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Design of Membrane Diffractive Athermal Infrared Optical System
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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
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K2 MHERANE Table 2 Tolerance of optical system
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
’ 2 0.025 +0.02 40

426



Fa3E H5W
202145 B

TR MIREATHE R EL D RGBT

Vol.43 No.5
May 2021

XN FEBATERE KPP M, AESITHGERE
B IR E A ZN T )G 90% L L6 &
4t i) MTF =0.28@30 Ip/mm.
25 HERITEEBITSSES R

AT O 5 R g8 LR B ATS A7 AT i)
o BLZ BTG T AT R — e ik U
nm—ﬂncz{m-%[Jn2(l)—n“(ﬂ)ﬁn2@-—n(ﬂ)cos@}}

(14)

A m RATHTRIR: d RZIEREE . CANSTK:
O ANGS s ()T EAT SR AE B O AR RE R )
P 0" () B ARG AR AE NS 21 AT 5 B3
AT 5T 34 2

Z R B AT DL R
mA (15)
n-1

206 WM S NG B AT SO S o B
n(AH=1, RA4HZEN:

7, =sine* m- 2] ()’ (0 -cos(9)] 16

JEIBE e FH SRRV ARk, E IR A AR A Y R
INEE, HFREGEAAZE, n(A)=1.6, ATHIZIK m=1
B, WA SATHBCEFAG AR WE 8 . H
BRI A1, 7E 10.7~10.9 pm JWENEHE N, ANSHANT
1.5°0F, FIEEATH R KT 99.96%.

d:

Diffraction efficiency
o o o
w w0 w
re] w 7<)
o w0 (=]
~ =] r=]

0.9996 L

— 10.95
10.9

T <~ 1085
05 T _—— 10.8

e 10.75
0 10.7
Incident wavelength (pm)

K8 HRATA ERATH AR S AGH KB KRR

Fig.8 Relationship between membrane diffractive primary lens

Incidence angle (°)

and incident angle and wavelength
26 BIRIIHAFZRERGTIN

IR GRIZRBOG R RBVETH ML, X H AR %
BT, PR NRAE . AT R GG R IR L
AW, —RALGHTSEER MR RG: —fT
S SO AR VO IR I 2 AT

e Ge 3 5 3 B 2R T F) B S A T 3 B0 AR el

HGA TR B R R B TR AT e, b
SRR 3 . AUH — SRR T I RUR ELEUY] &
N TN RAGRIRE, R 5—ADNIE G A B
HhE N, g L FE I R B 99%, ALK E
BEEPAAG 10 * i, DAY NIRRT A S 7 AR 1R
AT REE -
®3 RBHEER
Table 3 Ghost image path information
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