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Design of optical path for miniature projection systems

QIAN Liyong"*, ZHU Xiangbing"*, CUI Haitian'*, WANG Yuanhang'"
(1. Optoelectronic Technology Research Center, Anhui Normal University, Wuhu 241000, China; 2. Anhui Province Key Labo-
ratory of Optoelectric Materials Science and Technology, Wuhu 241000, China)

Abstract: In order to improve the problems of traditional digital light processing ( DLP) projection system, such as, large
volume, complex structure, high cost, and low utilization efficiency of light source, using single three-color light emitting diode
as light source and using a novel DLP projection optical structure of forming parallel light by a single lens, the traditional optical
path was improved and optimized. Without colorwheel in the traditional optical path, the complex structures of light gathering and
light distribution in the traditional projection light path were realized by lens directly. After using TRACEPRO software to model ,
the projection light path was analyzed by ray tracing. The results show that, the volume of whole optical system is controlled at
76.8mm x32. 2mm X 25mm, utilization rate of light energy reaches 60. 1% , spot uniformity reaches 96. 6% , and luminous flux

on screen surface is 21. 7lm. The research reduces the volume of projection light path, simplifies the optical structure and

improves the utilization ratio of light energy.
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Fig.2 Schematic diagram of light while the mirror is in the first steady state
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Table 1  DMD chip of DLP5500 type

chip size 0.55inch(linch =2.54cm)
micromirror pitch 10.8pm
length to width 11.059mm x 8. 294mm(4:3)
tilt angle +12°
reflectivity 88%

broadband visible light
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Fig.4 Spectrum of relative luminous intensity
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Table 2 Specific parameters of lens

outside diameter 18mm
inside diameter 16mm

height Tmm

thick side 2mm
focal length 14.5mm
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Fig.5 Schematic of projection lens
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Fig. 6 Optimization results of projection lens

a—modulation transfer function curves b—field curvature and distortion
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Table 3 Optical parameters of lens
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Table 4  Analysis of ray tracing results

i r;/mm d;/mm material light energy utilization/% luminous flux/Im

1 39.93 1.86 PMMA LED 81.5 36

2 8.268 14.54 lens 93.5 29.3

3 57.683 1.63 H-LAF3A DMD 88.0 27.4

4 18. 809 4.27 projection lens 89.6 24.1

5 20. 867 13.16 ZF7L screen 60.1 21.7

6 -87.862 3.33

7 infinity 6.95 5 & g
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Fig.7 Tllumination chart of projection system
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