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Miniature design of large relative aperture MWIR zoom lens

Fu Wei, Pan Guoqing, Yin Na, Sun Jinxia
(China Airborne Missile Academy, AVIC, Luoyang 471009, China)

Abstract ;: Optical system with a large relative aperture has a larger entrance pupil than its coun-
terparts when their focal lengths are equal, so more energy collected and further distance detec-
ted. But due to its large aperture, the aberrations increase, which requires more lenses to cor-
rect and consequently cause application restrictions by volume and weight. To tackle this is-
sue, zoom parameters were calculated and optimized reasonably, moreover by adopting com-
pounded aspheric and diffractive surfaces, a reimaging zoom mid-wave infrade (MWIR) system
with only 8 lenses was designed. The F number is 1. 8 and the spectrum is 3 um~5 um. For a
320X 240 pixels detector with cooled focal plane array(FPA), the magnification is 5° ,and the
four fields of view (FOVs) are 30 mm/60 mm/90 mm/150 m. The optical aperture stop mat-
ches the detector’s and the cold stop efficiency is equal to 100%. Two reflective mirrors are ap-
plied to fold the optical path, giving a compact volume of around 210 mm X100 mm X 85 mm.
Less lenses and simple zoom machinery effectively reduce the weight.
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Table 1 Parameters of optical design
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Fig. 1 Principle of optically compensated zoom lenses
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Fig. 2 Compound diffractive and aspheric surface
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Table 2 4 FOVs corresponding to 4 effective
focal lengths

fE i/ mm W/
150 3.66X2.75
90 6.1>4.59
60 9.15%6. 88
30 18.3X13.75

2 BUERRSW
2.1 BIt&ER
BT e AL RGgmE 3 iR, Kk 1k

R 2, 2 4 8% E — R AR AR A5 4L, 3y v [
EH 5.6 NEEEH. 7.8 S R R IR B H
o2 Fl 4 WO A S R 0] 3 By, Al 21 JT IR R
B, S AR . B A S K4 (150 mm) . B
JprffE T (90 mm), C g4 11 (60 mm), D by
(30 mm) . FIA 2 AV EIT S I &
JG ZGARFZ) R 210 mm X 100 mm X 85 mm, M
KAEREEDEL R P ZAHTE 75 mm, 284
fER5:3:2:1,

1 2 3
A
a
B —
RN
C t
D

B3 RFWMEONRFEERSEE
Fig. 3 Layout of 4 FOVs optically compensated
zoom system
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Table 3 Analysis of cold reflection

| YNI I/ Ipar
1 12.465 0 20.012
2 5.531 4 —10. 044
3 —5.260 6 3. 440
4 4,242 3 —2.985
5 5.305 5 —3.618
6 —5.2519 3.657
7 —2.396 5 2. 998
8 1.545 1 —0.813
9 0.898 7 —0.137
10 —3.448 1 8.617
11 6.561 0 1.863
12 —0.456 0 0.853
13 —0.325 2 —0.258
14 —0.923 9 0. 458
15 —1.4314 0. 864
16 —1.4131 0. 880
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Fig. 9 Schematic of cold reflection ray tracing
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