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Table 1 Scratch test parameters

Scratch test parameter Value
Scratch crystal plane (100)
Scratch distance/pm 200
Scratch Velocity/pmmin'l 300, 350, 400, 450, 500
Vertical load/mN 10, 20, 30, 40, 50
Scratch number 1,2,4,6,8,10

B BTN 30 mN, AN VIHERE T AREHE (200 wm) SEM T
Fig.1 SEM topographies of nanogrooves (200 pm) scratched at scratching velocities of 300 pm/min (a), 350 pm/min (b), 400 pm/min (c),

450 pm/min (d), 500 pm/min (e) with vertical load of 30 mN
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Fig.2 White-light topographies of nanogrooves (200 pm) at Fig.3 Linear relationship between the scratching velocity and
scratching velocity of 300 pm/min and vertical load of 30 groove depth (a) as well as width (b) (the coefficient of
mN: (a) 2D and (b) 3D determination (R?) is 0.30489 and 0.5943, respectively)
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Fig.4 SEM images of nanogrooves (200 um) scratched at scratching velocity of 200 um/min with the vertical load of 10 mN (a),
15 mN (b), 20 mN (c), 25 mN (d), and 30 mN (e)
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Fig.5 Linear relationship between the vertical load and groove
depth (a) as well as width (b) (the coefficient of
determination (R?) is 0.992 and 0.985, respectively)

6 DIHIEE N 200 pm/min, T EBAT R 10 mN, AN R ZIRI K 45K 4 48 (200 pm) SEM T
Fig.6 SEM images of nanogrooves (200 pm) with scratching velocity of 200 um/min, vertical load of 10 mN and scratched at different
number of 1 (a), 2 (b), 4 (c), 6 (d), 8 (e), and 10 (f)
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Fig.7 Linear relationship between the scratching number and
groove depth (a) as well as width (b) (the coefficient of
determination (R?) is 0.992 and 0.921, respectively)
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Nano-Scratch Instrument-Based Experimental Research of Single Crystal Germanium
Nanogrooves Machining

Yang Xiaojing, Luo Liang
(Kunming University of Science and Technology, Kunming 650500, China)

Abstract: In order to improve the manufacturing precision of nanoscale germanium, nano-scratch instrument was used to process the
nanogrooves of single crystal germanium. The morphology of the groove was observed by scanning electron microscope, and the
three-dimensional morphology was measured by the three-dimensional white light interferometer. The effects of the cutting speed, the applied
vertical load and scratching number on the morphology of single crystal germanium nanogrooves were studied. Linear fitting curves and power
function fitting curves of vertical load and number of scratches with groove depth and width were established and analyzed. The results show
that the width and depth of single crystal germanium nanogrooves increases slightly with the cutting speed, and with the increase of vertical load,
the scratching number increases. The fitting degree of the curve is very high. It can predict the depth and width of the nanoscale groove more
accurately, which can reduce the surface roughness of the workpiece and improve the surface quality of the workpiece.

Key words: nanogrooves; single crystal germanium; cutting speed; vertical load; scratching number
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