
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 19 (2012) 198104

>>>[[[£££ééé Ni/Sn3.0Ag0.5Cu/Au/Pd/Ni-P ���CCCÅÅÅ:::
...¡¡¡���AAA���KKK���*

�²�† �X� ±�² ëw

( �ënó�Æ, á��Æ�ó§Æ�, �w�k?ë�Eâ:¢�¿, �ë 116024 )

( 2012 c 3 � 31 FÂ�; 2012 c 6 � 25 FÂ�?Uv )

�©ïÄ
 150 ◦C, 1.0 × 104 A/cm2 ^�e>[£é Ni/Sn3.0Ag0.5Cu/Au/Pd/Ni-P �CÅ:.¡�A�K�.

£6�3 solder/Ni Ú solder/Ni-P �.¡þþ/¤ (Cu,Ni)6Sn5 a.7ámzÜÔ. ��L§¥üà.¡zÜÔÑ
��mò�Oþ, �zÜÔa.Ñd (Cu,Ni)6Sn5 =C� (Ni,Cu)3Sn4. >[£L§¥>f�6Ä��é Ni-P �
��ÑåXû½5�^. �>flÄ�à6��¡à�, >[£r?
 Ni-P ���Ñ, 600 h �Ò4à Ni-P ��
Ü=C� Ni2SnP �. Ò4.¡?du Ni2SnP ���3, ¦.¡ Cu-Sn-Ni n�7ámzÜÔu)>[£øáM),

�du Ni2SnP �� Cu Å��(Üå��, 3 Ni2SnP/Cu .¡?¬/¤�«. �>fl�¡à6�Ä�à�,

�4à Ni-P �¿vku)²w��Ñ. >6P@�A��
Ò4�¡à Ni �Ú Cu Å�þu)
ÛÜ¯�M),

M)�X�¥� Cu Ú Ni �f÷>f$Ä��� �4$Ä¿3X�¥/¤
�þ�zÜÔ�â. >[£L§
¥ (Au,Pd,Ni)Sn4 �à8äk��5, = (Au,Pd,Ni)Sn4 Ï>6�^3�4.¡?à8.

'�c: >[£,ÃYX�, Ni/Sn3.0Ag0.5Cu/Au/Pd/Ni-P Å:, .¡�A

PACS: 81.05.Bx, 81.20.Vj, 81.05.Hd

1 Ú ó

�p�Ý>6ÏL�N�, $Ä�>f�7á
�fu)-E¿�)Äþ=£, ¦7á�f÷>
f$Ä���£Ä, ù«�fDÑ�y�¡�>[
£ (electromigration) �A. 3>fµC¥, �XÅ:
º�Øä~�, ÏLÅ:�>6�Ý�5��. �
ÏLÅ:�>6�Ý�� 103 A/cm2 �>[£y�
Ò¬u), léÅ:�w�|�9.¡�A�)
K� [1−3].

C c 5 I S	é Å : � > [ £ 1�?
1 
 � þ � ï Ä [4−8]. � ï Ä | Chen � ï
Ä 
 180 ◦C, 1.0 × 104 A/cm2 ^ � e, > [ £
é Ni/Sn3.0Ag0.5Cu/Cu Å:.¡�A�K� [4],
uy>6��éÅ:���åXû½�^. � Cu
Ä��Ò4�, >[£��Ä�à Cu Å�u)Û

