness
and thickness, as well as decrease of the shear strength. When the Ni adding content of solder alloy is 0.05% (mass
fraction), the roughness and average thickness of IMC are the lowest, the shear strength is the highest. Within 100 thermal
cycling, the fracture mechanism of the joints exhibits from plastic fracture occured in the solder seam of
Sn2.5Ag0.7Cu0.1RE0.05Ni/Cu to ductile-brittle mixed fracture of plastic fracture oriented in the interfacial of IMC and
solder seam.

Key words: lead-free solder alloy; severe thermal cycling; solder joints; intermetallic compound(IMC); property
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