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Design of cooled long-wavelength infrared imaging optical system
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Abstract: Aiming at 640x512 long-wavelength infrared cooled detectors, a cooled long-wavelength infrared
optical system was designed to track and detect an infrared target. The optical system adopts the secondary
imaging structure to ensure 100% cold-shielding efficiency, and adopts a combination of optical material Ge
and ZnS to achieve aberration correction and achromatic design. By introducing the high-order aspheric sur-
face, the high aberration of the system is well-corrected, thus the system structure is simplified. The optical
system is composed of 6 lenses. The focal length is 400 mm, the working bands are 7.7~9.3 um, the field of
view is 1.37°x1.10°, and the F-number is 2. The design results show that at a spatial frequency of 33 lp/mm,
the MTF of off-axis field of view is more than 0.24, which approaches the diffraction limit and has high ima-
ging quality. In the operating temperature range of —35~+55 °C, the focusing lens is used to ensure the ima-
ging quality under high and low temperature environments, which can be used for infrared tracking detection
over a wide range of temperatures.

Key words: cooled; the secondary imaging; high order aspheric surface; focusing lens

Wieis B #A: 2021-05-29; 1837 H#A: 2021-06-16

EHEUIE: FRAAPFEEES (No. 61805275); HERLERE “ PU AR 26" AA %51 #1141 (No. XAB2017B27)
Supported by the National Natural Science Foundation of China (No. 61805275); CAS “Light of West China”
Program (No. XAB2017B27)


http://dx.doi.org/10.37188/CO.2021-0116
http://dx.doi.org/10.37188/CO.2021-0116

51 FRKTE, &5 H RKIRLIMEE R Gt it 7

1 3 =

LLANEAG Z 58 BN B AR A B A T
FIH B AR5 1 50 0 25 S 4R IH b, 1R 25 5
ACRARECH PRIV RE ST s . BRI, 05N RUR R 50
HEAT B AR I AR 52 0 B AR I BR ), ELAT el
PEGF . B THLRE TR . MEHIBE 5 . W] 4K T AR
SR AT, )2 N LT AN R 2 B W s A A
FIVES FRATRU-0, MR A5 ) o 2 A A 4 B T
I, B IR RE O T v, B S T U R AT
PRI, HR 2T 40 2R % T RN TR A v 1 E b (A
AL, TR ) A 205 R G
FEH T H IRARERY RN, LUV A AR i %6 5
AR . LLAMRINES AT 53 A v B RN v 7R R
Z5, ARV BLLT AN #8 AE 0 H AR AR S 20 Ak
T A RIS, g A L S Bl T, TR 1Y
AR LT 5 BT SR R A s A 3, AT
TGS S, T3 B AR5, BRI 2 U .
il Ve BULT AR R I 4 TAETE 77~80 K B IR PR 45
T, MR SO 25 AT, TR R AEORE AR, WA
B, AR I, EROIMNC R R G LR
FHHIA RILT ARG o 478 BRI R G R T
PRIZSE BEAL, e B h e R G
M55 R 2% B8 AR VE i, DABRAS 100% A9
BRI, IF Hoalk e s R AT, BIZEREE R
F B SR 1v8 Bt F BCHIDC L .

I 10 4F%, B 2 BR AU T R R,
JEBRTE A9 0 TR 1 15 2R K B 45 vmr, JEBR T Y
HARTEL I R G PSR M . BBk
JeE S ER I G2E A H, FEBk b 230X R AR
8 Rt RGBT UL 20 B R B, v LAAE
PEREAR TR R, A SO B A, TR
T Sk 5 A Al R g F Y H 95 5350, dEBk
T FERE IE R G5 25 07 T HA BRI IERE 1, M
7T A A5 e o 1) PRLAGORT e i T A 2R

DI v B LT AP AR AR TR 4, AR SC
WA PR LM G5 R 5 R F IR SR 4544, 1%
REAAIC G B TR BRAL, L3RS 100% 13565
B, AP LLANE2E M B Ge Bl ZnS 36 6 FriFs
BRI, FIHDGEA R Ge Fl ZnS BT SR /0BT
RYVCEAL IE R G R2E 22, AL
FEH S A B UCAEER TR LIRS I S 9% 22, R fk

BR RO L R GeA o il PN R AR B X
JEJERIN—35~+55 C Byl (IR T o0 BEA TR 4R,
AAFIEIVEE TR ZLANE MR . X R G T
BB, TARR VSR TE, HA AR

2 Rt &R

LA R GER A 640x512 7S BYFE-TH
FEF M Es, SR AHEOT RS 15 pmx 15 pm, 21
SMEE R GV HRAR AR 1 7R

®1 ZANRGHAFRITSH

Tab.1 Design parameters of proposed infrared optical

system
W 28
BB/ um 7.7~9.3
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FE I /mm 400
FX 2
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Fig. 1 Schematic diagram of the secondary imaging system
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43 KRGS

¥ RS e Ve BULLAMBAR R GE 5 UL AR
B o T2 A 25108 3 T DG AR G AR s S S
FRUCE ke F R 8% F B K S B I A P 5 )

5t B 14, il H R TE RS oA — R

U SRS S o —FRRIRFE SRS YNI 1 I/IBAR
RSBV S IBRES, b, Y O ORI
(BT R BE s N AT 385 1 ih 062 iy AR £



13

TS, 5 AR AT RS .

FE; IBAR J FOCLM AL . 5 YNI>1 B, ¥
S HCLR 0 25V ' BRI SR I 25, ¥4 R S350 T B
WERFE T YNIEAR/N, (B VIBAR>1, IS A%
B SE IR R FEAR /N0 1281 7 SR — 12
XS FE R GV RO BE A TR AL AL

XA SCAR YL LTI G2 RGBT AT 53 BT,
62 RGN YNI, IIBAR . 3145 FAG58 I L4k
PESEUNZ 2 FiR .

®2 RRFEDHER

Tab. 2 Analysis results of the narcissus effect
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