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Abstract: Copper electrodeposition is the primary method for achieving electrical connections in high-
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directly impacts interlayer interconnection and signal transmission stability. Organic additives can
regulate the current distribution on the cathode surface through the adsorption of characteristic functional
groups in regions with higher current densities during metal electrodeposition, thereby enhancing the
leveling and micro-smoothing capabilities of the plating solution. In copper electrodeposition, the
nitrogen-nitrogen double bond linked to the benzene ring in azo compounds is considered a crucial
functional group that exerts regulatory effects. Consequently, three azo dyes, namely Direct Yellow 86,
Brilliant Yellow, and Cibacron Brilliant Yellow 3G-P, were selected as additives for copper
electrodeposition. Electrochemical tests and quantum chemical methods were employed to investigate the
chemical properties of these three additives and their mechanisms of action during copper
electrodeposition. Hull cell experiments were conducted to study the effects of these azo dye additives on
the copper metal coating. Furthermore, the impact of the three additives on the plating of through-holes
during copper electrodeposition was analyzed, and the uniformity of plated through-holes was used to
evaluate the throwing power (TP) of the plating solution under the influence of different additives. As a
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result, a TP value of 92.03% was achieved for through-holes with an aspect ratio of 10 : 1.
Keywords: copper electrodeposition; through-holes; azo dye additives; throwing power
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Fig.1 Through-hole plating for test board
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Fig.2 Molecular structures of three azo dyes
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Fig.5 Cyclic voltammetry curves of different additive systems
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from different additive systems
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Fig.9 SEM images of electrodeposited coatings obtained
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from different additive systems
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Fig.10 3D images and roughness of electrodeposited coatings obtained from different additive systems
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