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� 1  γ6u5v����� 

Fig.1  Schematic diagram of γ-ray irradiation experiment 

 

 

 

 

 

 

 

 

 

 

� 2  QFP�u=> 45°� ¡���� 

Fig.2  Schematic diagram of 45° pull test of solder joints 

on QFP lead 
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� 3  γ6uR¢£F 3¤¥X��F¦§ 

Fig.3  Domination regions of effects of γ-ray on materials 
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� 4  ¬­®¯°��� 

Fig.4  Schematic diagram of Compton Effect 
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� 5  γ6u5v>±²�$�� 

Fig.5  Generation mechanism of point defects under γ-ray 

irradiation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 6  ³´5vrs9 SnPb`abc=>Md?@µ EDS¶·¸[¹ 

Fig.6  SEM images (a~c) and elements mapping (d, e) of eutectic SnPb solder joints after irradiation with different radiation doses
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� 7  ³´5vrs9 SnPb`abc=>F��e 

Fig.7  Tensile force of eutectic SnPb solder joints after 

irradiation with different radiation doses 
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� 8  ³´5vrs9 SnPb`abc=>��fgµº¸?@ 

Fig.8  OM images (a~c) of fracture cross section and SEM images (d~f) of fracture morphologies of eutectic SnPb solder joints after 

irradiation with different radiation doses: (a, d) 0 kGy, (b, e) 432 kGy, and (c, f) 964 kGy 
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Table 1  EDS results of region B and C in Fig.8 (at%) 

Region Sn Pb Cu 

B 68.56 30.76 0.68 

C 66.39 32.82 0.79 

 

á�'pm¤�D*Ð:ÛÔ�Ë��V�)'á�

�C6�þÊÍ* 

�)^¹á��Ã' SEM�ÀßÇ
«¬ 8d~8f

z­*6 3 ÏË�j����)^¹á�{03^¹

!�'12�3�ºG6 γ	ÃË��V�SnPbAB

�þ�)'á�0�{#1Òá�*m124Í�A

B � C �� EDS �����«º 1 z­*>� 0 Gy

� 964 kGyj�' γ	ÃË�V��)^¹á�12

4Íòó5� Cu ÎÌ�ë£á�pm¤p�'��

�Ov�ä�Ë��V�)á�ð©{#�þÊÍ*

6�IÝ�W¬ 8d~8f Ð:ÛÔ�Ë��ßÇkÏ�

)á�1'^¹12E·^� !�×#{7�ä�

�)8Ò9[*óN�Ë�j�'Üé��)á�'

12' !�^¶{¡x+��:G γ 	ÃË�V�

)8Ò�zW=*γ VÇ��ÑÒÓ)?ö�ÄÅß

Ç��·BC
B;�ð7J<NÇÉ)û��*ë

ù)û��'Î6ä>�þ'1/=Y�µ¶ZÄµ

�/c�±É
Ë�=�)?

[19]

*Äj�' γ 	ÃË

�ä>�)�DÊù�
O¦�')���W=


Sn63Pb37/Cu�)'8Ò* 

��������

1) æç

60

Co-γ �Í�����
��Ë	­®

m SnPb AB�þ�)'�D�ÒÅ'FG��3 γ

VÇÐ:��ÑÒÓ)?ö�ÄÅßÇ��·(v Pb

NÇÈðBCiFrankel ��j*N� γ 	ÃË�j�

'Üé���ù��Üå�Pb�ê
21�Þ���

Þ��BC* 

2) γ	ÃË��W= Sn63Pb37�þ�)'w-Ò

Å*Ë�j��* 964 kGy��ª�)^¹wW=


14.12%q��Ë��V�)'á�0�{#1Òá��

¸á�ð©{6�þÊÍ�óË�V�)8Ò�zW

=�á�12 !�^¶{G}+�* 

 

����    References  

[1] Li Xingxing, Zhang Xiaohong, Ren Xiaodong et al. Scientific 

Reports[J], 2015, 5: 8328 

[2] Rufu Raluca, Canup Robin M. The Astronomical Journal[J], 

2017, 154(5): 208 

[3] Zhang Xiaoming(»Np), Cai Xiaomei(¼N½), Wang Hui 

(� ¾) et al. Rare Metal Materials and Engineering(¨�


©ªc«��)[J], 2011, 40(S2): 392 

[4] Sandau Rainer, Brieß Klaus, Errico Marco D. ISPRS Journal 

of Photogrammetry and Remote Sensing[J], 2010, 65(6): 492 

[5] Chin Keith B, Brandon Erik J, Bugga Ratnakumar V et al. 

