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Optical Design of Optical Passive Half-Athermalization Zoom
Lens with High Zoom Ratio
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* University of Chinese Academy of Sciences, Beijing 100049, China

Abstract In view of traditional zoom lens cannot consistently and clearly image during the whole zoom process when
the ambient temperature is changed, which needs to focus frequently at middle focal length position. This paper
proposes a new design method which is named optical passive half-athermalization zoom lens design, and an optical
passive half-athermalization zoom lens is designed by this novel method. The focal length of zoom lens is 30—
1000 mm, spectrum wavelength is 486—656 nm, and F-number is F, ,—F;. Most importantly, the shortest focal
length position of zoom lens is optical passive athermalization. The optical system has compact structure and
excellent imaging quality, and based on method of passive half-athermalization design, optical system at any
temperature between —40 ‘C and + 60 °C, which only need to focus once at the longest focal length position of
zoom lens, that can ensure consistently and clearly image during the whole zoom process. There is no need to focus
frequently in any middle zoom position, and the temperature adjustment of zoom lens is only —0.56—+0.82 mm,
which have verified method of optical passive half-athermalization zoom lens design correctly. According to this
method, zoom lens not only overcomes trouble of frequently focusing in traditional zoom lens, but also greatly
reduces amount of temperature focusing and benefits on fast focusing.
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Fig. 1 Optical passive half-athermalization design method for zoom optical system

M) A5 A 114 A5 £ 20 T L 5 ok 4R 3 BT 1 19 SRR B

X T HTH Ry AL 2 AR f O R R R GR
FG2EBE s TR T 1202 1 8 2 e i As £
HERGEAH TR Dk TG R AR
FE AR B B VR AR 0 TR R 5 2) % R s/ T A
BEA R TP £ SO R TR A i ek 1k, A
T2 e VARG B o AR A% 0 725 £ 2R G AE ) A 2207 JfF 3l
TR AR AR AR 5 NG, SRk G A1 TR 9 ity , BV O] £ i 2
PR A PRHIE L R T IR ARG B 2R R R [
3 RO AR R R G L
3.1 i&itiEtR

R RGBT IR 1 s, WFE 1 AT
PAE B, 62 R G ECR AR B 30~1000 mm, T
VEW B 486~656 nm, YGEIA KT Fy,

# 1 BELF RGN R

Table 1 Design specification of zoom optical system

Index Value

Wavelength /nm 486656
Resolution of image sensor /(pixel X pixel) 2000 X 1500

Pixel size of image sensor /(pum X pm) 5.5X5.5
Effective focal length (EFL) /mm 30—1000

F-number <F,

Lateral color /pm <6
Relative distortion at short =—0.9,
focal length position /% <+0.9
Relative distortion at long =—0.8,
focal length position /% <-+0.8
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(b)) H £ (FEHEH 450 mm) 5 (o) KA (FEE A 1000 mm)
Fig. 2 Two-dimensional diagram of optical system.
(a) Short focal length (focal length is 30 mm);
(b) middle focal length (focal length is 450 mm);

(¢) long focal length (focal length is 1000 mm)
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Table 2 Main optical parameters of optical system

Parameter Value

S 3 56 R b R R Wavelength /nm 186-656
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Table 3 Optical parameters of optical system at different effective focal lengths
Effective focal length (EFL) /mm
Parameter —
30 300 450 600 750 850 1000
F-number 4.4 6.4 7.3 7.4 7.7 8.0
Field of view (FOV) /(°)  25.950 2.610 1.737 1.302 1. 040 0.920 0.782
Distortion /% —0.730 0. 750 0.770 0. 780 0.790 0.794 0. 800
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Fig. 3 MTF curves of optical system at different focal length positions. (a) EFL is 30 mm; (b) EFL is 450 mm;
(c) EFL is 750 mm; (d) EFL is 1000 mm
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Table 4 Focusing amount at long focal length position

(object distance is infinity)

5 EAENENHER WAL I
Table 5 Focusing amount at short focal length position

(object distance is infinity)

Temperature /°C —40 20 +60

Temperature /°C —40 20 +60

Focusing amount /mm 0. 817 0 —0.560

Focusing amount /mm 0 0 0
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long focal length). (a) EFL is 30 mm; (b) EFL is 450 mm; (c¢) EFL is 750 mm; (d) EFL is 1000 mm
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