Ü¯�M), ¿3 143 h �Å:u)��; � Ni
�Ò4�, Ni ¿vku)²w�M)y�, >[
£ 143 h �Å:�,�±�Ð. Kao �<ïÄ
 150
◦C, 5.0 × 103 A/cm2 ^�e, ØÓÄ�é SnPb Å:
>[£Æ·�K� [5], uy�Ä�à�Å�� Cu
�, U
³�>[£L§¥�¡à Ni à:e7
áz� (UBM �) �M); �éÄ�à Cu Å�
?1 Au/Ni L¡?n�, ¿ØU³� Ni UBM �
�M). ù«�É�� Ni/SnPb/Cu Å:�Æ·�
' Ni/SnPb/Au/Ni Å:�Æ·� 6 �. Gu �<ï
Ä
 Cu/SnBi/Ni Å:3>[£L§¥�9[£y
� [6], uy�Å:¥�§ÝFÝ�� 527 ◦C/cm �,
9[£¬K� Bi �f�[£?éÒ�ü4.¡
?7ámzÜÔ (IMC) �a.9)�1��)K
�. ��>[£é.¡�A��^Ø=É�§ÝÚ
>6�Ý�K�, �X�¤©9Å:üýÄ�a
.�´K�.¡�A��Ï�.
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Cu �� UBM �®3µC¥��
2��A
^. �´du Cu �X���A�Çé¯, ì�
3¦^L§¥¬3.¡?/¤��þþ� IMC,
î  K � Å : � � � 5. C c 5 � ï Ä L ²,
Ni �X���A�Ç�$u Cu �X���A
�Ç, Ïd Ni ��*Ñ{	�®3>fµC1
� � � 
 2 � � A ^. z Æ Û q/z Æ Û ~/E
7 (electroless nickel electroless palladium immersing
gold, Au/Pd/Ni-P) L¡?n�±Ù$¤�!ûÐ
�|@¡5Ú`É��Å5�`:, ÅìÉ�ó
�.�'5 [9]. Ni/Sn3.0Ag0.5Cu/Au/Pd/Ni-P ®¤
�8c~^��«Å:(�NX, �´>[£é
Ù . ¡ � A � K � ÿ k � � \ ï Ä. � Ø©æ
^ Ni/Sn3.0Ag0.5Cu/Au/Pd/Ni-P Å:, ïÄ>[£
é.¡�A�K�.

ã 1 (a) >[£Á�; (b) Ni/Sn3.0Ag0.5Cu/Au/Pd/Ni-P �
CÅ:(�«¿ã

2 ¢�á�9�{

�©¥>[£�¬æ^�C�¡µC(�, X
ã 1(a) ¤«, �¡º�� 12 mm×12 mm×0.8 mm,
. Ü Ä � º �� 32 mm×23 mm×2.0 mm, �
¡ � Ä � Ï L 228 � Sn3.0Ag0.5Cu Å ¥ � ë.
Å ¥ � »� 300 µm, � � Å : � m å� 500
µm, £ 6 Å � Å : p Ý �� 200 µm. ã 1(b)
� Ni/Sn3.0Ag0.5Cu/Au/Pd/Ni-P Å:(�«¿ã,
�¡à� UBM �´þÝ� 6 µm!�»� 300 µm

� Ni �. Ä�à�Å�L¡?n��zÆÛ Ni-
P/zÆÛ Pd/E Au(Au/Pd/Ni-P). Ä�àÅ� Ni-P,
Pd, Au ��þÝ©O� 4.5 µm, 0.15 µm, 0.05 µm,
Å��»� 250 µm, Ù¥ Ni-P �¥ P �f�¹þ
� 15 at.%. Ä�à� Cu ��° 225 µm, þ 45 µm,
�¡à� Cu ��° 260 µm, þ 25 µm.

�ïÄ¥ò>[£Á���u9�Ç�p�
7h¥, æ^�N����ª���Ý/ü$��
9�A, lïÄ>[£é.¡�A��^Ån.
òhú�§Ý�½3 108 ◦C, ��½�, òÁ�
�uhú¥, 3>[£L§¥du��9�A��
^, Å:�§Ý3 20 min Sþ,� 150± 3 ◦C ¿�
�½. >[£L§¥, ½�ò�»� 80 µm � K
.9>ó�uÅ:L¡?1ÿþ, ¿�AN�hú
��§Ý, ¦Å:§Ý½3 150±3 ◦C. �¢��
½ÏLÅ:�>6�Ý� 1.0 × 104 A/cm2, Ï>�
m� 200 h, 600 h. ã 2�>[£L§¥>f3Å:
¥�$Ä��, dã 2 �±wÑ, >[£L§¥�
�ü�Å:�>6��´���. �
�>[£�
¢�êâ�é', òÁ��u 150 ◦C �hú¥?1
��, ���m�� 200 h, 600 h.

