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Design of Infrared Dual-Band Common Aperture Thermal Elimination
Optical System Based on Harmonic Diffraction
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2. Kunming Institute of Physics, Kunming 650223, China)

Abstract: We proposed an infrared dual-band common aperture optical system, without thermalization,
based on harmonic diffraction in this study. The optical system has two working bands of 3-5 pm and 8-12
pm, a focal length of 45 mm, a value of F/# of 2, and a resolution ratio of the frigorific double-color detector
of 320x256 with a 30 um pixel size. The harmonic diffractive optical element improves the large dispersion
problem of the diffractive optical element over a wide wavelength band and solves the severe dispersion
problem of the diffractive optical element over a wide wavelength band and low diffraction efficiency. The
optical system uses harmonic diffractive optical elements to widen the chromatic aberration of the band and
temperature range, so that the mid and long-wave infrared diffracted at different diffraction orders, to
achieve resonant confocal imaging, and the dual-band infrared optical system are corrected using fewer
optical components. This optical system also reflects the incomparable advantages of traditional optical
systems with respect to improving image quality, reducing volumetric weight, and wide-band a
thermalization. With the further investigation of the research and development (R&D) and manufacturing
technology of dual-band detector harmonic diffractive lenses, this dual-band optical system could be widely
used in military systems such as target tracking, identification, and precision strikes.

Key words: infrared double band, athermalization, harmonic diffraction, common aperture

kS BHA: 2019-08-28; &iTHHA: 2020-01-02.

TEH RN 0% (1982-), %, THM, wit, FEAFORER. BTHETFHPF. E-mail: lishenghui@hust.edu.cn.
BEEE: FI0E (1989-), 2o, BB TARNN, FZMFEE THFM PLC FIHFSE. E-mail: 739003778@qq.com.
EeWHE: EXEHAFEES (61805089)

19



2% F 1M a4 B R Vol.42 No.l
2020 £ 1 H Infrared Technology Jan. 2020
0 35 NSRRI R A=p*A/i (b i NATES R

AN RGERKHR 73w h K R B R 4
RIS BT AR SRR, KBEED, JFHH
T H AR B 5 A AR 4 A A e B U A5 R R, AT
FEERINERAR AR H A5, LR B AR H bR o Bk,
WERN LR T X BOSAR b5 R G R IR
BBRERZZHEENES, DRBEZHNELE. 445
FR) ' 255 38 G0 AE XL B TR PN RS DR 2 3R 458 ) Al o €0 22
MIBRZE, DAREESOETRMEMROZ, B WA R
PREEATRREE Be, (HIX 2 R BUG Y KRG
K SRl

LLAMNTATIR G TH 26 R G TH ORI K IO
PR R R TN, AMERE TR E, T
BN T RS RIS AT o AR R R K
AR T AE AL, A FL A Jr) PR AE B BOG 7 R G Al
F o VETTH 62 T X AT S 57 oA AE B B b 1)
REH B T o, AR LD M IR L AMEAS
[FAT S R AT S SR BB IRIL AR AR, ok THTSO 0T
R TE A FH X

ATCFET 320X 256 30 pm HIA XLEIRI 3%, BEit
T EONB B ORE R ELIMCE RS ZRGK
FH VST 56 2 J0 R0 2 Fh 20 786 52 6 B 2H 6 98 22
Mg, b 7B G RA  BE SRH R BEE 4R
BT, TEARIE N R G FURE & A1 LT LBl
U B[R] i e
1 iETHER

WATHNE G 5 S @A A SR AR SE T RAE
AT AR ZE p*2n AR (p=2) ¢+ XHIE, 3
7 (AR R 228 pAoo

LT AR | GRS, WEERE: fi=
p*Ag*fo/(i* ), K fiF0 fo EA, Bl p*Ap=i*A, Ui
XPTEATHESE, FLIEA=p* /i — RFEIRYL
K, EATHHES IR E A AR, ORI R 2R — £

BB SCER AT 0, AT ES A | RATH AT
AN

p=sing? {B{%} - .}} ()

WERAZE B RHEEF 0, [n(D)—11/[n(4) —
11=1 W ATE IR AT 805 ] DL B R R

ni=sinc2(P%—i) )

20

i=p, p+1, p£2, =), BE— RV EHOEIRIE B
Ko MEEHEK EERATHRCRIEF] 100%.
XTI 10 um, MHALREERF p=5. 3.
2. 1 WERTHIEST, EEL 3 um~12 um LA LS 3|
PR N FAT SRR I 1 AT, B PR R AL RR i K
CEAZ: pum) , PARFRAATH R B 2 B0tk
K b i=p AT ZIR AT R — N0 B, A0
KU M Ak /N B 7 1), I AR AT S Ak

5] o

‘|| 1
A
|
orf 1
£l Bl
| |
a..=!||I | Sl |
Alfithty om
LIt &l |
w1} i}
R R PR NEES L LS
Wavelength (um) Wavelength (um)
(a) (b)
I i |
o8 a8k i
%l ol !
[ o
5, 87} 4
S o4 © 08}
Said || 2o
émf £ ol
B a3t A a2
a1} ail |
L |
3 6 5 [ T [] [] ] [ 3 [ [] ) ] 2
Wavelength (um) = Wavelength (um) .
© @

