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Abstract Research results of microlens beam shaping and homogenizing optical system for the 248 nm
excimer laser are reported. Through the actual filming, an excimer laser light energy distribution color image is
obtained. Matlab is used to analyze the image and extract relevant information to calculate. Then an actual
energy distribution of excimer laser light source is simulated by the optical software ZEMAX. According to the
characteristics of the light energy spatial distribution, a microlens beam shaping and homogenizing optical
system for the 248 nm excimer laser is designed and fabricated. The experimental results are in good
agreement with the theoretical simulations. After the shaping and homogenizing, a high uniform beam spot is
obtained finally. The profile of this spot is a standard square with a size of 18 mm X 18 mm. The energy
uniformity error (process window) of the beam spot is less than + 2%, and the top— hat factor of energy
distribution is about 0.90. This optical system can transform 85% of the total input beam power into the work
plane of output beam. The spot shape of original excimer laser is irregular, and the energy distribution is non—
uniform. This technical scheme can be a good solution to these problems. The successful development of this
optical system has independent intellectual property rights, and also provides a technical support for the
excimer laser micromachining with high quality and efficiency.
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Fig.l Sketch of the microlens beam shaping and homogenizing optical system. (a) Single microlens array; (b) double microlens array
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Fig.2 Schematic setup of the optical system designed for the 248 nm excimer laser
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Fig.5 Comparison chart of the actual captured energy image and its simulation of the 248 nm excimer laser.

(a) Color image of energy distribution photographed by laser beam analyzer; (b) color image of energy distribution simulated by ZEMAX
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Fig.6 Energy intensity distribution curve of the excimer laser measured by laser beam analyzer. (a) x direction; (b) y direction
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Fig.9 Intensity distribution on the detector using the initial design
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Fig.10 Curve of the energy intensity distribution. (a) x direction; (b) y direction

DA SRS T A 0 68 R R S AR I A b 1 't SR BB X AR A5 23 O kxS TE D5 T B IS DX, ke 2% R

S A HR B XS, B — A A AR SR — A e R U e B S T A T T BN A R R B RGO £k e T
ZomHE e, o] LIS B RE & B0 EARE R OGRE R B, LARE i BT N A M B R AT B R s B . IHE kX
AREE B IO, 5 of T 2R A PR IT BT R U B Y BE B 5 FBE N L, HE W X4 ) BRGS0 B
=53 (33)
a=18=1
AT G B9 AR W 2 N
J (22(1 —1)] (34)
a=18=1
(34)zC LA BE & F T AL PR L RE B RO A B, o AR/ U U B O BE B R 8 A BE R, SE e Y AT IO

PCE=N

RE T i, o {0 00 ARG 28 G0 Y 45 4 18 O T D' 2 2 880, 25 08 30 e L I o v 45 7 D't o R 0 v O A R
U T RGOS B3 M 51047 S Dt 280, A 36 P A Bods B2 ) A9 o T il R €L oL TR

e L7 e A8, i i 2
JE dido, 18] s, LA KBRS — (i 58 1 4] -5 1o TR I R T 5 22 1) S ) s

o N %I —

/I\?é? Ci.Cr.didy s1.52 E/‘J

FELAE R Z I0 R B, N T A AT i~ S 30 50 R B AL SR XA LA B Z 0 R BT KR F o (v,

x6)3 AT %) ~xg NI IR GA S HL, A B X o (x,--

ol )= ot o r TN 65)
2o N 2t A AR S BB B8, o NIRRT B8, -« i HE Ax, %Mﬁna
(o, -+ 2% 2 SR ) B 2 2 B 1 R R T AR 22 L TT R o s (342t R M AREOR Rt
0%, x)= 0"+ a,Ax, + a,Ax, + a,Ax, + a,Ax, + a,Ax, + a, Ax, . (36)
5 (36)2% 72 77 T 4 I
oc=0"+AAx, (37)
Ax,
K o=o@. ), 0 =0’ A=[an-a] s Ax=|on |14 D=g" U & J MM ot h B/, BLARYE 250
Ax,
R 14 % B PR A %w , af =0, R NP
grad(@)=24"0=0 . (38)
B BT)FACAB)RAGBN R e .
A" AAx=-A"0". (39)
H (39)30 T AR5 Ax L B0 Ax, . Ax, . Ax, . A, « Ax, . Ax, 0F TR 6% 2 5000 55— 300 0~ 20 43 31 25 D

