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A new edge- and tip-forming or sharpening process combining ion beam machining with conventional mechanical lapping
methods has been developed. Also a simulation method has been developed for predicting the profile changes of diamond
tools which are uniformly swung or fixed during ion beam machining. The method can treat a three-dimensional object
such as a diamond knife with a hemi-cylindrical tip in a two-dimensional manner. Diamond knives and styli having apex
angles less than 60 degrees are machined with Ar ions of 1.0 keV using an ion beam machining apparatus with a
kaufman-type ion source. By comparing the profile changes obtained by computer simulation with those obtained by
experiment, it is concluded that the method is useful for the prediction of profile changes of a hemi-cylindrical object
having an apex angle of less than 60 degrees during ion beam machining with Ar ions of 1.0 keV.

1. Introduction

Diamond tools having a straight cutting edge
and an apex angle of less than 60 degrees can be
used as knives for ultramicrotomes and ophthalmic
surgeon’s instruments or probes for profile mea-
suring instruments of diamond styli. Diamond
styli with elliptical tips can be used for surface
roughness measuring instruments. Usually, pol-
ishing of diamond tools is performed by an
abrading process using harder diamond powder
and a lap-plate of soft materials. In forming such
diamond styli, remarkable accuracy is needed.
However, it is very difficult to obtain styli having
sharp tips with small apex angles by conventional
mechanical lapping. For diamond knives, it is
desirable to have an apex angle less than 50
degrees and an edge radius of less than 10 nm
(nanometers). It is also very difficult to form such
diamond knives by conventional mechanical pol-
ishing, whereas ion beam machining is suitable for
ultra-fine machining of hard and brittle materials
such as diamond". However, when the ion energy
is 1.0 keV, the apex angle of a diamond tool
having a prefinished apex angle of less than 50
degrees is finished to 80 degrees, independently of
the prefinished apex angle. In other words, a facet
is generated on the top of the cutting edge of the

tool. Moreover, when the ion energy is 20 keV, the
diamond tool apex angle remains the same as the
prefinished apex angle, if the prefinished apex
angle is more than 40 degrees. In this case, an
altered layer of diamond caused by ion bombard-
ment becomes a problem. Hence, we have devel-
oped a new edge- or tip-forming process combining
ion beam machining with conventional mechanical
polishing. Namely, diamond tools prefinished by
conventional mechanical polishing are formed or
sharpened by ion beam machining under the condi-
tions of the sample being swung or fixed.

2. Experimental apparatus and procedure

The experiments were conducted in an ion beam
machining apparatus having an 8 cm Kaufman-
type ion source generating argon ion 1.0 keV
energy beams at an ion current density of about
0.5 mA/cm’. Inside the work-chamber, a motor-
ized tilt stage was installed in order to swing the
diamond specimen.

In these experiments, we used diamond speci-
mens which were prefinished by conventional
mechanical lapping as truncated right quadran-
gular pyramid shapes having a straight edge of 1
mm length and with tips several micrometers wide,
because it is very difficult to make a diamond knife
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