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Optical layout of FOV optics in Dewar
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Fig. 2 Schematic diagram of Dewar packaging with two detectors and corresponding lens groups
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Fig. 4 Heat transfer in Dewar with dual-band detectors and

integrated cryogenic optics

ML AT DLy, R BL N ¥ i 8 o 1 v 1 (il %
MLAL 32 1 V2 B Qcryocoorer) 23 I 2 ¥4 - & rpts #4042 figh
TN A AT 3 5 P R B I 2% E AR AL, AR 4 R
Q1 Q,, [F] B il ¥ £ 3 5 v R 448000 % T4 Bsf 19 £ - 44
Quouier » Quoniezo HHIE R M 75 7E 80 K Fl 65 K Bt T 74 Mg iz
FIE M EERH 22 R, (E 2 %80 25 76 TG I B BT 7K 22 1
AN 745 T, PRI 7 2 X v 8 4 0 4 2R A T3 2 Y B
PP . RS 4 TC4A B AR, [R] i 78 H [
FE T T AL, 5 2 AR (AR Dk BRI AR TR 7
(7545) Ko KPR 87 7E 65 KA BERAF KA 19 15
M Ll 7 DR T R I S8 AR AT SE MR R, R R
TN 5 AL G BV 1 £ P ik e 3 AR £
Z G IR 22 . e, KPR A8 5% F & Z [k
FHICG 2 m i e A 50 1 BE F8 A0 W BEAE Ry 30 AL i A o
T A [A]— S T (IS 0T ) B SC BT K B R 2% 1
BRI 25 S G 2

AT T 28 0 0 R0 i e ot U 2 A5 A 4R
U285 R R BU A A 19 U TR A — 2 52 TR, 300 0T 79 v 23 4
AT HE A3 H

22 BT E 5 R A B e A b i IS A8 4h B
PUAE G 5 2k BL A R 5 e T AR, 51 4 T A T LUAR
I (e FEL o S AR

2310003-3



% 50% 5 23 #1/2023 £ 12 B/ E#*x

o— a2l (6)

dx
T AR B 2R AR, BT T A — R A 5
QC:—AIAM, 7)

A A AR AT bR S il BE 2 5 Ak A R
TE AT il B0 Bl P T 38 Lo SR
IR 0.1 mm B AR GR 4 22 , #5174
SR ABE N 17.83 W/(m+K) , 51 &K L 4 10 mm,
FIERHECH 35 Mo 24 i PRI % LR Ol 65 KR, 51 2k
W HH 115.1 mW 5 25 vp P B0 25 0 B2 75 K, 5146
TN 110.2 mW
() b, AN [ L 3 X A R0 %85 PAD A P 6 i
AT TS ), 3 A 0 B v gl 0 15006 A [ 3 B2 T A o
T I 28 B 75 B 4 A G B 22 S
E, —E,
Qr = , (8)
1—¢ 1 1—e
e A, - A X, - A,
A QAL I R Z 18] Y S 4 24 AL AL A
KM T e e, DRI LN RZEGX ,EWAD
F M Z ] 0 1 R 80 E S 5 3R 0 R RE 09 AR 1Y & 5
Ty, Ho 2

E,=oT", (9)
Ko WU FEHE-BIRZLS2HE, 0=567X
10° W/ (m*K") s T Ry 48 % il B .
2 SR KLU N T 1 P BE RO A S 5 A BE AR R
G T, A F T B 1 X a8 B 4 AR I B A R S AR
Q.o B 5UEE A T 3R =2 8] B 48 53 #0H5R )
5l [0 AR RCSE U B S o o

V. b ¥

S 25,27

= |

EE

PS5 T [ Al A7 B2 I Y R

Fig. 5 Angle coefficient between two coaxial parallel disks

#1580 A #9248 r A {E 43 51 & 14.5 mm
7.8 mm, [ L} 15.4 mm. Q. [/ ZRE0H 2

1 , R,\"
Xl.zzi S_ S__4 e
2 R,

14+ R;
R}

, (10)

