
d 45 � d 2 W Vol.45 No.2

2009 K 2 9 d 199—203 ACTA METALLURGICA SINICA Feb. 2009 pp.199–203

Sn–3.8Ag–0.7Cu–1.0Er 6(&�M Sn �B��#*�:> ∗

S T X℄Y Z_P U^W R Q V[\
(�u��R�,&��/�>�7ap,&Q�K#�{., �u 100124)G E = Sn–3.8Ag–0.7Cu V`'b9R_"�&L 1% ^\D Er ==YG*{;BMaS^\Dj ErSn3. �+-�℄b ErSn3 [y��8, >�=Y#:=Ff Sn s�^�+�8fq. �Q�t;X^, =�8^ ErSn3 #:=�8F�"^
o Sn s�, Sn s�^g:BM=y����8; �Q�t;X^, =�8^ ErSn3 #:=�8FS"^Jo Sn s�, Sns�^g:BM=y�d3��8. 5F$ ErSn3 �8$?b7B$�I����"^>y, �j��3Z^fq.��� V`', \D, Sn s�, �g:L1	��� TN601 5<�." A 5H~� 0412−1961(2009)02−0199−05

CROSS SECTION CHANGING GROWTH PHENOMENON

OF Sn WHISKER IN Sn–3.8Ag–0.7Cu–1.0Er

LEAD–FREE SOLDER

HAO Hu, SHI Yaowu, XIA Zhidong, LEI Yongping, GUO Fu, LI Xiaoyan
Institute of Advanced Materials Processing Technology, School of Materials Science and Engineering,

Beijing University of Technology, Beijing 100124

Correspondent: HAO Hu, Tel: (010)67392523, E-mail: haohu@emails.bjut.edu.cn
Supported by National Key Technology R&D Program of China (No.2006BAE03B02)
Manuscript received 2008–05–26, in revised form 2008–10–22

ABSTRACT Large sized ErSn3 particles precipitated in the Sn–3.8Ag–0.7Cu–1.0Er solder alloy
are oxidized when exposed in air, and it was found that Sn whiskers can rapidly grow on the oxidized
ErSn3. During aging at room temperature, a few rod–like Sn whiskers were observed and their diameter
could be gradually changed. During aging at 150 �, a great number of needle–like Sn whiskers were
observed and their diameter could be also changed step by step. A model, in which the volume strain
energy is not a constant during oxidation of ErSn3, was suggested to explain the observed results.
KEY WORDS lead–free solder, RE, Sn whisker, cross section changeq6-�~zg, �e��+o2_z,>Av<Y_>>$;9GUz8J�J7�=9K?Glp_t�.t�_�9�`~".�euz_$;A[gr, x�&

Sn o2$;�9_ Sn t�{Mgz. Hv Sn t�_Uz1 Sn–Cu o2_t�CN#IkX, ?IU.$;?G<�k`p. Av Sn t�_9pw�UA<k*#_RT?	~?'}~q- [1−3].

Bell �Æ�b��\% Sno2~ Sn t�_�9gr [4]. Herring + Galt[5] �|% Sn t�_�	~J, &FsZMWti�; Tu[6] 6G% Sn t��9_�92
*���Y�"P�LO:N7fesklB 2006BAE03B02�ZEÆtX : 2008–05–26, �Z��ÆtX : 2008–10–22|GUl : ( 4, F, 1980 L�, '��

R)?z, &FsZ�+/k_h;; U!�frM, Snt�_�9�ub+ (�+) x�j+_. Cf, �. Snt�_�9A^j�+yek�, HPO;mA^ [7,8]�<itA^ [9,10] +�92R)A^ [11,12]. px, HyeA^n+Z�i~ik5RTL>�k_1v. PO;mA^(Jk� Sn t�>�6�;~_�9, <itA^W{PA Sn t�_���9}M, x�92R)A^BW{k�I�:x Sn t�_�9gr. Æ�*, [CfMX, Sn t�_�9A^;(�-=o, ~;6[_yeA^nYJ>�k�p~k� Sn t�_�v�92f, �Moh_A^�Vq�)_�| [13,14]. V℄l!_�, Sn t�_uz�9,p�6<0, 8M 0.001—

0.01 nm/s, H� Sn t�_�|�}U�%DT_(�. ��}�b�g% Sn t�_S,�9, �(℄Ek
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ErSn3 ��9_2~Æ�Æ Snt�_�9,p6~e�\~H�. ?	, zg%��g�_gr —— Sn t�_ h;�9gr. H�gr_zgQR%q6wMP<_�� —— Sn t��+/k_h; [15].