0602003-9

X TR W GURIT , R B 2ot , A R



S I S
Wi Ax, ~ Axg , TS B2 AT B9 e, 5 AL B D627 2 B G2 50T LAS 2007 (9 5000 e 4 19 2 07 AR
s 22, PR AR e B it A 0 i il R, R B AR G AR T T RE A0S T AR O 25 N PR AR, AR EDL S R B
HUESSY DI 5 i 8
SO AL HA EOC RGBT S8, F AR 3 OV T B OC RN A% A B 1B AR B D' BE B 55 R AT

R BIARBCR N 11 R .

0.0372
0.0334
0.0297
0.0260
0.0223
0.0186
0.0149
0.0111
0.0074
0.0037
0

ECTOR _IMAGE! INCOHERENT ILLUMINANCE
DIGIRAL PROJECTOR FLY'S EYE INTEGRATOR
THU FEB 2B 2013
DETECTOR 7. NSCG SURFACE 1: HOMOG. PLANE
SIZE 40.8B0 W X 43,000 H MILLIMETERS. PIXELS 100 W X 1B@ H, TOTAL HITS = 2000000
PEAK ILLUMINANCE! 3.7163E-BP2 LUMENS/CM"2
TOTAL POWER i 2.125@E-BD1 LUMENS

11 Zad DA PRI & b 0L B RE & 73 A1
Fig.11 Intensity distribution on the detector after being optimized
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Fig.12 Curve of the energy intensity distribution after being optimized. (a) x direction; (b) ¥ direction
MNP 12 07 LU HY 6 A4 2 8] B £ 23 Al 85y BRAL, O TURR P35 000 T8 BE Ui £ ~F- T68 (top—hat) I AR o 224d 31
TN -l RLIKE 0.91, 56 5 5z i D6 58 B2 15010 BRE o AR ' 5 B 1) 22 (B AR BE AN DG 58 1) 49 LAY, BIVAT R D' 3 A
96% ) 100% #J2& 1T FI 1Y , L BE it 45 50 BE 1R 25 7 22% LAV s 2 58, 28 5k T 15 0 19 9078 B o 43 - IO 01
Y ORCREE 5 I HE 3 WO O T 7229 LI, W] LU R0 't o RS SR A 1 R

4 MTHZE

TV 3 1 8035 55 I 4] 805 5 B T 1 R T B /N L X 3.4 mmx3.4 mm , 55 AR (9 07 I R 7RG E MR | ek
0T G A TR R S R T ek AR S R L TP R — R O M O X R 55 AN D B
Ty WO, 75 B AR R A BEAE S 2 SO A R R R A B AR B R T R I S T, BRL AR SE n T
TARWEMELLE N . R T RE8 52 LA R GG 2% B it i G2 Rk | SR CSE A8 DG 27 v i T B )
T B PR OB BE E AT AR N T %2

oy S35 5 % 370 1) Tl a8 B R S oY T TR 1 — IR 25 4, n T s 1 i e AL e FLA A O [ E . BB R
FE5 Ry 12x12 33t 144 A T0GE B, o A9 1 4 8 STE B2 795 B3 ) 46 Ja R A 6 T2, 79 46 Ja A 1 00 T g
A PR 22 R VAL TR T o SRR 2 % T ) 0 5 B ) LA G T AT T B T A A 1 B B B Dl 2
BT D OG5 i A o 13 e [ A 53 500 Ay B — 1 S R A1) S TG B I 1 L R A B e R T R Y
ISR B R A oA B R [ HL R

0602003-10



13 e ou sy A
Fig.13 Photograph of optical elements
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Fig.14 Photograph of the optical processing platform
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Fig.16 Energy distribution of the beam profile after being shaped and homogenized. (a) 2D version; (b) 3D version
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