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Relation between Density of Grown Grains in Copper
Plating and Cyclic Stress

Yoshio IMAMURA

Sennosuke SATO*and Naoto HIRAOQ**

Abstract — When a copper plated specimen is subjected to cyclic stress, grown grains

appear in the plating zone. In this study, the relation between the density of appeared grown

grains and the stress amplitude has been examined. The result showed that relation between

the grown grains density x and stress amplitude ¢ was expressible by the equation, x=A+B-

In(1,/x—1),

where A and B are constants determined by the number of stress cycles

and plating solution. Thus, when the coefficients A and B are obtained in advance for

the plating solution to be used, the stress at the measuring portion can be found from the

above equation by measuring the density of appeared grown grains at the portion.
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Fig. 1 Dimensions of standard spec-
imen for rotary bending.
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preliminal
composition (g) | Cutn 23 | CuS0, SH,0 250
in Na,C0; 10 H2S04 80
H.0 1000cc NaCR 30
current (A/ni?) 6 300
voltage (V) 0.35 0.5
temperature (°c) 30 23
time {Min) 20 15

Table I Composition of plating
solution and plating
conditions.
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density «(%)
interval(mm) | Ne1.5x10° | n=2.0x10°
10 1.0 84.4
2 8 1.4 86.1
0=20{kg/mm") 6 1.1 84.6
(20°c) 4 1.3 84.1
2 1.0 84.0
1 1.0 83.9
10 2.6 20.3
2 8 2.1 18.4
0=20(kg/mm") 6 1.8 18.0
(50°C) 4 1.9 17.9
2 1.9 17.9
1 1.9 17.9
N:Number of stress cycles
,:Cyclic stress
Table 2 Effect of division inter-

val on mesured value of the
grown grains density.
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Fig. 3 Occurence of grown grains (N=
3 %108, T=20C).
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Fig. 4 Occurence of grown grains (N=
3 x10¢, T=60C).
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Fig. 5 Relation between density of

grown grains and stress

amplitude (T=20°C).
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Fig. 6 Relation between density of
grown grains and stress
amplitude (T=40C).
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Fig. 7 Relation between density of

grown grains and stress
amplitude (T=60°C).
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Fig. 8 Relation between density of
grown grains and stress
amplitude (T=70C).
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Fig. 9 Relation between In(1/x—1)
and stress amplitude (T=20"C).
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Fig.10 Relation between n(1./x—1)
and stress amplitude (T=40C).

tn(1/x-1)

O - N W3
T

| -0- N=0.7923 =108

| ~@-N=1.4923»10°

-A-N=1.9923.10°

| —a- N=304 34 «10°

-0 N=407 75 x10° ‘

i I 6 18 19 20
O (kgf/mm?)

L

b

&

Fig.ll Relation between In(l1,/x—1)
and stress amplitude (T=60"C).
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Fig.12 Relation between In(1./x—1)
and stress amplitude (T=707C).
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Table 3 Coefficients A and B.

N 1.5x106 4.0x106
T A -B A -8
20°C 2414 0.715 10.95 0.546
50°C 22.08 0.685 15,05 0.565
| 70%C 18.83 0.730 15.45 0.571
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Fig.13 Relation between loglin {1/
(1—-x)}] and logN(T=40°C).
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Fig.14 Relation between loglin {1.”
(1—x)}] and logN(T=60C).
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