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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:

Study on Precision Cutting of Single Crystal Silicon Disc using Radius Nosed Cutting Tool

Name: Kobaru Yuya

This thesis deals with precision cutting of the single crystal silicon disc using sintered CBN tool with
large nose radius regarded as pre-cutting and ultra-precision cutting of that using single crystal diamond tool
with large nose radius regarded as finish-cutting. The thesis consists of four chapters.

Chapter 1 describes the background and the purpose in this study. Single crystal silicon is used to create
infrared lenses because silicon has a high transmissivity and refractive index in the infrared domain. The
fabrication of single crystal silicon lenses by cutting are desired because it is difficult to create aspherical
lenses and ensure the accuracy of the lens shape using the conventional grinding and polishing processes.
Numerous studies have reported the cutting of single crystal silicon, and the cutting tools used in the cutting
tests had a sharp cutting edge. Therefore, chipping is easy to occur at the cutting edge. In machining shops,
cutting tools with a small chamfer which chipping is hard to occur are usually used, but few studies have
investigated this cutting tool. On the other hand, the single crystal diamond is used as a tool material in
cutting of single crystal silicon. Although diamond is the hardest material and has a high thermal
conductivity and excellent wear resistance, it is very expensive. Therefore, it is expected to be applied to the
cutting of single crystal silicon using the sintered CBN tool which is hard next to diamond and inexpensive.
The purpose of this study is to establish the practical cutting technology of single crystal silicon infrared lens.
The precision cutting of single crystal silicon disc was conducted using sintered CBN and diamond cutting
tools with a chamfered cutting edge and a large nose radius, and the influence of various cutting conditions
on the machining accuracy and the tool wear were investigated.

In Chapter 2, the precision cutting of single crystal silicon disc is conducted using sintered CBN cutting
tools with a chamfered cutting edge and a large nose radius to examine the application to pre-cutting, and the
effects of the feed rate, depth of cut, and nose radius on the tool wear and the machine accuracy are
investigated. In the cutting of one workpiece, the width of flank wear land does not monotonously decrease
by reducing the cutting distance with increase of the feed rate and it is found that the width of flank wear
land has a local minimum at a certain feed rate. With all other cutting conditions held constant, the wear
volume of the tool at a nose radius of 0.4 mm was approximately equal to that at a nose radius of 0.8 mm,
although the width of flank wear land was larger. Approximating the flank wear land width VB as a nonlinear
function of the cutting distance L (VB = KL"), the coefficient K increased with increasing feed rate, whereas
the exponent n remained approximately constant at all feed rates. The coefficient of flank wear rate Kyos
(=Kogn) in consideration of the wear volume was approximately by the same linear function of the thrust
force under all investigated cutting conditions. An equation describing the flank wear land width VB as a
function of the thrust force F;, the exponent n of the experimental flank wear width function, and the cutting
distance L was derived. The flank wear land width calculated using this equation agreed well with the
experimental flank wear land width. Based on the assumption that cutting temperature increases with



increasing cut cross-sectional area, it was concluded that the primary type of sintered CBN tool wear is
diffusion wear.

In Chapter 3, the ultra-precision cutting of single crystal silicon disc is conducted using single crystal
diamond cutting tools with a chamfered cutting edge and a large nose radius to examine the application to
finish-cutting, and the effects of the feed rate, depth of cut, and cutting fluids on the machine accuracy and
tool wear are investigated. The chipping of the cutting edge occurred when the cutting fluid made of the
plant oil was used. However, there was no cutting edge chipping with the kerosene used as the cutting fluid,
and the tool wear was indicated the abrasive wear of tool flank face. The machined surface was glossy when
the cutting fluid was the kerosene, the depth of cut was 1.0 um, and the feed rate was 2.0 um/rev, but the
machined surface was pear skin under other cutting conditions even if the depth of cut was smaller than
1.0um or the feed rate was smaller than 2.0 pm/rev. Consequently, the machined surface was indicated that
there was an optimum cutting condition to become a mirror surface. The tool flank wear rate (increment of
width of flank wear land per unit cutting distance) was about 3.0 pm/km and the thrust force linearly
increased with increase of the width of flank wear land. The flatness of the machined surface approximately
coincided with the recession length of the cutting point estimated from the width of flank wear land by the
geometrical calculation.

In Chapter 4, the results of this study summarize.



