Baok 1Y

hoE W ot

2013 4% 1 1 CHINESE JOURNAL OF LASERS

R SRR A O R R LB 5
R EREREE R K

PR TR 2 5 TR B R DU E K L g % . b iR 430074)

WE CRAMLTIE 8 WY 355 nm Nd: YVO, AR EOLLE R 3 W i 1030 nm REMEOGEE AT 0. 4 mm fy B & A 19
ZIVHGHEAT TOXE LEBIE ST WF ST T O Y B K o RE e B K S T Bk bR G R A S RO i LB RS R R, S
B 25 AR U] A O N T R RN B TR A AR SO TR TRRD K b T AR T K 4k B0 (ELBE S I T R 0
I RSB B R BT AN RS ™ A . X Ul B TR EOG B T B R A SR R Y T R R AT
KAt BR Z 2 AN T A AR X B AR Y 28 A AP OL T e T RIS A

FEE BOGHUR OB T 5355 nm GARMEOE s 1030 nm KR s B AR s 4OK SR AL

hESEE TG485;V261.8 XEkARIRES A doi: 10.3788/CJL201340.0103003

Contrastive Study on Laser Ablation of Single-Crystal Silicon by
1030 nm Femtosecond Laser and 355 nm Nanosecond Laser

Yang Huan Huang Shan Duan Jun Du Min
(Wuhan National Laboratory for Optoelectronics, College of Optoelectronics Science and Engineering ,

Huazhong University of Science and Technology ., Wuhan , Hubei 430074, China)

Abstract A 355 nm Nd:YVO, nanosecond laser with output power of 8 W and a 1030 nm femtosecond laser with
output power of 3 W are used for etching the single-crystal silicon. The effects of laser ablation parameters including
laser fluence, pulse width spot overlap rate, and processing times on the processing accuracy and quality are
investigated and analyzed. The heating effect of femtosecond laser is less than ultravialet nanosecond laser, and
nanometer fringes are generated with the laser pulse of femtosecond level, but many cracks appear for the
superposition of nanometer fringes as the processing times increases. The experimental results indicate that the
advantage of femtosecond laser processing is not absolute, and relatively cheap ultraviolet nanosecond laser may be
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more suitable for the cases where plenty of materials need to be removed.
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Fig. 1 Schematic diagram of the laser microprocessing experimental setup
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Table 1 Main parameters of the lasers

Laser parameter  Nanosecond laser Femtosecond laser

Wavelength /nm 355 1030
Maximum power /W 7.5 3
Repetition
frequency /kHz 10~100 1~300
Fluence /(J/cm?) 0~382.1 0~1656. 2
Pulse width /ns 12~60 5X10°"

Quality factor M* less than 1.1 less than 1.1
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Fig. 3 Scanning electron microscope images of the laser-ablated silicon. (a) Femtosecond laser, 7.55 J/cm®;

(b) femtosecond laser, 38.69 J/cm?; (¢) nanosecond laser, 7.55 J/cm?; (d) nanosecond laser, 38. 69 J/cm?
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Fig. 5 Effect of spot overlap rate on ablation quality. (a) 0; (b) 39.6%; (c) 63.7%; (d) 87.9%
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Fig. 6 Results of multiple processing. (a) Femtosecond laser, 50 times; (b) nanosecond laser, 50 times
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