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Design of Compact Long-Wave Infrared Zoom Optical System

CAO Tianhao, ZHANG Jiyan, LIN Zhengyu, SUN Liting, QIN Teng, SHEN Yangyu
(School of Optoelectronics and Communication Engineering, Xiamen University of Technology, Xiamen 361000, China)

Abstract: To meet the demand for compactness in long-wave infrared zoom optical systems, a linear dual-
group linkage continuous zoom structure was utilized to simplify the system design. A compact long-wave
infrared zoom optical system was developed using an uncooled infrared detector with a 384x288 array and a
25 um pixel size, incorporating four single-crystal silicon (Si) lenses. The system has a total length of 160 mm,
operates in the 8-12 um wavelength band, offers a zoom range of 100-200 mm, a field of view from 3.42° to
6.80°, and maintains a constant F-number of 1.4. The design incorporates a diffractive optical element to
achieve athermalization and eliminate secondary spectrum aberrations. Additionally, a conical surface and an
even-order aspherical surface are introduced to balance spherical and chromatic aberrations caused by the long
focal length and large aperture. The design results indicate that the system is compact and can achieve high-
quality infrared thermal imaging within a temperature range of -40°C to 60°C. The modulation transfer
function (MTF) across the entire field of view exceeds 0.3 at the Nyquist frequency of 20 Ip/mm. The zoom
cam curve is smooth and free of inflection points, and the tolerance analysis confirms good manufacturability.
Key words: optical design, long wave infrared, zoom lens, linear double linkage continuous zoom, compact
design
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Table 2 Detection and recognition range of target critical size for long wave infrared optical system

Target’s critical ~ Focal length/mm

Target identification

Target recognition Target detection

dimension/m (12 pixels)/m (6 pixels)/m (1.5 pixel)/m
2.3 100 750 1500 6000
2.3 200 1500 3000 12000
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Table 3 Design parameters

Parameter Index
Wavelength band/um  8~12

Aurray size/pixels 384 X288
Pixel size/um 25
Detector size/mm 9.6x7.2
Focal length/mm 100~200
Fl# 1.4

Total length/mm 160
MTF@20Ip/mm >0.3
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Table 4 The optimized surface profile parameters

Binary Even Standard
surface 2 aspheres surface
S2 N
S3 - N -
S4 - - N
Conic 0.184 -0.100 2.550
Diffraction order 1
Coefficient on r* 1.023E-9 -1.428E-9
Coefficienton r®  -4.742E-12  -1.914E-12
Coefficienton r®  5.632E-16 2.704E-16
Coefficienton r'® -3.671E-20  1.970E-20
Coefficienton r'?  -5218E-25  9.958E-26
gggmzllzatlon 70
Maximum term # 3
Coefficienton o?  -17.766
Coefficienton p*  -15.090

Coefficienton p°  7.186 -

#* 5 WAUHARIE S AR
Table 5 The distance between two adjacent lens groups

mm
Surface Short focal Middle focal Long focal
length (100 mm) length (150 mm) length (200 mm)
S2 46.172 24.469 2.000
S4 53.480 50.632 49.148
Se 16.333 40.884 64.837
(b)

©
F2 e 445 E (a)f=100 mm;
(b) f=150mm; (c)f=200mm
Fig.2 Two-dimensional structures with different focal lengths.

(@)f=100mm; (b) f=150 mm; (c)f=200mm
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Fig.5 Spot diagrams of different focal lengths at 20°C.
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(@)f=100mm; (b) f=150mm; (c) f=200 mm
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Fig.6 Distortion and field curvatures of different focal lengths. (a)f=100 mm; (b) f=150 mm; (c) f=200 mm
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Table 6 The defocusing amount of the system at each temperatures

Temperature/’C

-40 20 60

Defocus/um

53 0 57
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Table 9 Tolerance sensitive term

Type Value Criteria Change

TIRR 1 -0.25000000 0.33034831  -0.13809877
TIRR 4 0.25000000  0.36808095  -0.10036613
TIRR 5 -0.25000000 0.42888454  -0.03956254
TFRN 4 1.00000000  0.43233746  -0.03610963
TIRR 6 0.25000000  0.43943020  -0.02901689
TFRN 1 1.00000000  0.44124179  -0.02720530
TFRN 2 -1.00000000 0.44374342  -0.02470366
TFRN 3 1.00000000  0.45611497  -0.01233211
TFRN 6 -1.00000000 0.45938626  -0.00906082
TFRN 5 1.00000000  0.46150857  -0.00693851
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Table 7 Tolerance analysis parameters

Parameter Index

Refractive index 0.0005

Number of apertures 1

Thickness/mm) 0.0125

Irregularity 0.25

Lens wedge angle/(") 0.5

Abbe error/(%) 0.05

Lens tilt/(") 0.5

Lens eccentricity/mm 0.005

Mirror set position/mm 0.0125

Mirror alignment/(") 0.005

RB AENL R
Table 8 Tolerance analysis result
Yield rate/% MTF of short MTF of middle MTF of long
focal length focal length focal length

90 >0.357 >0.441 >0.368
80 >0.401 >0.494 >0.437
50 >0.462 >0.540 >0.532
20 >0.497 >0.569 >0.591
10 >0.513 >0.584 >0.608

Zoom and compensating position/mm

T T T T 1
100 120 140 160 180 200
Focal Length/mm

K10 AR R S Fe Hh 2
Fig.10 CAM curves of variable multiplier group and

compensation group
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