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Design of Ultra-Short Throw Ratio Projection Lens

Bian Yinxu Wang Heng Guo Tianyi Li Haifeng Liu Xu
State Key Laboratory of Modern Optical Instrumentation, Zhejiang University, Hangzhou, Zhejiang 310027, China

Abstract A wide field of view(FOV) lens, containing two odd polynomial aspheres, is designed to get a digital
light procession(DLP) projector with a ultra—short throw ratio. The aspheres are calculated and fitted, then the
lens is optimized totally. The lens has a F-number of 2, a focal length of 4 mm, a FOV of 128", a maximum dis-
tortion of 0.9%, a total length of 100mm, and a maximum cross—section diameter of @ =80 mm. And the modula-
tion transfer function (MTF) is above 0.6 at 0.4 Ip/mm (cutoff frequency) of all fields. The designing results indi-
cate that the method can be applied to design a wide FOV and ultra—short totally refractive (TR) projection
lens, which can substitute for the commonly used hybrid refractive-reflective (HRX) structure. This kind of TR
lens can also be applied to mini light emitting diode DLP projectors with an ultra—short TR.
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Fig.1 2D layout of ultra=short projector lens
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Fig.2 Schematic diagram to design the first asphere. (a) Mapping relation; (b) corresponding coordinate
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Fig.3 Discrete data points calculated on the first asphere
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Fig.4 Discrete data points calculated on the second asphere
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Table 1 Vertex curvature ¢, conic coefficient K, the polynomial coefficients A, A,, A5 and A; of first asphere and

second asphere fitted as odd polynomial expressions

c K A, A, A; A,
First asphere -0.242 -0.982 -1.2x10™" 0.097 -8.4%10°° -2.2%107°
Second asphere —0.064 -0.617 5.14x10°" 5.95x10°" 9.98x10°° -5.11x1077
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Table 2 Vertex curvature ¢, conic coefficient K, the polynomial coefficients A, A», A; and A, of

first asphere and second asphere optimized by DLS

c K A, A, A, A,
First asphere -0.19 -0.948 8.53x107" 0.1 6.21x10°° -2.15%107
Second asphere -0.076 -0.571 9.34x10™" 5.95x10™* -1.9x10”° -4.8x107°

WA s s BUE AR B R & 2 D3R BRI R G2 /D ZIRIE AL S BB i B B4R B
W A JIT A L 32 LR AR 014 308 ) A% 3 R RCHR R T 0.6, — MBEIA g T LA i 1A%

— 0 mm(T) 0 mm(S) L0
—— =2mm(T) -2 mm(S) ’
-4.13 mm(T) —— -4.13 mm(S)
— ~750 mm(T) — ~7.50 mm(S) 0.8
—— —=8.26 mm(T) -8.26 mm(S) ’
= T:tangential S:sagittal -
g 206+
] g —0 mm(T) 0 mm(S)
\
E . £ -2 mm(T) -2 mm(S)
= i -4.13mm(T) —— -4.13 mm(S)
=750 mm(T) —— -7.50 mm(S)
e ) 02} —-8.26 mm(T) -8.26 mm(S)
oL WA S T:tangential S:sagittal
L L L | 0 I I L |
0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3 0.4

Spatial frequency in cycles per mm Spatial frequency in cycles per mm

5 (a) THEEA3 20 4E BRI Y B8k MTF; (b) fEALJS 1 MTF
Fig.5 (a) MTF of calculated lens; (b) MTF after optimization

W 6 s B AT B HEBR T C 28065 R G 0w E KRBT, S B/ RGO RS

1222002-4



Dl R R
B WG AR A5 B — 2D R OE o R Y R AR A XE /N T 1.5 % B, 155 1 T A R S B A8 i N IR LS . TR
B S WG 722 266 X6 e KN 0.9% , FEAS TR B R BoK

><(a) distortion: 22%
<

< X
< >
=< >
x >

(b) distortion: 1.7% (©) distortion: 0.9%

Bl6 kAR XS LI o (a) W0 8RB Sk W22 5 (b) T34 AR i 5 A0 B Sk W A2 5 (o) DAL SR AR 8 % i A2

Fig.6 Distortion contrast of three lenses. (a) Initial lens; (b) calculated lens; (c¢) optimized lens
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