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Design of diffractive-refractive dual-band co—path parfocal

optical system

Gao Ming, Xu Huangrong, Liu Jun, Lv Hong, Chen Yang

(Institute of Optical Information Technology, School of Optoelectronic Engineering, Xi’an Technological University,

Xi'an 710021, China)

Abstract: In order to improve the imaging performance of dual-band optical system, considering the
characteristics of visible light and MWIR, diffractive-refractive dual-band co—path and parfocal without
compensation optical path optical system was designed. The four lens achromatic and focal length
compensation expression between wave band were derived. The system used four lenses and introduces
binary diffraction surface by properly matching the optical system power to achieve common optical path.
The focal lengths were consistent between the visible and infrared, which improves consistency of dual-
band target information. The optical system operating wavelength is 0.38—0.76 wm and 3-5 wm, the focal
length of the whole optical system is 90 mm, the field of view is 0.5° and the F number is 3,
respectively. The dual-band athermal optical system with the temperature of —40—-+60 C was designed
with the use of optical passive. The results show that the designed system structure is simple and the size
is small, has an excellent in overall image quality.
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Fig.1 Bifocal combinations
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Tab.1 Technical parameters of the detector

Visible MWIR
Wave/pm 0.38-0.76 Wave/pm 3-5
Detector type CCD Detector type UFPA
Image surface size 1/2(") Image surface size 1/2(")
Pixel 752x582 Pixel 256%256
Pixel size/pm 8.6x8.3 Pixel size/pm 25%25
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Tab.2 Distribution of optical power
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Tab.3 Initial structural parameters (Unit:mm)

Surface Radius Thickness
1 38.681 4.345
2 -63.822 3.942
3 -1152.619 5.318
4 84.994 4.076
5 —-121.552 4.763
6 67.825 6.457
7 66.757 2.497
8 -82.757 47.526
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Fig.3 Layout of optical system
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Fig.5 Modulation transfer function
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Fig.6 Diagram of curvature of field and distortion
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Tab.5 Relationship between the defocus amount

and the temperature in the visible/MWIR
band (Unit:mm)

Focal length/mm

Temperature/ C
Visible MWIR
60 90.001 90.028
20 90.000 90.000
-40 89.994 89.991
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Fig.7 Focal length of visible/MWIR at different temperatures
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Fig.8 MTF and spot diagram of optical system at —40 C, +60 C
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Fig.10 Transmittance curve of spectroscope
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