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A Study on Pattern Machining Technology for Germanium Materials
Using Grooving Machining Process
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In the optical systems field, key components such as spectroscopic elements often require the use of optical materials with
high-refractive indices to achieve miniaturization and lightweight characteristics. However, high-refractive index optical
materials have low machinability due to their brittle characteristic. In this study, we investigated the changes in surface
characteristics during precision pattern machining of high-refractive index materials; specifically, a low fracture toughness, for
use in grating spectroscopic elements. The experiment involved diamond turning for the primary machining, and for the
secondary pattern machining, the tool rake angle, tool feed rate, and depth of cut were set as variable conditions. Surface
roughness measurements and surface quality analyses were carried out using a white-light interferometer and tool
microscopy. The results provide insights into the influence of conditions on the surface properties during the machining of
high-refractive index materials for grating spectroscopic components. Under the machining conditions with a tool rake angle
of -65°, tool feed rate of 5,000 mm/min, and a depth of cut 10 nm, the surface roughness of R, 8.0 nm was achieved.
Based on these findings, we plan to conduct further research on the mechanical fabrication of the blaze angle for grating
spectroscopic components.
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Table 1 Material properties of germanium

Material properties Value
Hardness [Hv, GPa] 7.6-8.1
Flexural strength [GPa] 0.067-0.11

Fracture toughness [MPa] 0.67
Tensile strength (Ultimate) [MPa] 135
Yield strength [MPa] 135
Modulus of elasticity [GPa] 103
Thermal conductivity [W/m-K] 59.9
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Table 2 Specification of 650FG v2

Table 5 Experimental conditions (DT)

Specifications Value Parameters Conditions
Linear axis travel range (X, ¥, Z) [mm] 350, 150, 300 Tool rake angle [deg(®)] -35
Workpiece (C-axis) [RPM] 10,000 Spindle speed [RPM] 3,500
Workpiece swing capacity [mm] 9 750 Feed rate [mm/min] 2
Workpiece loading capacity [kg] 102 Depth of cut [pm] 2
Linear axis programming resolution [nm] 0.01
Linear axis position feedback resolution [nm] 0.01 Table 6 Experimental conditions (Grooving)
Parameters Conditions
Table 3 Specification of NIC-300PS5-N5 Tool rake angle [deg(°)] -15, -40, -65
Specifications Value Feed rate [mm/min] 5,000, 7,500, 10,000
Linear axis (X, ¥, Z) [mm] 400, 650, 180 Depth of cut [nm] 10, 50, 100
Linear axis feedrate (X, ¥, Z) [mm/min] 20,000, 20,000, 1,000
Table diameter [mm] 350 <Case 1> <Case 2> <Case 3>
Table loading capacity [kg] 300 <Microscone> Gl |
Programming resolution [nm] 1
Scale feedback resolution [nm] 0.1

Table 4 Specification of NPFLEX

Specifications Value
Stage range (X, Y) [mm)] 300, 300
Lateral resolution [pim] 0.069
Vertical resolution [nm] <0.1
RMS repeatability [nm] 0.0041

Light source LED (Green, White)

Fig. 4 White light scanning interferometer
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Fig. 10 Surface image (microscopy objective x20)
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