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Table 1 Material properties of optical window

Thermal

Coefficient of

Material Elastic Poisson’s conductivity / thermal Density / Refractive Abbe number in
a modulus /Pa ratio (W-m' .oc}jl) expansion /°C (kg'm*) index at 10 pm  band 8-12 pm
Ge 10.3X10" 0.26 60.2 6.1<107° 5323 4.0031 834

ZnSe 7.03x 10" 0.28 18 7.1X107° 5270 2.4064 57
ZnS 7.45X 10" 0.29 16.7 7.6X10°° 4080 2.2002 23
GaAs 8.48x 10" 0.31 48 5.7X10°° 5315 3.2770 107
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Fig.2 NSR curves. (a) NSR of different temperatures of

window under 300 K blackbody target; (b) NSR of 200 K

window under different temperatures of blackbody target

1410003-2



E£50% F 14 H9/2023 £ 7 B/ EH;

FEFC 0 B NSR A T B R &/ B B 7 0 ) NSR
AR/, 2 B4R 5 0T LA Z W A3 X B 4 B A K D 41 A
P B ) S 1T B I IA . £DAME I R SE H bR A F (R IR
FEh 220 K AL AR SR SR /b T 220 K H bR ZE45 1 1
B RERE . Wi TELTAD R GE 15 4w T b L 5 0 AR R
S AR AR 5% ~10% . M 2(b) AT
IE S|, Y HERIEEE R 220 KB, % A NSR/MNF 0.1,
R R

HE— 2 AR 5 B 13 B T 46 7 AL B 4 B R
gERN 3 FTR . [ 3(a) ~(d) 435 R 5 1R IR R AL
FUMR AR FE 3 80 11 200 KR KR FUA ELIR B 3 A B A

(a) 300} —a—cold shield top
—m—filter
% ossess-ossoe oe o . A coldshield bottom
240 | ? & detector 1
e 105.011K _ ,  getector2
o
El 87.283K
“ ™ Ry
g 180 I — "'81 4i7 i{ 78506 K
(=1 . L
g famsssss aasianas oo an—3 T8410K
g TS esroetese 200 4o o — o "o o
120 |- 20 40 60 80 100 120
‘93-90-900— 09090 ]
60 |-
1 1 1 1 1 1 1
0 20 40 60 80 100 120
Time /min
©  108F
% —e— cold shield top
E 9t
s 90r
g ol
g
|3 72 = 1 1 1 1 1 1 1
=3 70.35 - 180 200 220 240 260 280 300
g . —=— detector
g
£70.20 | //
g
=

180 200 220 240 260 280 300
Window temperature /K

TR DU 45 75 5 B 9L A AR A ¥ BT R I 2 1) 4 O
MR R A AR fk . I 3(c) vl LLE B M & &
FUIRLRE T [, v o L 32 320 T R AR, R 000 4 10 o ok O i
#F 70 K B9 EEAR T/ A5 78 180~300 K % MR JE T,
PRI 28 #0062 70 KE0.5 KA TR . & 3(d) Bos
B V4 B4 R B S5 7 1 IR R =2 1A Y 56 R R £k, V8 B e
S BOCKE S B IR T RS B 4L AE 300~
200 K N T R BE A . S 1 H IR O 200 KB, 2
AR R 1.68 X107 W/m”, A kb 300 K & R T
F 4B TR T — . WL, 7Edr v 2% 2 6% ot
TR 22 BOE R ST, B O 3R B 200 K.

max

() 300
283.57
267.14
250.71
234.28
217.86
201.43
185.00
168.57
152.14
135.71
119.28
102.85
86.426

¥ 69.997
min

Temperature /K

~
=
N

Irradiance /(10° W - m™)

]~

P

! ! 1 1 1 1 1
. 180 200 220 240 260 280 300
Window temperature /K

P 3 B IR B kL B IR RS 3 AN 2 OB R SE M () B 18 IR A9 AL UM EUIRBE 37 5 (b) 1 1 200 KR A FL U7 ECIR BE 37 5 (o) ¥ Bt Al
PN 45 5L B2 o i 0 I A AR 5 () v S o % D00 s F) e S5 PR B2 T 10 L2 A R A

