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Design of High Ratio Middle Infrared Continuous Zoom Optical System
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Abstract: Based on the structure of compounding zoom system, a mathematical model of three component
continuous zoon design was proposed. Under the guidance of the model, a compact high zoom ratio
continuous zoom optical was designed with medium-wave cooling 15um, 640 X 512 staring focal plane
array. The system works in the range of 3. 7~4. 8uym and F number is 4. By using this model to
distribute the optical power, the initial focal point is calculated to obtain the focal length range of 9~
740mm and the zoom ratio is 80 X. The whole system used only two kinds of infrared materials of silicon
and germanium and eight lenses were used. The system was U-folded by using the secondary imaging and
two 45° reflecting mirrors, it effectively achieved 100% cold shield efficiency and controlled the horizontal
and vertical dimension. It got the moving lens zoom track and cam curve of each group, and analyzed the
continuous zoom optical system from MTF, spot diagram, distortion, narcissus, environment analysis
and so on. The design results prove that the zoom system has the advantages of smooth zoom track, great
narcissus controlled features and excellent image and it has also been found to apply to infrared imaging
system matching with advanced middle wave detector greatly. Finally, the correctness and feasibility of
the mathematical model are verified exactly.
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Fig.1 The sketch of the principle of zoom lens
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Table 1 Design parameters

Wavelength ) ) F Horizontal Field ) )

Item Zoom ratio  Detector Pitch . Distortion Temperature
range/pm number  of View(HFOV)

Value 3.7~4.8 80:1 640X512  15um 4 46, 85°~0.74° <10% —40C~—+60C
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K 2 25 T ANFAE 3R (Effective Focal Length, EFL) 7 & 16 R G 45w 2 Al

(a) EFL=9 mm (b) EFL=60 mm (¢) EFL=320 mm (d) EFL=740 mm

Fig. 2 Schematic of the zoom lens
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Fig.3 MTF curve of the zoom lens
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Fig. 4 Spot diagram of the zoom lens
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Fig. 5 Distortion curve of the zoom lens
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Table 2 Narcissus analysis

Reflecting
1 2 3 4 5 6 7 8 9
surface
YNI 61.4150 —10.431 —15.342 17.4850 15.5553 7.5977 16.4770 2.8730 2.1615
1/Ibar 10. 084 6. 343 7.478 20. 878 28.139 —61.235 40.927 —5.207 —2.612
Reflecting
10 11 12 13 14 15 16 17 18
surface
YNI 0.9665 1. 2546 —0. 7845 0.7594 0.7514 0.9065 0.7992 1. 3076 0. 7854
1/Ibar —1.228 20. 537 1.932 1.302 1.154 1.536 —1. 341 4,215 1. 347
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Table 3 The MTF under the different focal length and different temperature after compensation

Temperature —40C —20C +20C +40C +60C
Field of
Focal alue 0 0.7 1 0o 0.7 1 0o 0.7 1 0 07 1 0o 07 1
oca
length TF
740 mm 0.32 0.2 0.1 0.3 0.2 0.12 0.3 0.25 0.12 0.32 0.23 0.21 0.33 0.27 0.18
320 mm 0.31 0.23 0.12 0.29 0.25 0.10 0.3 0.28 0.13 0.34 0.25 0.11 0.37 0.29 0.2
60 mm 0.28 0.15 0.11 0.28 0.18 0.12 0.3 0.11 0.08 0.32 0.12 0.1 0.35 0.25 0.16
9 mm 0.25 0.15 0.08 0.27 0.10 0.06 0.3 0.11 0.07 0.32 0.25 0.12 0.32 0.28 0.12
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