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Design of Membrane Diffractive Athermal Infrared Optical System

WANG Yefei'?, CHENG Yanping', YAO Yuan!, LI Daojing®>, YU Xiao!
(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. Key Laboratory of Science and Technology on Microwave Imaging, Aerospace Information Research Institute,

Chinese Academy of Sciences, Beijing 100190, China)

Abstract: A membrane diffractive athermal infrared optical system is designed. The optical system has an
aperture of 200 mm, a focal length of 200 mm, a relative aperture of 1, a full field angle of 3°, and a working
wavelength of 10.7-10.9 um. The system uses the membrane diffractive lens as the primary lens, with the
thickness of a micron, and has the advantages of large aperture and light weight, which solves the
contradiction between the weight and the aperture of the existing infrared optical system. A hybrid refractive
diffractive lens with a diffractive surface is used to correct the strong dispersion of the primary lens,
effectively solving the problems of small field of view and narrow spectral range of the membrane
diffractive primary lens. The use of membrane diffractive primary lens and refractive diffractive hybrid lens
effectively utilizes the good athermalization characteristics of the diffractive surface. Combined with the
selection of lens materials, it plays a good role in the athermalization of the optical system; the use of the
diffractive surface increases the degree of freedom in the process of system design optimization. Membrane
diffractive athermal infrared optical system has the advantages of light weight, good imaging quality, and
excellent athermalization performance, which has a good application prospect in the field of infrared remote
sensing imaging detection.
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Table 1 Optical system parameters

System parameter Numerical value

Wavelength band 10.7-10.9 pm
Focal length 200 mm

F number 1

Working temperature  —50C-+60C

22 CEEGTSTERIRT

VEHEAT I R B KL N 10.8 pm, EHHIH
A8 200mm, FEFEN 250 mm. KSR I BT
JertRl, JEREEA 20 pmo 20 wm J5 SR EE L A A RIE
10.7~10.9 pum P#EAEHIEIS 2T 95%. HIEATH
FEMIEFERREEWE 2 fiR.

K2 EERATS EBOLHE
Fig.2 Optical path diagram of membrane diffractive primary
lens
HERGAT S R B AT S AR AL 2 a0 B 3 R, el
28554 29.206 pm.



F43%5 £S5 Vol.43 No.5
202145 H THEFESS: MRATHE R E AR E R G T May 2021

MTF it 4 Frm. EREAIMNEK 10.8 pm, mE 7 fros. NIRRT 0.2%.
0°4 3 4L MTF, T 0.45@30 Ip/mm, 231 A7 54k
PR, e Bt 2K I
2.3 SEETHLINEFERGIRI I
BT LA RGER A B EROE R J7 Y
JE ZLAM G BRI 5 B o WAL A LR O 7 R Gi 46
W an &l s pos, EEEATS F5E R 6 hidt | \
P S LA E G H AT IR IEAR 2 . RTEE . filifL L s e
I AT T S mmmzz 7 s 2 T Feeqney v AT
FEAFRAEHEEE T, MTF fiZkmiE 6 i, 4 conriqueition 1 or 1
WA 3 R B T 0.4@30 Ip/mm. B 3 AT S AR i i 2k
EAFRIBEET, 5% RS0 il A AS gl 22 Fig.3 Phase curve of membrane diffractive primary lens

HTS 0.0000 (deg)
T

e
&
3
o
5
w
o
3
2

Spatial Frequency in cycles per mm

Polychromatic Diffraction MTF
2021/1/29
Data for 10.8000 to 10.8000 pm
Surface: Image

LENS ., ZMX
Configuration 1 of 1

K4 RTS8 MTF 2 K5 HEERATSHHRAELIN G RGOGER E

Fig4 MTF of membrane diffractive primary lens Fig.5 Optical path diagram of membrane diffractive athermal infrared optical system

75 1.5000 (deg) . 75 15000 (deg)
75.0.0000 (deg) ? 75 0.0000 fdeg)
IKS 19980158k H IS 19980158k,
T T T T T T T T o T T T T T
I 1= B
e 3 -
& & s
5 g
“ “
5 d
. o
g 2
i E
Ei
§ g
. g
Spatial Frequency in cycles per mm Spatial Frequency in cycles per mm
Polychromatic Diffraction MTF Polychromatic Diffraction MTFE
2021/1/27 2021/1/27
Data for 10.7000 to 10.9000 pm. Data for 10.7000 to 10.9000 pm.
Surface: Image Surface: Image
2.zZMX 2.ZMX
Configuration 1 of 3 Configuration 2 of 3

() 20C (b) —50C

$ 1.5000 (deg)

7S 0.0000 (d
i Tg 1,060% ?3%q
L0 T T

Modulus of the OTF

. . . .
s s 1 15 1 2
Spatial Frequency in cycles per mm

Polychromatic Diffraction MTF

2021/1/27
Data for 10.7000 to 10.9000 pm.
Surface: Image

2.2MX
Configuration 3 of 3

(c) 60°C
Ko A6 REAFMERLEZ N MTF 4
Fig.6 MTF at different temperatures of the infrared optical system
425



43 H5 W 7 hh R Vol.43  No.5
2021 %5 A Infrared Technology May 2021

Field Curvature Distortion Field Curvature Distortion
T TS v T TS ot

SR

Millimeters o ' Percent : Millimeters Percent

Field Curvature / F-Tan(Theta) Distortion Field Curvature / F-Tan(Theta) Distortion
2021/1/28 2021/1/28
Maximum Field is 1.500 Degrees. Maximum Field is 1.500 Degrees.
Wavelengths: 10.800 0.900 Wavelengths: 10.800 10.900
2.zmx — 2.zmx
Configuration 1 of 3 Configuration 2 of 3

(a) 20C (b) —50C
Field Curvature Distortion
TS TS s
P

N A\

Millimeters Percent

Field Curvature / F-Tan(Theta) Distortion

2021/1/28
Maximum Field is 1.500 Degrees.

Wavelengths: 10. 10.900

2.zmx
Configuration 3 of 3

(c) 60°C
B 7 S[R3 2
Fig.7 Field curvature and distortion at different temperatures
RIEAFAEGRE T, MTF iz thmgagthsde  JofFrm T, RRBEAT T AZSM IR, 222
GURERY], HARBE—S0C~60CHERE T, ot WL, REMABUE. STfFERE. = E k.
FRGMBIE R, N RGEABIFRIERAER  ufFBiREE . FREAERENRER 30 Ip/mm 4L H

Ao MTF, @i — A ZEZS PR K MTF T
24 ERITHAZRGLNEDH FEAE L, BRAHEAENAZE, WER2 fix.

fE B A A Z TR, XA L
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Component serial number  Surface serial number RMS  Thickness and air separation/mm  Tilt/”

1 0.025 +0.02 40
! 2 0.025 +0.02 40
1 0.025 +0.02 40
2 2 0.025 +0.02 40
1 0.025 +0.02 40
3 2 0.025 +0.02 40
1 0.025 +0.02 40
! 2 0.025 +0.02 40
1 0.025 +0.02 40
> 2 0.025 +0.02 40
1 0.025 +0.02 40
6 2 0.025 +0.02 40
1 0.025 +0.02 40
7 2 0.025 +0.02 40
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Table 3 Ghost image path information

Ghost image Distance to Effective focal Marginal ray

path ghost focus/mm  length/mm height/mm

7-5 —0.1544 7.2220 —2.1375
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Table 4 Diffraction efficiency of primary lens at different

diffraction orders

Diffraction order  Diffraction efficiency

=2 0.0009%
—1 0.0022%
+1 99.9600%
+2 0.0089%
+3 0.0022%
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