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Design of zoom projection lens for the light
engine of LLCoS rear-projection TV

SONG Jia-jun, HE Ping-an

(Department of Optoelectronic Information Engineering, Wuhan University, Wuhan 430079, China)

Abstract: A zoom projection lens is designed to meet the requirements of different sizes of big
rear-projection screen with the same light engine and screen location. Since the optical system to
be designed should have a big relative aperture, middle field of view and small zoom ratio, the
concept of zoom system is selected. The positive mechanical compensation configuration was
adopted, the proper magnifications of the zoom configuration were chosen and the Gauss roots
were derived. The appropriate primal configurations based on each subassembly are chosen. The
optimization design is carried out with ZEMAX optical design software. The distortion of the
zoom system is improved, and the modulation transfer function (MTF) is used to evaluate the
system. The design and assessment results indicate that the optical performance and image
quality of the zoom projection lens system meet the design specification, and can be used in big
screen TV, ranging from 101.6 ¢m to 177. 8 cm.
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Table 1 Parameters of design
g . . . Conjugative
Chip size Pixel array ~ Screen range  Zoom ratio .
distance
15.01 mm X
1920X1 080  40"~70" 1.75 2 000 mm
8. 44 mm
Magnification ~ Range of Paraxial Back focal

Field of view

range focal length working F/# length
20 mm~
57~100 28.8°~48.4° 2 >20 mm
35 mm
1.2
1 s s
b o
b
b o
1 2 4 5

1. Anterior fixed configuration; 2. Zoom configuration;
3. Compensative configuration; 4. First rear fixed

configuration; 5. Second rear f{ixed configuration
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Fig. 1 Beam path diagram of perfect lens system
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Table 2 Wavelength and weight used in design

Red ray  Green ray Blue ray
Central wavelength 643.8 nm 546.1 nm  479.9 nm
Weight 0.3 1 0.3

546.1 nm .
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Table 3 Optimized result by ZEMAX , ,
Surface Radius/mm Thickness/mm Glass Semi-diameter/mm
Object 00 oo oo
1 206. 96 1.1 SF6 50
2 84.11 18.5 LAK9 48
3 —596. 83 0.6 48
4 63. 88 9.2 LAK9 40
5 121.58  7.3R33.5 40
6 166. 79 8.9  LAFN28 20 - OOO ' -
7 20. 32 9.9 14 o /mm
8 —69. 87 1.9 LAK9 14
9 24.12 6.19 SF57 15
10 139.19 48.3%:21. 4 15 3 .
Stop oo 1. 9&:23 11. 13%:8. 46
Fig. 3 Field curvature diagram of system
12 139. 33 15.2 BK7 24
13 3362 1 SF8 94 at the longest and shortest focus
14 —57.2  20.980.5 24 degree L degree
15 4253.14 5.8 LAF?2 24 g"f :
16 —70.6 2.7 24 T
17 —52.32 1.3 SE57 24 I
18 —126.55 0.5 24 _:
19 48. 68 8.5 LAK9 26.5 ‘i-
20 288. 88 22.2 26.5 e ot o100 o0 o
21 80. 44 1.3 SF6 19 K% Kf/%
22 29.32 3.3 17
23 59. 01 5.8 BK7 18.5
24 —137.1 0.5 18.5 4 .
25 29.97 9.5 LAKI0 20 Fig. 4 Distortion diagram of system at
26 103. 42 20 20 the longest and shortest focus
Image 0o 9. 0289. 01
2 .

2

Fig. 2 Beam path diagram of system at

the shortest or longest focus
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Transverse aberration diagram of system

at the longest and shortest focus
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0.497, 0.495, 0.35535; X CX=0.04998, Y
, CY =0.45772), : )
, MTF=0.6, MTF=0. 5,
. 6 ) ; MTF=0. 62; )
s H MTF=0. 68, MTF=0. 32,
232 mm; MTF=0. 46, , MTF
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Fig. 7 MTF curves at the shortest and longest focus
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Fig. 6 Encircled energy diagram of image
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Table 4 External parameters of every component

d;/mm d1o/mm di;/mm di,/mm t,/mm ;/mm /' /mm
1 7.270842 49.716 006 0.5 20. 921052 168.673137 102. 275873 20
2 10. 185163 49. 310791 0.500019 18.412117 165. 759006 99.766938 21
3 12. 835227 47. 382154 2.027412 16.163440 163.109084 97.518260 22
4 15. 255297 44. 917175 4.094 579 14. 141282 160. 689114 95.496103 23
5 17.473833 42.991211 5. 625489 12. 317872 158. 470651 93.672693 24
6 19.515135 41.392637 6.831657 10. 669024 156.429 396 92.023 844 25
7 21.399618 39.970957 7.863209 9.174691 154. 544935 90. 529512 26
8 23.144689 38.671753 8.774278 7.817757 152.799 866 89.172577 27
9 24.765272 37.510664 9. 548967 6.583555 151.179265 87.938376 28
10 26.274 244 36.413236 10. 261496 5.459449 149. 670260 86. 814269 29
11 27.682744 35.373978 10. 917153 4.434502 148. 261712 85.789323 30
12 29. 000490 34.378419 11.530229 3.499179 146. 943905 84.853999 31
13 30.235972 33.516159 12. 010954 2. 645161 145.708 353 83.999982 32
14 31. 396652 32.724 381 12. 421996 1.865137 144.547593 83.219958 33
15 32. 489089 32.211463 12. 554762 1.152769 143. 455071 82.507589 34
16 33.518918 32.514772 11. 871394 0.502912 14 2. 425156 81.857733 35
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