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Welding diagram. (a) reflow soldering; (b) laser
soldering
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Cross section morphology and microstructure of
welded joints. (a) cross section morphology of
reflow soldering; (b) microstructure of reflow
soldering; (c) cross section morphology of laser
soldering joints; (d) microstructure of laser
soldering joints
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Fig. 3 Elemental distribution in the cross-section of
laser soldering joints
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Fig. 4 Microstructure and elemental profile of interface
(Cu-Sn side). (a) microstructure of reflow solde-
ring; (b) elemental profile of reflow soldering; (c)
microstructure of laser soldering; (d) elemental
profile of laser soldering
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Fig. 5 Microstructure and elemental profile of interface
(Cu-Sn side). (a) microstructure of reflow solde-
ring; (b) elemental profile of reflow soldering; (c)
microstructure of laser soldering; (d) elemental
profile of laser soldering
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Fig. 6 Mechanical properties of Cu-Ni welded joints. (a)
maximum tensile force; (b) macro-morphology of
fracture for reflow soldering joints; (c¢) macro-

morphology of fracture for laser soldering joints

P37 3, SO AR ISk 1 B R B D) 7 A%
TN, (HE T PR AR ORI OLET 7
WEREAS 1 12 52 P AR -SSR A 20R,
HA e KGR | RE | DA, il O
[ AT PEROR Z —.

3 i

(1) TR B SO AT AR ) T S B - S
BT, JRAEY ) HBUY AT, JCHH BRG] A
FREE O i B G B AR 2R, BOGAT AR 4% Fh 5 1Y)
[ VA AR 25 3l IR Y Cu-Sn 428 a1k S IR & 21
.

(2) IR A -2 St T A . S 2 2 AR ARy
B [ 15 7K —CuySn—CugSns 4 B B 54, H 5 5
DURIESR, WA A AL WA 2521 (Cu, Ni)sSns
SR BMLAE Y. FOCETIRAE A -8 AU A TE il 2 i
Cu-Sn Y& @ ML A, H A PSR SRIE 35
MR- R TRAL I AL (Cu, Ni)sSns 45 (Cu, Ni);Sny,
HAHL AR E L.

(3) IR B O AT Ak i B K B V) ) i 4y
HIATIA 369 F 320 N, i /& SE bR TR T K, 3
FEEFIRA BN B LR R T T R R

S 3k

[1] RISE, 4, IKPOK, 5. BT 3 I d il AR 5 Bl
[7]. B4R, 2018, 39(9): 122 — 128.

Wu Boyao, Qin Lei, Zhang Qingmao, et al. Research on vision-
based post-welding quality inspection of power battery[J]. Trans-
actions of the China Welding Institution, 2018, 39(9): 122 — 128.

[2] Kumar N, Masters I, Das A. In-depth evaluation of laser-welded
similar and dissimilar material tab-to-busbar electrical intercon-
nects for electric vehicle battery pack[J]. Journal of Manufactur-
ing Processes, 2021, 70: 78 — 96.

[3] Yang P, Tarascon J M. Towards systems materials engineering[J].
Nature Materials, 2012, 11: 560 — 563.

[4] Lerra F, Ascari A, Fortunato A. The influence of laser pulse shape
and separation distance on dissimilar welding of Al and Cu
films[J]. Journal of Manufacturing Processes, 2019, 45: 331 —
339.

[5] ZE7R, XA, SR AE A . A5 RE Jeh X 40 /40 7 B e ek 1 i
AR [T]. SRR, 2014, 35(2): 47-50.

Li Dong, Zhao Yangyang, Zhang Yansong. Effect of welding en-

ergy on microstructures of the Al/Cu joints obtained by ultrasonic



40

B &

2

i %44 %

[10]

[11]

[12]

[13]

[14]

[15]

[16]

welding[J]. Transactions of the China Welding Institution, 2014,
35(2): 47-50.

HSELHY, REARHE, s, S5 AR 22 SR AR O CRE T AR A
ZURMEREIZ [J]. SR42A I, 2022, 43(1): 16 — 21.

Deng Chengmin, Cheng Donghai, Zhang Hua, et al. Effect of
welding wire composition on microstucture and properties on
Al/Cu laser welding-brazing joints[J]. Transactions of the China
Welding Institution, 2022, 43(1): 16 — 21.

/M, LA, 2210, S8, SRS BB AR R HAR S 2L R A
UL A5 [7]. SRH2A4, 2014, 35(1): 87 = 90.

Wu Xiaowei, Shen Yifu, Li Bo, ef al. Formation and inhibition of
eutectics in Al/Cu dissimilar metal lap joint[J]. Transactions of the
China Welding Institution, 2014, 35(1): 87 — 90.

Yang J W, Cao B, He X C, et al. Microstructure evolution and
mechanical properties of Cu—Al joints by ultrasonic welding[J].
Science and Technology of Welding and Joining, 2015, 19(6):
500 — 504.

