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Exposure Time Optimization of Laser Interference Direct Writing Device
Based on MEMS Micromirror
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Abstract  Laser interference direct writing device constructed with MEMS (microelectro mechanical systems)
micromirrors has advantages such as small size, fast writing speed and simple optical path. However, it is necessary to
adjust the exposure time to achieve uniform exposure effect during scanning. We introduce the optical path composition
and control method of this type of laser interference direct writing device. The lookup table method is used to optimize the
generated exposure pattern and exposure time parameters, reducing the pixel diameter variation from about 84% to about
6%. It solves the problem of uneven exposure time in the application of laser interference direct writing devices based on

MEMS micromirrors.

Key words laser optics; laser interference direct writing; dot matrix grating map; micromirror; micro-nano structure
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Fig. 2 Picture of the whole machine
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Fig. 3 Two-dimensional MEMS micromirror scanning modes.

(a) Quasi-static mode; (b) mixed mode (the slow and fast axes are in

quasi-static and resonance modes, respectively); (¢) both axes are in the resonance mode
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Fig. 5 Schematic diagram of line scanning
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Fig. 6 Scanning time waveforms in a line. (a) Before correction; (b) after correction
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Fig. 8 Schematic diagram of design pattern decomposition

exposure correction
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Table 1 Partial parameters of search table for 32 column patterns

Exposure time for a

Column number Repeat number

Column number

Exposure time for a

Repeat number

frame /ms frame /ms

1 2.00 750 9 1.04 1442
2 1.68 892 10 1.02 1420
3 1.46 1027 11 1.00 1500
4 1.34 1119 12 984. 00 1524
5 1.26 1190 13 984. 00 1524
6 1.18 1271 14 962. 00 1559
7 1.12 1339 15 962. 00 1559
8 1.08 1388

0914002-4



FE615FE9H/2024 £5 B/BAEXBEFZHE

3 S5

TS JE b S0 I A RS R R A S WO A
] BRI G E El F AZ5214 15 M 20 i A A g
JEXE G o R A o 1 T R U R AR AR R AT R
0 LR it 2 TET 114 T 3 5 TR T R A R A R AR A
JEEAIL 1 Lh 4000 r/min B %% B BELR 30 s 5 e Uk 45 5 1 ]
PR AT UL IR N 95 °CL B IE] R 90 s, 5 21 A R
AR R4 1. 4 mm',

Wi Y i A FH P 467 R A 28 4 (CCD) AL A 7 5 FE A
T, 45 51 = 18 5 B S50 20 mm, BIRE 5L B0 4Ek F &6
T A B oA 20 mm. PRI IS 5 A IE R R AR
Fro R FH BRLAG 2R I YR 4 i g G I ], 75 AN (] 1 O
BF )R B E MR R ZE . K9 Rolt 2k s 3 48 0 1A

A, Hod 8 9(a) M 300 ms; 81 9(b) A BE 500 ms;
I 9(c) J BRI 1000 ms; & 9(d) Jg B 1500 ms; & 9(e)
S 2000 ms s [51 9(1) B 3000 ms. M9 HrAf
PLE 2 B 6 E] 4 300 ms B, AR B4
0, AH 2 £5 SO T L 7206 20 e 1 R REAS 2] H AR /)
1A R s Y B SGET E] R 3000 ms B, T ¥ S 41
B, (R AT S IR 4 DA R 3R 5 ) 2= BIOG 25 08 H AR X 85K
BT P 45 80, 52 OO AR 45 SR . B A IR O I TR] Y
B, G BE AR WS AT BGRB8
Gy AT S BN o HOGE R 525 AT HTA S Y B G R AR
1500 ms 72 47 , BE B S BE K /N Ry 60 mm 26 47, A= LG
PIREE FAR B AR ATTRR PO P o/ D U5/
NHR RE W 2% 3158 2 05 78 AN R 7 ) I 2 B0 9 AN T)
B,

9 N[a] B IE AR A B R iR S0 45 R . (a) 300 ms; (b) 500 ms;(c¢) 1000 ms; (d) 1500 ms; (e) 2000 ms; () 3000 ms
Fig. 9 Single pixel exposure experiment results at different exposure time. (a) 300 ms; (b) 500 ms; (¢) 1000 ms; (d) 1500 ms;
(e) 2000 ms; () 3000 ms
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Fig. 10 Exposure time correction experimental results. (a) Design pattern; (b) 5 times optical microscope observation results;
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