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With the start of the 4th industrial revolution such as Al and IoT, the size of the
semiconductor market is growing, and there is an increasing need for research on the
processing of single crystal silicon, a major material in the semiconductor industry. Single
crystal silicon was previously processed using a lithography method, but the lithography
method has a low degree of freedom in cross-sectional shape, which makes it difficult to
fabricate a complex shape, so studies have been conducted to use it as a mechanical
machining method. However, most of the existing studies have determined the ductile
processing limit of single crystal silicon, which is a brittle material, through qualitative
analysis, and even in the case of quantitative analysis, the crystal orientation of single
crystal silicon has not been considered. Since single crystal silicon exhibits different material
properties depending on the crystal direction even on the same crystal plane, errors may
occur in the process of defining the point where brittle fracture occurs if the crystal
direction is not considered. So, in this study, a Nano Scratch Tester was used. Nano Scratch
Tester is generally an equipment that analyzes the adhesion of a thin films, but was used
in this study because it is an equipment that can quantitatively analyze the deformation of
materials with excellent resolution at the nanoscale. (001)/(111) single crystal silicon was
machined in the [100] and [110] crystal directions using a Nano Scratch Tester. (001) single
crystal silicon was machined in the [100], [110] crystal direction, and (111) single crystal
silicon was machined in the [110] crystal direction. Through this, in order to determine the
critical point of ductile machining according to the crystal direction and to analyze the

effect of the crystal direction on plastic deformation during machining, the deformation
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characteristics were analyzed using 'specific cutting resistance’ in the mechanical machining
field.

As a result of qualitative/quantitative analysis of the cutting force and depth of cut
resulting from machining silicon using a nano scratch tester, the transition point at which
ductile machining is performed as shown in the previous research results for all crystal
directions in which the experiment was conducted, and then changes to brittle fracture.
Although present, it was confirmed that there is a difference in cutting force according to
the crystal direction. In addition, as a result of checking the pattern cross-section in all
crystal directions, it was confirmed that a V-shaped cross-section, which is a cross-sectional
shape of the machining tool, was generated, and brittle fracture did not occur inside the
pattern. Therefore, if the method of determining the ductile processing limit point using
the quantitative analysis presented in this study is used, mechanical machining without
brittle fracture of single crystal silicon through machining is possible. As a result of
calculating the specific cutting resistance to analyze the physical meaning of the critical
point of ductile machining of this study, the specific cutting resistance has a size effect
regardless of the crystal direction, but there is a difference in the magnitude of the specific
cutting resistance depending on the crystal direction. And convergence before the limit
point of ductile processing appeared. To find out the cause of this phenomenon, the
correlation between the ratio between the length and the area of the tool and the material
in contact with the material and the specific cutting resistance are analyzed. It was
concluded that the convergence phenomenon would occur. In previous studies, the theory

that the fracture behavior of the material is determined through the ratio between the
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vertical stress and the horizontal stress has been suggested, and it is predicted that this
can be applied to the cause of the critical point of ductile machining. As a result of applying
it to this study, the ratio of vertical stress/horizontal stress decreases and converges as the
processing depth increases. At this time, it was confirmed that the convergence point of
the vertical stress/horizontal stress coincides with the ductile processing limit point. From
this, it was concluded that the ratio of vertical stress and horizontal stress was the cause

of the ductile machining limit.
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