FA0k 6

Hi Mo
CHINESE JOURNAL OF LASERS

2013 4F 6 H June, 2013

RO I BN T B A 5 50 9 52
W #EE H ¥

GRUU TR AL A B R LR %, Wb 5 430070)

TEE 157 nm S0 RE A4 R EAT HOG 2 EROIN TG FRAR I B . A AR A LR OGO M R T S O
FEREE R, E’J%ﬁ i B/ AR T e HLRE B A 1S 2K R 157 nm B X GaN AME 5 EAT T 4 6
T S0 S 06 . bl A 2 AL S I R B AR L & BRI R R BT S S PR g B 2 R — E iR 2 L (A A
X i 22 # AE 15%L1?,W/J\E‘J$EX¢H<§£%J 4% . DMKT 15 Hz B9k sp 45 A& F 0. 7 mm/min % 35 i 3 B 317 3
ST 20 it T DA FRAR R FE TR . B AR R A B A R T % S IR T YA AR T B S A e O T
AR T HIB K.

KR WOGHOR ;157 nm BOGHOE s 3K DR FE 5 BUEp T

FES %S TN249 XHERERIRED A doi: 10.3788/CJL201340.0603003

Study on Mathematical Modeling and Experiment of Ultrashort
Laser Polishing Micro-Processing

Xu Gang Dai Yutang Xiao Xiang
(National Engineering Laboratory of Fiber Optic Sensing Technology, Wuhan University of Technology ,
Wuhan , Hubei 430070, China)

Abstract As one of the ultra-precision machining tools, 157 nm laser is an ideal means of surface micro-machining
for hard and brittle materials. By establishing the mathematical model, the effects of the process parameters on the
etched surface roughness (R,) are discussed for laser polishing of materials. The roughness calculation formula is
derived by using the least squares method. Experimental studies on polishing micro-processing of LED-GaN
semiconductor films have been performed using excimer laser with 157 nm wavelength. Through the comparison of
multiple sets of theoretical and experimental roughness values, there is an error between them, but the relative
errors are all below 15% , and the smallest relative error is only 4% . For 157 nm laser spanning. the ablated surface
with lower roughness can be obtained when the laser repetition rate is lower than 15 Hz and the scanning velocity is
higher than 0.7 mm/min. The mathematical model can reasonably explain the groove formation mechanism of the
etched GaN surface, which provides a theoretical basis to improve the processing quality.

Key words laser technique; 157 nm laser polishing; surface roughness; mathematical model

OCIS codes 140.7240; 140.3390; 350.3390

Vol. 40, No. 6

1 gl E

OGN AR Sy BA Tz AR ROR
e B R B o TR Bz — . R ORI A
R J Ak b R ) A ) kR R 43 i LA
157 nm #E 4% F #0O6 AR O B B Rk
157 nmifE 3 FHOGM HFOLFRER SIA 7.9 eV AT H
Fz il TR R 1) A 27 B X AR TR R AR /DN 2 kS

i B 2013-01-20; WRIfEMFRBEHEI: 2013-03-01

JERT s AN SO AT A B KRR R (10~15 ) 1)
Jok b At AR R T R ORE Y B R AR R 0 T R
B CEMTRRESE N T L A S R AR
(AN TR 3 R R ARL B4 i TR L S B RO R B
SE TR AR .

Bl L L R 55 (MEMS) Hh (8 OB HL L R 46
(MOEMS) $ A 1) & J& . X 25 1 1 R HiRs BE 32 R T

HEEMB: HEARPAFL (51175393 it A SRRl 2454 (2011CDA055) ¥ Bl iR & .

fEZE®Sr: 1k WI1985

)L R A, BN E RO T MY . E-mail: xugang524@163. com

SImE A WEREAIA— B I R RN EOERON Ty E A HESE . E-mail: daiyt68@163. com

0603003-1



H |

# ot

B R EESR A P 2 T /) YU FRL A 40 1 s S
PO TS 49 22— A% B 4 il D't 1 R I B B 4
DI (A2 1U5 ma VOL &= 8 IR TIEINIDE /RN L 1B S
R TT DA IK SIAR R 00 R (H 3 SR A X R
it  J6 1 S BN S L R R L O ot i
Je— BT LA A 2 T4 O B AR AT S BN E B R R
BERMIAL P . R HE R 24 gk i ZUSE SR 98 BD 56 4h
Jik o 3OEXT 316T AN 85 4 b1 B AT Sl G L 5 20 B
IR P aN-Y S S DU R Oy €1UP s & 1]
S . S T B R A ) Vadali S50V 4R Tk
OGO G 1Y) <5 T 2% T HELRE J3E 1% 00 5 L A )
THABOCN T RETZ S5

X R IO 9 ' 0N T B AT 5 ik Ak TR B
W B+ 4R 1) 2 308 e S S B A R SR o3 AT SO B 't i
FEEIWEFE H T i AR B AR & 9 R . A SCR X
BRI, DL 157 nm ALK O OE GaN 7
PRBERE AT G2 %8 301G 41 0 A4 4 ) G ThT AL RS J3E A
TR IR AT TSR L

2 157 nm FOLMEIN TAU > Hr

S B TR AR WOR I I o R AR o T R T
P 2 B 00 B 00 TR 9 5O AR
P A MBI T2 A B A R 1 53 M 9Ok
6 1 i B PRI 1B R I 5 R
Btz

]
pr

spot size

spot line spacing
1 Bobi s ixi
Fig. 1 Laser polishing path

A 157 nm #OEXT GaN AR 4E - 4T 06 5256
FHEI T 120 pm X 200 pm BYREIE . %) 05 1Y
GaN FME 5 W By 30 %0 CRFL4r 850 (1 HCL i
Y PR P B Yk A 3 R 30 min, HISEE Veeco
K5 % AX 4% 2> W 19 Nanoscope 1V H Jii 5 J 1 B3
CAF M) WS Bl 2] ot T A9 28 TR 300 11 2 Sy B IS
ZVHTE H1 50 pm X 50 pm 1 X, A H R LUFE
FARIAT Z [ AR 7R B2, 35X ] 8 J2 il A8 ) ok T A -

(14 3 PR 2 — DR Ot A e R T B i A
TE S F14 V) AR S R AV 1 5 T AL RS 2 ) OC B

2 /um

20
2, 30
A, .
K Ny

& 2 WotiotE ) AFM
Fig.2 AFM image alter laser polishing
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Table 1 Roughness R, comparison of measurement and theoretical values for different polishing process parameters

Process Parameters

- Measured Theoretical Relati /%
Spot size /pm Offset Pulse frequency  Scanning speed value /nm value /nm elative error / /o
Spot size /. b /pm f /Hz v /(mm/min)
15X15 2 10 0.8 24. 20 28.12 —14.0
20X15 3 10 0.7 26. 64 28 —4.9
20X15 2 8 0.7 21.8 25.7 —15.2
20X15 2 8 0.7 34.6 32.14 7.7
20X15 2 10 0.9 28.8 25 15.2
20X15 2 10 0.6 41. 46 37.5 10. 6
20X15 3 20 0.8 54.45 50 8.9
20X15 2 20 0.8 58.4 56 4.3
20X15 3 10 0.4 48.0 50 —4.0
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Fig. 6 Relationship between roughness and scanning speed
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