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Study on Electrodeposition Process of Copper in Micro-grooves and Its
Influencing Factors
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Abstract: The best way to optimize copper wiring manufacturing technology of integrated circuit chips
would be to remedy copper filling without cavity and gap defects in micro-grooves. The electrodeposi-
tion of copper in fine grooves on copper-plated silicon wafers is carried out with acid copper plating pro-
cess. According to orthogonal experiment and single factor experiment, the influence order and mecha-
nism of important factors in electrodeposition process were analyzed. The results show that the filling
rate of the groove can be improved by increasing the value of each influencing factor. The filling speed
of the groove can be improved by increasing the current density and the concentration of accelerator,
while the filling rate can be reduced by increasing the plating time, the concentration of leveling agent
and the excessive concentration of accelerator.
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Fig.1 Groove section diagram of silicon wafer with seed

layer and barrier layer
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Table 1 Table of influencing factors and levels
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Table 2 Orthogonal test programme and results analysis

R K& W | DURLE AR/
8= A B C D /% (um-h™)
1 1 1 1 1 75.26 7.25
2 1 2 2 2 93.33 19.50
3 1 3 3 3 92.00 21.67
4 2 1 2 3 91.14 11.67
5 2 2 3 1 100.00 24.00
6 2 3 1 2 85.80 7.50
7 3 1 3 2 | 100.00 21.00
8 3 2 1 3 87.28 7.16
9 3 3 2 1 95.10 12.00
K1 [260.59 | 266.40 | 248.34 | 27036 | — —
K2 [276.94|280.61(279.57|279.13| — —
K3 [282.38(272.90(292.00 | 270.42| — —
k1 | 86.86 | 88.80 | 82.78 | 90.12 | — —
k2 | 9231 | 93.54 | 93.19 | 93.04 | — —
K3 | 94.13 | 90.97 | 97.33 | 90.14 | — —
R | 726 | 474 | 1455 | 2.92 — —
K1' | 48.42 | 39.92 | 21.91 | 4325 | — —
K2' | 43.17 | 50.66 | 43.17 | 48.00 | — —
K3' | 40.16 | 41.17 | 66.67 | 40.50 | — —
KI' | 16.14 | 1331 | 730 | 1442 | — —
K2' | 1439 | 16.89 | 1439 | 16.00 | — —
K3 | 1339 | 13.72 | 2222 | 1350 | — —
R | 270 | 320 | 1490 | 2.50 — —
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Fig. 5 Effect of electroplating time on filling rate and fill-
ing speed
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