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Figure 1 Trend chart showing production capacity and output of electrolytic copper foil in China from 2010 to 2020 (color on line)
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Figure 2 Electrodeposited copper foil production flow chart

(color on line)
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Figure 3 Schematic diagram of production of electrodeposit-

ed raw copper foil (color on line)

Cu+%02+HZSO4:Cu2++H20+SO‘21. (1)
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Figure 4 Photographs of electrodeposited copper raw foil ma-

chine (left) and Ti drum cathode (right) (color on line)
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Figure 5 Photograph of electrodeposited copper foil (color on

line)
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Table 1 Comparison of operating parameters in electrodeposited copper foil and conventional electrolytic copper productions*

Main operational parameter

Electrodeposited copper foil

General acid copper electroplating

Concentration of inorganics
Cu*(g-L")/H,SO,(g-L") /Cl(mg-L")

Additives
Temperature (°C) 55~80
Current density (A -dm?) 35~130

65~100/90 ~ 140/ 40

Natural reagent: collagen, gelatin, etc.

15~50/50~250/60

Artificial reagent: PEG, SPS,JGB, etc.
18 ~30
1~3
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Table 2 Microstructural analyses of electronic electroplating copper, electronic circuit copper foil, and lithium battery copper foil

Dominant crystal plane

Type Reference Average grain size orientation Analysis
1. The copper foil with
Acid electroplating 15 ~40 nm; excellent mechanical pro-
copper [44], [45] >1pum Mostly (111) crystal plane perties has no absolute co-
rrelation with the orienta-
tion of the dominant crys-
tal plane. Different domin-
Electronic circuit [11],33], minant crystal planes can
copper foil [46] 0.57~0.97 pm (220), (11D obtain high tensile streng-
th (> 400 MPa) and elong-
ation (> 4.0%).
2. Small grain size (tens
Lithium batte [47], [48], 01f nan(')meterS) h‘? S hli)gh
attery [11],[49], 35nm~ 14 wm (200), (220), (111) elongation (> 5.0%), but
copper foil 501, [32] large grains can also ob-

tain copper foil with high
elongation.

50 um
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Figure 6 The surface topographic images of electronic circuit copper foil (A)PY, cross-section of electronic electroplating copper

(B)™, and surface of lithium battery copper foil (C)* (color on line)
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Figure 7 XRD patterns of bright and non-bright copper depo-

sitions® (color on line)
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Table 3 Grain size (nm) of different crystal planes of bright

and non-bright depositions corresponding to which in Figure 757

Crystal plane Bright coating ~ Non-bright coating
Cu (111) 332 628
Cu (200) 223 473
Cu (220) 230 876
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B 8 LRI SEM [K1(A) , (B) (A) EIHEIX 5000 f#CK, (C)TEM &1, (D)XRD [ ;GB: it 5, TB: 2R i 7
Figure 8 The cross-sectional SEM images (A), and 5000 times magnification of the selected area, (C) TEM image (GB: grain bound-

ary, TB: twin grain boundary), and (D) XRD image of the electrodeposited copper foil”.
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B 9 Cu/CNTs E-44i% EBSD: (A) IPF Rk, (B) Fi4h s

(color on line)
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Figure 9 The EBSD images of Cu/CNTs composite copper foil: (A) IPF inverse pole figure, (B) image of recrystallized structure”.
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Microstructure of Electrodeposited Copper Foil:
Discussion on the Mechanism Model of
Three-Dimensional Electrocrystallization

Ren-Zhi Liu", Ping-Ling Xie?, Chong Wang>"
(1. Wuhan Fengfan Electrochemical technology Co., Ltd., Wuhan 430000, Hubei, China; 2. School of
Materials and Energy, University of Electronic Science and technology of China, Chengdu 610054,
Sichuan, China; 3. Jiangxi Institute of electronic circuits, Shangli 337009, Jiangxi, China )

Abstract: The manufacturing of electrolytic copper foil has attracted more and more attention with the extensive applications of
printed circuit board and lithium battery. The industrial scale is still extending. Compared with the developments of electroplating e-
quipment and electroplating process, there is limited research on the mechanism of electrodeposition. This paper summarizes the
manufacturing process of electrodeposited copper foil and analyzes the differences of various electroplating parameters in different
electrodeposited copper technologies, and points out the important role of electrodeposition current density in the formation of cop-
per foil. By showing and comparing the microstructures of different electrodeposited copper foils, the influences of various factors
in electrodeposition on the microstructures of copper foils and the corresponding macroscopic mechanical properties are discussed.
From previous research results, it is found that the electrodeposition conditions and the composition of the plating solution have a
significant impact on the microstructure and morphology of the copper foil, as well as the macroscopic mechanical properties. It is
difficult to establish an effective relationship between the microstructures such as crystallite size and plane and the mechanical prop-
erties, which brings great challenge to the theoretical framework of the macro-mechanical properties of copper foils by using the mi-
crostructure of the coating as a bridge to establish electrodeposition conditions. Much effort has been tried to solve this problem by
studying the mechanism of copper foil electrodeposition. The classical metal electrodeposition theory reveals that increasing the
overpotential can increase the number of instantaneous nucleation and reduce the average grain size, however, it cannot explain the
preferred orientation in crystallization. Watanabe found the similarity between electrodeposition and metallurgy, and believed that
the microstructure of electrodeposited metal is related to the melting point of the metal, but this “microstructure control” theory still
has some defects, such as the inability to explain the refining effect of additives on grains, etc. The author suggests that the relation-
ship between the electrodeposition mechanism and the macroscopic properties of copper foil can be reshaped from the perspectives

of valence bond and energy band theory. Influence of the macroscopic properties of copper foil can then be discussed.

Key words: over-potential; current density; electronic copper foil; microstructure; physical property
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