1 -DÆ�Wda( Sn–3.8Ag–0.7Cu–1.0Er _u ��wSh [16] /�. TD���F GB11364–89 "r^�, \TD��xS�, �b( 400—2000 *ok(}Z2�, p2Æ(yem(N � (No.1, AP–A powder,

0.3 µm Al2O3; No.2, AP–A powder, 0.05 µm Al2O3;

No.3, OP–S suspension, SiO2. Z, No.3 �&+�
M) )KN . \^�)_���%>�^q}�R1 150 
	uH�, �R	u	T�%M 120 + 312 h,

150 
	u	TM 20 min. �( BMNH–D8115 {<hy (SEM) u Sn t�_�9q}�4, �(�^a�tE7h�\ (focused ion beam, FIB) \ Sn t�_�+S�, (Z�U_ BD235 {<hy (SEM) q}�+|2�4, JV� (EDS) q}<��[.

2 -D�F
7
2.1 ,�)�I���N,��' �OJ

Sn–3.8Ag–0.7Cu–1.0Er Wda(_dJzT) β–

Sn %Nt��tzT�Go"T9,Z (Cu6Sn5 +
Ag3Sn) z<, wC 1a /�. ?	, >ZH+;|<%UzJJ7�9pPJÆJ7_%	p℄Ek, EDS �[$=, Hv℄Ek_<� (3t�') �M Er � Sn =

28.53 � 71.47, )JokHv℄EkM ErSn3. >I�
(10−3 Pa) :x_, 150 
	u 20 min 2a(_dJzT4+z�=d 9, 2%, ℄Ek ErSn3 _$;4+Gg Sn t�_�9gr, wC 1b /�.

2.2 /4,�0�983=�$ Sn �C�+�>T^:x, �R	u 120 h 2>℄Ek ErSn3_$;Gg%T#_|
�G!B_�pt�,wC 2a/�. EDS �[$=, 06_j�<�M Sn, ?	&+J#_ O, )Jok06�M Sn t�. u.�p_ Snt�, Z�+/k_h;, Uz8M 0.8 µm, 9p8M
3.2 µm, $;L>�0. �R	u 312 h 2�p_ Sn t�z�%9T, wC 2b /�, Z9pCS\ 5.8 µm, �9,p) 0.0074 nm/s (f 120 h _Q��9,p) ℄\
0.0038 nm/s (2 192 h _Q��9,p). 1�p_ Snt�k�, �v
�p_ Sn t��?�z�9Tx=g�lp, wCW�/�. V℄l!_�, ℄Ek ErSn3>	u2Z<�z�%� , ) Er� Sn=28.53� 71.47 <% Er� Sn�O=32.57� 14.94� 52.49, )Jok℄Ek ErSn3 z�%�9|<% Er2O3.

2.3 150 
,�0�983=�$ Sn �C�+�>T^:x_, 150 
	u 20 min 2, >℄Ek

2 1 Sn–3.8Ag–0.7Cu–1.0Er V`'^IyS
Fig.1 SEM microstructures of Sn–3.8Ag–0.7Cu–1.0Er lead–

free solder alloy after reflow, consisted of dendritic

β–Sn, eutectic and intermetallics (Cu6Sn5, Ag3Sn,

ErSn3) (a) and after aging at 150 � for 20 min in a

vacuum, no Sn whiskers appeared (b)

2 2 �Q�t;X^ ErSn3 #:
o Sn s�^�8
Fig.2 Rod–like Sn whiskers growing on the surface of the

oxidized ErSn3 after aging at room temperature for

120 h (a) and 312 h (b)

ErSn3 _$;Gg%T#_Kp Sn t�, wC 3 /�,06_Uz�-s, T+�E> 0.1—0.2 µm _}KH, 9p�-9, {9ÆP 120 µm, �9,pD�, {ÆP 100 nm/s. V℄l!_�, >,_�9p1_Hv Sn t�s�A%/k_h;.
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2 3 150 	�t 20 min 1 ErSn3 #: Sn s�^�8
Fig.3 Needle–like Sn whiskers growing on the surface of the

oxidized ErSn3 after aging at 150 � for 20 min

2.4 83=�$ Sn �C�+�%AC 4 M℄Ek ErSn3 $; Sn t��9%�_�!C. ).℄E Er 1 O _9	j+�/' (TsM 24) 6T.Z1 Sn _9	j+�/' (TsM 2.74), /�, �,.�^_ ErSn3 \z�|%
4ErSn3 + 3O2 → 12Sn + 2Er2O3 (1)|<_ Er2O3 \5�8COE, xhKa(�81Oz��9_ ErSn3 u Er2O3 8COE_�^}(>ÆZH+5�
%�; ?	, ErSn3 �9_%�>��GT#_u) Sn 3t, Hv Sn 3t>
%�_}(_>z��z1<itx|<�w_ Sn t��, X�w_

