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Table 1 Plating composition and process parameters

Composition Value Parameter Value
Sn(CH;S0;),/(g'L ™) 50 Plating thickness/um 10
CH;SO;H/(mL-L™) 5 Temperature/'C 30+2
Na;C¢Hs0;-2H,0/(g'L™") 60 Average current density, J,,/( A-dm ) 2-20
HO(CH,CH,0)nH/(g:L™") 1.0 Duty ratio, 4 0.4-0.8
C6H806/(g-L71) 4.0 Reverse pulse coefficient, x 0.3-0.7
Frequency, f/Hz 0-30
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Fig.1 Schematic diagram of pulse waveform
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Fig. 2 Schematic diagram of internal stress assessment by

Stoney method
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Fig. 3 Effect of average current density on deflection of free

end of sample (1=0.6, x=0.6, /=10 Hz)
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Fig. 4 Morphologies of coating at different average current
densities (/=0.6, x=0.6, /=10 Hz): (a) 5 A/dm?; (b) 10 A/dm?;
(c) 15 A/dm?
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Fig. 5 Effect of duty cycle on deflection of free end of sample Fig. 6 Morphologies of coating at different duty cycles
(Ju=10 A/dm?, x=0.6, /=10 Hz) (J=10 A/dm?, x=0.6, /=10 Hz): (a) 2=0.6; (b) 2=0.7; (c) /=0.8
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Fig. 7 Eftect of reverse pulse coefficient on deflection of free

end of sample (J,,=10 A/dm?, 1=0.7, /=10 Hz)
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Fig. 8 Morphologies of coating under different reverse pulse
coefficients (J,,=10 A/dm? 1=0.7, /=10 Hz): (a) x=0.3; (b)
x=0.5; (c) x=0.7
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sample (J,,=10 A/dm?, 1=0.7, x=0.5)
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Fig. 10
frequencies (J,=10 A/dm? 1=0.7, x=0.5): (a) 5 Hz; (b) 10 Hz;
(c)20Hz
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Fig. 13 Morphologies of tin coatings after different aging treatments in high temperature and high humidity environment:

(a) Sample A, aging treatment of 100 h; (b) Sample A, aging treatment of 200 h; (c) Sample B, aging treatment of 100 h; (d) Sample

B, aging treatment of 200 h
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Electrodeposition of tin coating with less internal stress and less
tendency of tin whisker growth using bidirectional pulse

ZHANG Man, FEI Jing-yin, ZHAO Fei-fan, GUO Qi-qi, ZHAO Li-na, HAN Xi-zheng

(School of Science, Northwestern Polytechnical University, Xi'an 710129, China)

Abstract: The effects of bidirectional-pulse parameters on the tensile stress of the tin coatings and the growth

characteristics of tin whisker were investigated, based on the bath containing tin methyl sulfonate as the main salt. The

coating stress was evaluated using the Stoney method, and the tin whisker growth tendency was examined according to

the JEDEC Standard (JESD22A121.01). The microstructure of tin coatings before and after the appearance of tin whisker

were characterized using scanning electron microscope (SEM). On this basis, the optimal bidirectional-pulse tin

electrodeposition parameters (average current density of 10 A/dm? duty cycle of 0.7, reverse pulse coefficient of 0.5,

frequency of 10 Hz) were revealed for the preparation of tin coatings with less stress and less tendency of tin whisker

growth. The results show that tin coating capable of suppressing tin whisker growth can be prepared by controlling the

internal stress of tin coating via adjusting the bidirectional-pulse parameters.
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