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Demolding Strength and Demolding Accuracy Based on Surface Energy
and Surface Layer Dislocations of Polycrystalline Cu Changed
by Cr-O-C Passivation Layers

TIAN Zhenqi YANG Guang CHENJu LIBo
(College of Marine Equipment and Mechanical Engineering, Jimei University, Xiamen 361021, China)

Abstract: With the rapid development of new energy and energy-saving technologies, media, and information technology, the
demand for high-end microstructure optical film materials has increased recently. Therefore, the surface roughness and shape position
errors of a microstructure must be less than 10 nm. The electroforming error of the microstructure optical mold is primarily caused by
plastic deformation during electroforming demolding. The Cr-O-C interface formed by the discrete Cr nuclei can assist in demolding.
Because the passivation patterns of Cr, O, and C atom ratios and quantities on the substrate surface and the effect on the substrate
surface layer are not fully understood, we used molecular dynamics methods to deposit discrete Cr, O, and C atoms on a
polycrystalline Cu surface to obtain Cr-O-C passivation layers with different ratios and quantities of Cr, O, and C atoms. The surface
energy of Cu/Cr-O-C was calculated using the classical embedded atom potential and the Lennard—Jones potential. The model utilizes
the embedded atomic potential (EAM) to describe the interactions between Cu-Cu and Ni-Ni atoms, the interatomic interactions of
Cr-Cr use the modified embedded atomic potential (MEAM), and the atomic potentials between Cu-Ni, Cr-Cu, Cr-Ni, O-O, O-Cu,
O-Ni, O-Cr, C-C, C-Cu, C-Ni, C-Cr, and C-O use the classical Lennard—Jones potential. Before performing the calculations, an
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energy minimization command was employed to eliminate any structurally unsound entities during the modeling process. The
relaxation time in the NVT system was 25 ps. The simulation results were subjected to visual analysis using the software OVITO.
Commands, such as the dislocation extraction algorithm (DXA), were used to extract the crystal structure and dislocation changes
from the models. The local crystal structures around the atoms were identified using common neighborhood analysis (CNA). Using a
controlled sedimentation potential, we deposited different numbers of Cr nuclei on the surface of polycrystalline Cu via
electrodeposition. Contact-angle measurements were performed on several Cu surfaces. Meanwhile, 0.5 mm-thick Ni layers were
electrodeposited on Cu surfaces containing different deposition quantities of discrete Cr-O-C nuclei. After electroforming the Ni layer,
the stripping strength of the Cu/Cr-O-C/Ni complex was tested and the surface roughness of the Ni layer was measured using a
confocal laser microscope. The calculated results showed that different ratios of Cr, O, and C atoms significantly reduced the surface
energy of polycrystalline Cu. The surface energy of polycrystalline Cu tended to decrease as the number of atoms increased, and the
Cr, O, and C atoms also increased the dislocation density of the polycrystalline Cu surface layer. The newly added dislocations were
dominated by Shockley dislocations, and the dislocation density exhibited extreme values for a certain number of deposited atoms.
The conclusion that Cr, O, and C atoms reduced the surface energy of polycrystalline Cu was confirmed using contact angle tests. The
results of the electrodeposition demolding strength and demolding surface roughness tests showed that they decreased with an
increase in the number of deposited atoms. Therefore, surface modification of the original mold can reduce the plastic deformation
during demolding, which is closely related to the control of the interface bonding strength. These results provide a possible
explanation for the use of discrete Cr-O-C interfaces to assist in the interpretation of precision electroforming demolding. The bonding
strength between the polycrystalline Cu substrate and the electroformed Ni layer involves several physical and chemical factors, and
molecular dynamics methods enable us to understand the mechanism by which the anti-adhesion layer regulates the bonding force.
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Table 1 Electrodeposition parameters

Specimen Sedimentation potential / V Deposition time / s
1 -1.1 2
2 -1.2 2
3 -13 2
4 -1.4 2
5 -1.5 2
Ni layer 0.9-1.2 12 600
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Table 2 Lennard-Jones potential parameters

[21-24]

Parameter Cr-Cu 0O-Cu O-Cr C-C C-Cu C-Cr C-0
D/eV 0.4537 0.064 1 0.071 4 0.014 1 0.004 6 0.006 8 0.048 0 0.006 8
al A 23370 2.8462 2.8536 3.4617 3.8512 3.0019 3.001 8 3.6502

Note: D—Depth of the potential well, a—Distance between atoms when the potential is zero.
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