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Design of projection system for a micro-LED array
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Abstract: In order to meet market demand for portable projectors a projection system using an LED micro ar—

ray and composed of a display light source and an imaging system is designed. The size of the self—luminous

micro-LED array is 12 mmX9 mm. This micro—LED array is used as the light source. A projection lens suitable

for the light source is designed by using Zemax software. The projection adopts an anti—distance optical struc—

ture with a full field-of—~view angle of 80 degrees and a focal length of 8 mm. This projection uses a strong—light

and wide-angle lens. The modulation transfer function of the objective lens is greater than 0. 85 at a spatial fre—
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quency of 20 lIp/mm and its distortion is less than 2%

which meets the design requirements of the projection

system. The projection system has many advantages such as a small size a simple structure good projection

easy production efc.. It can also provide reference for the development of third—generation projection technolo—

gy-
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Fig.1 Schematic of optical system overall structure R
1 Micro-LED
Tab.1 Parameters of micro-LED display
Arrays type Panel size/mm Length-width ratio Pixel size/pm Pixel amount
Red microd.EDs 12x9 4:3 25%25 480%360
Green micro-LEDs 12x9 4:3 25%25 480360
Blue microd.EDs 12x9 4:3 25%25 480x360
Total pixels (480x360) x3
3.2
0 2 Mi-
cro-LLEDs
R.
G.B o
R.G.B o
MicroLEDs 2
n’ f ) Fig.2  Sketch map of projection system

1n°/2f" = tanw . (1)
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Tab.2 Optical technology parameters and

design specifications

Parameters Specifications
Chip size( diagonal) /mm 15
Focus length/mm 8
FOV/(°) 80
Wavelength/nm 400~700
Fl# 2.5
Prism thickness/mm 20
Prism material LAF13
MTF MTF=0.5@ 20 Ip/mm
Distortion <3%
C<0.24
C=0.24
o C=0.095
4
4.1

Fig.3 Structure of retrofocus lens
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Fig.5 MTF curves of imaging system at 20 lp/mm
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Fig.4  Structure of optical path for optimized projection ° 6
objective (b) “ ” R
2%
5 3% 1. 6%
51
MTF 5 MTF Radius( fringes) N=2
52 Thickness /mm 0.02
7( a) . Decenter X/Y/mm 0.02
LED 25 pum Tilt X/Y( degrees) 0.008 3
S+A TIrregularity( fringes) AN=0.2
Index of refractive 0.000 1
10 pm 90% ° Abbe number/% 1
7(b)
° 4 20 Ip/mm MTF
Table 4 MTF at 20 Ip/mm in this optical system
8( a) Lighttools Parameter Value
8(b) ° Nominal 0.901
“©7 Best 0.899
R Worst 0.762
3.162x10° W /mm’ . Mean 0.866
Standard deviation 0.029

3

Tab.3 Tolerance range in this optical system

Parameter Value

5.3

Zemax
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Fig.6  Aberration analysis diagram
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Fig.7 Analysis diagrams for energy and illumination
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DMD LCOS 2016( 12) : 67-68.
ZHANG ] GE CH Y. Development status and policy of
intelligent projection J . Voice & Screen World 2016
(12) : 67-68.( in Chinese)
100 mm 80° 20 lp/mm 5
0.85 2%

J . 2014 22
( 8) :2020-2025.
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Fig.8 Ray-racing diagram and image illuminance map
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