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Abstract In order to improve the surface quality of single-point diamond cutting single-crystal germanium, the
orthogonal experiment of three factors and four levels is carried out, and the effect of cutting parameters on the surface
roughness under the condition of uneven surface quality distribution of single-crystal germanium is studied by variance
analysis and range analysis. The test results show that the contribution rate is the highest when the spindle speed has

obvious influence on the surface roughness value,

indicating that the larger the spindle speed is, the smaller the surface

roughness value is. As a result, an optimal combination of the cutting parameters obtained is that a spindle speed of
3800 r/min, feed rate of 2 mm/min, and maximum cutting depth of 5 pm. Under this cutting condition, high-precision
single-crystal germanium with a surface roughness of 2. 4 nm is obtained. Next, the surface quality is good and the surface

is relatively smooth according to the scanning electron microscope. The chips during cutting are banded, and the material

is removed in the plastic range.
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Fig. 1 Single-point diamond lathe used for processing single-crystal germanium
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Fig. 2 Schematic diagram of turning experiment
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Tablel Machining parameters of turning experiment

Level

Factors Code 1 > 3 1

Spindle speed n /(rmin~") A 1500 2200 3000 3800
Feed rate f/(mm-min ') B 2 8 14 20
Cutting depth @, /pm C 5 10 15 20

Environment
o 20
temperature /°C
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Fig. 3 Experimental equipment and results. (a) Taylor Hobson PGI 1240 contacting mechanical profiler; (b) schematic diagram of

measurement direction of single-crystal germanium wafer
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Table2 Orthogonal experimental scheme

Spindle Feed rate  Cutting Dark Bright
No. speed //(r+ n/(mm- deptha,/ areaR,/ areaR,
min ') min ") pm nm /nm
1 1500 2 5 5.03 6.90
2 1500 8 10 4.83 8.03
3 1500 14 15 10. 53 12.57
4 1500 20 20 15.50 18.07
5 2200 2 10 4.57 7.23
6 2200 8 5 5. 80 8.60
7 2200 14 20 10. 33 14. 00
8 2200 20 15 14. 83 17.87
9 3000 2 15 4.83 5.93
10 3000 8 20 4.27 4.93
11 3000 14 5 6.90 9.63
12 3000 20 10 11.17 13.10
13 3800 2 20 4.90 6.23
14 3800 8 15 4.30 4.50
15 3800 14 10 5.97 8.90
16 3800 20 5 9.33 11.47
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Fig.5 Surface roughness values of single-crystal germanium

sheets in all directions
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Table 3 Analysis of variance table of surface roughness R, of single-crystal germanium in bright area

Parameters DF SS MS F value P value Contribution /%
Spindle speed f/(r-min ') 3 53. 562 17.854 19.910 0.002 18.47
Feed rate n /(mm-+min ") 3 209. 432 69. 811 77.830 0 75.06

Cutting depth a, /pm 3 7.056 2.352 2.620 0.145 1.58
Error 6 5.382 0. 897 4.88
Total 15 275.431 100. 00
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Table 4 Analysis of variance table of surface roughness R, of single-crystal germanium in dark area

Parameters DF SS MS F value P value Contribution /%
Spindle speed //(r+min™") 3 25.326 8.442 16.94 0. 002 11.18
Feed rate n /(mm-*min ') 3 168. 995 56. 332 113.05 0 78.57

Cutting depth a, /pm 3 15. 867 5.289 10. 61 0.008 6.74
Error 6 2.990 0. 4983 3.51
Total 15 213.178 100. 00

25 SECRTHLEE R, 1 22 53 47 %
Table 5 Range analysis table of surface roughness R, in bright area
Level Spindle speed (A) /(r*min ') Feed rate (B) /(mm-min ") Cutting depth (C) /pm
1 11.392 6.475 9.150
2 11.925 6.517 9.317
3 8.300 11. 275 10. 117
4 7.775 15.125 10. 808
Max-min (R) 4. 150 8.650 1.658
Rank 2 1 3
H6 ISR ITHLBEE R, 6B 47
Table 6 Range analysis table of surface roughness R, in dark area
Level Spindle speed (A) /(r*min~')  Feed rate (B) /(mm-min ') Cutting depth(C) /pm
1 8.975 4.833 6.767
2 8.883 4. 800 6.633
3 6.792 8.433 8.625
4 6.125 12.708 8.750
Max-min (R) 2.850 7.908 2.117
Rank 2 1 3
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Fig.6 Main effect diagrams of cutting parameters affecting surface roughness R, value. (a) Bright area; (b) dark area
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Fig. 8 Topography under optimal cutting parameters. (a) Surface topography; (b) chip topography
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