ã 2 Ni/Sn3.0Ag0.5Cu/ Au/Pd/Ni-P Å:>[£«¿ã

ò>[£9����Á�^7�Yß�?1
ý�, ,�2�g^ 1.5 µm, 0.5 µm �7f��1
q?1�1. �1�2^@¡� (92%Ë° -5%�
� -3%í�) ?1@¡, @¡�m� 10 s. æ^ JSM-
5600LV .×£>fw�ºÚ EPMA-1600 .>f
&�©Oé.¡ IMC �/m9¤©?1©Û, |
^ Auto CAD ^�é.¡ IMC ��þÝ?1ÿþ,
z�.¡� 3 �À|, z�À|ÿþ 3 g,��²
þ�.

3 (J�?Ø

3.1 £££666ÅÅÅ��� Ni/Sn3.0Ag0.5Cu/Au/Pd/Ni-
P ÅÅÅ:::|||���///mmm

ã 3�£6Å�Å:�w�|�. dã 3(a) �
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±wÑ, ²L£6Å�, X��Ä�!�¡/¤

ûÐ�(Ü, Å:�üàþ/¤
�½þÝ� IMC.
X�¥|�þ!, ¿vk�¬�IMC�â)¤. x

100 mm

10 mm

10 mm

Sn3.0Ag0.5Cu

(a)

Ni-P(15 at.%P)

(c)

Ni3P
(Cu0.58Ni0.42)6Sn5

(Cu0.58Ni0.42)6Sn5

(Cu0.55Ni0.45)6Sn5

Ni
(b)

(Au,Pd,Ni)Sn4

ã 3 £ 6 Å � Ni/Sn3.0Ag0.5Cu/Au/Pd/Ni-P Å : �
w�| � (a) Å : � N / m; (b)solder/Ni . ¡ | �;
(c)solder/Ni-P .¡|�

Ú� IMC �âþ!�©Ù3X�¥, EPMA ©
Û�d IMC � (Au,Pd,Ni)Sn4. ù´duÄ�à
Å�¥� Au �Ú Pd �Ñé�, �3�� Sn
¥�*Ñ�Çé¯, Ïd3£6Å�L§¥ Au
� Ú Pd � � Ü M ) � X � ¥, 3 e % L § ¥
± (Au,Pd,Ni)Sn4 � â � / ªÛÑ. ã 3(b) ��
¡à Sn3.0Ag0.5Cu/Ni .¡?��*/m, £6
Å �, 3 . ¡ þ / ¤ 
 þ Ý� 1.37 µm � á �
G IMC �, ¿ � 3 . ¡ N C / ¤ 
 � � ø á
� IMC, EPMA ©Û�.¡ IMC �øá IMC �¤

©©O� (Cu0.55Ni0.45)6Sn5 Ú (Cu0.58Ni0.42)6Sn5.
ã 3(c) �Ä�à Sn3.0Ag0.5Cu/Ni-P .¡?��
*/m, 3 Ni-P àdu Au Ú Pd �Ñé�, 3
£6ÅL §¥¬é¯M)�X�¥, X�Ò¬
Ú Ni-P ��A)¤�� IMC, þÝ�� 0.97 µm.
EPMA ©Û�d IMC �¤©� (Cu0.58Ni0.42)6Sn5.
3 (Cu0.58Ni0.42)6Sn5 � Ni-P � � m / ¤ 
 �
� � � � õ � G �Ô�, EPMA ©Û� dÔ�
� Ni3P. £ 6 Å � (Au,Pd,Ni)Sn4 � â ¿ v k 3
. ¡ þ à 8. é ' Å : ü à . ¡ IMC � þ Ý,
�¡ý�øá IMC �þÝ²wþuÄ�ý IMC
�þÝ. ù´du�¡ý²Lüg£6, Ä�ý
�²L�g£6���. X�¥� Ag �f3£6
ÅL§¥� Sn �A)¤
 Ag3Sn ¿±[��â�
/ªÛÑ, Øë�.¡�A.

