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Changes in shear forces of solder joints during
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Fig. 2 Fracture morphology of solder joints aged for
1 440 h. (a) SAC387/Cu; (b) SAC387-0.05Nd/Cu
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Fig. 3 Evolution of interfacial microstructure of SAC387/Cu joints during aging treatment. (a) 144 h; (b) 720 h;

(c) 1440 h
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Fig. 4 Evolution of interfacial microstructure of SAC387-0.05Nd/Cu joints during aging treatment. (a) 144 h; (b) 720 h;

(c)1440h
x1 HPIEPESFE IMCs EEEEX
Table 1 Thickness change of interface IMCs layer of solder joint during aging process
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F1i(CugSns+CuzSn) IMCs)Z 3.3 4.4 5.3 6.9 8.3
SAC387
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FH1Hi (CugSnst+CusSn) IMCs)z 2.9 4.1 4.4 5.9 6.8
SAC387-0.05Nd
FLiCusSn IMCs)2 0 0.9 1.5 1.9 3.3
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Fig. 5 Fitting diagrams of interfacial IMCs layer thick-
ness during aging process. (a) interfacial (CugSns+
CusSn) IMCs layer; (b) interfacial Cu3Sn IMCs
layer
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Fig. 6 Mechanism of Nd inhibiting growth of IMCs in the
solder matrix and at the interface. (a) inhibitory
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Sn-Nd

3 %%

(1) IR, %50 0. 05%Nd JCZ Y SAC387
B L AH 55 T T BT L 21 ZURL b 3 SR AR, AH N Y
IMCs RSP B 4/, 32 F & 16 1 Nd T
W fAE ST CugSns IMCs Stk 22, R K

(2) B A5cat AR v, DA o S T AL R B T
Tl BT (CugSns+CusSn) IMCs J2, JHCJEE J3 i, i 1] %
BF PRI s n . B8 53 Hr2R W, B 0. 05%Nd JT
ECIRERTAC S AR T €8

(3) IR S FEH, SAC387-0. 05Nd/Cu 15 5 55 4]
TR 2R F SAC387/Cu i i, HLESINT 0.05%Nd
JCER MR ABT Y ) F R AN T SAC387/Cu #7 45,
FRUCIIE T fici Nd TG 2R BB AT LU S0 S A S
(oG ET



7 #

£ 3%, % .Nd #f Sn-3.8Ag-0.7Cu/Cu & 5 & i ¥ M % 13

S 3Lk

(1]

(9]

FERG, BKaE, XIEAL, 45, FCBGA #34 SnAgCu K st ity #p i T
SEVESMT (). SRR, 2019, 40(9): 39 — 42.

Jiang Nan, Zhang Liang, Liu Zhiquan, et al. Thermal shock reli-
ability analysis of SnAgCu solder joints for FCBGA devices[J].
Transactions of the China Welding Institution, 2019, 40(9): 39 —
42.

Samavatian V, Iman-Eini H, Avenas Y, et al. Effects of creep fail-
ure mechanisms on thermomechanical reliability of solder joints
in power semiconductors[J]. IEEE Transactions on Power Elec-
tronics, 2020, 35(9): 8956 — 8964.

TR, 2R 2 #hF . Sn5Sb1Cu0.1Ni0.1Ag/Cu(Ni) 15 245
PURAERE [9]. #2244, 2020, 41(2): 28 - 32.

Sun Fenglian, Li Tianhui, Han Bangyao. Aging resistance of
Sn5Sb1Cu0.1Ni0.1Ag/Cu(Ni) solder joints[J]. Transactions of the
China Welding Institution, 2020, 41(2): 28 — 32.

Wang F, Ying H, Shuang T, et al. Effect of cooling and aging on
microstructure and mechanical properties of Sn-9Zn solder[J].
China Welding, 2017, 26(1): 37 — 43.

Annuar S, Mahmoodian R, Hamdi M, et al. Intermetallic com-
pounds in 3D integrated circuits technology: a brief review[J].
Science and Technology of Advanced Materials, 2017, 18(1):
693 —703.

Wu J, Xue S B, Wang J W, ef al. Enhancement on the high-tem-
perature joint reliability and corrosion resistance of Sn-0.3Ag-
0.7Cu low-Ag solder contributed by Al,O; nanoparticles (0.12%)
[J]. Journal of Materials Science: Materials in Electronics, 2018,
29: 19663 — 19677.

&, Tu King Ning, #0hi, 55 2K -RORBURLIE R 52 5 S RHT
FEIRCHRERE [J]. T 240 (FLARBE AR, 2015, 46(1): 49 —
65.

Zhang Liang, Tu King Ning, Sun Lei, et al. Latest research pro-
gress of nano micron particle reinforced composite solder[J].
Journal of Central South University (Natural Science Edition),
2015, 46(1): 49 — 65.

XUFE, BEMAAL. Nd G Sn-0.7Cu-0.05Ni 48 5 21415 J1 24 B 1Y
SN []. SR, 2020, 41(1): 50 — 54

Liu Shuang, Xue Songbai. Effect of Nd on microstructure and
mechanical properties of Sn-0.7Cu-0.05N1i solder joint[J]. Trans-
actions of the China Welding Institution, 2020, 41(1): 50 — 54.
Lau C S, Khor C Y, Soares D, et al. Thermo-mechanical chal-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

lenges of reflowed lead-free solder joints in surface mount com-
ponents: a review[J]. Soldering & Surface Mount Technology,
2016, 28(2): 41 — 62.

