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Design of Ultra Wide-angle Digital Universal Projection Lens

LI Wei-shan, CHEN Chen, SONG Tao, ZHANG Yu, LIU Xiao-chan
(Qinhuangdao Audio-visual Machinery Research Institute ., Qinhuangdao 066000, China)

Abstract: To solve defects and deficiencies of the existing ultra wide-angle digital projection lens and
match the ultra wide-angle projecting from different types and specs of digital projectors, a type of ultra
wide-angle digital universal projection lens composed of nine lenses was designed. The focal length is
8.76 mm, the full field of view reaches 97°, F-number is 2. 12, BFL is longer than 34 mm, the largest
diameter is less than 96 mm and the total optical length is shorter than 200 mm. By setting an effective
even aspheric, the off-axial aberrations and distortion are corrected well. By reducing the number of lens
and increasing the relative aperture, illumination is improved. By increasing the aperture coma of the
system and reducing the FOV of image, relative illumination is improved up to 97. 46 %. By determining
the prim thickness and adjusting the structure and layout, the lens can match prisms of different effective
optical thicknesses from 16.5 mm~23 mm in several kinds of digital projector engines. The resolution is
120 lp/mm, and the absolute value of relative distortion is less than 1. 5%. The design indicates that the
lens can match digital projectors by using 3LLCD and 1DLP technologies with the chip sizes from 0. 55 in
to 0. 76 in, minimum projection ratio is up to 0. 53 1 and the largest frame offset reaches 389 mm. Its
image quality is excellent with advantages of simple structure, small size, low cost and mass produced.
Key words: Optical design; Ultra wide-angle projection lens; Aspheric; Relative illumination; Aperture
coma; Modulation transfer function; Resolution; Frame offset
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Table 1 Panel sizes and ratio of mainstream projectors and corresponding prism thicknesses
Panel size(diagonal length)/in 0.76 0.7 0.67 0. 65 0.63 0.55
Length-width ratio 16.10 4.3 16.:10 16:9/16.10/4.3 4.3 4.3
Prism thickness/mm 23 21 20 19.5 18.5 16.5
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Table 2 Different typesdigital projectors and corresponding the ultimate resolution of the lenses

Panel size/in 0.76 0.7 0. 67 0. 65 0.63 0.55
Chip pixel 1920 % 1200 1024 % 768 1920 % 1200 1920 % 1080/1280 % 800/1024 % 768 1024 % 768 1024 % 768
Ultimate resolution/ (Ip/mm) 59 36 66.5 66.8/45.7/38.8 40 45. 8
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Table 3 Optical technology parameters

Focal length/mm Full angle of view/(°) Relative aperture

Image height/mm Working distance/mm
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@35lp/mm, MTF=0. 4

L'>34
@67lp/mm, MTF=0. 15

v'=19.7

2 HAEFN

R0 90 22 00 A0 S P R B8 3k 0 D62 1
R 8 LB A 0B R 2 BN I 0O 2% 45 4 o 3%
iR P 19060180 7 S AT LT T M
ZEMAX 2 0 P A1 25 25 09 7 3 217 Ak G 2% 25
Fa 0 J 1 1R R (R 0 AL B 1.

H1 sktxsh

Optical structure diagram of projection lens

Fig. 1
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Table 4 Aspheric coefficients of the first surface

Conic 0. 44
2nd order term 0
4nd order term 1.11e—006
6nd order term 5.19e—011
8nd order term —2.05e—014
10nd order term —2.19e—018
12nd order term 6.6le—021
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Table 5§ Optical structure parameters

Surface  Curvature Thickness/

number radius/mm mm Material
OBJ co co
1 15. 88 0.74 PMMA
2 4.70 1.95
3 8. 87 0.63 H-ZK11
4 4.55 1. 56
5 38.93 0. 34 H-ZK11
6 6.13 8.22
7 6.21 0.99 H-LAK51
8 3.03 1.99
9 4. 66 1. 04 H-ZF7LA
10 90. 90 2.26
STO co 0. 74
12 12.53 0.55 H-ZK3
13 —2.73 0.32 H-ZF7LA
14 5.02 0. 20
15 8.57 0.52 H-ZK11
16 —5.35 0. 06
17 4.69 0. 60 H-ZK11
18 —17.01 2.2

