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ABSTRACT
Specimens were prepared by electroplating Sn-5Ag and Sn-37Pb (5 min thickness) on a

couple of electrodes made of Cu (Cu) and Ni/Au deposited Cu (Cu / Ni / Au) conductors. They
were heat-treated at 250 for 300 s, cooled in the atmosphere, and immersed in the de-ionized
water at a dc voltage bias of 5V to examine the electrolytic migration. The behavior of electrolytic
migration for the alloys coated on different conductors was compared. The resistance to
electrolytic migration for the systems decreases in the order Cu/Ni/Au coated with Sn-5Ag ( Sn-
5Ag(a) ) > Cu coated with Sn-5Ag (Sn-5Ag(c) ) > Cu / Ni / Au coated with Sn-37Pb ( Sn-37Pb (a)
) > Cu coated with Sn-37Pb ( Sn-37Pb(c) ). 

XPS (X-ray photoelectron spectroscopy) analysis on the anode after migration test was
helpful in elucidation of electrolytic migration for various systems. Metal hydroxide and oxide
were produced and coated on the anode surface of the electrode couple in each system. The



solubility product was quite different for the hydroxide and oxide. The hydroxide and oxide with lower solubility
product exhibit resistance to electrolytic migration.

Keywords: Electrolytic migration; Sn-Ag solder; Sn-Pb solder; Cu-conductors; Cu / Ni / Au-conductors.

1. 

[1] ;

1 [2]

I/O 

[3]

BGA (Ball grid array) 

BGA 

BGA BGA

2

[4]

: Sn-Ag Sn-

Cu Sn-Zn / /

Sn-37Pb Sn-5Ag 

Sn-5Ag 

2. 

2.1 

2.1.1 

(KINSTEN, 06GS) 

35 m 

2.1.2 /

/ (EG&G Model 263) 

/ / 

5 m 0.5 m

2.2 Sn-37Pb Sn-5Ag 

/ 

Sn-5Ag Sn-37Pb

Sn-5Ag
[5] Sn-37Pb 

ICP (Inductively Coupled Plasma, JOBIN YVON

EMISSION, JY24) SEM (Scanning electron

microscopy, HITACHI, S-800 ) 

ICP Sn-5Ag Sn-37Pb

5 m SEM 

2.3 

-136-

93 6



( NEY 160A )

30 250

250 5

( SOLDERITE TF-22 )

2.4 

3 

4 ( resistivity =18.3M

) 1mm 

5V 

Fuji, F401

2.5 

X-ray ( SIEMENS X-RAY DUFFRA-

CTOMETER D-500 ) 

JCPDS ;

XPS( X-ray photoelectron spectroscopy Sigma

Probe) 

3. 

3.1 SEM 

SEM 

5(a) 5(b) ( 1000 ) 

Sn-5Ag 750 Sn-37Pb 300 

5 m SEM 

3.2 X-ray 

6(a) Sn-5Ag / / 

Sn-5Ag XRD :

Sn Cu
6
Sn

5

Cu (200) Ag
3
Sn (211) 

Sn AuSn
4

Au
3
Sn Ag

3
Sn (211) 6 (b) 

Sn-37Pb XRD 

Pb Cu
6
Sn

5

Cu (200) 

Pb AuSn
4

X-ray Sn-5Ag Ag Sn 

Ag
3
Sn Sn-37Pb Pb 

/ /

Cu

Cu (200) 

3.3 

3.3.1 

7(a) Sn-5Ag Sn-37Pb 

5V 

( 3600 ) 

Sn-37Pb 

Sn-5Ag Sn-

37Pb Sn-5Ag Cu 

3.3.2 / 

7(b) Sn-5Ag Sn-37Pb 

5V 

Sn-37Pb /

7(a) (b) Sn-37Pb Cu

Ni Au Cu ;

Sn-5Ag 

Sn-37Pb 

Sn-5Ag 

7 

/ /

-137-



3.4 

8 

5V

: 

/ / Sn-37Pb > 

Sn-37Pb > Sn-5Ag  > 

Sn-5Ag

Sn-5Ag 

Cu Ni Au Sn-37Pb

3.5 XPS 

XPS 

XPS 

3.5.1 Sn-5Ag 

9 Sn-5Ag 

:

XRD binding energy 

(6) Alloy Ag
3
Sn ) SnO

2

SnO 

11

3.5.2 Sn-5Ag 

10 XPS 

SnO
2

SnO Ag Ag
3
Sn 

3.5.3 Sn-37Pb 

11 XPS 

SnO
2

SnO PbO
2

Pb
3
O

4

Pb (OH)
2

3.5.4 Sn-37Pb 

12 XPS SnO
2

SnO PbO
2

PbO Pb(OH)
2

XPS BE [6]

4. 