Tang Y, Li GY, Chen D Q, et al. Influence of TiO, nanoparticles
on IMC growth in Sn-3.0Ag-0.5Cu-xTiO, solder joints during iso-
thermal aging process[J]. Journal of Materials Science: Materials
in Electronics, 2014, 25(2): 981 — 991.

Fouzder T, Shafiq I, Chan Y C, et al. Influence of SrTiO; nano-
particles on the microstructure and shear strength of Sn-Ag-Cu
solder on Au/Ni metallized Cu pads[J]. Journal of Alloys and
Compounds, 2011, 509(5): 1885 — 1892.

Ding M, Xing W Q, Yu X Y, et al. Effect of micro alumina
particles additions on the interfacial behavior and mechanical
properties of Sn-9Zn-1Al,0; nanoparticles on low temperature
wetting and soldering of 6061 aluminum alloys[J]. Journal of Al-
loys and Compounds, 2017, 739: 481 — 488.

Wu J, Xue S B, Wang ] W, et al. Coupling effects of rare-earth Pr
and Al,O; nanoparticles on the microstructure and properties of
Sn-0.3Ag-0.7 Cu low-Ag solder[J]. Journal of Alloys and Com-
pounds, 2019, 784: 471 — 487.

Sadiq M, Pesci R, Cherkaoui M. Impact of thermal aging on the
microstructure evolution and mechanical properties of lanthanum-
doped tin-silver-copper lead free solders[J]. Journal of Electronic
Materials, 2013, 42: 492 — 501.

Gao L L, Xue S B, Zhang L, er al. Effects of trace rare earth Nd
addition on microstructure and properties of SnAgCu solder[J].
Journal of Materials Science: Materials in Electronics, 2010,
21(7): 643 — 648.

Ye H, Xue S B, Pecht M. Effects of thermal cycling on rare earth
(Pr)-induced Sn whisker/hillock growth[J]. Materials Letters,
2013, 98(5): 78 — 81.

Mansour M M, Saad G, Wahab L A, et al. Indentation creep beha-
vior of thermally aged Sn-5wt%Sb-1.5wt%Ag solder integrated
with ZnO nanoparticles[J]. Journal of Materials Science: Materi-
als in Electronics, 2019, 30(9): 1 — 10.

TLIR 7, BEAMAA, Z5FH, 45, AR Sn-Cu-Ni-xPr/Cu #f 5 41415
PERERIRZIR [7]. K92%24H, 2014, 35(3): 85 — 88.

Ma Chaoli, Xue Songbai, Li Yang, et al. Effect of aging on Mi-
crostructure and properties of Sn-Cu-Ni-xPr/Cu solder joints[J].
Transactions of the China Welding Institution, 2014, 35(3): 85 —
88.

F—1EE: R, Ht, P ERNERER R AR
EFSY ; Email: wujie@njupt.edu.cn.
WBEEE:1RD, W+, #d%; Email: xuyong@njupt.edu.cn.

(4w%E: B


http://dx.doi.org/10.12073/j.hjxb.20190929001
http://dx.doi.org/10.11817/j.issn.1672-7207.2015.01.008
http://dx.doi.org/10.11817/j.issn.1672-7207.2015.01.008
http://dx.doi.org/10.11817/j.issn.1672-7207.2015.01.008
http://dx.doi.org/10.11817/j.issn.1672-7207.2015.01.008
http://dx.doi.org/10.11817/j.issn.1672-7207.2015.01.008
http://dx.doi.org/10.12073/j.hjxb.20190929001
http://dx.doi.org/10.11817/j.issn.1672-7207.2015.01.008
http://dx.doi.org/10.11817/j.issn.1672-7207.2015.01.008
http://dx.doi.org/10.11817/j.issn.1672-7207.2015.01.008
http://dx.doi.org/10.11817/j.issn.1672-7207.2015.01.008
http://dx.doi.org/10.11817/j.issn.1672-7207.2015.01.008
http://dx.doi.org/10.12073/j.hjxb.20190929001
http://dx.doi.org/10.11817/j.issn.1672-7207.2015.01.008
http://dx.doi.org/10.11817/j.issn.1672-7207.2015.01.008
http://dx.doi.org/10.11817/j.issn.1672-7207.2015.01.008
http://dx.doi.org/10.11817/j.issn.1672-7207.2015.01.008
http://dx.doi.org/10.11817/j.issn.1672-7207.2015.01.008
http://dx.doi.org/10.12073/j.hjxb.20190929001
http://dx.doi.org/10.11817/j.issn.1672-7207.2015.01.008
http://dx.doi.org/10.11817/j.issn.1672-7207.2015.01.008
http://dx.doi.org/10.11817/j.issn.1672-7207.2015.01.008
http://dx.doi.org/10.11817/j.issn.1672-7207.2015.01.008
http://dx.doi.org/10.11817/j.issn.1672-7207.2015.01.008

	0 序言
	1 试验方法
	2 结果与讨论
	2.1 时效处理后焊点剪切力及断口形貌
	2.2 时效过程焊点界面组织演化
	2.3 高温可靠性增强机制

	3 结论