Sn t��>
%�_}(_�FG Er2O3 $;	, �|<% Sn t�.C 5a MC 2b /��p Sn t��+_ SEM n. Æ�	G, Sn t�_�+=4qp, n�Pd�g. ErSn3H+, 1�,.�^_ ErSn3 ��, Sn t��+hK_ ErSn3 �z�%�9x|<% Er2O3. V℄l!_�,> Sn t��+_,1|<%���9=\, wC 5a |W�/�, 0_|<M Sn t�_�96�%55(s_mm� (O 3to ErSn3 H+_�z>5�8COE) 1 Sn 3t (ErSn3 z��9��G_ Sn 3t>
%�_}(_o Sn t��+�z). �9=\_|<?	�*=: ℄Ek ErSn3 _�9�D(�:_. C 5b M��}6G_ Sn t��9?z: �b, Sn t��+hK_ ErSn3 z��95�
%�&��Gu) Sn 3t; ZK, u)_ Sn 3t>
%�_}(_o Sn t�_�+�z&>Z$;tC; {2, tC)_ Sn 3t2>
%�_}(_o~�9. V℄l!_�, Sn 3t> Sn t��+5tC�2, Sn t�\o~�9�� Sn 3tUz0p.

2.5 Sn �C��$+�;?�+��K
Tu[6] >�92R)�/WG, Sn t�$;_�

2 4 \Dj ErSn3 #: Sn s��8� B
Fig.4 Schematic representation of the formation of Sn

whiskers on the surface of the oxidized ErSn3 phase

during aging

2 5 Sn s��*^ SEM mF Sn s�^�8>y
Fig.5 SEM image for the root of the rod–like Sn whisker

(a) and the growth model from root growth for Sn

whisker (b)92xX Snt�.o�9xÆZ�d�Avo�N�9,&rM Sn t�>�9%�%��A/k_h;. i�� Sn t�>�9%�/��_% Ja.Z$;u)J_CS, 6GJ#~� [6]

πR2ε = 2πRγ (2)

R =
2γ

ε
(3)�, R $� Sn t�_�z; ε $� Sn t��9WP8C��_% J; γ $� Sn t�|<WP;C�+_$;J, ���/#. > Tu _?z, Cu �� Cu 3to Sn o2H+�z|<_o"T9,Z (Cu6Sn5) /#[_8COE6�% Sn t��9_mm� [6,11,15]. ).�� Cu 3to Sn o2H+_�z����6<0_%�, "J Tu rM, Cu6Sn5 "8COEx> Sn o2H+5�_WP8C% J ε′ ���/#, H Sn t��9WP8C��_% J ε ���/#. )� (3) ÆQ,

Sn t�_�z R ��kV, H Sn t�>�9%�\�d�A/k_h;.px, ��}nzg% Sn t�_ h;�9gr
(C 6): Sn t�>z�no�92Z.h;CN�%.
A + B f��z�%!Ke4�CT, wC 6a /� (CW�_Wo$� Sn t�_�9~o); Sn t�>z�no�9_?	Z.h;CN. C fz�%e4�Vs,
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2 6 Sn s��g:�8fqFj$^�8>y
Fig.6 Changes of cross sections and corresponding model

(a) aged at 150 � for 20 min, cross section increased step by step at positions A and B

(b) aged at 150 � for 20 min, bended and abruptly fined at position C

(c) aged at room temperature for 312 h, cross section gradually increased until bended at position

