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Abstract

The effect of organic additives, thiourea (TU), on the copper electroplated layer of large rectangular size
was investigated through physical and various electrochemical techniques. It was found that TU had strong
adsorption characteristics on the Ni substrate and affected the initial electroplating process by inducing surface
reaction instead of mass transfer in the bulk solution. TU additives had its critical micelle concentration at
200 ppm in copper sulphate solution and showed abrupt change in morphological and electrochemical imped-
ance spectroscopic results around this concentration, which could be related with the destruction of adsorption
structure of TU-Cu(I) complex formed at the Ni substrate surface. By conducting a commercial electroplating
simulation, when TU additives was included at cmc in the plating solution, it acted as a depolarizer for
copper electrodeposition and was effective to reduce the unevenness of copper deposits between centre and

edge region at high current densities of 10 ASD.
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Fig. 1. Potentiodynamic polarization curves at Ni

substrate at 20 mV/s in solution containing
0.26 M CuSO,, 2.0 M H,S0O,, 50 ppm HCI and

TU 0~300 ppm.
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Fig. 2. Open circuit potential transition for different
amount of TU additives in aqueous solution
composed of 0.26 M CuSO,, 2.0 M H,SO, and
50 ppm HCI.
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Fig. 3. Plot of frequency change vs. potential during
cyclic voltammetry in aqueous solution containing
0.026 M CuSO,, 0.20 M H,SO,, 5 ppm HCI and
TU of (a) 0 ppm, (b) 10 ppm, (c) 20 ppm, (d) 30
ppm; Scan rate is 20 mV/s.
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Fig. 5. SEM micrographs of (upper) surface morphology and

p 20um &,

(lower) cross sectional image of Cu deposits on Ni mesh

patterned substrate by pulsating -640 mA/cm? (1.8 ms) and +160 mA/cm? (4 ms) for 5 minutes in solution
containing 0.26 M CuSQ,, 2.0 M H,SO,, 50 ppm HCI and (a) TU 0 ppm, (b) TU 100 ppm, (c) TU 200 ppm,

(d) TU 300 ppm; Magnification: x5,000.
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Fig. 6. Simulated Cu electrodeposited thickness distribu-
tion formed on the fine patterned Ni substrate
(size: 50 inch in diagonal) (a, c) TU-added Cu
solution and in (b, d) commercial Cu solution at
low current density (3 ASD) and at high current
density (10 ASD) respectively.
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Table 1. Simulated Cu layer thickness electroplated on the fine patterned Ni substrate in TU-added Cu solution and

commercially available Cu solution (Unit: um)
Applied Current Cu Solution Pt. 1 Pt. 2 Pt. 3 Pt. 4 (Max.-Min.)
(A) TU-added 17.6 14.7 16.8 8.6 9.0
3 ASD for Cu solution
20 mi i
i (B) Commercial 155 12.0 14.6 75 8.0
Cu solution
(C) TU-added 15.6 142 154 10.5 5.1
10 ASD for Cu solution
7 mi i
mn (D) Commercial 18.7 13.8 17.4 9.4 93
Cu solution
BEE AGF Yot o7k e viws) B, EJEUS W, 7P FUEs) B 2330 Aol
TU 77 EY9E Cu =FddME AFE 71 Atk
A RS BF B} Tha Ad wE FR 3008 AL TU A7HI7H Cu m3eel A
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