3.2 ������LLL§§§¥¥¥ Ni/Sn3.0Ag0.5Cu/Au/Pd/Ni-
P ÅÅÅ:::���www���|||���

ã 4 � Ni/Sn3.0Ag0.5Cu/Au/Pd/Ni-P Å :
3 150 ◦C ��L§¥�w�|�. dã 4 (a) Ú (d)
� ± w Ñ, � � L § ¥ X � ¥ � (Au,Pd,Ni)Sn4

� â Å ì � �, d � â G Å ì = C�¬ G.
Sn3.0Ag0.5Cu/Ni . ¡ N C ø á � IMC � Î �
3¿vku)M). EPMA ©Û�d IMC E,
� (Cu,Ni)6Sn5. � � L § ¥ � ¡ à � Ni UBM
Ú Ä � à � Ni-P � Ñ v k u ) ² w � M ).
ã 4(b) Ú (e) �� ¡ à . ¡ IMC � / m ã.
Sn3.0Ag0.5Cu/Ni .¡ IMC ����mò�O
þ. ²L 200 h ���, .¡ IMC O\� 1.83 µm,
�Ð©þÝ� 1.34 �; �� 600 h �, .¡ IMC �
þÝ�� 3.17 µm, �Ð©þÝ� 2.31 �. EPMA
©Û�, .¡ IMC 3�� 200 h �BlÐ©�
� (Cu0.55Ni0.45)6Sn5 =C� (Ni0.53Cu0.47)3Sn4, ¿
�3��L§¥.¡ (Ni,Cu)3Sn4 ¥� Ni ¹þ��
m�ò�O\, �� 600 h� (Ni0.57Cu0.43)3Sn4;
ã 4(c) Ú (f) �Ä � à . ¡ IMC � / m ã.
Sn3.0Ag0.5Cu/Ni-P .¡ IMC ��X���mò
�Oþ. �� 200 h �, .¡ IMC O\� 1.27
µm, �Ð © þ Ý � 1.31 �; � � 600 h �, .
¡ IMC �þÝ�� 1.51 µm, �Ð©þÝ� 1.56
�. EPMA ©Û�, ²L 200 h ���.¡ IMC
E,� (Cu0.55Ni0.45)6Sn5 ¿vu)a.=C, �
� 600 h �, .¡ IMC â=C� (Ni0.56Cu0.44)3Sn4.
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3Ä�àdu Sn � Ni-P ��A�Çéú, ��
L§¥¿vkuyk²w� Ni3P ����y�.
é'�¡àÚÄ�à.¡ IMC ��, Ä�à.
¡ IMC �)�Ú=C�ÇÑ�u�¡à.¡ IMC.

Yoon �<ïÄ
 Ni/Au/Sn3.5Ag0.7Cu/Au/Ni Å:
3 150 ◦C ��L§¥�.¡�A [10], Ó�uy
3 500 h �u)
.¡ (Cu,Ni)6Sn5 � (Ni,Cu)3Sn4

�=C, ��©¢�(J�ÎÜ.

600h (f)

200 h (c)

Ni600 h (e)

Ni200h (b)

Sn3.0Ag0.5Cu

200 h
(a)

600h

Sn3.0Ag0.5Cu

(d)

Ni-P(15 at.%P)

Ni-P(15 at.%P)

Ni3P

Ni3P

(Cu0.57Ni0.43)3Sn4

(Cu0.53Ni0.47)3Sn4

(Cu0.62Ni0.38)6Sn5

(Cu0.55Ni0.45)6Sn5

(Cu0.55Ni0.45)6Sn5

(Cu0.56Ni0.44)3Sn4

(Au,Pd,Ni)Sn4

(Au,Pd,Ni)Sn4

ã 4 150 ◦C ��L§¥ Ni/Sn3.0Ag0.5Cu/Au/Pd/Ni-P Å:�w�|� (a) Ú (d) Å:�N/m; (b) Ú (e)solder/Ni
.¡|�; (c) Ú (f)solder/Ni-P .¡|�

3.3 >>>[[[£££LLL§§§¥¥¥ Ni/Sn3.0Ag0.5Cu/Au/Pd/
Ni-P ÅÅÅ:::���www���|||���

ã 5 � 150 ◦C, 1.0 × 104 A/cm2 ^�e, >
[£L§¥ Ni/Sn3.0Ag0.5Cu/Au/Pd/Ni-P Å:�w
�|�Cz. >flÄ�à6��¡à, =Ä�
à Ni-P ��Ò4, �¡à Ni UBM ���4. d
ã 5(a) ��, >[£ 200 h �Å:�NÃ²w�
�y�, Ò49�4Ä�¿vk�)²w��Ñ,
X�¥�vk�¬ IMC �â)¤. dã 5(d) �

