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Diffraction characteristics analysis for DMD-based scene projectors

in the long-wave infrared
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Abstract: Diffraction effects play a significant role in DMD —based scene projection in the long-wave
infrared band (8-12 wm). The contrast provided by these projector systems can become noticeably worse
because of the diffraction effect of the DMD. So it is necessary to analyze the diffraction characteristics
of DMD when it is applied to DMD—based scene projector in this wavelength band. Firstly, DMD was
treated as a special blazed grating, and a grating diffraction model of DMD was constructed by
diffraction theory and Fourier transform. Then, simulation calculation was conducted in MATLAB
environment. Finally, the simulation result was verified by experiment of scene projection. It is shown
that there exists a suitable illuminating incident angle range to achieve high contrast image in the long-
wave infrared (8—12 wm) band. When incident azimuth angle is 0°and incident zenith angle is between
44°and 48°, the scene projector will have a good imaging contrast.
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Fig.3 Operating principle of single micro—mirror of DMD
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Fig.4 Lateral view of single micro-mirror of DMD
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Fig.5 Schematic plane of micro-mirror of DMD
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Fig.6 Plane light wave with arbitrarily incident angle
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Tab.1 Diffraction angles and efficiencies at

A=10 pm with all mirrors on states

Diffraction angles (¢,,6,) and efficiencies (7)

Incident |
for different orders
angle
) “10) 0.-1) (0,0)

(0°,24°) (66°,-53°:3%) (0°,~19°:22%) (-61°,57°;15%) (0°,24°:60%)

(0°,36°) (79°,-48°4%) (0°88°:23%) (-51°,70°:9%) (0°,36°:64%)
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(90° 24°) (24°,-53°:3%) (=20° ~57°:16%) (~90°,10°:22%) (90° 24°;59%)
(90°,36°) (11°,~48°3%) (=39°.~70°:10%) (=90°.8°:19%) (90°36°:68%)

(90°,48°) (-1°,-47°;1%) (90°,1°;16%)  (90° 48°:82%)

R2A=10pm, R TFEXKRE, BITHER
TS ARATHRE
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Tab.3 Contrast of scene projector system at

A=10 pm with different incident angles

Incident angle(¢;,6;) Projector contrast (C)

(0°,38°) 0.53
(0°,42°) 0.68
(0°,46°) 0.74
(0°,50°) 0.51
(90°,38°) 0.48
(90°,42°) 0.62
(90°,46°) 0.66
(90°,50°) 0.42
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(b) DMD driver circuit
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Fig.7 Optical system structure for DMD-based IR scene projector
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Fig.8 Infrared scene generated by DMD—-based IR scene projector with different incident angles and zenith angles
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