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Effects of Bi doping on electrochemical corrosion and
dendrite growth suppression of lead-free Sn-3.0Ag-0.5Cu solder
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Abstract: The effects of Bi doping on the electrochemical corrosion characteristics and dendrite growth behavior of lead-
free Sn-3.0Ag-0.5Cu solder in 3.5% NaCl solution (mass fraction) were investigated by potentiodynamic polarization and
AC impedance measurement. The surface morphologies and elemental compositions of various elements in the solder
were determined by analyzing the corrosion product formed on the specimen using SEM and XRD techniques. The
results show that the corrosion current density increases with increasing Bi content. However, the corrosion potential does
not change regularly. All of impedances of Sn-Ag-Cu solder with and without Bi doping have the same characteristics,
the equivalent circuit with two time constants can preferably fit the electrochemical impedance spectroscopy of
Sn-Ag-Cu-xBi with error less than 5%, which shows that all electrochemical corrosion characteristics have similar
regularities. The impedance arc radius decreases when the Bi content increases, which shows that anti-corrosion capacity
decreases with increasing Bi content. The SEM results show that the dendrite growth due to electrochemical migration
can be suppressed. XRD results show that the main contents on dendrite are Sn, CusSns, also tiny Bi and Ag;Sn.
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Fig. 1 Schematic diagram of dendrite growth experiment
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Fig. 2 Polarization curves of Sn-3.0Ag-0.5Cu solder doped

with different Bi contents in 3.5% NaCl solution
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Table 1 Fitting parameters of potentiodynamic polarization
curves of Sn-3.0Ag-0.5Cu-xBi solder

Sample Mass fraction of  @eorn/ Lo/ b./
No. Bi doping/% V  (pAem?) (mV-dec)
Without Bi 0 —0.626 0.100 44 -106
1 2 —0.466 1.3794 -150
2 5 —0.536  4.5321 -137
3 10 —0.529 81.0830 -126
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Fig. 3 Corrosion SEM images of Sn-3.0Ag-0.5Cu solder
dipping in 3.5% NacCl solution for 10 d: (a) Without Bi doping;
(b) Bi doping in 2%
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Fig. 4 SEM images of Sn-3.0Ag-0.5Cu solder alloy with different Bi doping: (a) Without Bi doping; (b) 2% Bi doping; (¢) 5% Bi

doping; (d) 10% Bi doping

(@
2.0F

~Z"I(kQ+cm?)
=

- Without Bi doping
- - - Sample 1, fitting result
----- Sample 2, fitting result
— Sample 3, fitting result
= — Samples 1, 2 and 3,

real result, respectively

0.5n

10 20 30 40 50
Z/(kQ+cm?)

1.0
(b)

0.8
a - Without Bi doping
£ 0.6 - - - Sample 1, fitting result
s | 7 - Sample 2, fitting result
< — Sample 3, fitting result
N 0.4r = — Samples 1, 2 and 3,
I real result, respectively

0.2

02 04 06 08 1.0
Z'I(kQ+cm?)

E5 #1203 HERBARSIRFETE 3.5% NaCL % 1) Nyquist &
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Fig. 6 Bode figures of undoped and doped samples 1, 2 and 3 in 3.5% NaCl solution: (a) Without Bi doping; (b) Sample 1;

(c) Sample 2; (d) Sample 3

T, AE A (100 Hz~ 10 kHz) B T EAS R . Hs i Bi 825, FHPUEREARRL, 30T AN I a) 5
F R 250, H I Bi S B0, A5l 2me), BT HERS(100 Hz~10 kHz)FMEA#23(100
FUAR BEPTIRIN, T BERFAR; ARB2% Bi F 3 FiAN ] mHz~100 Hz). A2 Hul s e T4 Fp 2 i



H22 B 1 i W, %5 Bi 544 Sn-3.0Ag-0.5Cu ATk} LAk 22 Il g BA AR K R R R 155
% 2 A Bi B 5& Sn-3.0Ag-0.5Cu £FRHAZ R BLP T A 45 R
Table 2 Fitting results of AC impedance of Sn-3.0Ag-0.5Cu solder doped with different Bi contents
Sample No.  R/(Qem?)  Cpp /(Frem™-Hy™)  Ry(Qem®)  Cpp /(Frem™-Hy™)  Ry(Qem’)  Ly/mH
Without Bi doping ~ 7.79 226X107° 3634 6.50X 107 1552.0 0.795
1 15.84 1.26X10°* 288.3 4.59x10™* 235.7 1.068
2 6.48 23%10°* 232 6.43X 107 116.4 0.311
3 6.26 591107 200.5 5.65%107 18.1 0.203
R, Ceg, SR 2 — . Bi BRI AT RS S r s
Cr, U8, A Bi FPRMEBE T 1] 5 63Sn-37Pb (AR LL,
R, BRALb 5 AR E A1, AL ST B A AR AT T

7 AN Bi 24K T Sn-3.0Ag-0.5Cu+xBi £F R FHHT
S Gk
Fig. 7 Impedance equivalent circuit of Sn-3.0Ag-0.5Cu+xBi

solder doped with different Bi contents
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Fig. 8 SEM images of dendrites of 98(Sn-3.0Ag-0.5Cu)-2Bi
solder in 3.5% NaCl solution after 80 h dipping in electric field
of 5 V: (a) Dendrites; (b) Crystals of dispersed dendrites on
board
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Fig. 9 SEM images of dendrites of Sn-3.0Ag-0.5Cu solder in
3.5% NaCl solution after 32 h dipping in electric field of 5 V:
(a) Dendrites; (b) Crystals of dispersed dendrites on board
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Fig. 10 XRD pattern of dendrites of 98(Sn-3.0Ag-0.5Cu)-2Bi
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