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Design specifications
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Response time

4 mm X4 mm
=3.8mmXx3.8 mm
=T7X7
<25ms

2 WMFFRBEIIHIZIT

BSOS RO S B 51 R B T8 ROST g o s L R e o 7 el JRE A5 R, DR P T i L K 8l ) T A i R
TR T TR PO A Ie Bt 1B 42 BT S oT iy &5 # L TAR IR BIR 5, 2% 08 2 HUOT 5 ot M AR
RGBSR AT MHGETE AR S HOL)Z il SR R S RAE B SR Z Wik A — R 8 %R HF
TERE A S, FE TR WA () I 3 A D b e, T 5 e S N T B AR RE S T R L . RN IR TR RRES TR
P BRI AR TSl , B 5 A SCZ BELLE DT o o 2 40 T AR RIS R o AL H T D R R T R
284 23 AT R B 1o A R BT 907, 3T 1 W B AR 22 8] A4 0l 38 %, BRI 4% 1R 0T 285 0 — B2 e s, U JE Al
TE SCHERE O SR 101 52 T3 AR T 8152 300 46 o7 B, VRS2 A AR 10 S A5 ol a8 0 4 25 9K Bl | s T LS B g F

TP RS R VI
a
Y — O —

Substrate

(a) The structure

4

(b) The principle

MAXRETWEMRTERERE

Fig. 4 The structure and principle of a microshutter element
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Fig. 5 Three-dimensional schematic of the microshutter array
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Table 2 Design results of microshutter element parameters

Parameter Design results
Electrode length 3.8 mm
Electrode width 400 pm

Size of microshutter element 4 mm
Opening size of microshutter element 3.8 mm
Light shield length 3.8 mm
Light shield width 1.9 mm
Light shield thickness 2 pm
Cantilever beam length 200 pm
Cantilever beam width 2 pm
Cantilever beam thickness 2 pm
Number of cantilever beams 2

3 WAXREINAESR

31 WAXBTERIFBHERL
T SE il 1T Ansoft Maxwell WL i 37 475 SR BIr s i E 89 30T SC R 7 78 41 e 0 B vh A TR) A BT B e,
JFEREAT T 05 BT 05 B R HTROT OC B OT 1 4540 2 808 Sr — dERE , BEAT T 4R e 5 05 B, R R
T %65 HH e il B9 3 RESR A ARATH IO S5 0 B A4 7 L D R, g 3.
R3 WMAXRHEERAZNHENEREER

Table 3 Simulation results of electrostatic torque on microshutter

Rotation angles/ (") Electrostatic torque/(Nem)
5 3.70xX107"
10 4.26xX10°"
15 4.72x10 ™
20 5.32X107"
25 6.03x 107"
30 6.86>107"
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Fig. 10  Optical pathway diagram of miscellaneous light analysis for FOV gated optical imaging system
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Microshutter Array Design of Field—of-view Gated Imaging
Systems for All-time Star Sensor
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Abstract: Traditional all-time star sensors usually have a narrow Field of View (FOV) and adopt single
star tracking mode. Because of only one target star in the FOV, the optical system should be installed on a
two-dimensional rotation/scanning platform, or multiple telescopes are used to achieve synchronous
measurement, which can lead to many shortcomings such as large volume, low reliability and poor

0411001-10



Jr 5 A5 s A K B SO R L7 R B AR R T BT K 81 i

autonomy. The optical imaging system based on FOV gated technology can obtain the wide FOV and
strong sky background radiation suppression ability at the same time by combining a large total FOV with a
narrow gated FOV, which is expected to achieve multi-star detection and star pattern recognition in the
daytime. It has the advantages of small volume, light weight and good autonomy. In the FOV gated optical
imaging system, it is necessary to use a key device of microshutter array to quickly switch the gated FOV.
Microshutter arrays need to have the characteristics of large element size, high duty cycle and high response
speed. At present, there is no microshutter array that meets the requirements can be used. In this paper, a
short-wave infrared band FOV gated imaging system principal prototype is designed. In this system, two
sets of microlens arrays are used, the aperture of the microlens element is 4 mm, the FOV gated imaging
channel number is 7X7, and each imaging channel can obtain near diffraction limit imaging quality. The
microshutter array is placed behind two sets of microlens arrays, and the size of the microshutter element is
also 4 mm. The position of the microshutter element corresponds to that of the microlens element one by
one. In order to meet the application requirements of the FOV gated imaging system, the main design
parameters of the microshutter element are determined as follows. The area duty cycle is not less than
90% , the switching response time is not less than 25 ms, and the drive voltage is not more than 120 V.
Based on the principle of electrostatic parallel plate capacitive drive and the MEMS bulk silicon process,
two rectangular silicon thin plates are designed as light shields for microshutter elements. Furthermore, the
light shields are also used as upper electrodes, and the lateral sides of silicon substrate are used as lower
electrodes. By loading and removing the drive voltage, the switching of the open and closed states of a
microshutter element can be realized. Considering the material characteristics, parameters such as electrode
width, cantilever beam width and thickness are first determined. Then, according to the mathematical
model of the microshutter element, the influence of different number and length of cantilever beam on the
drive voltage and response time is analyzed. The calculation results show that the driving voltage increases
with the number of cantilevers beams and decreases with its length. In order to minimize the driving
voltage, the number of cantilevers beams should be 2, and the beam length should be greater than 200 pm.
On the other hand, since the longer the cantilevers beam, the longer the response time of the microshutter
element. In order to meet the 25 ms response time requirement, the beam length of the cantilevers beam is
determined as 200 pm. The Ansoft Maxwell electromagnetic field simulation software is used to simulate
the electrostatic moments of the microshutter at different torsion angles and then the Comsol Multiphysics
finite element analysis software is used to calculate the torsional elastic coefficient of the cantilever beam.
According to the balance conditions of the electrostatic moment and the elastic recovery moment, the
variation of the torsion angle and the drive voltage is presented. The results show that the microshutter
element can be opened when the drive voltage is 106.4 V, which is basically consistent with the theoretical
calculation result of 114 V and demonstrates the feasibility of the design parameters of the microshutter
array. In addition, since only one microshutter element is turned on under normal operating conditions, the
light incident to the other unopened microshutter elements can be reflected or absorbed. The reflected light
can form stray light within the optical system, which will affect the distribution of sky background radiation
on the image surface of the detector. Therefore, according to the structural layout of the designed FOV
gated imaging system, the effect of the surface reflectivity of the microshutter element on the stray light in
the system is simulated and analyzed by using the advanced stray light analysis software ASAP. The results
show that as the surface reflectivity of the microshutter element increases from 3% to 80%, the average
illumination of the sky background radiation at the image plane on the surface of the detector increases very
little, and the impact on stellar detection is almost negligible. Therefore, in the design of microshutter
arrays, there is no special requirement for the reflectivity of the microshutter surface. This study provides a
theoretical basis for the processing of microshutter array in FOV gated imaging system.
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drive; Microshutter array; Duty ratio; Response time
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