�, >[£ 600 h � Ni-P �®²���Ñ, ¿�
>f\�?� Cu Å��u)
>[£�Ñ, X
�¥Ñy
�¬� (Ni0.77Cu0.23)3Sn4 �â. 3Ò
4.¡?�)
��îB��¿, �¿��)ò
¬wÍ�UC>6�©Ù, ��>6à8�AÚ
��9�A�\²w, Å:ò\���. ã 5(b)
Ú (e) ��4�¡à Sn3.0Ag0.5Cu/Ni .¡ IMC
�/mã. ����.¡ IMC �', >[£�
Ó�m�.¡ IMC wÍOþ, Ïd>[£r?

�4.¡ IMC �)�. EPMA ©Û�, >[£
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� Sn3.0Ag0.5Cu/Ni .¡?�3n«a.� IMC:
1) �C�¡ý��� IMC� (Ni,Cu)3Sn4, d IMC
´d£6Å�.¡ (Cu,Ni)6Sn5 =C5; 2) �C
X�ýÕt� IMC � (Cu,Ni)6Sn5, d IMC �£
6ÅL§¥øá� IMC; 3) >[£L§¥3�4
.¡à8� (Au,Pd,Ni)Sn4. >[£ 200 h �, �C
�¡ý IMC ¤©� (Ni0.85Cu0.15)3Sn4, �CX�
ý IMC ¤©� (Cu0.61Ni0.39)6Sn5. �X>[£�
m�ò�.¡ IMC �¤©Cz¿Ø�. >[£ 600
h ��4.¡ IMC ©O=C� (Ni0.82Cu0.18)3Sn4

Ú (Cu0.61Ni0.39)6Sn5. � X > [ £ � m � ò

� (Au,Pd,Ni)Sn4 3�4 Sn3.0Ag0.5Cu/Ni .¡�
à8y��5�²w.

ã 5(c) Ú (f)�Ò4Ä�à Sn3.0Ag0.5Cu/Ni-
P . ¡ IMC � / m ã. � � � � ', > [ £ \
� 
 > f \ � ? Ni-P � � � Ñ. > [ £ 200 h
�, Sn3.0Ag0.5Cu/Ni-P . ¡ IMC d (Cu,Ni)6Sn5

= C � (Ni,Cu)3Sn4, EPMA © Û Ù ¤ ©
� (Ni0.85Cu0.15)3Sn4. 3 . ¡ (Ni0.85Cu0.15)3Sn4

IMC e�)¤
��²w�õ�G� Ni3P. Lu
�ïÄ
 120 ◦C, 1.0 × 104 A/cm2 ^�e>[£é
Ò4 Sn/Au/Pd/Ni-P .¡�A�K� [11]. Ó�u

Cu

Ni2SnP

Cu6Sn5

600 h

e-

(f)

200 h

e-

(c)

Ni600 h

-e

(e)

Ni2 00 h (b)

600 h

crack

(d)

200 h (a )

Ni-P(15 at.%P)

Ni3P

(Cu0.83Ni0.17)3Sn4

(Cu0.77Ni0.23)3Sn4

(Cu0.85Ni0.15)3Sn4

(Cu0.77Ni0.23)3Sn4

(Cu0.82Ni0.18)3Sn4

(Cu0.61Ni0.39)6Sn5

(Cu0.61Ni0.39)6Sn5

(Au,Pd,Ni)Sn4

(Au,Pd,Ni)Sn4 e-

e-

e-

ã 5 Ni/Sn3.0Ag0.5Cu/Au/Pd/Ni-P Å:3 150 ◦C, 1.0× 104 A/cm2 ^�e>[£L§¥Å:�w�|� (>flÄ
�à6��¡à) (a) Ú (d) Å:�N/m; (b) Ú (e)solder/Ni .¡|�; (c) Ú (f)solder/Ni-P .¡|�
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y, >[£r?
Ò4.¡ Ni3P �)¤, ��©¢
�(J�ÎÜ. >[£ 600 h �, Ò4Ä���Ñ�
\²w, .¡?� Ni-P Ú Ni3P��=C¤ Ni2SnP,
¿�>f\�?� Cu Ä��u)
²w��Ñ,
/¤���]ø. Ò4.¡? Sn-Cu-Ni n� IMC
®²���M), ¿3.¡NC�X�¥ÛÑ�¬
� (Ni0.77Cu0.23)3Sn4 IMC. 3 Ni2SnP/Cu .¡?)
¤
0B��Å:��«.

