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Effect of Machining Parameters on Surface Quality of

Single Crystal Silicon in Laser—assisted Turning

GUO Yanjun' YANG Xiaojing' YAO Tong' KANG Jie’ LI Maozhong®
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Abstract In order to improve the surface quality of single crystal silicon after single—point diamond turning,
this paper investigates the influence of laser-assisted turning (LAT) technology on machining quality by analyzing
surface roughness, surface morphology and Raman spectroscopy of samples prepared by LAT and conventional
turning (CT), respectively. Based on the orthogonal test method, the LAT process parameters of single—crystal silicon
were investigated on surface roughness. The influence of each factor on surface roughness was evaluated by variance
analysis and range analysis. The results show that LAT can effectively improve machined surface quality and reduce
residual stress on material surface compared with CT. The contribution proportions of spindle speed, feed rate,
cutting depth and pulse duty cycle to surface roughness were 17. 51%,44. 48%, 6. 69% and 14. 70%, respectively.
Finally, the optimal combination of machining parameters was determined to be: spindle speed of 4000 r/min, feed
rate of 2 mm/min, cutting depth of 5 wm, and pulse duty cycle of 30%, with a high—quality surface with a surface
roughness (Rq) of 2. 4 nm was finally obtained.
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Tab.1 Tool parameters
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Tab.2 Test parameters for comparison of CT and LAT

Tk n/ r-min”' fimm-min”' a,/um Pl%
CM 350 0
2 5
LAM 0 40
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Tab.3 Machining conditions and levels in orthogonal array

ES ahemin fmmemin” a /pm PI%
1 1400 2 5 10
2 2400 8 10 30
3 3200 14 15 50
4 4000 20 20 70
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Fig. 1 Microscopy of machined surface of single crystal Si
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Tk 22 1 A 021 630 FI1470 em ' AL RS | X
b AR L EERY T TR0, 300 em™ AR AR S RERL S 58
g () DA iR AF EE N TR B SRR A, TR, #E 650 em™
I TO (W) FTTA (X) PR Rk 4 & W Bl S 2 . SOl
Bl 2 0 R 2 ) 1 2 R AR — B, R [ )
WL B2 TS AE 300 A1470 em™ ¥ H B
S A SRR B P 0, T OGS B 0 ) R b=
TEAY 300 em™ B3 S BRAAR A Ak 7 & B8, 7E 470 em™
Sb A e IR AR AR 0

1000

— D LAT
—@cr
—® Ploshing

TOW)+TA(X)

/

Intensity/A.U.

200 400 600 800
Raman shift/em™

K3 R AR S ROt
Fig. 3 Raman spectra of single crystal Si

before and after turning
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Fig. 4 Raman spectra of machined surface under LAM
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Tab.4 Orthogonal table and experimental results

No. ahemin” - fmmemin™ o fpm Pl% Rg/nm
1 1(1400) 1(2) 1(5) 1(10) 5.6
2 1 2(8) 210)  2(30) 6.2
3 1 3(14) 3(15)  3(50) 14.47
4 1 4(20) 420)  4(70) 24.93
5 2(2400) 1 2 3 297
6 2 2 1 4 12.97
7 2 3 4 1 20.47
8 2 4 3 2 9.94
9 3(3200) 1 3 4 2,97
10 3 2 4 3 3.43
11 3 3 1 2 2.83
12 3 4 2 1 19.17
13 4(4000) 1 4 2 2.6
14 4 2 3 1 3.77
15 4 3 2 4 5.77
16 4 4 1 3 9.43

x5 REMAEENTESH

Tab.5 Analysis of variance of surface roughness

FSES 1 A B R ¥y DR/ %
n 3 150.27 50.09 17.51
S 3 344.73 114.91 44.48
a, 3 72.20 24.07 6.69
P 3 130.02 43.34 14.70
R 3 23.97 7.99 16.62
¥l 15 721.20 240.40 100
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Tab. 6 Range analysis of surface roughness

SES K1 K2 K3 IK- 4 Wz

n 12.80 11.59 7.10 5.39 7.41
f 3.54 6.59 10.89 15.87 12.33
a, 7.71 8.52 7.78 12.86 5.15
P 12.25 5.39 7.58 11.66 6.86
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Fig. 5 Main effect plots of surface roughness.
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