% 43 K% 2 I a9k AR 2014 4% 2 A
Vol.43 No.2 Infrared and Laser Engineering Feb.2014

HRAN =P EERFREIRIT
AR HER LK & LRET ALK LR A, RAp

(1. P EAF 12 %% R F A BIARI LI, EE %% 710119;
2. PEMAFRE KT, LT 100049)

W OE. AT EAAFEAAMS TARBANETERALAIREMA L TERS T AN
5 L KA 320x240 o #EF AL TR T 30 umx30 pm R AR B, R My Xkt T — A TAE
F 3~5um PR AR ZAG LI F R, RAEMNG A 1.4°~23.8°, F 44 4, T 5= LA FE 4 30mm/
100mm/500mm. &t PR\ T afe st mA MR EEENE EZ, RA T — A ERBOBRERZRLIRE,H
BRI B0 oy RE I & éfcfnb W) RF 45, BA R %9 R T 210 mmx 160 mmx
120 mm, 2% LA HBRT DN ELLEMEE RBERESZEH S, ESEAMRE 171p/mm 4, & %A
# 4 BB MTF)H E 0.5 A L ik Z 5 '#’ BERT 710%.

X RF AKX, =ZAY; TEIE; Pakash; ARSE K

FESES: 0435 XHEFRERG: A XEHS: 1007-2276(2014)02-0523-05

Design of three-field middle-wave infrared zoom system
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(1. Xi'an Institute of Optics and Precision Mechanics Chinese Academy of Science, Xi’an 710119, China;

2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Three-field zoom system has advantages of simple mechanical structure, better reliability, short
time of changing focal relative to other pattern zoom systems. Using 320x240 resolution cooled detector
with 30 umx30 wm pixel dimension, a middle-wave three-field optical system was designed by secondary
imaging way. The system’s F number is 4, FOV range is 1.4°-23.8°, it can realize 30 mm/100 mm/500
mm three position focal length. In designing process, the Germanium material and Silicon material were
adopted to balance chromatic aberration, introducing one asphere to balance sphere aberration. The system
use two mirrors reducing the axis dimension. The dimension of system better than 210 mmx160 mmx120
mm, it has characteristics of small dimension, simple zoom structure, good image quality etc. The
modulation transfer function (MTF) is above 0.5 at spatial frequency of 17 Ip/mm and energy
concentration ratio is greater than 70% within the sensing element of the detector.
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Tab.1 Parameters of optical design

Parameter Value
Wavelength/pm 3.7-4.8
F number 4
Focal length of NFOV/mm 500
Focal length of MFOV/mm 100
Focal length of WFOV/mm 30
Pixel size/pm 30x30
Image size/mm 9.6x7.2
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Fig.1 Principle diagram of optical system
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Fig.2 Optical schematic of design
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Fig.3 Curves of MTF

s (0.000,0.000)°
----(0.000,-0.34)°
——(0.000,-0.57)°
_____ (0.000,-0.69)°

(a) Long focal

—
(=
T

e
%

o
N
T

N
»
T

N
&)

(=]

0.005 0.015 0.025
Diameter of circle/mm

e (0.000,0.000)°
----(0.000,-1.72)°
——(0.000,-2.86)°
----- (0.000,-3.43)°

(b) Middle focal

0.005 0.015 0.025
Diameter of circle/mm

—
(=)
d

e (0.000,0.000)° i
-===(0.000.-5.71)° i
——(0.000,-9.46)°
_____ (0.000,-11.3)°

o
%
00

o
=
T

o
'
T

e
&)
¥

Diffraction encircled energy

(c) Short focal

0.015 0.025
Diameter of circle/mm

(=]

0.005

P 4 4 [l fE 7
Fig.4 Diffractive spot
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Tab.2 Narcissus analysis
Reflecting surface YNI 1/IBAR
1 0.100 9 1.253
2 -0.096 5 -1.764
3 -0.093 3 0.050
4 -0.024 3 3.023
5 -0.0599 -1.068
6 -0.005 8 0.007
7 -0.027 0 0.032
8 0.191 0 -2.575
9 2.659 2 -1.559
10 -1.149 1 3.948
11 -0.908 5 2.774
12 0.9710 -0.781
14 -2.0439 0.067
15 -0.646 8 -1.015
16 1.4651 3.153
17 2.490 1 1.950
18 2.5522 2.189
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Fig.5 Schematic diagram of cold reflection ray-tracing
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