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Surface modification of Cu with organic acid vapors
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Abstract

Due to the excellent electrical and thermal conductivities, as well as superior ductility
and manufacturability, copper has been widely used as interconnect materials.
However, copper still possesses a notorious drawback of easy oxidation. Using
carboxylic acid vapors, this study develops a vapor phase method for cleaning copper
surface. Compared with commercial processes such as electro-polishing, chemical
mechanical polishing and etching treatment by acid solution or plasma, the proposed
process has great potential because neither wet process nor high vacuum are needed.
According to the UV-visible spectra, Cu(OH),, CuO and Cu,O can be detected on the
surface of as-received copper foils stored at ambient. The intensity of copper oxides
could be significantly reduced subjected to electro-polishing, citric acid solution and
carboxylic acid vapors respectively. On the other hand, Cu(OH), is not easy to
removed by the above treatments. The ability for surface cleaning of carboxylic acid
vapors is slightly inferior to electro-polishing and citric acid. However, carboxylic
acid vapors can help to clean the residual phosphor on electro-polished surface.
Unlike the two wet treatments, cleaning by carboxylic acid vapors doesn’t affect the
surface roughness. It implies that different mechanisms for removing copper oxides
work.
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Table 1 Designation of the samples
NT Non treatment ( 3 /& I )

NTF Non treatment & Formic acid ( ¥ & /& 12 )

CA Citric acid (45 45 8% & 12)

CAF Citric acid & Formic acid (#5475 & 45 4% 'F 8% i 12
EP Electro-polishing ( & &%t )

BPE Electro-polishing & Formic acid
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Fig.1 UV-vis spectra of the Cu surfaces subjected to different surface treatments
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Fig.2 UV-vis spectra of the NT specimen and corresponding Gauss fitting
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Fig.3 The absorption of structural phases on the surface subjected to various
treatments
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Fig.4 The absorption at 500 nm and roughness of the surfaces subjected to different
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Fig.5 XPS spectra of the NT specimens and fitting: (a)C1s (b)Cu2p (c)O1s
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Fig.6 XPS spectra of the CAF specimens and fitting: (a)C1s (b)Cu2p (c)O1s
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