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Abstract
Needs of digital devices are increasing rapidly in recent years, and demands of
structured components with complex shape such as micro lens arrays, micro Fresnel
lenses, are increasing in dark field systems, medical devices and solar systems. The
complex shape of glass lenses are molded by a glass press molding process with the
ceramics molds of micro structured surface. In the conventional manufacturing
process of the ceramic molds, ultra-precision grinding technology by micro diamond
wheel is commonly used and the grinding technique is a core technology for
machining of hard molds. However in the grinding process, tool wear is a serious
problem for machining molds ultra-precisely, the truing/dressing processes of the
wheel is inevitable on the machine for precision grinding and it is difficult to machine
large ceramic molds of structured surface by small wheel. In this study, in order to
machine micro structured molds made of tungsten carbide, micro milling tools made
of polycrystalline diamond (PCD) are developed. Many cutting edges are ground and
polished on the tool with diamond wheels and loose abrasives, respectively. In this
experiment, micro structured molds made of binder-less tungsten carbide were cut
with the developed PCD milling tool and the machining performance and the wear of
the PCD tool were evaluated and compared with the conventional diamond wheel.
1

Development of PCD micro milling tool

Figure 1(a) shows SEM images of the developed micro milling tool made of
polycrystalline diamond (PCD). The PCD micro milling tool was fabricated as shown
in Figure 1(b). At first the PCD wafer was bonded to a cemented carbide substrate
with a silver alloy and the bonded PCD plate was cut into small cylindrical chips by
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wire EDM. The PCD chip was bonded onto a cemented carbide shaft with a silver
alloy. Finally, the end face and side face of the PCD chip was ground and polished
with a diamond wheel, and the cutting edges were ground and polished with a sharp
diamond wheel (1). Specifications of the PCD tool employed for the experiments are
shown in Table 1. The outer diameter is Φ2 mm and 40 cutting edges are ground on
the tool edge. The grain size of the PCD was 0.5 μm.
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Figure 1: Developed micro milling tool made of polycrystalline diamond (PCD)
Table 1: Specifications of milling tool
Material
Grain size of diamond

Polycrystalline diamond
0.5 μm

Outer diameter

Φ 2 mm

Rake angle

-20°

Number of cutting edges

40

2

Cutting experiments of micro lens array molds

Figure 2 shows a view of cutting experiment. The ultraprecision machine of 4-axis
(X,Y,Z,C) control is used to evaluate the performance of the PCD tool. The X,Y,Z
axis are guided with roller guide with a resolution of 1 nm. The PCD milling tool is
chucked to the tool air spindle by precision tool chuck. Micro lens array mold
composed of many concave spheres was machined with the developed PCD milling
tool. The precision cutting method of the micro lens array mold is shown in Figure 3.
First, a mold of tungsten carbide was chucked to the workpiece spindle, or C-axis,
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Figure 3: Principle of micro lens array cutting

Cutting results

In order to compare a tool life between the PCD tool and the conventional diamond
wheel, changes of tool edge radius were measured. Figure 4 shows a change of the
tool edge radius when grinding the micro array molds by diamond wheel. A grain size
of the wheel was #1200 (15μm). The tool tip radius was evaluated by measuring the
radius curvatures of ground micro lens molds by contact type of the surface profiler,
Form Talysurf. After cutting of 81 spheres, the tool edge radius of 23 μm was
decreased and the form deviation of the ground tungsten carbide mold was increased
so much. Figure 5 shows a change of the tool edge radius when cutting the micro
array molds by the developed PCD tool. After cutting of 2300 spheres, the tool edge
radius of 30 μm was decreased and the tool wear was decreased to 1/10 compared
with the conventional grinding.
Figure 6 shows a Nomarski micrograph of machined mold made of tungsten carbide.
Figure 7 shows a change of surface roughness measured by a non-contact type of
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surface instrument, New View 6300. Surface roughness of 10 nm Rz was obtained
and it was the same level of the grinding.
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Figure 5: Change of tool wear in
the developed PCD milling tool
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Conclusions

In order to machine structured molds made of tungsten carbide, micro milling tools
made of polycrystalline diamond (PCD) were developed. The structured molds of
tungsten carbide were cut in the ductile mode with the milling tool. From the
experimental results, it is cleared that the tool wear decreased to 1/10 compared with
the grinding wheel and workpiece surface roughness of 10 nm Rz was obtained.
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