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A Study on the Microstructure and Adhesion Properties of
Sn-3.5Ag/Alloy42 Lead-Frame Solder Joint
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Abstract The microstructure, wettability, shear strength and aging effect of Sn-3.5Ag/Cu and Alloy42 lead- frame
solder joints were measured for comparison. In the case of Sn-35Ag/Cu, Ag:Sn and CusSn; phases in the matrix Sn
and 1~2um thick Cu:Sns phase at the interface of solder/lead-frame were formed. In the case of Sn-3.5Ag/Alloy42,
only Ag:;Sn phase of low density in the matrix Sn and 0.5~1.5mm thick FeSn, phase at the interface of solder/lead-
frame were formed. Comparing to Cu, Alloy42 showed wider area of spread and smaller contact angle, thus better wet-
tability. But shear strength and ductility of Alloy 42 solder joints were only 33% and 75% of those of Cu, respectively.
After aging at 180°C for 1 week, & Cu,Sn layer on 7-CusSns layer was formed on Cu lead- frame, while coarsened cir-
cular AgsSn phase in the matrix and thickened FeSn. at the interface were formed on Alloy42 lead- frame.
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Table 1. Chemical composition of Cu and Alloy42 lead frames.
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Fig. 1. Schematic diagram of lap shear specimen
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Fig. 2. The SEM microstructure of Sn-3.5Ag after cold-rolling
and annealing at 150°C for 24h.
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Fig. 3. The XRD patterns of Sn-3.5Ag after cold-rolling and
annealing at 150°C for 24h.

Table 2. EDS results of Fig. 2.

composition(at.%)
Point Phase
Sn Ag
1 99.43 0.57 a-Sn
2 30.45 69.55 Ag:Sn
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Table 3. EDS results of Fig. 4.
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1 99.17 0.56 @-Sn
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Fig. 4. The SEM microstructures of Sn-3.5Ag/lead- frame solder joints soldered at 150°C for
20 min. and air- cooled.
(a) Cu lead-frame, (b) Alloy42 lead~frame, and (c¢),(d)

magnified view of (b).

Table 4. Comparison of spread area, contact angle and Vicker's hardness value for Sn-3.5Ag/Cu and Sn-3.5Ag/Alloy42

lead- frame solder jints.

N = ¥ A .
7 e "l ALAA) 1524(0) AE(HV)
T # (mm) {mm) (mm?)
Cu 718 10.176 0.938 81.329 20.919 24.22
Alloy42 713 10.498 0.858 86.557 18.576 20.16
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soldered at 150°C for 20 min. and air-cooled. (a) Cu lead- frame,
and (b) Alloy42 lead-frame
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Fig. 6. The SEM fracture surfaces of Sn- 3.5Ag/lead-frame jints soldered at 150°C for 20 min. and air- cooled. (a) Cu lead-frame,
and (b) Alloy42 lead-frame

Table 5. EDS results of Fig. 7.

composition (at.%)
Point Phase
Sn Ag Cu Ni Fe

1 0.24 99.68 Cu
2 20.15 0.04 79.87 & CusSn
3 43.80 0.31 55.92 7-CusSn;
4 99.84 0.61 . o-5n
5} 24.07 75.81 AgiSn
6 68.74 424 26.87 FeSn,
7 62.99 566 34.25 FeSn.




A A F

T

4. & =
Sn-3.5Ag WS Cu 2 Alloyd2 Bz g glel g3}

o] 2 BEAS v A b33 2 ZEE A

1) Cu gj=xeele] Ag, @ SnelF-oll 71244l
o) Ag FAs 2o Gy 9 AgSndd F39 Cus
Snzatel, zElw wWg/BlezEiqle] AAHANE
FA2 CusSnsAde]l B4E AT

2) Alloy42 =l=z=3Hslel A9, 7AW A4
AgSnure] ¢he UE T Abafsle] gln, AWEols 05~
15um FA 2] FeSn,Eo] A=

) Cuoll B3} Alloy42 sle==|qlela] HA™

gk 2 &AL el gt

4) Cuol 8} Alloy42 gl=z oA Aokt 35
%, AALE THY Z Yo}
5) 180CA 15747 *]Eﬂ"/] %, Cu Bl=zdsle

Ao 7-CusSn; 29l & -CuSnde]l AAsIAT
lloy42 =z #Joll= 7124l AgSnol T3 =
atA AAstdz, Aldols FeSn.Zate] oF 1.5mE
#sksich.

1~2/m

o

]
He 7

s zd&ﬁo zbo} T

oL }'N > I']r

i& X

A

2oz d

1. Electronic Materials Handbook, Vol.
ASM, 538 (1989}

2. U. Ray, I. Artaki, HM. Gordon, and P. T. Vianco,
J. Electron. Mater., 23(8), 779 (1994)

3. K.S. Bae, A.F. Sprecher, H. Conrad, and D.Y. Jung,
Proc. of ISTFA'88 (ASM), Los Angelos. CA, 53
(1988)

4. Y. Moriya, Y. Yamade, and R. Shinya, [EEE Trans.

1 Packaging,

1 Sn-3.5Ag/Alloy4? =Ll

WAL B YS A BY AT

10.

11.

12.

13.

14.

15.

16.

17.

18.

931

Fig. 7. The SEM microstructure of Sn-3.5Ag/lead-frame sol-
der joints aged at 180°C for 7 day after soldering. (a) Cu lead-
frame, (b) Alloy42 lead-frame, and (¢) magnified view of (b).

CPMT-B, 21 (4}, 394 (1998)

. E.P. Wood and K L. Nimmo, J. Electron. Mater., 23
(8), 709 (1994)

&S, ol¥F, ol¥r, e, 74), 303
(1997)

. AEE, o)AT, olmA, 3 lEEER], 8(9), 807
(1998)

LR, FEE, AAE, AU, dF545%3A, 8

(11), 1011 (1998)

. W.Yang, R.W. Messler, Jr, and L.E. Felton, J. Elec-

tron. Mater., 23(8), 765 (1994)

D.R. Flanders, E.G. Jacobs, and R.F. Pinizzotto, J.
Electron. Mater., 26 (7), 883 (1997)

‘e s FEE 57, A 44, 5(7), 37
(1996)

A, wWeEd, ddsSdsa, 3611, 1823
(1998)

7. May and J. W. Morris, J. Electron. Mater., 21

(6), 599 (1992)

Do-Hyun Kim, Jang-Kyo Kim, Man-Lung Sham,
and Pyung Hwang, Metals and Materials, 4(4), 812
{1998)

Metals Handbook, vol. 9 (9thed.), ASM, 455 (1985)

W.Yang, L.E. Felton, and R.W. Messler, Jr, J. Elec-
tron. Mater., 24 (10), 1465 (1995)

T.B. Massalski, Binary Alloy Phase Diagrams(2nd
ed.), ASM/NIST, 94 (1977)

M.E. Loomans, S. Vaynman, G. Ghosh, and M.E.
Fine, J. Electron. Mater., 23(8) ., 741 (1994)