3>[£L§¥, Ni-P �¥ Ni �f�*ÑÏ
þd JNi

em (>[£Úå�*ÑÏþ) Ú JNi
chem (z

Æ³Úå�*ÑÏþ) |¤. � Ni-P �Ò4�,
JNi

em Ú JNi
chem ���Ó, Ïd Ni-P �¥� Ni �f

� Sn3.0Ag0.5Cu/Ni-P .¡�*Ñ��
\r, X
eª¤«:

Ni85P15 → 15Ni3P + 40Ni, (1)

Ni-P �º�Ñ Ni �f, ¿u)(¬y�)¤õ�
G� Ni3P �.

º�Ñ� Ni �f*Ñ� Sn3.0Ag0.5Cu/Ni-P
.¡?, �X�¥� Sn �fu)Xeª¤«�.
¡�A, )¤ Ni3Sn4:

3Ni + 4Sn → Ni3Sn4. (2)

� Ni3P � ) ¤ �, Ni3P Ò ¬ � * Ñ
� Ni3Sn4/Ni3P .¡� Sn �fu)Xeª¤«
�.¡�A, )¤ Ni2SnP:

Ni3P + Sn → Ni2SnP + Ni. (3)

� Ni2SnP )¤±�, du Ni3Sn4 � Ni2SnP �
m�(Üå��, Ïd3>fºå��^e, Ò4
.¡ Ni3Sn4 �N´u)øáM). �X>[£�
m�ò� Ni-P Ú Ni3P �ª��=C� Ni2SnP.

ã 6� 150 ◦C, 1.0 × 104 A/cm2 ^�e, >[
£L§¥ Ni/Sn3.0Ag0.5Cu/Au/Pd/Ni-P Å:�w�
|�. >fl�¡à6�Ä�à, =�¡à Ni UBM
��Ò4, Ä�à Ni-P ���4. d 6(a) ��, >
[£ 200 h �, �¡à>f\�?� Ni UBM �
Ñy
²w��Ñ, ,3�¡à�l>f\�
? Ni UBM �¿vku)²w�Ñ. dd��>
6P@�A\�
>f\�? Ni UBM ���
Ñ. �, Ni UBM �u)
²w�Ñ, �X�¥�
k�þ¬G (Ni,Cu)3Sn4 IMC )¤. d 6(d) ��,
>[£ 600 h �, Ò4�¡à� Ni UBM �A�
����Ñ, ¿��¡à� Cu Å��²w/u
)
>[£�Ñ, \�?� Cu Å��Ñ��î

. 3X�¥k�õ�¬G IMC �âÛÑ, EPMA
©Û� (Cu0.62Ni0.38)6Sn5. dd��, ²L 600 h
�, �¡à Ni UBM �e� Cu Å�M)�X�
¥¿3X�¥� Sn u)�A, ¦X�¥� IMC
d (Ni,Cu)3Sn4 =C� (Cu,Ni)6Sn5. ã 6(b) Ú (e)�
Ò4�¡à Sn3.0Ag0.5Cu/Ni .¡ IMC �/mã.
>[£ 200 h �, Ò4.¡C�à]Ø², .¡ IMC
þÝ²w�u��L§¥.¡ IMC �þÝ, �í�
>[£³�
Ò4.¡ IMC �)�. EPMA ©Û�
.¡ IMC �¤©� (Ni0.82Cu0.18)3Sn4, dd��,
200 h >[£�, Ò4.¡ IMC ®²d (Cu,Ni)6Sn5