Chu K, Sohn Y, Moon C. A comparative study of Cn/Sn/Cu and
Ni/Sn/Ni solder joints for low temperature stable transient liquid
phase bonding[J]. Scripta Materialia, 2015, 109: 113 — 117.

Wang S J, Liu C Y. Study of interaction between Cu-Sn and Ni-
Sn interfacial reactions by Ni-Sn3.5Ag-Cu sandwich structure[J].
Journal of Electronic Materials, 2003, 32(11): 1303 — 1309.
Zhong Y, Zhao N, Dong W, et al. Coupling effect of thermo-
migration and cross-interaction on evolution of intermetallic com-
pounds in Cu/Sn/Ni ultrafine interconnects undergoing TLP bond-
ing[J]. Journal of materials research, 2017, 32(16): 3128 — 3136.
Huan P C, Tang X X, Sun Q, et al. Comparative study of solder
wettability on aluminum substrate and microstructure-properties
of Cu-based component/aluminum laser soldering joint[J]. Materi-
als & Design, 2022, 215: 11048.

Kordas K, Pap A E, Toth G, et al. Laser soldering of flip-chips[J].
Optics and Lasers in Engineering, 2006, 44(2): 112 — 121.

Yang Z, Li L, Chen W, et al. Numerical and experimental study
on laser soldering process of SnAgCu lead-free solder[J]. Materi-
als Chemistry and Physics, 2021, 273: 125046.

Kunwar A, An L L, Liu J H, et al. A data-driven framework to
predict the morphology of interfacial CugSns IMC in SAC/Cu sys-
tem during laser soldering[J]. Journal of Materials Science &
Technology, 2020, 50: 115 — 127.

Joo H S, Lee C J, Min K D, et al. Mechanical properties and mi-
crostructural evolution of solder alloys fabricated using laser-as-

sisted bonding[J]. Journal of Materials Science:Materials in Elec-

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

tronics, 2020, 31(24): 22926 — 22932.

Nishikawa H, Iwata N, Formation and growth of intermetallic
compound layers at the interface during laser soldering using
Sn—Ag Cu solder on a Cu pad[J]. Journal of Materials Processing
Technology, 2015, 215: 6-11.

Lee TY, Choi W J, Tu KN, et al. Morphology, kinetics, and ther-
modynamics of solid-state aging of eutectic SnPb and Pb-free
solders (Sn-3.5Ag, Sn-3.8Ag-0.7Cu and Sn-0.7Cu) on Cu[J].
Journal of Materials Research, 2002, 17(2): 291 —301.

Lai Y, Chen S, Ren X, et al. Solid-liquid interdiffusion bonding of
Cu/Sn/Ni Micro-joints with the assistance of temperature gradi-
ent[J]. Acta Metallurgica Sinica, 2022, 35(11): 1912 — 1924.

Chen L D, Huang M L, Zhou S M. Effect of electromigration on
intermetallic compound formation in line-type Cu/Sn/Cu intercon-
nect[J]. Journal of Alloys and Compounds, 2010, 504(2): 535 —
541.

Chung C K, Duh J G, Kao C R. Direct evidence for a Cu-en-
riched region at the boundary between CusSns and Cu;Sn during
Cu/Sn reaction[J]. Scripta Materialia, 2010, 63(2): 258-260.

Mo L P, Guo C W, Zhou Z, et al. Microstructural evolution of Cu-
Sn-Ni compounds in full intermetallic micro-joint and in situ mi-
cro-bending test[J]. Journal of Materials Science-Materials in
Electronics, 2018, 29(14): 11920 — 11929.

Gorlich J, Schmitz G, Tu K N. On the mechanism of the binary
Cu/Sn solder reaction[J]. Applied Physics Letters, 2005, 86:
053106

Zhang Z, Hu X W, Jiang X X, et al. Influences of mono-Ni (P)
and dual-Cu/Ni (P) plating on the interfacial microstructure evolu-
tion of solder joints[J]. Metallurgical and Materials Transactions
A, 2018, 50(1): 480 — 492.

Pal M K, Gergely G, Koncz-Horvath D, et al. Investigation of mi-
crostructure and wetting behavior of Sn-3.0Ag-0.5Cu (SAC305)
lead-free solder with additions of 1.0 wt % SiC on copper sub-
strate[J]. Intermetallics, 2021, 128: 106991.

Zhang L, Gao L L. Interfacial compounds growth of
SnAgCu(nano La203)/Cu solder joints based on experiments and

FEM][J]. Journal of Alloys and Compounds, 2015, 635: 55-60.

FE—EE IV, WL FERRT I O S AN E
Email: qiansun@suda.edu.cn.
BEEE: B, 14 ; Email: xingwenzhou@suda.edu.

cn.

(4w%E:  FBLD)



	0 序言
	1 试验方法
	2 结果与讨论
	2.1 接头成形及焊缝组织
	2.2 铜-锡侧界面显微组织
	2.3 镍-锡侧界面显微组织
	2.4 焊接接头力学性能

	3 结论
	参考文献

