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Design of short-focus projection lens for LED digital projectors

Zhang Yu!, Chen Chen'?, Liu Xiaochan', Li Weishan!, Wang Lujun*

(1. Qinhuangdao Audio-Visual Machinery Research Institute, Qinhuangdao 066000, China; 2. Heibei Province Key Laboratory
of Measuring and Testing Technologyies & Instruments, Yanshan University, Qinhuangdao 066004, China)

Abstract: To achieve LED digital projectors project in a short distance with the bigger picture projection,
according to the structural characteristics of such projectors, a short focal digital projection lens for 0.7
inch DLP projectors was designed and a design example of a lens, whose operating wavelength was 462 -
625 nm, full field of view angle was 84°, relative aperture was 1:2.4, focal length was 10 mm and back
focal length was greater than 20 mm was given on the basis of the theoretical calculation and the
optimization of optical design software ZEMAX. Its MTF in all fields less than 30° is higher than 0.5 at
the limiting spatial frequency of 40 Ip/mm. The absolute value of the full field of view distortion of the
lens was less than 1.5% ,the image quality is very good. Analytical results show that the design can
decrease the production costs of the projecting system and promote the technological industrialization.
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Tab.1 Lens specifications

Parameters Specifications

Chip size 0.7" diagonal
Wavelength/nm 525
E.F.L/mm 10
B.F.L/mm =20
Fl# 2.4
F.AI(°) 42

MTF >0.3@40 Ip-mm™!

Lateral color/pm <7
Distortion <2%
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Fig.1 Basic structure of lens
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Fig.2 Initial structure layout of lens
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Tab.2 Optical parameters of lens

i ri/mm di/mm Material
1 39.93 1.86 PMMA

2 8.268 14.54

3 57.683 1.63 H-LAF3A
4 18.809 4.27

5 20.867 13.16 ZF7L

6 -87.862 3.33

7 Infinity 6.95

8 -22.955 1.21 ZF7L

9 16.444 7.00 H-LAK50A
10 -34.823 0.16
11 27.441 8.02 PMMA
12 -24.192 0.22
13 955.253 6.21 H-K9L
14 -26.826
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Tab.3 Conic coefficients

i Conic
1 1.81
2 -0.639
11 -6.559
12 -3
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Tab.4 High order aspheric coefficient

No. 4th 6th 8th 10th

1 -1.05E-006 -4.44E-008 1.66E-011 -2.36E-014
2 -1.20E-006 -1.84E-008 2.88E-009 -3.64E-011
11 4.51E-006  1.52E-008 -1.21E-011 0

12 -4.22E-007 2.40E-008  7.93E-011 0
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Fig.3 Optical transfer function
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Fig.4 Field curvature and distortion curve of lens
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Fig.5 Lateral color curve
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Fig.6 Mechanical structure of lens
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