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Fillet-lifting phenomenon of wave soldering with
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Abstract: The lift-off phenomenon in through-hole wave soldering with Sn-A g- Cu-Bi solder was investigated by the
simulation experiment. It can be seen that the segregation of Bi becomes more remarkable at the corner of the solder
body/ PCB pad. The local irregularity of Bi delays the solidification of the solder at the above area and thus the resid-
ual liquid solder at that place becomes the aggregation area of shrinkage void during the following crystallization.
The shrinkage strain exceeds the lowest plasticity of the Bi segregation solder in the later crystallization, and then
crack comes into being from mechanism similar to that of the crystal crack. The presence of strong segregation ele-
ment Bi exacerbates the probability of lift-off. The probability of fillet-lifting increases with increasing Bi content and
the Pb contamination on the solidification behavior of through-hole solder joint, and decreases with the increasing
cooling rate for solder joint. However, the fillet-lifting can not be completely eliminated by the rapid cooling for
through-hole solder joint, and the rapid cooling can create cracks at the surface of solder. The fillet-lifting can be
suppressed by eliminating Pb contamination, reducing the Bi content in solder and controlling the cooling rate for

solder joint.
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Fig. 1 Fillet-lifting phenomenon of Sn-2. 0Ag-0. 5Cu-7. 5Bi solder

(a) —Panorama; (b) —Corner area
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Table 1 Soldering spot situation of Sn2. 0A 2-0. 5Cu-7. 5Bi solder

Cooling Cooling rate/ Lift off Cracking Air
condition (C=s 1 ratio/ % ratio/ % porosity/ %
Air cooling 2.58(250-189 C), 1.47(189 ~ 130 C) 100 0 0
6. 15(250~ 189 C), 3.10(189 =130 C) 100 0 50
Liquid nitrogen cooling 13.0(250~ 189 C), 18.5(189~ 130 C) 94.4 5.6 38.9
14.8(250-189 C), 59.0(189-130 C) 88.9 27.8 61.6
Water cooling 117. 6(250 = 130 C) 16.6 50.0 100

B2 Sw2.0Ag0.5Cir7. 5Bi 4k} 250 CH 8 AL
Fig. 2 Fillet-lifting interface of So2. 0A g-0. 5Cu-7. 5Bi solder at 250 C
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Table 2 Elemental contents at lift-off VAR | B, 8 R A T g R
interface of Snr2. 0A g-0. 5Cu-7. 5Bi VAR, AN 2 2 T T AR 2 LR (s 2
solder at 250 C (mass fraction, %) Farh
Area Si Cu Bi Ag Sn

A 0.470  14.181  6.211 0.244  78.894 2.2 HIE W T R

B 0.640 14.722  15.875  0.55  68.206 SR B AR W R I, SRR A M

c 0 18.649  30.808  3.625  46.918 X IAAFAE R AAFL, A3 W i A (B 3) . W
T B SV AT DL, R 2 [RD IR A AE AR L, 45 M A

FERIRE, PRk, %R Ve N B R, LR MGAs - GAFLIAELEE 59 T FUE R R AL . 35S
F; Wt v, ERE G, R SERA R RAE R, P X % A e,
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Fig. 3 Morphology of shrink hole at

lift-off surface near corner
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Fig. 4 Fracture surface morphology at

D zone around through hole
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Fig. 5 Fracture surface morphology(a) and

element contents(b) at C zone of corner
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Fig. 6 Fracture surface morphology at

B zone of central section
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Fig.7 Fracture surface morphology at
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Table 3 Fillet-lifting probability under

air cooling with different Bi contents

w(Bi)/ % 1.0 2.0 3.0 5.0 7:5
Fillet lifting
probability/ % 0 88.9 94. 4 100 100
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fillet-lifting of Sn-Bi(-A g-Cu)

IR AT B, 0 BT R 0 RS 0 G
SCHERIA A R 5 2 2 4 B A s > ', (|
B 92 br N B DL ROE . AR 45 R B, BE
BV HE BRI, R RS BRAK, (R AR A
B, W& 1FE 9, KAWMARETEAMEIR KA,
Bl 10 Fros KA 1R R RIE R, & 11 s ok
IR RURBE T A AR . A TR SE BRI
Mr, ARSERR b, ¥4 S0 B At 04 5% e b 3R 2%,

120
100 + . [
-
Q\o [ ]
> 80f *
;":é
Jé 60 r a
a
% 40 r .
& — .
= Water cooling
20t . = — Air cooling b
4 — Room cooling
0 R . : . .
1 2 3 4 5 6 7 8

w(Bi)/%

B9 v 13 B o) 34 180 A AE MR R 1) 5 )
Fig. 9 Effect of cooling rate on
fillet-lifting probability

K10 /K% SwAgCuBi 2 SHE LS
Fig. 10 Fillet-lifting morphology of
S A g-Cu-Bi solder with water cooling
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Fig. 11 Element contents at C zone of

S A g-Cu-Bi solder with water cooling
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