. r 7o
ﬁm:Rlzf;R2:7;5:1+

o

AL RAF Ak i X, ,=0.436, 1 T % H AT

TR BIRE B AN BR B PR S o T 0 RO
R 22 b T P 2 g 4 B B A 5 B 1) %% T
JEE P, DRI & 5 2R B e, —=¢,—0.95,A,=6.60X 10 * m®,
A,=1.91X10 " m*, T,=300 K, #-F] H =L (10) F1=L (8)
A DATE AR 45 3 - ik B R iR B T o 75 KO 4R
W28 8 224 65 KO B R S 4 Q. =119.6 mW ; i
PR R EE TR 85 KO il BRI 5 5L B2 2 75 KO i, 4
IR Q, =119.3mW.,

TE B B AR B T 1T 38 K ML AR Ve B B A B v
BESEAT WA BB ORI O R A 195 K& 38
B A R ) B A 38 R4S o % DL 195 K B AR i
B ok b w2 T 5 A 75 KO85 KA, X
NP B TR AR 9 o 21.0 mW F1 20.7 mW ., 7] LLE
WA TR 51 ABR T BRI 28 15 5248 0T,
I i K e AR AL B B 77 AR T AR
2.3 HEHE@ENEDHBEILIT

2 PRI 28 A IR T B A Ak DG R 2 R A A
T, R LT ANF I 2% 0B B 2H R AT N 05 B
FM RS B S T S WSOk 12-13 ], 2 S
[ 6 BT 7 o 80 25 K U0 B i B R AR A BEAE 65 KK it

1}
o 60 @ | aTw

a i y

g

2 5.0}

4 i L —=—65K

0 —e—T75K \
54'0 g 62 ~65K

E gd ' /\ ~175K

£ 30f '%%56/ "5\\
L

%2.0 E 5o

E 12 2.0 2.8 36

1 Diagonal distance /mm
(] 1.0 2.0 3.0 4.0 5.0 6.0
Diagonal distance of MW detector /mm

==
(=]

16F -
£yl e
g o n,
2 12} iy "
o I "
@ 10} o "
g < !
E il -’.l. \.‘-

| ]
£ \
E e \
Q
o] y

0 10 20 30 40 50 60
Diagonal distance of LW detector /mm

6 HRIN g A5 H T £ 2 BN ) D BB o (a) 65 KA 75 K
r T B8 T 1 2 AL S0 B 2R 5 () 65 KR K I
TR F1 R R 7 0 T 2R

Fig. 6 Thermal stress simulation of IR detectors on diagonal.

(a) Thermal stress simulation of MW detector on
diagonal at 65 K and 75 K; (b) thermal stress simulation
of LW detector on diagonal at 65 K

2310003-4



2% 50% 5 23 #1/2023 £ 12 B/ E#*x

MRIEX

T AR BT R AZ (¥ 46 e KV 18 15.8 MPa, # FC 417
2 22 UK 3R B i ¥ LT S AL I 3 F R 0 6 1
5w AR AL e I 2 B e 5 A T DA K BRI K 0 il
AT SRR

AL 6 B4 EL45 T LAAE 440000 #8838 10 K,
PRI 2% BT A2 B N N 17.7% o Ak, g K
PR 25 7E 65 K B I 32 /9 #4081 YA 8 4 16 MPa, 7
T T R R D B — i RE 98 9K A2 (1 48 MPa ) B S
7k\/ill]o
3 BB R A N B FLAE I T2