=C� (Ni,Cu)3Sn4. 3�CÒ4.¡�X�¥)¤

¬G� IMC �âÙ¤©� (Ni0.80Cu0.20)3Sn4, ù
´du>[£r?
 Ni �f�X�*Ñ, �´ Ni
3�� Sn ¥��MÝé$ (���MÝ� 0.005
at.%) ¿� Ni 3�� Sn ¥�*Ñ�Çé� (160
◦C � 5.4 × 0−9 cm2/s[12]), Ïd Ni �fN´3X
�¥± IMC �â�/ªÛÑ. >[£ 600 h �Ò
4à� Cu Å�u)î�M), 3Ò4.¡?/
¤
��é��]ø. �X Cu �fØä��4
*Ñ, 3�Aå��^e Sn �fØä�£W¿3
Ò4.¡?)¤ Cu6Sn5 Ú Cu3Sn, Ó�du*Ñ
�Ø²ï3.¡?)¤�«. Lin �<ïÄ
>
[£L§¥Å:����ª [13], Ó�uy�Ò4
� Cu Ä�M)�X�¥�, X��¬u)£Wy
�. ã 6(c) Ú (f)��4Ä�à Sn3.0Ag0.5Cu/Ni-P
.¡ IMC �/mã. >[£ 200 h �3�4à.¡
ÒÑy
 (Au,Pd,Ni)Sn4 �à8y�, 3�4 Ni-P
.¡?)¤
�G� Cu-Sn-Ni n� IMC, ¿vk
Ñyøáy�. EPMA ©Û�T.¡ Cu-Sn-Ni n
� IMC � (Cu0.63Ni0.37)6Sn5, ¿vku) IMC a
.�=C. �X>[£�m�ò�.¡ IMC þÝ
ÅìO\. >[£ 600 h � (Au,Pd,Ni)Sn4 3�4
�à8y��\²w, EPMA ©Û��4.¡ IMC
� (Cu0.64Ni0.36)6Sn5. é'ã 5 Úã 6 ��, � Ni-P
��4� Ni-P ���Ñ��³�, =¦>[£ 600
h �4 Ni-P �vkÑy²w��Ñ.

3 > [ £ L § ¥ (Au,Pd,Ni)Sn4 � à 8 ä
k � � 5, = 3 > 6 � � ^ e, � 4 . ¡ ? u
) (Au,Pd,Ni)Sn4 à8. 3>[£L§¥, £6Å
�/¤�[� (Au,Pd,Ni)Sn4 u)©)º�Ñ Au
Ú Pd �f, Au Ú Pd �f¬3>6��^e �
4$Ä, � Au, Pd �f���4.¡�¬Ú�4
NC� Sn, Ni �fu)�AÛÑ (Au,Pd,Ni)Sn4. Ni
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Ú Cu �f3 Sn ¥��k�>Öê©O� −3.5
Ú −8 [14], ¤±3>f��^eÄ�¥� Ni �
fÚ Cu �f¬��4$Ä, � Ni Ú Cu 3>6

��^e$Ä��4.¡��¬� Sn u)�A
)¤ Cu-Sn-Ni n� IMC, Ïd3�4.¡?Ñy

 (Au,Pd,Ni)Sn4 � Cu-Sn-Ni n� IMC ��G�.

600 h (f )

200 h (c)

Cu

600 h (e )

Ni
Cu200 h (b)

600 h (d )

(a)200 h

e-

e-

e-

e-

e-

e-

Ni-P(15 at.%P)

Ni-P(15 at.%P)

Ni3P
(Cu0.63Ni0.37)6Sn5

(Cu0.62Ni0.38)6Sn5

(Cu0.64Ni0.36)6Sn5

(Cu0.64Ni0.36)6Sn5

(Cu0.82Ni0.18)3Sn4

(Cu0.80Ni0.20)3Sn4

(Au,Pd,Ni)Sn4

(Au,Pd,Ni)Sn4

Cu6Sn5

ã 6 Ni/Sn3.0Ag0.5Cu/Au/Pd/Ni-P Å:3 150 ◦C, 1.0× 104 A/cm2 ^�e>[£L§¥Å:�w�|� (>fl�
¡à6�Ä�à) (a) Ú (d) Å:�N/m; (b) Ú (e) solder/Ni .¡|�; (c) Ú (f)solder/Ni-P .¡|�

4 ( Ø

1. £6Å�3�¡àÚÄ�à�.¡þÑ)
¤
 (Cu,Ni)6Sn5 zÜÔ, ¿�3�¡à.¡NC
*	� (Cu,Ni)6Sn5 IMC �5��øáy�. 150
◦C ��L§¥, .¡ IMC ����m�ò�Ø
äOþ, üý.¡ IMC a.þu)l (Cu,Ni)6Sn5

� (Ni,Cu)3Sn4 �=C. �¡ý.¡ IMC �=C�
Ç�'Ä�ý=C�Ç¯.

