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Experimental Investigations on the Ultra Precision Cutting of Single—crystal

Silicon for Optimal Process Parameters

YAO Tong' YANG Xiaojing' XIAO Jiaoguo’ ZHANG Wangqing’ KANG Jie®
(1  Kunming University of Science and Technology , Kunming 650500)
(2 Yunnan KIRO Photonics Co. Ltd, Kunming  650200)
Abstract In order to improve the surface quality of single—crystal silicon by single—point diamond turning in

the direction of surface roughness optimization, orthogonal cutting experiment are designed. The effects of spindle
speed, feed speed and cutting depth on surface roughness are studied by variance analysis, response surface analysis
and range analysis.The results show that the spindle speed has a significant effect on the surface roughness, and the
larger the spindle speed is, the smaller the surface roughness value is. The regression model of surface roughness is
established. The interaction of spindle speed and feed speed has the greatest influence on the surface roughness by
response surface analysis. High—quality single—crystal silicon element with a surface roughness of Ra2.7 nm is
obtained with the optimal combination of cutting parameters of 3300 r/min spindle speed,2 mm/min feed rate and S5pm
depth of cut.Relatively smooth surface and the banded chip is observed.The material is removed in the ductile state.

Key words Single—crystal silicon,Single—point diamond turning(SPDT) , Cutting parameters, Surface roughness
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turning single—crystal silicon
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Tab.1 Experimental processing parameters

ES n/rmin”' flmm-min”' a,/um 1/°C
1 1000 2 5
2 1500 6 15
20
3 2400 10 25
4 3300 14 35

€3 Taylor Hobson % BF{%
Fig. 3  Contact mechanical profilometer by Taylor Hobson
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Tab.2 Orthogonal experimental scheme and results

No. alemin™ fimmemin™ a/um Ralnm
1 1000 2 5 35
2 1000 6 15 215
3 1000 10 25 488
4 1000 14 35 57.2
5 1500 2 15 3.13
6 1500 6 5 3.1
7 1500 10 35 7.8
8 1500 14 25 16.4
9 2400 2 25 3.2
10 2400 6 35 2.9
11 2400 10 5 43
12 2400 14 15 6.1
13 3300 2 35 2.9
14 3300 6 25 3.1
15 3300 10 10 34
16 3300 14 5 42

2.1 IS Hxd R E RS E AR

T AR TR RE FE (R RS VI 2 B0 e e
L 4o FTATALRE 58 B 3 b e 1 R ) Bt
20 AL PR3 DRI K 5 5 U0 ) TR JEE 1 e, = i RS
FERY A T 22 0 TR T, e g 0 e 1 45
E A 2E 205 3 B2 R U TR R o A B B A 1 R

JihE

35

Ra/nm
N

al m2 03 nd [ 02 3 6 aplapZapd apd
K # FKF-
4 AR RE 25 KA 5
Fig. 4 Surface roughness change with different levels
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Tab.3 Variance analysis

BRI BETHM HdE  WR P

TR/ %

n 2343.315 3 781.105 15.076  54.48
f 775.294 3 258.431  4.988 15.43
a, 586.705 3 195.568  3.775 10.74

RE 310.869 6 51.811 19.35

SR 4016.184 15 1286.92 100
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Fig. 6 Contour plot of surface rounghness response
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Tab.4 Range analysis
KR n S a
1 32.75 3.183 3.775
2 7.608 7.65 8.533
3 4.125 16.075 17.875
4 34 20.975 17.7
Max—min R 29.35 17.793 14.1
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Fig. 7 Surface roughness under optimal cutting parameters
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Fig. 8 Surface topography under optimal cutting parameters
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Fig. 9  Chip morphology of Single—crystal silicon
under optimal cutting parameters
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