%47 5% 3 Gk AR 2018 4 3 A
Vol.47 No.3 Infrared and Laser Engineering Mar.2018

MAEARBERKINMETRAUEZTE ARELGTHHIEA
ERE AR T AR P ER T LN S

(1. THERY HEHARFAR LR B LHE, T Tk 315211;
2. WL R BRI MR BT EERE, ML Tk 315211;
3. 2 FREXBEARNSE, =& %9 650000)

W OE. AT LAALI T AA RS RA T REM L2 RHAZIT IR, RBLFETE
R E R, EH T — A A AIETEE A 10~24 mm( A4S A 2.4:1) A A EATEE A 34°~
90°, TAE KA 8~12 um F/# A 2.8 MY R MALE L T AT Ak, F R aIMEk S AERETL
BRI R RF P, A 4%kt A T 58 2 3135 NBU-IR2(GeySby;Sey) vA B HLLL 91 A k4% (Ge) Ao AL
B(InS)R &S AR BT SRS RENLHOLEERL T AR BF A4, £iES T ELITH
A ETIT RBACH R FRIARR, FTRLERET, RLL-40~60 THIRFEEE N3 T LIS R
RAF O LS HORAR AR, AR R I B AN TERANA KT 025, ZAZHBRATENE, REXR
B E—RREEBHR LT T — L dFkd, TARIER LT 2400w DA, EREZITERT
F B B AR

X Pk, S Ask; LML, FEx\

FE 4SS 0439;TH74;TN216 XEtREF: A DOI: 10.3788/IRLA201847.0321001

Application of chalcogenide glass in designing a long—wave infrared
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Abstract: Current commercial wide-angle infrared lenses usually adopt simple fixed-focus design
structures and lack proper athermalized design. To improve the performance of current wide-angle
infrared lenses, the design principle of zoom optical systems and the theorem of passive athermalization
were utilized to develop an athermalized continuous zoom wide-angle infrared lens. The effective focal
length of the proposed system was 10—24 mm(zoom ratio: 2.4:1), the field of view(FOV) was 34°-90°,

the operating wavelength was 8—-12 wm, and the F number was 2.8. Considering the fact that infrared
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lenses were widely used in environments with large temperature variations, the proposed system was
designed as a combination of six lens elements, including three fabricated with the chalcogenide glass of
NBU-IR2(GeySb;;Se65) and three fabricated with conventional infrared materials such as germanium(Ge)
and zinc sulfide (ZnS). By carefully allocating optical powers among the lens elements and properly
controlling their air-spacing thicknesses, athermalization was realized by the proposed system design, in
addition to the performance of continuous optical zoom. Simulation results show that the proposed
system can produce thermal images with a close-to-diffraction-limit performance for the temperature
range of —40 to 60 C. The Modulation Transfer Functions (MTFs) of the system are higher than 0.25
for the entire FOV. The system also has a compact/light-weight structure that only includes one
aspheric surface on a chalcogenide glass lens element. Modern precision molding technique can be used
to fabricate aspheric surfaces on chalcogenide glasses so that the fabrication costs of the proposed

system can be controlled. The overall system design is suitable for the application of vehicle night
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vision.
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Tab.1 System design parameters

Parameter Value

EFL/mm 10-24
Fl# 2.8

Wavelength/pm 8-12

Focal plane array resolution 320 pixelx240 pixel

Pixel size 35 pmx35 pwm
90 (Short focal length)
FOV/(°) 50 (Middle focal length)
34 (Long focal length)
Temperature range/C -40-60
Total length/mm 90
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Tab.2 Distances between two adjacent groups

of lenses
Focal length ds dy dsy,
Short focal length/mm 8.91 39.516 8.9
Middle focal length/mm 16.7 27.977 12.652
Long focal length/mm 24.503 15.592 17.241
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Fig.3 Optical construction of the zoom system in different

focal lengths of 10, 16, 24 mm
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