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Abstract: Tin plating on component finishes may grow whiskers under certain conditions, which may
cause failures in electronics equipment. To protect the environment, “lead-free” among component finishes
is being promoted worldwide. This paper presents the evaluation results of whiskers on two kinds of lead-
free plating materials at the plating temperature and under the reliability test. The rising plating
temperature caused increasing the size of plating grain and shorting the growth of whisker. The whisker
was grown under the temperature cycling the bent type in matt Sn plating and striated type in matt Sn-
Bi. The whisker growth in Sn-Bi plating was shorter than that in Sn plating. In FeNi42 leadframe, the
7.0~10.0 um diameter and the 25.0~45.0 um long whisker was grown under 300 cycles. In the 300 cycles
of Cu leadframe, only the nodule(nuclear state) grew on the surface, and in the 600 cycles, a 3.0~4.0 um
short whisker grew. After 600 cycles, the ~0.34 um thin NisSn, formed on the Sn-plated FeNid2.
However, we observed the amount of 0.76~1.14 pum thick CugSns and ~0.27 um thin Cu;Sn intermetallics
were observed between the Sn and Cu interfaces. Therefore, the main growth factor of a whisker is the
intermetallic compound in the Cu leadframe, and the coefficient of thermal expansion mismatch in FeNi42.
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Table 1. Composition of FeNid2 and C7025R leadframe(wt%)

Leadframe Cu Fe Ni Si Mg Mn
C7025R BAL. - 220 025 005 -
FeNi42 0.02 BAL. 4123 030 - 0.80
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Fig. 1. Grain structure and surface morphology of matt tin
plated FeNi42 leadframe (a) 30°C (b) 40°C (c)
50°C.

(a) (b) (c)
Fig. 2. Grain structure and surface morphology of matt tin
plated Cu leadframe (a) 30°C (b) 40°C (c) 50°C.
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Fig. 3. X-ray diftraction pattern of matt tin plated FeNi42
leadframe (a) 30°C (b) 40°C (c¢) 50°C.
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Table 2. Texture coefficient of matt tin plated FeNi42
leadframe on various temperatures

T(‘f,'gf' (101) (220) (211) (301) (112) (420) (312)
30 034 288 076 063 027 129 084
40 086 - 013 016 343 - 038
50 149 - 008 - 211 - 032
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Table 3. The angle between two crystal planes at the lattice
of plating layer

angle(® 0~10 10~20 20~30 30~40 40~50
sum 0 474 348 542 425

30°C
o 0 26.50 19.50 3030 23.90
sum 0 3.33 1.63 045 0.55

40°C
o 0 5590 2730 7.60 9.20

sum 0 3.65 080 0.17

50°C

% 0 79.00 1730 370 0

ulo]zz AR L w}7]4stE] 4] A 114 A335. (2004)

@ (b)

Fig. 4. Tin whisker grown on matt tin plated FeNi42
leadframe after TC 300 cycles (a) 30°C (b) 40°C (c)
50°C.
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Fig. 5. Tin whisker grown on matt tin plated Cu leadframe
at 30°C plating temperature (a) after TC 300 cycles
(b) after TC 600 cycles.
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Fig. 6. Cross section of whisker shape after TC 600 cycles
(a) FeNi42 leadframe (b) Cu leadframe.
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Fig. 7. Tin whisker grown on matt tin plated leadframe
after 60 days of 50°C (a) FeNi42 leadframe (b) Cu
leadframe.
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Fig. 8. Whisker grown on matt Sn-Bi plated FeNi42
leadframe after TC 300 cycles.
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Fig. 9. Bright-field TEM and magnification image show-
ing whisker (a) FeNi42 /Sn plating (b) Cu/Sn plating.
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