=27 A7 3 A, A1948, A11ZE, pp. 23~28(2020.11) ISSN 1598-6721(Print)
Journal of the Korean Society of Manufacturing Process Engineers, Vol. 19, No. 11, pp. 23~28(2020.11) ISSN 2288-0771(Online)

https://doi.org/10.14775/ksmpe.2020.19.11.023
Lhr A HATIBoIMO| BIHARE Hat 2 2ol By

AHojg, dAlE, M2

Analysis of Variation of Specific Cutting Resistance
in Nanoscale Cutting

Ye-Pil Kwon®, Si-Hoon Kim®, Eun-chae Jeon™
“School of Materials Science and Engineering, University of Ulsan
(Received 31 May 2020; received in revised form 17 August 2020; accepted 18 August 2020)

ABSTRACT

In general, lithography techniques are applied when machining single-crystal silicon in nanoscale
applications; however, these techniques involve low degrees of freedom for the vertical shapes. By applying
mechanical techniques to machine silicon, nanopatterns having various types of vertical shapes can be
manufactured. In this study, we determined the ductile-brittle machining transition point and analyzed the
variation of the specific cutting resistance within the ductile machining region in nanoscale applications. When
brittle fracture occurred during the nanoscale cutting, the depth of cut and cutting force increased and
decreased rapidly, respectively. The first point of rapid increase in the depth of cut was defined as the
ductile-brittle machining point. Subsequently, the shape of the machining tool was observed using a scanning
electron microscope to calibrate the machining area, considering the tip blunting. The specific cutting
resistance decreased continuously and converged to a certain value during the nanoscale cutting. The decrease
and convergence in the value can be attributed to the decrease in the ratio of the arc length to the area of
the machining tool and silicon.
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Fig. 4 The cross-sectional area of a tool that is in
contact with the machined surface during

machining
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