D and cross section gradually decreased after bended at position EwC 6b /�; Sn t��%v�%.h;CNiZCT�. D fz�no��A/kh;�9�. E fz�noG.h;CNiZVs 5 �er, wC 6c /�. Sn t�z�no�9�Z�+��(�_$g, xno�9gr1 h;�9gr_?	?kOGg<�K$=: Sn t��+℄Ek ErSn3 _�9D(�:. V℄l!_�, C
6a + b  Sn t�_e4� h;grGg> 150 
	u 20 min 2, xC 6c  Sn t�_�� h;grGg>�R	u 312 h 2.)� (3) ÆQ, Y+X ε z� 9	, R .>z�� . >��}, �^�3to ErSn3 H+�z|<%
Er2O3, Er2O3 /#[_8COE6�% Sn t��9_mm�. ).�^�3to ErSn3 H+_�z���D(�:_%�, H ErSn3 _�9���D(�:_%�, "JrM, Er2O3 "8COEx5�_WP8C% J ε′ ��� #, H>��}WP8C Sn t���_% J ε ��� #. xX ε ��� #	, )� (3)ÆQ, Sn t�_.h;\>	�z� 9. px, ��}zg_ Sn t� h;�9grD�, H$= Sn t��A/kh;�9��eTk_p1, H&� ε _5�K� n>5� h;gr. "J, � (2) L>�k�i~.).��} Sn t�_�9,pD� (C 6a + b 
Sn t�_�9,p�%8M 20 + 13 nm/s), k� Tu?z Sn t�_�9,p (0.001 —0.01 nm/s) 6%~e�\~H�, "J, u� (2) + (3) q}�M, ℄[

πR2ε = 2πRγ + E (4)

E =
1

2
(πR2Lρ)v2 (5)

R =
4γ

2ε − Lρv2
(6)�, E $� Sn t�/�+_mJ, L M Sn t�_9p, ρ $� Sn t�_8p, v $� Sn t�_�9,p.)� (6) ÆQ, X ε z�� 	, HX ErSn3 _(�:�9Y℄ ε′ � 	, Sn t�Æ�=%iLu�_�9,p v ��AZ R /k. wA�	� ErSn3 _�9S�	, Sn t�Æ�=%S�Z�9,p��A R /k; xX ErSn3 _�9Vx	, Sn t�Æ�=%V0Z�9,p��A R /k. px, >AvDik�_, X ε′ z�T�� 	, Sn t�\(J=%iL v ��A R /k.wX ε′ T�CT	, v �\T�CT, w#J	 Sn t��+ Sn 3t_��(w, H Sn 3t_�z,.4+"

v _T�CTxG	iL, D3, Sn t�\z��-w�gr, H.h;\Vs��% Sn t�S,%� Sn 3t_��(w (C 6b _?z<$% Sn t��+ Sn3t_tC~�); |R, X ε′ T�Vs	, v �\T�Vs, w#J	 Sn t��+ Sn 3t_��%#, H Sn 3t_�z,.4+" v _T�VsxG	iL, D3, Sn3t\> Sn t�_�+5�%��tC�gr, H.h;\CT��% Sn t�V,%� Sn 3t_��%#
(C 6a _?z<$% Sn t��+ Sn 3t_tC~



d 2 W ' 3` : Sn–3.8Ag–0.7Cu–1.0Er Ub_&a Sn r��f9�7ep 203��). 1 150 
R	uk�, �R	u<Y_ Sn t�_�9,pkub0 (C 6c  Sn t�_�9,p8M
0.0089 nm/s), "J, X�R	u%� Sn t�z� h;�9gr	, Sn t�ku<0_�9,pM.h;_iL6�%Dw_	T, �R	u<Y_ Sn t�>Gg�� h;gr (C 6c _?z<$% Sn t��+
Sn 3t_tC~�). ?�, 1Uzbs_ Sn t�k�,UzbT_ Sn t�>z� ,�9	, ).Z�9,piL%�/�_ Sn 3t'#T, /�v�Gg h;gr.

3 �!
(1) Sn–3.8Ag–0.7Cu–1.0ErWda(H+>|<CNbT_%	p℄Ek ErSn3,�,.�^_ ErSn3 \z��9, ?	>Z$;>Gg Sn t�_�,�9gr.k|, �,.I�:x_ ErSn3 "Oz��9, "J,>Z$;(>Gg Sn t�_�9gr. ℄Ek ErSn3"8COE5�_
%�M Sn t�_�96�%mm�, xZ�9%���_ Sn 3tM Sn t�_�96�%�95.

(2) ℄Ek ErSn3 _�9���D(�:_%�, Z�9%�5�_WP8C% J ε′ ��� #. X ε′z�s� 9	, Sn t�Æ�=%iLu��9,p v��A/kh;�9. px, X ε′ z�T� 9	, Sn t��+ Sn 3t_��(w?%#\Y℄ Sn t�.h; s?CT, i�R	u<Y_ Sn t�v�Gg�� h;gr; xR	u<Y_ Sn t�v�Gg�, h

;gr.��5<
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