4.1 

Gabor [7]

Ag (OH) > Pb (OH) 
2

> Cu (OH)
2

> Sn (OH)
2

Ag  >  Pb  > Cu >  Sn

Sn-5Ag 

Ag
3
Sn 

Sn-37Pb Sn-37Pb

Sn-37Pb 

Sn-5Ag 

4.2 

Sn- 5Ag Sn-37Pb

X-ray XPS Sn-5Ag 

Ag
3
Sn Sn-5Ag

Sn-37Pb 

Pb (OH)
2

Sn-37Pb Sn-5Ag 

/ / Sn-37Pb 

Sn-5Ag 

4.3 

/ / X-ray 

XPS / /

-138-

93 6



/

Gabor [8]

Sn-5Ag Cu 

Sn-5Ag Cu Ni Au 

Sn-37Pb Sn-37Pb Cu

Ni Au Sn-37Pb Cu 

Cu 

Au 

Sn-37Pb Cu Ni Au 

5. 

1. 

2. Sn-5Ag 

Ag3Sn 

3. 

4. Sn-37Pb 

5. 

Sn-5Ag 

1. S. T. Nurmi, Soldering & Surface Mount

Technology, 14 (2002) pp. 35~39.

2. S. J. Krumbein, IEEE Transactions on Components,

Hybrids, and Manufacturing Technology, 11 (1988)

pp. 5~14.

3. G. Harsanyi, "Review of the Reliability of

Advanced Component Packaging Technologies",

Proceedings - Electronic Components and

Technology Conference (2000) pp. 1605~1609.

4. H. D. Blair, "Inter-metallic Compound growth on

Ni, Ni/Au, and Pd/Ni Substrates with Sn/Pb, Sn/Ag,

and Sn solder", Proceedings - Electronic

Components and Technology Conference (1998)

pp. 259~267.

5. S. Arai, Materials Transactions, JIM, 39 (1998) pp.

439~455.

6. F. M. Jonh, in: "Handbook of XPS", Physical

Electronic INC. Minnesota USA (1995) pp.

87~127.

7. G. Harsanyi, "A New Method for Comparing

Migration Abilities of Conductor Systems Based on

Conventional Electro-analytical Techniques",

Proceedings - Electronic Components and

Technology Conference (2000) pp. 1666~1673.

8. G. Harsanyi, "Electrochemical processes resulting

in migrated short failures in microcircuits", IEEE

Transactions on Components, Packaging, and

Manufacturing Technology Part A, 18 (1995) pp.

602~610.

2003 7 10 

2003 11 14 

-139-



1. 

Fig.1 Schematic representation of the electrolytic

migration.

2. 

Fig.2 Sketch of a solder joint.

3. 

Fig.3 The pattern of the specimen for migration test.

4. 

Fig.4 The apparatus for migration test.

5. SEM (a) (b)

Fig.5 The SEM morphologies for the cross section

of (a) Sn-5Ag and (b) Sn-37Pb on Cu substrate
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6. (a) Sn-5Ag (b) Sn-37Pb Cu Cu / Ni

/ Au XRD 

Fig.6 XRD patterns of (a) Sn-5Ag (b) Sn-37Pb on

Cu and Cu / Ni / Au substrates.

7. 5V 

(a) (b) / / 

Fig.7 Migration current as a function of time at 5V

bias in DI water for the solder on  (a) Cu-

substrate (b) Cu-substrate coated with Ni / Au.
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8. (I) Sn-5Ag Cu

, (II) Sn-5Ag Cu / Ni / Au ,

(III) Sn-37Pb Cu , (IV) Sn-37Pb 

Cu / Ni / Au 5V

3600 

Fig.8 The morphologies post the test of electrolytic

migration for the specimesns of (I)Sn-5Ag

coating on Cu (II)Sn-5Ag coating on

Cu/Ni/Au (III)Sn-37Pb coating on Cu (IV)Sn-

37Pb coating on Cu / Ni / Au ( at 5V bias in

DI water for 3600 s.)



(a) 

(b) 

(c) 

9. XPS Sn-5Ag Cu 

(a) Sn (b) Ag (c) Cu

Fig.9 XPS data of (a)Sn (b)Ag (c)Cu for the anodic

surface of the Cu-substrate coated with Sn-

5Ag after migration test.

(a) 

(b) 

10. XPS Sn-5Ag Cu / Ni / Au

(a) Sn (b) Ag 

Fig.10 XPS data of (a) Sn (b) Ag for the anodic

surface of the Cu/Ni/Au substrate coated with

Sn-5Ag after migration test.
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(a) 
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11. XPS Sn-37Pb Cu 

(a) Sn (b) Ag (c) Cu

Fig.11 XPS data of (a)Sn (b)Ag (c)Cu for the anodic

surface of the Cu-substrate coated with Sn-

37Pb after migration test.

(a) 

(b) 

12. XPS Sn-37Pb Cu / Ni / Au 

(a) Sn (b) Ag

Fig.12 XPS data of (a) Sn (b) Ag for the anodic

surface of the Cu/Ni/Au substrate coated with

Sn-37Pb after migration test.
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