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Fig.5.2 FEM Mesh of Electroplating (3D Model )
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Table 5.1 Material properties

No. Material Specific resitance (€Xcm
1 Electrolyte 19.8at 20
(nickel sulfate) 7.8 at60
2 |Anode (nickel) 75x10°
3 |Cathode (copper) 1.7x 10°
4 |Substrate (polyimide) 1.0x10°
5 |Shield (polyimide) 1.0x10°
Electrolyte

a) 2D Model b) Isothermally ) Anisothermally

Fig.5.3 Current density distribution of plating bath calculated using
two-dimensional model

96



5.2

Fig.5.3 Fig.3.2-b
Fig.5.3-c)
25 65
Fig.5.4 5¢cm
15¢cm
10-15¢cm
15¢cm A
B C
Fig.5.5
A
B
C
/ Fig.5.6
2

97



2.00e-02
200002
1.800e-02
1.300e-02
1.600e-02
o 1i0fle—2
e 1.400e-02 '
c L 140002
< 1.200e-02
- 1.200e-02
> 1.000e-02
B 1.000e-02
c 8.000e-03
Q R000e-03
S Héoooe-o3
c a.000e-03
o 4.000e-03
= 4.000e=03
~ 2.000e-03
O 2.000c-03
0.000e+00
0.000e-+00
a) Distance: 5Cm b) Distance: 15Cm

Fig.5.4 Effect of distance between anode and cathode on current density at specimen
(cathode)

P | B | 44 20 i
R T | | T | | V111 i s
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Dummy bumps Shield

A Standard B with dummy bumps  C) with shield

Current density (A/lcm?)  Current density (A/cm?2) Current density (A/cm?)

Average = 0.02 Average = 0.016 Average = 0.015
St.deviation = 0.007 St.deviation = 0.002 St.deviation = 0.004
Coeff. variation = 0.364 Coeff. variation =0.110 Coeff. variation = 0.028

Fig.5.5 Distribution of current density at cathode of specimen
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Fig.5.6 Relationship between current density at specimen and position of dummy bump
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Item Result
.I,_,‘..m,,I;],ﬁ'f,","."[ Number of bumps 444
Jiises Ave. of current density 88.6
o e Std. variation 10.4
) 1 {4 utt? W el
V Max. value 100.2
Min. value without plating
T o Range without plating

a) Before improvement (without dummy bumps)

Item Result
Number of bumps 444
Ave. of current density 88.5
Std. variation 2.8
Max. value 94.6
Min. value 83.2
Range 11.4

b) After improverment (with dummy bumps)

Fig.5.7 Distribution of measured bump’s height (unit: mm)
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