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Study on Ductile Machining Technology for Manufacturing Nano-Patterns on Single
Crystal Silicon through Quantitative Analysis of Thrust Force
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Lithography techniques are generally used to manufacture nano-patterns on silicon, however, it is
difficult to make a V-shaped pattern using these techniques. Although silicon is a brittle material, it
can be treated as a ductile material if mechanically machined at extremely low force scale. The
manufacturing technique of nano-patterns on single crystal silicon using a mechanical method
was developed in this study. First, the linear pattern was machined on the silicon with increasing
thrust force. Then, the correlation between measured cutting force and machined pattern was
analyzed. Based on the analysis, the critical thrust force was quantitatively determined, and then
the silicon was machined at a force lower than the critical thrust force. The machined pattern was
observed using SEM and AFM to check for the occurrence of brittle fractures. Finally, the sharp
V-shaped nano-pattern was manufactured on the single crystal silicon.
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Fig. 1 Nano scratch tester for nano machining

Table 1 Details of experimental conditions

Machine Nano scratch tester
(Anton Paar Inc.)
Workpiece (100) Single crystal silicon
. 90° conical
Cutting tool single crystal diamond tool
Cutting direction [100]
Cutting length Imm
Cutting speed Imm/min
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Fig. 2 Machined pattern on the silicon by increasing the thrust force from 0 to 60mN (A: ductile-brittle transition zone,

B: brittle fracture zone)
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Fig. 3 Variation of (a) thrust force and (b) cutting force
versus lateral displacement when machining the
silicon as increasing thrust force from 0 to 60mN
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Fig. 4 Ductile-Brittle transition zone when machining
the silicon as increasing the thrust force from 0 to
60mN
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Fig. 6 SEM image of silicon when machining the
silicon with 85% of critical thrust force at
constant method
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Fig. 7 Variation of cutting force versus lateral displacement

when machining the silicon with 55% of critical
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Fig. 8 (a) SEM image and (b) AFM image of silicon
when machining the silicon with 55% of critical
thrust force at constant method
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