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Abstract In order to obtain the basic data on the optimum conditions of electroforming process for fabricating the

micro wiring pattern for plate type micro-motor core, characteristics of plating bath and properties of deposits were

studied with various copper plating baths which contain sulfate, fluoborate, pyrophosphate and cyanide salt,
respectively. Cathodic polarization, throwing power, internal stress, texture and surface morphology of deposits were

observed. Throwing power of plating solution is deeply related to the polarization curves and the values are in the

range of +20~20%. The order of values are as follows-pyrophosphate, cyanide, sulfate and fluoborate bath. Internal

stresses of deposits are tensile in all of the copper plating bath. Thickness of the deposits plated at the center of holes
has the highest value in the pyrophosphate bath and K factor, ratio of height and width of deposit, is 1.44. It was con-
firmed that the pyrophosphate bath was the best one for the electroforming of wire pattern.
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Table 1. Bath composition and operating condition for various copper plating.

Concentration A Temp. CD
i h H Mark
Bath Chemicals (e/) Brightener (c) (A/dm? b ar
thiourea 20
Low conc. CuSO0;, - 5H,0 90 gelatin 0 g/l 30 0.5-10 -0.2 ;?L—
thiourea 0 20
; . g/l SH
High conc. CuSO. - 5H.0 200 gelatin 30 0.5-20 05
Sulfate H.SO. 50 PSA 3 g/l 40 SHB
CU(BFA)Q 450
30 1-40 0. FB
Fluoborate HEF., 30 6
CU2P207 . SHzo 90
K.P.0O, 355
50 1-10 85 PP
Pyrophosphate NH.OH 25
KNO;, 2
75
CuCN
i 0 1-10 13 N
Cyanide NaCN 93 6 C
15
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Fig. 1. Schematic diagram of polarization experiment for copper
plating.
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Fig. 2. Specimen for internal stress test and deformed shape by
stress.
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Fig. 3. Test specimen for through hole plating and test method.
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Fig. 4. Photo masking pattern and growth factor for fine pat-
tern plating
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Table 2. Electrochemical parameters obtained from polarization curves.
Solution Bath Temp. | Agitation/ Overpotential(mV) at CD Diffusion ocp
olutio mark | (¢C) Additive | 1A/dm? | 3A/dm? | 5A/dm? | 10A/dm?] CD(A/dm?) | (mV vs. SCE)
SLS20 | 20 no 125 - N - 27 66/62
SL 20 20 air 115 220 - - 45 66
Low conc. | SL 30 30 air 55 155 220 _ 8 75
sulfate SL 40 40 air 45 130 175 N 9 79
SLB30 | 30 air/ 150 200 | 330 650 6 7
brightener
SHS 20 | 20 1o 60 170 230 500 10 72/67
SH 20 20 air 75 195 260 410 15 74
High conc. | SH 30 30 air 55 130 175 270 20 93
sulfate SH 40 40 air 35 85 130 215 30 89
SHB30 | 30 air/ 140 250 270 400 18 82
brightener
Fluoborate | FB 30 30 air 45 65 90 150 - 244/236
Pyrophosphate} PP 50 50 air 570 800 950 1290 - -252
Cyanide | CN 60 60 air 450 820 900 1000 Z 934/946
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Fig. 5. Cathodic polarization curves obtained from various cop-
per plating baths. (1) SL30 (2) SH30 (3) SHB30 (4) PP50 (5)
FB30 (6) CN60
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‘Table 3. Throwing power of low concentration copper sulfate bath from Hull cell test.

