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Effect of Current Density on Quality of Electroformed
Mold Inserts with Micro/Nano-cavities
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Abstract: Based on the COMSOL Multiphysics software, the electric field distribution and the growth
front of electroformed layer on the cathode surface were simulated during the electroforming process.
The simulation results show that the uniformity of electroformed layer with micro/nano-cavities can
be effectively improved with a better replication quality by using a lower initial current density. Both
nano-diaphragm and nanopillar array are selected as masters for the electroforming experiments.
When the initial current density decreases from 4A/dm* to 1A/dm?*, the maximum deviation of charac-
teristic width between the nano-diaphragm master and mold inserts dramatically decreases from 60nm
to £20nm. By setting proper current density and enhancing mass transfer near the cathode surface,
the characteristic diameter dimension error of electroformed mold inserts for nanopillar array decreases
from 6.27% to 2.49%. The replication quality of electroformed mold inserts with micro/nano-cavities
can be significantly improved by these methods.

Key words: micro/nano structure;electroforming;current density;mold insert
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Fig. 2 Electrical potential distribution of the electroforming

system for micro/nano-cavities
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Table 2 Major ingredients and content of the
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Fig. 6 Micro-morphologies(1) and measuring points distribution(2) of electroforming masters with micro/nano-cavities

(a)nano-diaphragm; (b) nanopillar array
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Table 3

mold inserts for nanopillar array
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Characteristic diameter dimensions of master and electroformed mold inserts for nanopillar array

Maximum value/

Nanopillar array substrate

Minimum value/ Mean value/ Standard deviation/ Annotation

nm nm nm nm error/ %
Master 363.07 338.75 353.73 8. 27 2.34
Electroformed mold insert(Or/min,4A/dm?) 318.02 261. 36 291. 65 18. 29 6.27
Electroformed mold insert(200r/min,1A/dm?) 356.78 331.05 344. 40 8.56 2.49
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