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Copper electroplating of high-aspect-ratio through-silicon vias: suppressor selection and process window
LIU Cui, LIU Leyan, CHEN Shanyi, HONG Jiekai, ZHAO Xiang, JIANG Yuxin, LUO Jiye *

School of Chemical Engineering and Light Industry, Guangdong University of Technology, Guangzhou 510006, China

Abstract: [Objective] To address the issue of void defects in the electroplating filling of through-silicon vias (TSVs)
with high-aspect-ratio, efficient suppressors suitable for copper interconnect processes were screened. [Method] The
inhibition capabilities of four suppressors, namely polyethylene glycol 20000 (PEG 20000), ethylene oxide/propylene
oxide block copolymers (PE6400 and 17R4), and polyoxyethylene—polyoxypropylene monobutyl ether (S0HB-260),
on copper electrodeposition were compared by cyclic voltammetry and verified through TSV filling experiments. The
effects of current density and convection intensity on TSV filling effectiveness were studied to determine a suitable
process window. [Result] PEG 20000 achieved void-free and seam-free TSV filling within a concentration range of 100 to
200 mg/L. It exhibited good adaptability to convection intensity, enabling defect-free filling under stirring rates no less
than 1 L/min. When electroplating was performed using a multi-step current density sequence of “ 0.1 A/dm? —
0.2 A/dm?> — 0.3 A/dm?> — 0.4 A/dm?”, the adsorption distribution of the suppressor in TSV was effectively controlled,
achieving bottom-up superfilling. [Conclusion] PEG 20000 is an efficient and stable suppressor with a wide process
window for TSV electroplating.
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Table 1 Reagents for experiment
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Table 2 Molecular structures and molecular weights of different inhibitors
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Table 3 Parameters of multi-step current density

B Ex R E/ (A-dm™) B[]/ s
1 0.1 406
2 0.2 270
3 0.3 225
4 0.4 245
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Figure 1 Cyclic voltammograms for electrodeposition of copper in baths with different suppressors
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Figure 2 Effects of mass fractions of different suppressors on their inhibition effectiveness for copper electrodeposition
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Figure 3 Electroplating effectiveness of TSVs when using different suppressors
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Figure 4 Electroplating efficiency of TSVs at different convection conditions
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Figure 5 Electroplating efficiency of TSVs at different current densities
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