. current density throwing power
thickness .
ratio (%)
distance(cm) 1 2 3 4 5 6 7 8 9 Py P P2, Ter Tis | Tao
a 2251150 1231 9.1 7.3 5.8 46 3.7 2.9 2.3 44 9.6 152 | 176 | 338
b 227 | 157 | 123 | 95 73 | 60 | 48 | 36 | 29 Metal AVERAGE Tp(%)
ratio
20. 15. 12. 9.3 . 5. 4. K . 22.
average 0.8 | 153 3 73 8 7136 | 29 19 34 | 53 2.2
Table 4. Throwing power calculated from Hull cell tests.
Applied Plating Throwing
Solution Mark T(eu:\)p. Current time Power Avera(g;)Value
(A) (min) (%) 0
1 15 22.2
Low conc. sulfate SL 30 30 1 5 34 12.8 12.8
Low conc. sulfate 1 15 -13.1 -13.1
0 -14.
(Brightener) SLB 3 30 3 5 -15.0 -15.0 0
High conc. sulfat SH 30 30 ! 15 -1 2.3 -23
igh conc. sulfate ] 5 35 . .
High conc. sulfate 1 15 -19.5 -19.5
- -16.
(Brightener) SHEB 30 30 3 5 -12.9 -129 62
1 15 -244
1 15 -29.7
1 15 -20.2 -254
1 5 -27.4
Fluoborate FB 30 30 ! 2 -21.8
3 5 -19.0 _o1E .
3 5 -23.9 ’
5 3 -156 -185
5 3 -214
1 15 75.7
1 15 15.7
1 15 494 431
Pyrophosphate PP 50 50 1 15 15.7 26.7
1 15 58.8
3 15 10.7
3 5 9.7 102
T
Cyanide CN 60 60 : 247
3 5 23.0 239
3 5 24.9 )

o B4 BAslT SA%e ARBAT FHstE Ao,

=g e} BRRALE
2} ek,
3.2 ZUFEM (Throwing Power) A&
FdAEAL g ARl MR Z} b E F 7 o4
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o] o]5 A& HFH R ZAF Zo)
Wek
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Fig. 6. Primary current density distribution of Hull cell cathode
calculated by some researchers.
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Fig. 7. Variation of internal stress with current density in vari-
ous copper plating bath.
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Table 5. Texture coefficient of copper deposits obtained from various plating baths.

Solution C"”(e:/t dii‘;suy T.C. (111) T.C. (200) T.C (220)

3 0.029 0.026 2945

SL 30 75 0.052 0.050 2.897

15 1.014 0618 1.363

3 0873 0.380 1747

5 0813 1,007 1179

SLB 30 7 0.882 1.016 1170

15 1372 0.805 0.823

3 0.035 0.026 2939

SH 30 23 2.439 0.318 0.244

40 1238 0.834 0928

2 0.757 0546 1.465

10 2141 0.3%6 0535

SHB 30 20 2.688 0.175 0.134

40 2150 0.421 0.430

038 1.034 0517 1.448

CN 60 1.8 0.880 0.402 1.7117

10 0.302 0.226 2.473

I 0024 0.026 2952

FB 30 20 0.024 0.026 2952

40 0.029 0.026 2945

3 2304 0351 0.346

PP 50 65 3.003 0.0003 0.0003

10 3.003 0.0001 0.0003
80 HwslE veld Zlofrl. 3 A/dm?Y AHFEE F oA
o] . . £ A7HAe) Bl ety $o] abd Baske AL

\ Thiourea (3an) . - o [ o
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Concentration of addition agents (gfl)

Fig. 8. Effect of additives on the internal stress of copper plated
in sulfate bath.
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Fig. 9. Variation of texture coefficient with current density in
copper sulfate bath.
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Fig. 10. Variation of texture coefficient with current density in
various copper plating bath.
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(a) without brightener
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Fig. 11. Surface morphology of copper deposits plated in low concentration copper sulfate bath

with various current densities.
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Fig. 12. Surface morphology of copper deposits plated in high concentration copper sulfate bath

with various current densities.
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Fig. 13. Surface morphology of copper deposits plated in fluobo-
rate bath with various current densities.
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Fig. 14. Surface morphology of copper deposits plated in pyro-
phosphate bath with various current densities.
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Fig. 17. Comparison of plating thickness at center of 0.6mm
hole plated in various copper plating bath.

Fig. 15. Surface morphology of copper deposits plated in cya-
nide bath with various current densities.
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Fig. 16. Variation of plating thickness at center of holes with
current density in copper sulfate bath.
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