RS SR BT UL & MBBEENEL T
B R 77 24 AT SEPE R R I /N ¥4 48 1 IR 0 5 2R B8 1) A
T MWBBAAE TN EL R KEERIEHUAS
BT T /N 160 mW ., 746, BB ISR A &% 15t
AR T 58K A 4 RE Sb e S BLOE AR 32, DA A A 11
T OS5 HIEHLRRI . 24 5Rtn] DL e 80 I ik
T3 B P B St T A3 ok B 4% 3 T Bl &%
B o R B AR A IR T 20 AR e AR B BT S g R
FH A B 25 G JiE VA S 65 IS B S — gk R Ik &R
B AL VT BC A Tl AR A A bR, R B BB 4R 48
oG &% R, @y xt b, & MR Ti
FE AT AR A AR A 12 T R A AR R Sk L (X
BEEK G & R 5 7= ARV b N BRI KR G i 5 T R
Ag R )00 250 filf FH B BT AR T 20, R ) g
ST RE IR B P TR B B ) LS B SRR A AT LA ARAR B
FRAL B MR GE S50 o AT ARSC I an & 7 firos o ANIEL 7
Al LA AR 3 A R MR R . AR T T AR
A, Ag AR BHE 2 R IR BK IR (300~77 K) L E
i BT R RS E B KRB A AT SR T R RSk
B AR TR A KU

7 TCARE ST A 7 F £ HFRL R
Fig. 7 Brazing of TC4 cold finger and Kovar cold plate
Xt iz ik BU il v 2H AR E AT IE 52 4% 3 S BE LR B8
(5~2000 Hz 4 #8453 7 R Im e B A 11g) , il 5%
Ja GIRSERF RN SR PEREIE il v AL IR JL I 1] K% il v
PEREAR WAL o
B V8 ' 2 WU B L FU AH AR 0 00 2% L7 B 4 45
TC RN B SR o PO R AR A T — R
e B ids 55 PRI 45 272 B ) #) [] o R TiD SRR AV T A4
T WU B RN s 20 22 (8] XY - TET P TC A R 7S 5 2H (R

0 Z &k A SEATECHE X Y L Z 07 ) DL 2,

RN BRAR S 25, RO B R I 2 22 [8] RN PR 3 B R
M5 A 55 B 4L Fe e e 28 CHEAT 0 o Sl o R R
e B 7E KA 5 B AL (5 V12B) R Ok 50 4%,
HR R I 0 5SS B R 1 2 T B B I 4 [ AE VY
i b e E R e . SR JE T DL R AT B B Z A )
BoifE. EZET 2T,

BB 2 BB 30 VS BRI & B T DL A TR S
e HEAT — Y M T, S AR UE e R BEORS EE  ALUB
C = AN BT A > ZE AR OR G0 o = hG B i s S 1%
B 0 TS RS 5 B A VB AT A LC Y
R LA 2505 . 7 RGBT X &
E 38 5 5~7.5 pm JE B R 08 S 58 B R S 7
¥ G X b EL e R . AR R g R 1 8(a) F
 8(b) iR o

TE R 56 B0 AU SO0 A 35 5 0 i G A i 5
E A8 B e Tl o o, O i 4 T 2, 303 B O il Ah 5
EDI . BHEFR G E R ERNE 8(c) iR

R A0 51 11 35 o 035 B S 458 Bt 50 R oD i
WE o AR I A A 0 A 3 AR S 3 B S PR B RN
H5~20 pm JE I R JEAT = B AR ] G A R A
F HEAT AR R

XU B A7 T 4 2L 18] i T 25 O v A < 3R 0 2% 08
A XY I G B ME R Z 1) R AR G R A A RO
2 8 S 52 A RO R T L 3l e e 2 AR AR R AT X
Y ] ) T 38k 22 1) i 22 1 B0 A 355 B8 246 I 4 401 1) 1Y)
R R, B IE B BEIR Y Z 1) i B 25 . WU BE B e
2 i) %)l i) ST AT T o ) 3 e A0 51 A I B 4 7 1) G il Y
F S 1D D AT SN O A 355 BT 4 RS 3 SR 3 48 it S
B, I I J5 7 = A BRI ARA T Z B E . & 9 A e
HERL RS R R

i I e E S TR A 5 0B BT 4L = ] A O i 22 A
KESZMAE R 7.8 e, BRI 25 22 1] (74) J 1) o0 Al 2 e K
SEE A 14.3 pm.