Proceedings of the IEEE[J], 2018, 106(3): 419 

[6] Bagenal F, Horãnyi M, McComas D J et al. Science[J], 2016, 

351(6279): 9045 

[7] Tor-Arne Grönland, Pelle Rangsten, Martin Nese et al. Acta 

Astronautica[J], 2007, 61(1-6): 228 

[8] Wang Jianan(�¿À), Xie Jiazhi(Á�Â), Lai Fan(Ã Ä). 

Microelectronics(M-:�)[J], 2014, 44(2): 225 

[9] Zhang Keke(»ÅÅ), Guo Xingdong(ÆÇÈ), Wang Huigai 

(�ÉÊ). Rare Metal Materials and Engineering(¨�
©ª

c«��)[J], 2017, 46(5): 1353 

[10] Tai Feng(Ë Ì), Ma Limin(ÍÎÏ), Guo Fu(Æ Ð) et al. 

Rare Metal Materials and Engineering(¨�
©ªc«�

�)[J], 2010, 39(S1): 190 

[11] Chang Yuanwei, Cheng Yin, Xu Feng et al. Acta Materialia 

[J], 2016, 117: 100 

[12] Ding Lili, Simone Gerardin, Marta Bagatin et al. Nuclear 

Instruments and Methods in Physics Research Section A: 

Accelerators, Spectrometers, Detectors and Associated 

Equipment[J], 2015, 796: 104 

[13] Wang Lei, Tang Jieying, Huang Qing’an. Sensors & Actuators 

A Physical[J], 2012, 177: 99 

[14] Kwon Junhyun, Motta Arthur T. Annals of Nuclear Energy[J], 

2000, 27(18): 1627 

[15] Tian Shuang, Wang Fengjiang, Wang Xiaojing et al. Materials 

Letters[J], 2016, 172: 153 

[16] Wang Jianhao, Xue Songbai, Lv Zhaoping et al. Journal of 

Materials Science: Materials in Electronics[J], 2018, 29(24): 

20726 

[17] Wu Shi(Ñ Ò), Wang Dongjie(�ÈÓ), He Xinfu(ÔÕÐ) 

et al. Atomic Energy Science and Technology(Ö:C
�×

Ø)[J], 2017, 51(1): 150 

[18] Kumar S P, Umesh T K. Applied Radiation and Isotopes[J], 

2010, 68(12): 2443 

[19] Li Zhengcao(ÙÚÛ), Chen Liang(Ü Ý). Acta Metallur- 

gica Sinica(
©�Þ)[J], 2014, 50(11): 1285 

 

 

 



� 10�                      � !�/5678R`a SnPbbc=>Md?@Ae�BCFjk                    �3351� 

 

 

Microstructure and Mechanical Properties of Eutectic SnPb Solder Joints 

Subjected to γ-ray Irradiation 

 

Wang Jianhao, Xue Songbai, Lv Zhaoping 

(Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China) 

 

Abstract: To understand the microstructure and property evolution of solder joints in cosmic irradiation environment and to meet the 

reliability demand of solder joints used on satellites, the effect of γ-ray irradiation on the microstructure, mechanical properties and 

fracture morphology of eutectic SnPb solder joints was investigated. The results show that after γ-ray irradiation, the generation of 

micro-voids and micro-cracks in Pb-based solid solution are observed due to the accumulation of irradiation damages. Energetic electrons 

induced by γ photon through Compton Effect could knock Pb atom out and form point defect, which is the cause of micro-voids and 

micro-cracks. After 964 kGy irradiation, the tensile force of the eutectic SnPb solder joints decreases by 14.12%. Moreover, the analysis of 

fracture morphology shows that the fracture of the eutectic SnPb solder joints before and after γ-ray irradiation are all ductile, but the 

plasticity of eutectic SnPb solder joints decreases with unobvious dimples.  

Key words: cosmic irradiation; eutectic SnPb solder; microstructure; mechanical properties; fracture morphology 
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