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A Study on the Fabrication of Sub-Micro Mold for PDMS Replica Molding Process
by Using Hyperfine Mechanochermical Machining Technique
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ABSTRACT

This work presents a simple and cost-effective approach for masklsss fabrication of positive-tons silicon mastsr for the

replica molding of hyperfine elastomeric channel. Positive-tone silicon masters were fabricated by a maskless fabrication

technique uzing the combination of nanoscratch by Nanoindenter® XP and KOH wet etching. Grooves were machined on a

gilicon surface coated with native oxide by ductile-regime nanoscratch, and they were etched in a 20 wit% KOH zolution.

After the KOH etching process, positive-tone structures resulted because of the etch-mask effect of the amorphous oxide

layer generated by nanoscratch. The size and shaps of the positive-tone structures were controlled by varying the stching time
(5,15, 18, 20, 25, 30 min) and the normal loads (1, 5 mN} during nanoscratch. Morsover, the effscts of the Berkovich tip

alignment (0, 45" ) on the deformation behavior and etching characteristic of silicon material were investigated,
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Fig. 1 Tlustration of (a) experimental procedure, (b)
geomeiry of scratch tip and meaning of symbol @
and 0, and (c) symbols for characterizing
morphology of positive-tone structure
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Fig. 2 Si(100) surface after CLS experiments with the
different tip direction {®=0°, 45°).
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Fig. 3 Machined Si(100) surface with the different tip

direction (®=0°, 45°) after 20 wi% KOH etching
for 18 min.
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Fig. 4 The line pattern with the line pitch of 6 pm after 20
wt% KOH etching for 20 min.
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Fig. 5 AFM images of nanoscratched Si(100) surfaces
after 20 wt% KOH wet etching for (a) 0, (b} 5, (c)
20, (d)25, and (&) 30 min.
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Fig. 6 Morphology changes of positive-tone structure with
increasing etching time.
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Fig. 7 SEM images of the scratched Si (100) surface after
20wt% KOH wet etching for (a) 5 min, (b) 25 min.
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Fig. 8 Line pattern with the line pitch of 3 um (a)

scratched under different normal load (1 mN and 5

mN) and (b) after 20 wt% KOH etching for 20 min.
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