4 AR A S N B BL OGBS A

BT K R A R A R R R A H R R
b T S A LE 80 K F 65 KL (1 P T a4y Wi 24 Ny
700 W/(m-K)F1 1100 W/ (m-K)"™, A 17 45 0] #§ 36
B AR R R A PE o 3 A Ve BIL A R R
T A RLEE Ry 65 K, il 2 21 M 0.08 K, Hi i #8000 45
PR A 73 K A2 AT, il EE 3512 0.36 Ko

PR 5 AL B4R 5 0 HURR A 5 FF LR 5, i 5
AR B B B BRI T AR . 1R 10 R K D 0B B 4
M2 R B S AR A iR £, BT DL S R A 4 R TR
65 KA, & I % B2 2 F1iE 5% 3 M 15 min I 4R 18 2 43 1
FRELE 68 KA 70.5 Ko I 480 45 52 B i B 29 73 K,
bk 3 48 2 B 4R 3 M 26 min 22 A T A TR JE 4y kA 8
16.80.5 K F1 81 K.,

2310003-5



% 50% 5 23 #1/2023 £ 12 B/ E#*x

@ |_® (b)
‘ I % LW cold shield
LWIR lens #3  [7|
z LWIR detector /-
p foils
y 7 % sapphire disks
R @ 7» 2 § &\N N
1% =7 1 LW cold plate
2250

©

5.26 + 0.01

P8 AL BRI 5 0 BT PR R R () 3B B SRV D 4

A 7 5 () BRI 38 57 £7 8 B SBT3 B

()i B8 A RS # B T R
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Photo of packaging process of detectors Dewar assembly with integrated optics for GIIS of FY-4. (a) Packaging photo of

dual-band IR detectors with integrated optics; (b) photo of dual-band detectors Dewar
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Abstract

Objective For some infrared (IR) optical systems, due to the wide field of view of the instrument, some cryogenic optical lenses
must be packaged near the detector, otherwise the entire optical system will be very complicated. Moreover, for weak signal and
multi-spectral detection, it is necessary to reduce the background. Except IR detectors, if several cold filters and lenses are housed in
Dewar, then it is conducive to eliminating the infrared radiation background, improving system sensitivity and integration. This paper
presents the package of mid-wave infrared (MWIR) and long-wave infrared (LWIR) detectors Dewar with integrated cryogenic optics.
The micron-scale alignment requirement of a 32X 4 array detector with a pitch of 120 pm X120 um and a dual-lens module at each
band is comprehensively described. The key parameters such as detectors temperature uniformity, differential temperature packaging
and low thermal mass are analyzed. We hope that Dewar package structure integrating 4 lenses, 2 optical filters and 2 detectors will be
successfully developed.

Methods First, several lenses and detectors are packaged, so the size of the Dewar cold platform is large, and the mass of the
infrared detector Dewar cold finger and its top load reaches 364.7 g. If the acceleration in space application is 500 m/s*, the maximum
stress at the root of the cold finger can be calculated to be 352.9 MPa. In order to ensure the reliability under environmental vibration,
it is necessary to use a new titanium alloy TC4 as the cold finger material, which can not only ensure sufficient mechanical strength,
but also effectively reduce Dewar thermal loss. Secondly, in order to solve the problems of large longitudinal and axial thermal
resistance between the detector, the cold lenses and the cold filter, as well as the low temperature uniformity of the detector array,
both low thermal resistance heat transfer and the structure to realize differential temperature of the detectors are required. The cold
platform is designed as the shared base of alignment for MWIR and LWIR detectors and cryogenic optics lenses. The structures of the
sapphire cold link of the LWIR and the titanium alloy heat insulation ring of the MWIR are shown in Fig. 4. Through the combination
of cold platform, sapphire cold link and titanium alloy heat insulation ring, the cooling capacity from the tip of cooler is non-uniformly
introduced to the detector and the cryogenic optics lenses and filters, and the single-point cooling capacity is effectively transferred to
different temperature zones. Thirdly, considering the material matching and assembly thermal stress of the detector at low
temperature, the material whose linear expansion coefficient at low temperature matches the detector, lens, and filter is selected as
the supporting structure material for assembling the cryogenic optics modules. The thermal stress simulation analysis of the infrared
detector and optics is carried out, and the analysis results are shown in Fig. 6. The maximum cold shrinkage stress of the detector
LWIR HgCdTe material is 15.8 MPa when it works at a low temperature of 65 K. Such a stress is relatively low.