3 KREHEAREBIRIER

3.1 FHEMEERA

AT T Sk A BRI A (807~
120%) , LA B B B R WA X FL AR BT DL &R 4 il A% 2
A9 AR L TR A 14 A D B R 2 B AR s I i S5 O3 A
Y iR R T AR B AR B — B Sk i 45 A
E oA 2% PR BB R, A B . BT DA AR IE AR
BIMEEEN T, 2 —2 R g5, 4 /MR T, FEAK
BRAS B A T 40 3 I I A R AL AR & T Y
B o7 B Ab A A B BR T 2 T R A AR e T
A BT S 1 — SRR K A

AEER WG 22 TC M, A48 HE th 2 50 5 vk 7 B e
T B 45 a0 2 42 359 R A [R) A0 0 2 oo oEE L R BR
TE ZEMAX B v ity 3 s Oy B2 =0

u (3

Z(r) = . S
T ather

b MR E AR =27yt e S it T TR R il R
ke g Ul T 2R KL Z 0 BT R TR JEE o~ s N IR

0822005- 3



k¥

S ¢

Jeekimn REC MO AT LLAE H, JE Bk w0 1B 2 B L
D SHEPGE AR RA — 4S8 R g HiiE .
FrLAARBRTE AR OG22 R MOEAR 2 BA W IR A,
BT B AR RS2 B BE A5 BE . AF SR IE
B ERAZMEL T RAT ZRE. W HHEE —m
WO AEBKT  E R EAE RGP I B LR G R A A T AL
ERGERRAME 22, 53 4 HAL T & G2 0 A AL L ]
VLA 24 b A T AR, BR R T 46 /0N &R BE W B R AR L
KA R G A5 /N i e B Sk i R AR /N T
$96 mm, RGN T 200 mm, AL H 9 F i B AL
H & A — 20U A 3% B H A 450 5 R N
IR .

3.2 KERERGEEAMBENRS

B A ) A BT B8 B Sk A AR A T AR AR
H AR5 R X B AR 1) i 5.

AFIRT R RE J2 8 A5 18T AN [ A s s 118 BECRE R s i
MR 2 b AR R G b G SR ) R AR /DN A& F T
A R gl 2 AR AN X 50 B Sk 15 S A i T R 34 A0 M
AR 22T AR A IR A S HE S TR 2.3 TR R,
P2 el b BT B AR B/ T AR 43 000 ds A
ds” 105 Fg 7 FL A% #4390 S U R U 99 i 04900 52
S BA B 0y ds 78 U ST/ N & oG
wo N

d=x+ B+ ds-sin’U €Y
M H A S B4% 1 OGN

& =xe+B «ds «sin’U’ (5

O Al b AR I R E R

E=2—r.p.

sinfU'=mn+ B+ 7 sin’U (6)

K2 #ErxBEEAHEER

Fig. 2 Calculation model of axial luminance
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Fig.3 Calculation model of off-axial luminance
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Fig. 4 Aperture coma
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Table 6 Aperture illumination and relative illumination

of projection lens

Half field- Mlumination/Ix Relative
of view/ (%) illumination/( %)
0 0.1482 100
14.6(0. 3w) 0.1478 99. 77
24.3(0. 5w) 0.1469 99.51
34.3(0.707w) 0.1456 98. 83
41.2(0. 85w) 0. 1444 98.21
48.5(1w) 0. 1430 97.46
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Table 7 The situation of lens used in different types of digital projectors

Panel size/in 0.76 0.7 0. 65 0.63 0.55
Projection technology 3LCD 3LCD/DLP 3LCD/DLP 3LCD/3LCOS 3LCD/DLP
Length-width ratio 16:10 4.3 16:10 16:9/16:10/4:3 4.3 4.3
Projection ratio 0.53:1 0.62:1 0.61:1 0.61:1/0.63:1/0.67:1 0.69:1 0.79:1
Offset/mm 65 131 178/192/217 250 389
*8 FELBHEIILL
Table 8 Parameter comparison of lens
Parameter Design value of the lens  Detection value of the lens Market lens data
Focal length/mm 8.7 8.76 13.34
Maximum relative distortion absolute value 1.4% 1.47% 2.45%
D/f' 1/2.1 1/2.12 1/2.2
Resolution/ (Ip/mm) 135 120 80

Longitudinal: 0. 5

Edge chromatic aberration/pixel

Transverse:0. 5

Longitudinal: 1 Longitudinal: 2. 5

Transverse:1. 5 Transverse:3

Maximum diameter/mm $96 $96 >¢100
Total length/mm 200 200 >220
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