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Preparation and Corrosion Resistance of Electroless Ni-Fe-P Coating on
IGBT Copper Pads
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(1. School of Materials Science and Engineering, Wuhan University of Technology, Wuhan 430070,
China; 2. State Key Laboratory of Materials Processing and Die & Mould Technology, Huazhong
University of Science and Technology, Wuhan 430074, China)

Abstract: Aiming at the corrosion problem of the copper pads in the IGBT module, Ni-Fe-P coating
was prepared on copper substrates by electroless plating. The influences of bath temperature, pH, and
Fe®/Ni** molar ratio on the composition of the coating were studied by orthogonal experiments, and the
corrosion resistance of the coating was analyzed through electrochemical corrosion experiments. The
results showed that the sequence of influencing factors for the content of Fe and P in the coating was pH
value, plating temperature and Fe”/Ni*" molar ratio. The Ni-Fe-P coatings of different compositions
could effectively protect the copper substrate from corrosion, and the coatings showed better corrosion
resistance with the Fe content increasing.
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Tab.1 Different parameters of the orthogonal experiments
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Tab.2 Composition of the electroless Ni-Fe-P coatings by

orthogonal experiments

g | 4 B <Fe2+C/N12+ Fedrlt/ | Py
g | GREEPC) | (pH) BRI (wt.%) | (wt.%)
a 45 7 1 8.6 13.6
b 45 9 3 10.5 9.4
c 45 11 5 66.6 2.6
d 60 7 3 8.0 14.3
e 60 9 5 8.5 12.4
f 60 11 1 24 5.3
g 75 7 5 6.5 15.6
h 75 9 1 11.3 8.3
i 75 11 3 50.8 3.8
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Fig.1 Surface morphology of the electroless Ni-Fe-P

coatings by orthogonal experiments
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Fig.2 Influence of different electroless parameters on

composition of Ni-Fe-P coatings
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Fig.3 Polarization curves of copper plate and

different Ni-Fe-P coatings
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Tab.3 Fitting results of polarization curves

ok b,/mV | b, /mV | E,./V| L,/ (pA-cm?)
Cu 68114 | 169.17 | —0.23 1.17
Ni-6.5Fe-P/Cu 59.17 17497 | —0.21 3.60
Ni-24Fe-P/Cu 43.96 219.58 | —0.18 3.52
Ni-66.6Fe-P/Cu | 109.25 71.03 —0.12 0.075
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Fig.4 EIS and equivalent circuit model of copper plate
and different Ni-Fe-P coatings
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Tab.4 Fitting results of equivalent circuit model

ok R/ (Q-ecm®) | R,/ (kQ-em®) | Cy/ (uF-cm™)

Cu 7.75 2.25 5.82
Ni-6.5Fe-P/Cu 6.99 2.35 1.35
Ni-24Fe-P/Cu 8.05 14.10 0.26
Ni-66.6Fe-P/Cu 4.75 49.86 0.19
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