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Figure 1 Structure of interconnects in a multi-layer printed circuit board includeing through holes, blind vias and lines®. (color on

line)
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Table 1 Components and their functions in acid sulfate copper plating bath
Component Chemical Effect Concentration
Main salt CuSO, Providing Cu® 50 ~250¢g-L?
Electrolyte H,SO, Improving conductivity and maintain acidity =~ 30 ~250g-L™
Halide ion Cl,Br,I The electronic bridge of Cu? reduction 30~80mg-L*
Accelerator SPS,MPS et al Depolarization and brightening 0.3~10mg-L*

suppressor PEG,EQ/PO et al polarization, grain refiner 100 ~ 2000 mg-L*
Leveler N-containing organic compounds Improving TP of the bath 1~100mg-L*
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Figure 2 (A) Name and structure of the common additives, (B) the polarization/depolarization curves obtained by galvanostatic in-
jection method, (C) polarization curves of JGB with different RDE rotating speeds.™
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Figure 3 Schematic diagrams showing the surface profile growth of via filling (A) and through hole (B) conformal plating!6*”

(color on line)
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Figure 4 (A) CAD of a Haring cell and through hole test board, (B) multiphysical analysis of the flow field in the Haring cell and

the hole, (C) the current distribution in the through hole and (D) the cross-section of a plated through hole®® (color on line)
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adsorption concentration difference, (B) the micrographs showing cross-sections of via filling of various vias®® (color on line)
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Figure 9 (A) Schematic diagram of SPS+EO/PO pre-adsorption method and (B) super filling in high aspect ratio trenches™®
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Figure 10 (A) Molecular structure and chemical reaction formula of poly-1-vinylimidazole co 1,4-butanediol diglycidyl ether, the
experimental details of galvanostatic injection with RDE rotating speed of 1500 r-min? (B) and 100 r-min* (C). Cross-sections of
through holes obtained by electroplating in a plating solution not containing VIBDGE (D) and containing 10 mg-L* VIBDGE
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Figure 11 (A) Molecular orbital energy diagrams of five N-containing heterocyclic levelers, and (B) electroplating effects of syn-

thetic additives at different current densities’? (color on line)
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Research and Application of Copper Electroplating in
Interconnection of Printed Circuit Board

Chong Wang", Chuan Peng*, Jing Xiang", Yuan-Ming Chen*?,
Wei He*¥, Xin-Hong Su?, Yu-Yao Luc®
(1. School of Materials and Energy, University of Electronic Science and technology of China, Chengdu
610054, Sichuan, China; 2. Engineering Research Center of New Energy Storage Devices and Application,
Chongging University of Art and Science, Chongging 402160, China; 3. Zhuhai Founder Tech.
Hi-Density Electronic Co., Ltd. & Zhuhai Founder Tech. Multilayer Circuit Board Co., Lid,
Zhuhai 519175, Guangdong, China)

Abstract: Copper electroplating is the key technology for manufacturing of integrated circuit, packaging substrate, printed cir-
cuit board, and other electronic interconnection components. However, the electrochemistry and mechanism of deposition growth
have not been fully elucidated, and the development of additives and bath maintenance are inseparable from a large number of ex-
periments. This article reviews recent fundamental research and application progress in copper electroplating for printed circuit
board industry, and these works are mainly dedicated by the research group of Printed Circuit and Printed Electronics from Univer-
sity of Electronic Science and Technology of China. First of all, a brief history of copper plating in printed circuit board is given.
Then, modeling and simulation studies are introduced. A multi-physics coupling model is built on the basis of an electroplating
bath, and an additive related parameter is introduced into the model to connect the convection intensity and the voltammetric re-
sponse of the electrolyte. Base on tertiary current distribution, a relational model with the growth process of cathode surface related
to micro-scale hole structure, plating current, convection intensity, additives etc., is obtained. Some applications using the above
model are presented successively. By simplifying this model, a fast electrochemical evaluation method is developed to screen leveler
candidates. Two dependent indicators, polarization overpotential of leveler injection (An) and deposition potential difference with
low and high convection (AE¥), are introduced, and the chemical having both high An and AEr may be an appropriate leveler. Fix the
parameters of plating conditions and set TP as the index, the additive related parameter, size and structure of micro-scale hole are
varied. It is feasible for a specific copper electroplating application couple to an appropriate additives’ pack. Then, a multi-physics
modeling helping to optimize plating parameters of fine circuit pattern plating to meet the requirement of high thickness uniformity
over the whole board has been demonstrated. Secondly, the mechanism of competitive adsorption of the organic additives has been
discussed from the electrochemical results. The adsorption amount of the accelerator is independent of solution convection, but it
shows dependency on the suppressor, and the adsorption strength of the accelerator is weaker than that of the suppressor. From that,
a fast via-filling process is developed. Molecules of accelerator are selectively replaced from board surface but remained on via bot-
tom by a mass-transport controlled pre-dip step of oxidant or suppressor, and the plating time of via filling is significantly shortened.
Thirdly, the structure-electrochemistry relationship of series nitrogen heterocyclic oligomers is studied, and applications of the lev-
elers and redox additive are discussed. Finally, a prospect on the research and application of copper electroplating has been made.

Key words: copper electroplating; electronic interconnection; super-filling; multi-physics coupling; organic additives; competi-
tive adsorption
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