Fig. 3 Effect of window temperature on Dewar temperature field and stray light. (a) Dewar liquid nitrogen temperature field at the

window room temperature; (b) Dewar simulation temperature field at window temperature 200 K; (¢c) temperature of cold screen

and detector versus window temperature; (d) irradiance of the cold screen to the detector versus window temperature
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Fig. 4 Dewar refrigeration assembly
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Table 2 Material properties of shell

Material Yield Thermal conductivity /
strength /MPa (Wem "*K™)
TC4 (Ti6AI4V) 870 8.37
4J29 343 16.53
3041 225.6 14.7
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Fig. 5 Dewar window deformation caused by aerodynamic pressure effect. (a) Inner surface; (b) outer surface

33 A-AMEXEERE ORI

F 05 B3 B 0 X AL O 0 AT 0 -GS o
B o SR T FP R A 1) 75k 2R AT PR A o A, o AR L
A T g AT N 2R B 8 A TR . IR0 R
WAL AT A AL T O AR TR AR AN A 7 R
L5 HTE I B H AR R AR R BB MR N TR Y
S, B VA ) - PR 5 AR R BT 1 A ) B X
SR 2> B 9 0 R R AR BB, XK

WIAE J1 - G T B b R S B DA S A
F AT, R T A e )-SR B D AR B Ep
WE T3 — . AT LR B A S - PSR L B
1PN A1 2 T 14 B A o S AR [ A BE A AT B AR 3T 0 B
A N, B AR R A R TN R,
o AT L (B AR Bk 0.051 mm, T A8 k3
HRE(RMS) M/ 9.16 X 10 * mm ; N 32 1 10 19 B 45 i
4 0.048 mm, i JEAZ L RMS{E 4 9.22X 10 * mm.,

1410003-4



E£50% F 14 H9/2023 £ 7 B/ EH;

LU R 2807 5 1 RS A9 T A8 A0 B i 25 R B AR A R 3 B
W OmIE AR R E RN FE . O, IR A5 R
) 2% T A K AR T o Bl L B R R A
WO . 8 T eE R D, 3 Rk — B E AR
Ivi) 142 A A9 787 10 R f FNVIG i 28 far 7 T A A8 ok
75381 o

K AR A D 2T AN 25 KL U2 4 7 11 o7 B 5 21 4k
N R G AL AL AN F RGN R AR
43.8 mm. % &R K EL B O AL AN IR I 2% A X
2R OOA SO E 042 44 mm AR BUE KR
4 mm, X8 48 K 46~58 mm 1AL BL% 1K 7E T ) %%
fa il B 2 Aar A1 7 P ey 2 WA R B AR TG Bl iE AT
M, RE b AL RLE O A R0E 6242 RAE 22 mm DL N
3 —EEEAROZRKRENTONRXSHT E’Jﬁ;&riﬂﬁRMsﬁ,m%ﬁnrﬁmﬁrmo A3 M P8 AT LA

F AT B9 43 B Rl el AR G 5 R 0 T AR 1R (IR

K6 JEJI eI SE AL B D AR T 1R

Fig. 6 Measured Dewar window deformation diagram under

pressure field
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Fig. 7 Dewar window deformation caused by aerodynamic pressure and temperature fields. (a) Inner surface; (b) outer surface
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Table 3 First ten Zernike polynomial coefficients of inner and

outer surface shapes under condition 3

Coefficient  Value of outer surface  Value of inner surface
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Fig. 9 System MTF curve on the axial field without deformation
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Table 4 Variation of the system MTF of three fields at Nyquist frequency

MTF at 16.67 Ip/mm

Condition Axial field of view 0.7 field of view Full field of view
Meridian Sagittal Meridian Sagittal Meridian Sagittal
Original 0.5010 0.5010 0.4890 0.4952 0.4893 0.4878
Condition 1 0.5002 0.5002 0.4893 0.4953 0.4885 0.4869
Condition 2 0.4996 0.4996 0.4891 0.4944 0.4881 0.4867
Condition 3 0.4985 0.4985 0.4840 0.4926 0.4933 0.4919
5 AT ER KPR

