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Design of coaxial short focal length catadioptric projection system

YANG Jian-ming'?* , LIU Wei-qi', MENG Xiang-xiang''?,
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Abstract: A new type of coaxial ultra short focal projector was designed in order to reduce the align-
ment difficulty, reduce the difficulty of system design and shorten the total length. Firstly, by analy-
zing the relationship between the system’s total length and the aberration, the necessity of ensuring a
long system’s total length is proved. Then, through hollowing the central portion of an aspherical
mirror and using a plane or spherical mirror to deflecting the optical path, a new design method for ul-
tra short focal length projector is presented. It solves the blocking problem existing in the coaxial cat-
adioptric optical system and improves the space utilization rate by ensuring a long total optical length
and shortening the overall machinery length. Finally, the system’s screen size is 100 in and the total
length of 215 mm. The focal length is 1. 66 mm and the object NA is 0. 2 with 0. 17 throw ratio. The
MTFs of every field are over 0.5 at the Nyquist Frequency. All of the indexes meet the demand of the
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projective system. Meanwhile, in the case of the same number of lenses, the system’s performance is

better than the conventional projector.
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Fig. 1 Representative refractive-reflective projection sys-
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Tab.1 Parameters of aspheric mirrors in different

distance
S8 BUE 1 BiE2 S8 BE 1 Bfi 2
¢ 5.2¢e—2 7.0e—2 ay  —2.1le—17 —6.0e—16
k —2.98 —3.03 a;  —2.0e—22 1.2e—20
a 1. 4e—4 5. 6e—4 as 7.5e—27 5.1le—26
a; —3.5e—8 —1.3e—7 a; 1.0e—31 —5.9e—30
as 1.3e—12 1.2¢—11 a3 —3.0e—36 6.6e—35
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Fig. 3 Curves of aspheric in different distance
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Tab. 2 Various specifications of the projection lenses
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Tab. 3 Conventional parameters of the system
THI £ Az JE R [od] £ % £x
1 —105. 645 7 2.772 234 LAK4 0
2 —35.727 01 0.176 341 8 0
3 72.369 43 2.923 538 ZK7 0
4 —136.939 8 0.250 423 7 0
B 23.327 45 3.511 666 ZK6 0
6 66.761 91 4,826 444 0
7 23.638 50 1.980 195 ZF50 0
8 9.792 564 8.767 090 H—Z7ZK2 0
9 19.289 53 2.477 716 0
106D Infinity 12.274 22 0
11 —14.676 06 8.336 229 PMMA 0.049 436
12 —15.347 39 1.095 632 0.189 363
13 —10.127 21 8.028 735 PMMA —1.936 11
14 —12.329 91 125.933 0 —0. 836 30
15 Infinity —136.933 7 MIRROR
16 —28.751 95 229.976 6 MIRROR —3.576 09
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Tab.4 Aspheric parameters of the system
EX AT 11 12 13 14 16
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Fig. 8 Curves of modulation transfer Function
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