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Germanium, an optical material, has high transmittance and refractive index and low light scattering in the infrared region,
and research is being conducted to utilize it in various industrial fields. Various forms of optical lenses can be subjected to
ultra-precision machining with high quality surface roughness, and they form accuracy through single point diamond turning
(SPDT). In particular, the diamond tool with a negative rake angle and the u-LAM process that applies a 1,064 nm laser to
the material have been studied to fabricate brittle materials into optical lenses. In this study, the effects of process
parameters, such as laser power (W), spindle speed (RPM), feed rate (mm/min), and depth of cut (um), on the surface
roughness of a sub-nanometer scale and the occurrence of defects during the machining process were analyzed for
Germanium materials. The process of removing these defects was also analyzed.
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Table 1 Material properties of germanium

Material properties Units Value
Tensile strength (Ultimate) MPa 135
Yield strength MPa 135
Modulus of elasticity GPa 103
Thermal conductivity W/m-K 59.9

Fig. 3 Magnetorheological finishing machine
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Table 2 Specification of Nanoform Xtc

Table 4 Experimental conditions

Specifications Nanoform Xtc Parameters Conditions
Travels [mm] X, Z:220 Workpiece Ge
Traverse Speed X, Z [mm/min] 0-4,000 Spindle speed [RPM] 3,000, 3,250, 3,500
Spindle speed [RPM] 0-10,000 Feed rate [mm/min] 2,4,6
Typical form accuracy results 100 nm under (P-V) Depth of cut [um] 2,4,6
Typical surface roughness results 1.0 nm under (Ra) Tool rake angle [deg, °] -35
Laser source Nd:YAG (CW) Nose radius [mm] 0.5
Laser wavelength [nm] 1,064 Laser power [W] 0,5, 10
Laser power [W] 0-50 Cutting fluid Mist
Laser spot size [mm] 0.3
Table 3 Specification of Q-flex 300
Specifications Q-flex 300
Size of workpiece [mm] 5-300 Germanium Diamond Tool
Weight of workpiece 18.8
[ke]
< 1 nm @ on most materials with any MR fluid
RMS < 0.5 nm @ on most glasses and single crystals
with specific MR fluid 0.1-0.2 nm on some
materials with specific MR fluid AE Sensor
P-v <A30 - W40

Fig. 6 Mono-crystal diamond tool

- M
f: feed (mm), r : tool nose radius (mm)

7FeHae] ®gle 712AES Sst
1 7V Al Ao s gl
7o ® AASIeh S AEE A9 Al S 2E Aol AL
z AET_-LE A Al A
AASF L, o]l HalZlo|: o]
Ay 7]%}2; DT 7} A] AR23H= 229] 1
sto] A skeich
Ak 2A412] 79 FHEHO R Qlsle] 2AHY AP A
—L-:,L_J 7&/\]-71—01
ol5 Fdll, Al

l:l [ T mlm =)



444 | June 2023

001 mmx20 °
L

Fig. 7 Image of spoke structure

center

Fig. 9 Measurement 3-point

Angle Fele] LAM %8 2% clololRE 78 ALgalo]
24 DT 7158 si9lon], 2% 7FggolAl Fig. 73 Lol
Defects®] @402 WA= AEZF 0] FAFPFAAS EX3517] 3|
Yaphg 5 ARAET 270 T @ vk S fglow 4
el 15} o ANEE 24 % BAGE AR AHE 48
Sl i 5o 2l GEING 5kl At
°ol% DT 7k 5 WAsk= Evt A7 wAd

S Avpg Ao dof glojof mE EHAH7 ] ek 24
3to] Fig. 87} 7o) 20 mm 2 2 C30 FluidS 8H&3ho] Zo]
ofgE godle Egoto] 2ZuhA

>.

500 nm $9|E MR ¢n} &
A2 Aeloint.

Fig. 5] DT 44122 24e] $HL 7120w 54 o3
olmg, 7l Al A9 HYF(Edge)e}t =415 (Center)of A=
4] ol mE FH&Ee] Hoje) WRo] T HART

52 =
o0 =)
1 1

g
(=)}
1

Surface roughness, nmRa
!\) o
(5] -
1 1

g
(=]
1

1.8 T T T d T
0 5 10

Laser power (W)

Fig. 10 Spindle speed 3,000 RPM, Feed rate 4 mm/min, Depth of
cut 4 um

Fig. 11 Ge burned due to laser power (Objective x20)
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Fig. 12 Surface roughness versus parameters condition

(a) Spindle speed 3,500 RPM (Objective x20)

(b) Spindle speed 3,000 RPM (Objective x20)

Fig. 13 Surface image (DF) using tool microscope
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Fig. 16 Image of before and after removing spokes
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