2. >[£L§¥, >f�6Ä��é Ni-P ��

�ÑåX�'���^. �>flÄ�à Ni-P �
6��¡à Ni UBM �, >[£r?
Ä�ý Ni-P
���ÑÚ�¡ Ni UBM ý.¡ IMC �)�, ²
L 600 h >[£� Ni-P �®²�Ü=C� Ni2SnP.
� Ni-P ��Ü�Ñ�, Ni-P �e�� Cu Å�m
©�Ñ¿3>f\�?/¤]ø. Ò4.¡?d
u Ni2SnP ���3¦.¡ Cu-Sn-Ni n� IMC u
)øáy�, �du Ni2SnP �� Cu Å��(Ü
å��, 3 Ni2SnP/Cu .¡?¬/¤�«.

3. �>fl�¡à Ni UBM 6�Ä�à Ni-P

198104-7
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��, >[£r?
�¡ý Ni UBM ���ÑÚ
Ä�ý.¡ IMC �)�. 3>[£L§¥Ä�ý
� Ni-P �¿vku)²w��Ñ, �4.¡?�
vk Ni2SnP �)¤. Ò4�¡à� Ni UBM �3
>[£L§¥Øä��Ñ, 3 150 ◦C e>[£ 600
h �, >f\�?� Ni UBM �®²���Ñ, ¿

� Ni UBM �e�� Cu Å��u)�þ�Ñ.
4. >[£L§¥ÃØ>f�$Ä��XÛ, £

6Å�X�¥)¤� (Au,Pd,Ni)Sn4 �âÑ¬3u
)2©Ù, ¿�3>fº��^e��4$Ä, ª
u3�4.¡?ÛÑ (Au,Pd,Ni)Sn4.
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Effect of electromigration on interfacial reaction in
Ni/Sn3.0Ag0.5Cu/Au/Pd/Ni-P flip chip solder joints∗

Huang Ming-Liang† Chen Lei-Da Zhou Shao-Ming Zhao Ning

( School of Materials Science and Engineering, Key Laboratory of Liaoning Advanced Welding and Joining Technology, Dalian University of

Technology, Dalian 116024, China )
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Abstract

The effect of electromigration (EM) on the interfacial reaction in the Ni/Sn3.0Ag0.5Cu/Au/Pd/Ni-P flip chip solder joint is

investigated under a current density of 1.0 × 104 A/cm2 at 150◦C. The (Cu,Ni)6Sn5 intermetallic compounds (IMCs) form at both

solder/Ni and solder/Ni-P interfaces in the as-reflowed state. During aging at 150◦C, the (Cu,Ni)6Sn5 interfacial IMCs grow thicker

and transform into (Ni,Cu)3Sn4 type after 200 h at solder/Ni interface and 600 h at solder/Ni-P interface, respectively. During EM,

the current direction plays an important role in Ni-P layer consumption. When electrons flow from Ni-P to Ni, EM enhances the

consumption of Ni-P, i.e., the Ni-P s completely consumed and transforms into Ni2SnP after EM for 600 h. There is no Cu-Sn-Ni

ternary IMC at the solder/Ni-P interface (cathode). Crack forms at the Ni2SnP/Cu interface due to the weak bonding force between

Ni2SnP and Cu. When electrons flow from Ni to Ni-P, no obvious consumption of Ni-P is observed during EM; the current crowding

effect induces a rapid and localized dissolution of Ni UBM and Cu pad at the chip side (cathode). The dissolved Ni and Cu atoms

are driven along the flowing direction of electrons and form a large number of IMC particles in the solder matrix. During EM, the

(Au,Pd,Ni)Sn4 phase prefers to be redistributed only at the anode interface, regardless of the direction of electron flow.

Keywords: electromigration, lead-free solder, Ni/Sn3.0Ag0.5Cu/Au/Pd/Ni-P solder joint, interfacial reaction
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