K1 R EANED p LR BLAIAT S 2R
(@) p=5, (b) p=3, (c) p=2,(d) p=1
Fig.1 Diffraction efficiency corresponding to different p
with the same waveband (a) p=>5, (b) p=3, (¢c) p=
2,(d)p=1

1

o o o
- @ @

Diffraction efficiency-

=
[x)

Waveh‘:nglhfpmd x10*
K2 p=ilf, pXBiit AT R I B B B
Fig.2 The influence of p on the waveband width of
diffraction efficiency at the designed wavelength with
p=i
HIBA B el g, AEVCTHERT SN, AR
FEF p AAAE—NE LA p {E AT LT 1 S HOR
e AT S R B B B o SEBR b p SR AR BRI AT
S B TR AR P 1P A, s VTR e A e AR RO AT
SRS, RV R R R R R



Fa2E H1W Vol.42 No.l
20204E 1 A TS I TS ATH AL AN B DRy A E e R g bt Jan. 2020

ARAE DA B2 #r, BT VS AT S oA BT S R it 42
FEREAN B AL ARG HE 8 T 0] AR, T T 1A T
Fergigse, prRLE@ B K A4=10 um, p=2. /~
H—RIERKA=20pum. 10 um. 6.67 um. 5um.
4um. 3.33 pm. 2.85 pum. 2.5 pm, 5355 RRT IR
Noi=1. 2. 3. 4. 5. 6. 7. 8. HAFiEREK 10 pm
A4 pum IEGFEAE PTG R G PO BB R
Bt HIEEL 10 pm AT 4 um A7 R IOk
TRy W 2 FU5, PRBBLN AT SR 3 B
o

s

K3 p=2, Z=10pum i, ERTHITCIFIIATH R th 2 K
Fig.3 The curves of diffraction efficiency of harmonic

diffraction element with p=2 and 4p=10 um

L35 7 JEAT I RN L1 A AR 5 B ) 5 0 R S
BRATREEL RGO, B i=2 1 i=5 ik BAT R
2R T 80% HIUk Bef A AT BT HI LAk A B
Ve, AP 3 RS2 R 0 s o TS R 6K T 80%
M BAR BB 2 . TPIRLLAM: 3.8 um~4.3
pm; KR AMEEL: 8.8 um~11.5 um. ZiH4, 10 um
56 2 TS AR AE DR B 8.8 um~11.5 um K F347
SR ATIE R 93%, 4 pm 158 5 TS PIRAESBL 3.8
pum~4.3 um b KFIIRT R AT LUAE] 93%, i 2
e R Gt g R,

2045 R G AN VH PR ZE AR 22 75 6 /2 LA 34
7AW

FouE R 2 TN T R e
fﬁZh@=@+%+%+%+m+@+%d 3)
M A 2 T R
h e +hop, +hoe ++h o =0 @)
HIAETTHE:

(hfxl(p1 +h X0, + i Xp, +--+h’x o, )i

1

AF: o o8 o3v i @sv @ TR IR 6 NHTHTE
BRCEERE: s R VERTH T I FERE

=anL (5)

2 &L

BT AT LA R B L DR AR E NS R
iR 320256+ 30 um XL LLAMRMI 28, HET
SZHNER 1R,

BT AT LA Rk B L AR AR E NS R
GUEEPERURL, R — X BUE AR, It 4 FriEse,
3N ZnSe BRIEESS . ZnS AEBRMELS . 42 AEERE
VTS T A B AR R ERARIRTIE S . (BB =
BRI E B EISAT T, WS p=2, 4%=10
um, FEAER] 2 A 10 um A1 5 3K 4 um 1E
UF 53 AR AT e ) RO AL . B RGN R
EUnpE 4 Fios.

£ BRI S

Table 1 Parameters of the designed optical system

Parameters Value

Spectral range 3-5um  8-12 pum

Focus 45 mm

FOV 12.18°X9.15°
image size 9.6 mmX 7.2 mm
F/# 2

Temperature range —40°C-60C

T45F2 Scale:  2.50 28-Jul-19

Kl 4 f45F2 WP LA R Gn B -
Fig4 Schematic diagram of f45F2 dual-band infrared optical
system
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Table 2 The analysis results of the cold reflection system
Surface  Surface of cutting grays YNI I/IBAR  Angle of cold reflection  Degree of cold reflection
1 11(R) 3.6898  1.893 0.143142 0.08191
2 11(F) 0.3382 —0.283 0.505071 1.00000
3 11(R) —4.4107 0921 0.095700 0.03665
4 11(R) —1.5652  0.597 0.205884 0.16914
5 11(F) 1.2526 —1.884 0.505071 1.00000
6 11(R) 32019 5474 0.287938 0.32972
7 11(R) 2.8800  9.130 0.359371 0.51163
8 11(R) —3.9525  1.041 0.126942 0.06444
9 11(R) —14447  0.838 0.392413 0.60877
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