Table 5 Variation of wave aberration of primary wavelength based on deformation effect

RMS of wavefront error /A

Condition

Axial field of view

0.7 field of view Full field of view

Without deformation 0.0179 0.0444 0.0270
Condition 1 0.0185 0.0455 0.0286
Condition 2 0.0181 0.0437 0.0274
Condition 3 0.0189 0.0468 0.0291
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Application Design of Dewar Window for Cold Optical Large-Aperture
Long-Wave Infrared Detectors
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'State Key Laboratory of Transducer Technology, Shanghai Institute of Technical Physics, Chinese Academy of Sciences,
Shanghat 200083, China;

*Shanghai Institute of Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China

Abstract

Objective Infrared remote sensing is widely used for Earth and Ocean observations. With the development of optical technology,
infrared detection systems are developing toward higher resolution, hyperspectrum, and higher sensitivity. With the increasing scale
of the detector array, the working wavelength also covers long waves. To ensure working performance, an infrared Dewar module
must be more strictly designed to suppress stray radiation. On the one hand, to suppress stray radiation, the Dewar window adopts
low-temperature optical technology. On the other hand, the Dewar window weight increases with array size, suggesting higher
requirements for the supporting strength and heat insulation of the shell. In addition, the Dewar module goes through three working
states, from assembly to application, and the window deformations in these three working states are different, affecting the design of
the infrared optical system.

Method The temperature field of the large-aperture infrared and long-wave Dewar window was analyzed by finite element analysis
and verified by experiments. The influence of the temperature of the Dewar window on the stray light and heat radiation of the cold
screen was clarified. To reduce heat leakage between the low-temperature window and the flange surface, the strength and heat
insulation performance of the three types of shell support materials were compared. The effects of force, heat, and force-heat coupling
on the design parameters of the Dewar window, such as the thickness and aperture margin, were analyzed. The deformation of the
Dewar window was fitted using a Zernike polynomial, and the modulation transfer function (MTF) and wave aberration were used as
evaluation indices to control window deformation of the large-aperture long-wave infrared Dewar module. Subsequently, the influence

of Dewar window deformation on the imaging quality of the infrared camera system under three conditions was analyzed.

Results and Discussions When the window temperature decreases to 200 K, the window stray light and cold screen radiation are
well suppressed (Fig. 3). When the target temperature is 220 K, the window radiation spurious ratio is less than 10%, satisfying the
design requirements (Fig. 2). To reduce the heat leakage caused by the low-temperature window and ensure reliable use, a titanium
alloy shell with higher strength and lower heat conductivity is adopted. Under the same temperature difference (300-250 K), the heat
conduction of the titanium alloy shell is 278 mW; this is 49% and 43% lower than those of Kovar alloy (4J29) and stainless steel
(304L), respectively (Fig. 4, Table 2). In mechanical-heat coupling, the window deformation caused by the heat load is dominant
(Figs. 5 and 7), and increasing the window aperture is helpful to improve the window surface shape under mechanical-heat coupling

(Fig. 8). When the thickness and aperture of the window are 4 mm and 8 mm, respectively, the influence of window deformation on
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the imaging quality can be neglected under the three conditions (Tables 4 and 5).

Conclusions The application of a large-aperture long-wave Dewar window is studied, and the operating temperature of the window
is determined according to the design requirements for stray light in engineering projects. Combined with the working temperature of
the window, the deformation under the coupling of force and heat is analyzed, and the window design is optimized. Combined with the
optical imaging design, the MTF and wave aberration are analyzed, and the influence of Dewar window deformation on the detector
imaging quality under the three conditions is confirmed. This study provides a reference for optical system optimization and heat

control-related designs.

Key words optical design; infrared detection; Dewar window; cold optical design; force-thermal coupling; imaging performance
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