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Design of Long-wave Athermal Optical System Based on Binary Diffraction Surface

ZHANG Faping, ZHANG Huawei
(Sichuan Changhong Electronics Technology Development Co., Ltd., Mianyang 621000, China)

Abstract: Using only three lenses, an infrared system matching 640%512 uncooled vanadium oxide
long-wave focal plane detector was designed. The system has a focal length of 100 mm, an F-number of 1.1,
a total length of 107 mm, and a working band range of 8-12 um. A binary diffraction surface was introduced
to realize the non-thermal temperature compensation function. The simulation design using Zemax shows
that the modulation transfer function (MTF)value at the Nyquist frequency (30 Ip/mm) of the system reached
0.49 in the temperature range of -40°C—+60°C, which is close to the diffraction limit. The system has the
characteristics of a long focal length, large relative aperture, good image quality in the full field of view,

suitable temperature adaptation, high binary diffraction efficiency, easy processing, and compact structure.
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Table 1 Optical and thermal parameters of long-wave infrared

material
Material " dnt %
(@lopm)  (10°YK)  (107%K)

Ge 4.0032 396 5.8

Znse 2.4065 100 8.54

Zns 2.1986 433 6.6

1G5 2.6051 70 14

1G6 2.7777 41 21.2
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Table 2 Optical system parameters

Wavelength band 8~12 um
Detector resolution 640X 512

Pixel size 17 pm

Focal length 100 mm

Overall length 107 mm

F numbers 1.1

Optical transmissivity =80%

Working temperature  —40C~—+60C
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Fig.1 Schematic of optical system structure
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Table 3 System spot diagram in the range of —40°C-+60°C

Temperature
Spot diagram /um
—40C +4+20C +60C
0 field 9.386 2.492 6.675
0.7 field 11.906  4.758 7.409
1.0 field 8.487 6.268 12.996
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Table 4 Machining parameters of diffractive surface

Parameter Value
A —0.071
Phase function =
A, 3.561X10
coefficient -
A —6.834x10 "
o As=8 pm,
Wavelength Upper and lower limits
A4=12 pum
band
Central working wavelength Amig= 10 pm
Refractive index of central working wavelength Nmia—4.0032
Radius of spherical cutting edge Rr=50 pm
Feed size of turning tool d=0.3 um
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The relationship between the ring depth and the ring position of binary diffraction surface
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Fig.4 Ring periods of binary diffraction surface
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