AN ULTRAPRECISION DIAMOND CUTTING TOOL WITH A 50 nm CORNER
RADIUS ROUNDNESS FOR ASPHERIC TURNING
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An ultraprecision diamond cutting tool with a corner radius out-of-roundness of less than 50 nm has been developed for
aspheric turning. In addition, a sharp cutting edge which can be used to continuously produce 1 nm thick chips has also
been developed. Ultraprecision processing can only be achieved when all contributing factors including the machine tool,
workpiece, cutting tool and working environment are optimized. The corner radius roundness profile can approximate
the precision of machine tool movement through careful study of the material used for the cutting tool, enabling
processing of aspheric surfaces according to theoretical values. The development of techniques for identifying
microdefects in diamond and means of applying this information to tool design played an important part in these

developments.

1. Introduction

Single crystal diamond cutting tools provide the
highest productivity in the manufacture of mir-
rored surfaces, and thus are ideally suited to
precision processing of components for optical
uses. Now that technologies have been developed
which allow control of machine tool movement to
within 10 nm for ultraprecision processing of
aspheric surfaces, demand has increased for dia-
mond cutting tools that offer stable cutting per-
formance with nanometer-order dimensional preci-
sion. This is ten times more precise than the
submicron order precision conventionally con-
sidered to be the limit of diamond tools.

The ability to identify defects in diamond crys-
tals clearly is essential to achieving such ultrapreci-
sion tools. For this purpose, the authors first
developed an electron spin resonance (ESR)
method of selecting uncut diamonds with fewer
nitrogen-caused defects. We then developed a high
resolution cathodoluminescence (CL) spectroscope
with a highly efficient light collection system for
the detection of weak CL emission that enables
two-dimensional imaging of crystalline defects in
diamond, as well as a method of using this spectro-
scope to observe the distribution of defects in

diamond for the selection of raw diamonds.

During the development of this ultraprecision
diamond cutting tool, the authors established the
basis for development of a cutting tool with a
sharp cutting edge enabling the generation of 1 nm
thick chips, and an ultraprecision cutting tool with
a corner radius roundness profile precision of 50
nm.

2. Method

When a material is bombarded with an electron
beam, the electrons collide with the atoms in the
material, gradually losing energy and generating
electromagnetic waves through interaction with
the constituent atoms of the material. CL is one
kind of carrier electromagnetic wave which can be
detected.

CL is the light emitted when the valence band
electrons in the constituent atoms of the material
are excited to a conductive band by the incident
electrons, electron holes then form in the valence
band, the electrons rebond and are emitted through
crystal defects and impurity levels. Because the
efficiency of emission changes according to the
type of defect, when there is an aberration in the
crystal structure, CL spectroscopy is an effective
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Fig. 7. Chart showing the corner radius out-of-roundness of
the cutting edge of an ultraprecision diamond cutting tool.

cutting tool at the point where cutting is actually
carried out. The profile is then calculated from the
measured tool profile values using the least squares
method. The ultraprecision diamond cutting tool
developed by the authors was shown to have a
corner radius profile precision of 50 nm.

4. Conclusion

The selection of diamond crystals with ESR and

CL will make a major contribution to the develop-
ment of tools with an ultraprecision corner radius
roundness and a sharp cutting edge.

1) In order to manufacture an ultraprecision
diamond cutting tool, it is necessary to observe the
microdefects in diamonds.

2) ESR enables us to select diamonds with a
low defect density.

3) CL reveals the structure of diamonds, allow-
ing the cutting point to be located in the area with
the lowest defect density.

4) By avoiding areas with defects in this way,
an ultraprecision cutting tool can be manufacture.
More reliable cutting performance is also assured.
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