53, 051404(2016)

RNSHBIFHRE

Laser & Optoelectronics Progress

©2016 ¢ H [H OGB4t

355 nm ZiFB A1 1064 nm B FBEOehm 1d

HEM K R £ &

m. j_l-d

KEIA

WE  FAHBEK 355 nm BAFPBOCH 1064 nm B B RS OG XTI 5 00 28 R R A7 200 K U0 B0 S 56 i o s ) AR 4R vk
TEAR KA FAAE T ifi L 20 b s 3R AR, B L0 T R A B 10° W/ em® R
HESES TN249

BT T WO R 5 B BB B T 2 S H0R (R 18 00 . OF BEAT T L 4 A . 45 2R R W1, 355 nm S RD O 0 T3t 72 4

M 1064 nm JZ &0 ZLAMOE U BI O i BT i AR s JL-F- AT SE S8 R N L7, B m il 2 45 0
BOLH A s BEOROIH]; Bl 1T a4 AREIN0L: R AMEOE
XEEARIRED A

doi: 10.3788/1.OP53.051404

I E A B B TR OTHE

fiEse
WO O E
VIR IR E) 10" W/ em?® W] 52 90 60 4 7 19 EDE DD BRIV SF 293 1 WO BBk BB 1 m] K BE 15 ps HY
1064 nm ZLAMEOG, ST 0.55 mm JBE ¥ 5 A B EE R4 0 0 i KB D1

Bian Xiaowel
Abstract

Study on Machining of Sapphire by 355 nm Nanosecond and
1064 nm Picosecond Laser

Chen Meng Li Gang
Institute of Laser Engineering, Beijing University of Technology, Beijing 100124, China

The experimental research regarding grooving and cutting the sapphire substrate by nanosecond laser with
wavelength of 355 nm and picosecond laser with wavelength of 1064 nm is presented. The influence of adjusted

processing parameters on the depth, width and quality of grooves via controlling the variable method is studied.

Furthermore, the comparative analysis shows that the thermal effect of 355 nm nanosecond laser processing is very

power density reaches 10° W/cm®. However, 1064 nm picosecond infrared laser cutting quality of micro groove is
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big, and the etching efficiency is low, which cannot achieve graphs cutting of sapphire substrate even if its peak
sapphire substrate can be realized with the laser peak power density of 10'> W/cm?, The high-quality graphs cutting
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very high, which can realize completely “cold” processing. Eventually, the results show that the graphs cutting on
1 W, single pulse energy 1 mJ, and pulse width 15 ps.

—
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on the blank of sapphire substrate with 0.55 mm thickness is realized by 1064 nm infrared laser with average power
140.3610; 140.3390; 160.1245; 320.7160
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Fig. 1 Laser micro-machining system
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Table 1 Technical parameters of laser

Technical parameters Value
Wavelength /nm 355 1064
Average power /W 5 1
Repeat frequency /kHz 30 1
Pulse duration 40 ns 15 ps
Focal spot diameter /pm 15 60
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Fig. 2 Confocal images of microgroove after nanosecond laser cutting at 355 nm.
(a) 1 W, 0.5 mm/s, five times; (b) 5 W, 0.5 mm/s, five times;
(¢) 5 W, 1 mm/s, five times; (d) 5 W, 0.5 mm/s, one time
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(¢) 5 W,1 mm/s.5%; (d) 5 W,0.5 mm/s.1 K
Fig. 3 SEM images of microgroove section after nanosecond laser cutting at 355 nm.
(a) 1 W, 0.5 mm/s, five times; (b) 5 W, 0.5 mm/s, five times;

(¢) 5 W, 1 mm/s, five times; (d) 5 W, 0.5 mm/s, one time
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Fig. 4 Confocal images of microgroove after picosecond laser cutting at 1064 nm.
(a) 0.5 W, 0.5 mm/s, five times; (b) 1 W, 0.5 mm/s, five times;

(¢) 1 W, 1 mm/s, five times; (d) 1 W, 0.5 mm/s, ten times
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Fig. 5 Confocal image of microporous morphology. (a) Three-dimensional image; (b) two-dimensional image

3.2.2 EAusb ki £k

K 6 2 1064 nm B FPHOGYIENE 5 A KL B 6 () 2R 100 pm WYL KL, B B AT, AL AR T
W, BN ARF /N, B 6 (b) S AR S 2 mm B U EI B R 3 2k R 8 R L T b Ze bR TR a3 Sk B
Co) il B J 38 e R TR (D 2 3 L /] DL 3 IR S G AR 6 WA il MR el %, H N i g A
FF . PUBE JLT- A 45 il 5 o DR ILIE B 2 D 2T A0 T DLSE BN 5 A 56 H i i WD) KR T2 28
RHOCT )RR 1 WL AR By 0.5 mm/s, &R Z WA 322K 0.005 mm, R EL 50 K.

o

) S-3400N 20.0kV 40.7 mmx160 SB. '

E 6 SEM Kl . () 4 100 pm AL (b) 248 2 mm 18] i 4 = S OR B
(o) B R B Ry 3 R L (D [ R 4 4 1R
Fig. 6 SEM images. (a) Microporous R=100 pm; (b) locally enlarged circular edge of the waler R=2 mm;

(c) side wall partial enlarged image of the wafer; (d) panorama of the wafer
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