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The development of microfabrication techniques such as microcutting and
microgrinding, has been carried out in Japan to fabricate micro-sized dies and molds
since the beginning of the 1990s when the concept of mechanical microfabrication
using a downsized traditional manufacturing system was proposed in Germany. A
research project to develop an ultraprecise machining center, which was conducted in
the 1990s contributed to increasing the resolution of the positioning and feed motions
of the machining center from 100 nm to less than 1 nm.

Following the development of the machining center, the development of microcutting
tools and microgrinding tools for fabricating microstructures with smooth surfaces of
roughness less than 10 nm Rz has been conducted since the beginning of the 2000s.
Several tools were proposed at the research level, but only a microcutting tool made
of single-crystal diamond has been employed in practical use. However, diamond
easily cleaves parallel to the <111> crystal plane, so that the tool cannot be applied to
the interrupted cutting of hard materials.




Different from microcutting, microgrinding can be used to fabricate microstructures
on hard materials such as cemented carbide and ceramics. However, the toughness
and wear resistance of the conventional grinding tool are insufficient for
microgrinding wherein a tool of small diameter is rotated at high speed. In addition,
it is difficult to fabricated smooth surfaces with roughness less than 10 nm Rz by
grinding even when the diamond grain size in the grinding tool is reduced, so that the
microgrinding has never been applied in practical use.

Two major advanced were realized that allows us to fabricate microstructures with
smooth surfaces of hard and brittle materials by microgrinding, wherein a tool of
small diameter is rotated at high speed. One is a grinding tool material with superior
toughness and wear resistance, and the other is a truing technique whereby a surface
roughness less than 10 nm Rz can be attained. These two achievements solve the
problems that could not be overcame with the conventional microgrinding tool and
are essential for fabricating smooth ground surfaces with a roughness of less than 10
nm Rz, which had been impossible up to now.

This doctorate thesis is made up of prolegomenon and four chapters and conclusion.
Previous studies and the trend of research projects related to microgrinding,
originality and effectiveness in both science and practice and the objectives of the
thesis are explained in Prolegomenon. In addition, the contents of each chapter, in
which the experimental results of the research project are presented, are briefly

summarized.

In Chapter 2, the necessity of developing a microgrinding tool that can enable the
fabrication microstructures with smooth surfaces on cemented carbide is explained
for the mass production of small glass lenses with a diameter less than 1 mm,
focusing on a double focal pickup lens used for a DVD player as an example. In
addition, it was explained that two major issues, a tool material with superior
bending strength and wear resistance and a truing technique for flattening diamond
grains on a tool working, should be resolved in order to establish microgrinding
techniques, using the conventional electroplated tool as an example.

In Chapter 3, the results of research project conducted for the development of
grinding tool materials are presented. A tool manufacturing process using
electroplating techniques and results of bending and indentation tests are presented.
It was shown that an electroformed diamond tool having an equivalent bending
strength as p-type cemented carbide could be developed by decreasing the
electrodeposited nickel grain size to less than 20 A using a Ni/P plating solution,
roughening of the diamond grain surfaces by thermal etching, and the generation of
the intermetallic alloy Ni3P by heat treatment.

In Chapter 4, the results of a research project conducted on fabricating smooth
surfaces with a surface roughness of less than 10 nm Rz using the electroformed
diamond tool are presented. A four-axis rotary stage made for fabricating the tip of
the electroformed diamond tool into a hemisphere with a radius of 50 pm and for
flattening diamond grains on the tool working surface was presented. It was shown
that the ground surface roughness of 4 to 6 nm Rz could be obtained by using the
electroformed diamond tool, whereby the tip of diamond grains on the hemispherical
tool working surface were flattened using a polycrystalline diamond (PCD) disk as a

truer.




It was verified, through the truing test described in Chapter 4, that the PCD used for
the truer has superior wear resistance compared with the electroformed diamond
tool, therefore, a research project on the use of PCD in the microcutting tool was
conducted. In Chapter 5, the results of forming tests using PCD for a microcutting
tool and an electroformed diamond tool as a truer are presented. It was shown that
the microcutting tool made of PCD with sharp cutting edges without chips could be
formed by using the electroformed diamond tool not only for the anode used for
electric discharge machining but also for the grinding tool to flatten roughened PCD
surface.

In Conclusion, it was summarized that the results of research projects discussed in
Chapter 3, Chapter 4 and Chapter 5 satisfied the objectives of this research project
explained in Prolegomenon and Chapter 2. It was emphasized that truing techniques
shown in Chapter 4 have originality in the scientific meaning and are essential for
fabricating smooth ground surfaces with a roughness of less than 10 nm Rz that has
so far never been accomplished. In addition, it was summarized that the
electroformed diamond tool is effective not only as a microgrinding tool but also as
the truer in forming the forming of microcutting tool made of PCD.
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