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Experiments and Structural Optimization of Micro-Electro-Mechanical
System-Based Grating Moving Light Modulator

Zhang Jie Huang Shanglian Zhang Zhihai Shun Jiyong Shi Lingna Zhu Yong
(the Key Laboratory of Optoelectronic Technology and Systems of the Education Ministry,
Chongqing University, Chongging 400030)

Abstract: The experimental research for micro-electro-mechanical system (MEMS)-based grating moving light
modulator (GMLM) is important for its further applications. Interference optical signal processing system with
GMLM module was carried on, with He-Ne laser as light source, filter placed on the frequency spectrum plane, and
microscope and CCD placed on the imaging plane and used for magnifying and recording imaging. The laser beam
from He-Ne laser was incident on the GMLM as parallel light after passing a beam expander and a collimating lens,
the GMLM is placed on the input plane of the interference optical signal processing system and the result is consistent
to theoretical result. The optimization of GMLM model was achieved, the grating frame and cantilevers are processed
as non-reflective, and as a result the total reflective surface composed of the movable grating and the nether mirror is
integer multiple of grating period. The optimized model was theoretically analyzed in details by scalar diffraction
theory, with optical efficiency of 81.06% , filling factor of 74. 67 % and contrast ratio higher than 5000:1 in the
condition of grating period of 8 pm, duty ratio of 0.5, grating frame of 2 pm, and period number of 6.
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Fig. 1 Structure (a), optical principle (b) of grating moving light modulator
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Fig. 3 Tested sample and the light distribution. (a) Sample to be tested by grating moving light modulator, (b) light-energy

distribution on the imaging plane when the 1st order spectrum is filtered out
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Fig. 4 Intensity in image plane along grating moving light modulator grating period direction. (a) Experimental result,

(b) theoretical result
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Fig. 5 Two models. (a) Model 1, (b) model 2 (developed model)

X2 RITRBETHE SN GERME 6 Fin.
LA OGN T R B Z IR B BE R R A e AT A
MR p= Cat+Dalit, FE 1 i R4 R ER
BRI R0 REFENHER, WE 6(a) fian; B 4
R R B EBRH, 5E 6(a) . B 6(b) B E

KBBEAER, TRZHEMRET A HRERNE 6
(A 6(dD),LRER EEMEPE T R, HKE

S e -F 3 SO6 TR H & B TR U, B
BRIEFER SECRAM AR LEREEESE, NI



1568 b ¥

¥ R 2 E

Xt 2 T REA LGNS BT T BT BT

¢
L
E

(a) ¢=.(2n+ Dn

(b) p=2n=n
(mode 1)

(mode 1)

(© ¢=(én+1)n
(mode 2)

(d) p=2nn
(mode 2)

B 6 2FFRAMHFEEESME. (D ¢=CntDx GGRD, (b) $=2nx (FR D, (o) $=Cnt D (FED,
(D ¢=2nx (FE 2)
Fig. 6 Diffracted-light intensity distribution of two models. (a) $=(2n+1)x(model 1), (b) $=2nx (model 1),
(¢) $=(C2n+ D= (model 2), (d) $=2nx ( model 2)
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Table 1 Relationship between movable grating constant d and optical efficiency #, contrast V

d /ym
Performance parameter
4 6 8 12
Model 1 0. 4687 0.5523 0.5936 0. 6447
Collecting 1st- 7 Model 2 0.8106 0. 8106 0. 8106 0. 8106
order diffraction Model 1 38. 40 65. 85 99.74 148. 6
Model 2 8. 064X 10% 1. 025X 10% 9,175X10% 3.994X10%
x2 M ESI e SHBAAE ) HWILE VXA
Table 2 Relationship between grating occupation ratio e and optical efficiency 5, contrast V
d /pm
Performance parameter
4 6 8 12
Model 1 0.3731 0. 5289 0.5936 0. 2278
Collecting Ist- ' Model 2 0. 5589 0. 7526 0. 8106 0. 2800
order diffraction Model 1 243.5 139.7 99.74 36. 30
Model 2 6. 815X 10% 8. 581X 10% 9,175X10% 1. 156X 10%
=3 AEEMAEREE w, SHREEFIHE g HHE VXA
Table 3 Relationship between movable grating frame w, and optical efficiency 7, contrast V'
d /ym
Performance parameter
4 6 8 12
Model 1 0.6389 0.5936 0.5499 0.5079
Collecting 1st- 7 Model 2 0. 8106 0. 8106 0. 8106 0. 8106
order diffraction Model 1 107. 4 99.74 92. 40 85. 34
Model 2 9, 716 X 10* 9.175X10% 8. 624 X10% 8.064X10%
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Table 4 Relationship between period number m and optical efficiency 7, contrast ratio V

d /pm
Performance parameter
4 6 8 12
Model 1 0.4227 0.5936 0.6230 0.5662
Collecting 1st- ' Model 2 0. 8106 0. 8106 0. 8106 0. 8106
order diffraction Model 1 22.05 99, 74 544.5 4,365X10%
Model 2 9.175X10% 2.667X10% 8. 064X 10% 3. 994X 10%
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