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Electrodeposition of Cu on copper electrode in presence of
additive C1 -BSP-RPE
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Abstract: The copper electrodepositions on copper electrode in the solutions containing 320 g/L CuSO45H,0 and 110
g/L H,SO, with CI', BSP, RPE alone or combination at 50 were studied by linear sweep voltammetry, cyclic
voltammetry and chronoamperometry. The morphology and structure of electrolytic copper foil with additive free and 30
mg/L Cl' +5 mg/L BSP+5 mg/L RPE were characterized by SEM and XRD. The results show that CI and BSP have
depolarization effect in the electrodeposition process, but the polarization effect of RPE increases with the increase of
RPE concentration. BSP can increase the nuclear number density, but reduce the diffusion coefficient of Cu ion. 30 mg/L
CI' +5 mg/L BSP+5 mg/L RPE can increase the apparent transfer coefficient and diffusion coefficient, and speed up the
copper electrodeposition process. At beginning, the electrodeposition process follows the instantaneous nucleation
approximately, and then changes to the progressive nucleation with increasing time, but the process would deviate from
the theoretical model after longer nucleation time with CI', RPE, 30 mg/L CI +5 mg/L BSP+5 mg/L RPE. It will always
follow the instantaneous nucleation in the presence of BSP. Bright leveling electrolytic copper foil can be got at high
speed with 30 mg/L ClI +5 mg/L BSP+5 mg/L RPE at 50 in the concentrated acid copper sulfate solutions. The

resulting copper coating has an orientation along (111) crystal plane.
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Fig. 1 Linear sweep voltammetry curves for deposition of copper on copper electrode in solutions with different concentrations of

additives: (a) Cl'; (b) BSP; (c¢) RPE; (d) 30 mg/L C1 +5 mg/L BSP+5 mg/L RPE
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Fig. 2 Cyclic voltammetry curves for deposition of copper on copper electrode in solutions containing different concentrations of
additives: (a) Cl ; (b) BSP; (¢) RPE; (d) 30 mg/L Cl +5 mg/L BSP+5 mg/L RPE
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Fig. 3 CTTs in acid cupric sulphate electrolyte at different CI” concentrations and —0.5 V (a) and corresponding non-dimensional
(I)* ity plots (b)
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Table 1 Nuclear number density N and diffusion coefficient D of copper electrocrystallization on copper electrode in presence of

Cl
Nuclear number density, N /(10* cm™2) Diffusion coefficient, D /(10 cm*s ™)
Additive free 30 mg/L CI” 60 mg/L CI Additive free 30 mg/L ClI 60 mg/L ClI
2.069 1.996 0.998 2.696 2.099 3.404
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Fig. 4 CTTs in acid cupric sulphate electrolyte at different BSP concentrations and —0.5 V (a) and corresponding non-dimensional

(W) tlty plots (b)
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Table 2 Nuclear number density N and diffusion coefficient D of copper electrocrystallization on copper electrode in presence of
BSP

Nuclear number density, N/(10* cm 2 Diffusion coefficient, D/(10* cm®s ™)
Additive free 2 mg/L BSP 5 mg/L BSP 8 mg/L BSP Additive free 2mg/LBSP  5mg/LBSP 8 mg/L BSP
2.069 1.568 3.230 6.251 2.696 2.727 2.229 0.571
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Fig. 5 CTTs in acid cupric sulphate electrolyte at different RPE concentrations and —0.5 V (a) and corresponding non-dimensional
(WI)*  tlty plots (b)
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Table 3 Nuclear number density N and diffusion coefficient D of copper electrocrystallization on copper electrode in presence of
RPE

Nuclear number density, N/(10* cm ) Diffusion coefficient, D/(10 * cm*s ™)
Additive free 2mg/LRPE ~ 5mg/LRPE 10 mg/L RPE Additive free 2mg/LRPE  5mg/LRPE 10 mg/L RPE
2.696 1.216 1.301 1.159 2.696 2.794 3.012 2.743
@ = — Additive free Lol ® o,
0.3k | % * — 30mg/L CI™+5 mg/L BSP+ /.
: [ 5mg/L RPE o/ [\ e
I \b 0.8 : {\ Instantaneous
| *' . \-\\ /
' o 0.6f | N .
| € \ ~
<-0.02 . S . N
qll‘ 0.4¢ Progressive o - )
\\:. L - .
" o2r 7/ . .
—0.01+ b | | m—Additive free e
. l‘l.“ ) «—30mg/L CI'+5 mg/L BSP+
rressssseaseaiiilill O /  SmgLRPE
0 ] 2 3 4 5 T 0 i 2 5 4 5
tl's it
6 —-0.5V CI'-BSP-RPE CTTs (a) WL tty (b
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Table 4 Nuclear number density N and diffusion coefficient D of copper electrocrystallization on copper electrode in presence of

Cl -BSP-RPE

Nuclear number density, N/(10* cm™2) Diffusion coefficient, D/(10™* cm?s ")
Additive free 30 mg/L CI + 5 mg/L BSP+ 5 mg/L RPE Additive free 30 mg/L CI + 5 mg/L BSP+ 5 mg/L RPE
2.069 1.279 2.696 3.107
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Fig. 8 XRD patterns of different electrodeposits: (a) Additive
free; (b) 30 mg/L C1'+5 mg/L BSP+5 mg/L RPE
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Table 5 XRD results of Cu electrodeposits corresponding to
Fig. 8
Additive hkl TC(hkl)/%
111 15.8
200 12.6
Free
7 50 500 mA/cm’ 220 49:5
SEM 311 22.1
Fig. 7 SEM images of copper electrodeposits with different e 26.7
additives at temperature of 50  and current density of 500 30 mg/L CI +5 mg/L 200 299
2 . _ BSP+5 mg/L RPE 220 23.0
mA/cm”: (a) Additive free; (b) 30 mg/L CI +5 mg/L BSP+5
311 20.4

mg/L RPE
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