Results and Discussions The selection of titanium alloy cold fingers can not only ensure the mechanical reliability, but also
reduce the heat conduction between the top of the cold fingers and the environment. Measured under liquid nitrogen environment, the
thermal loss of titanium alloy cold fingers is about 160 mW smaller than that of stainless steel cold fingers. The brazing of the titanium
alloy cold finger and the Kovar cold platform is realized by Ag-based solder. The weld structure after multiple temperature cycles from
300 K to 77 K is normal. The photo of the brazing sample is shown in Fig. 7. The average thermal loss value of the four Dewar
assemblies tested at 77 K is 818.8 mW. In the orbit application, when the LWIR detector works at 65 K and the temperature window
of Dewar is 195 K, the thermal loss is about 620 mW. In experiment, the LWIR detector works at 65 K, and its temperature
uniformity is 0.08 K. Meanwhile, the temperature of the MWIR detector is about 73 K, and its temperature uniformity is 0.36 K. The
temperatures of the long-wave lens 2 and lens 3 are stabilized at about 68 K and 70.5 K, and the temperatures of the mid-wave lens 2
and lens 3 are stabilized at about 80.5 K and 81 K, as shown in Fig. 10. According to the experimental data in Fig. 10, the longitudinal
thermal resistance of the MWIR and LWIR detector-optics is relatively large. There is a bit difference about the temperature between
the actual MWIR detector and the designed one, which should be related to too many heat transfer interfaces, the contact thermal
resistance controlled by the screw torque during installation, and the shape of special heat-insulating titanium alloy TC4 rings. The
adjustment of axial distance and pitch is adopted by partially adding different polyimide shims with the thickness of 5-20 um between
the detector substrate and the cold shield, combined with assembly and testing by several instruments. Finally, the maximum

measured value of alignment between the detector and the cryogenic optics lenses is 7.8 pm, and the axial center deviation value
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between the detectors is 14.3 pm.

Conclusions This paper presents the MWIR and LWIR detectors Dewar assembly with integrated cryogenic optics. The new
structures in Dewar such as monolithic cold platform and lens support (cold shield) with low thermal mass are designed to realize the
alignment of single detector and its related cryogenic optics lenses, to solve the high-precision alignment between two detector-lens
modules, and to solve new brazing processes of single high-strength cold finger and so on. This paper also proposes the key
parameters of the Dewar such as detectors temperature uniformity, differential temperature packaging and low thermal mass. The
thermal mass of Dewar at liquid nitrogen temperature is less than 0.85 W. The LWIR detector allows for focal plane array (FPA)
operation at the temperature of 65 K, with a temperature uniformity of 0.08 K. Meanwhile, the MWIR detector is balanced at the
temperature of 73 K, with a temperature uniformity of 0.36 K. The misalignment between the detector and the lenses is less than
410 pm, and the misalignment between two detector-lens modules is less than +=15 pm. The Dewar integrating cryogenic optics has
been testified by relevant environment reliability, and has been successfully applied to Geostationary Interferometric Infrared Sounder
of the Fengyun-4 meteorological satellite.

Key words optical design; dual-band infrared detector; integrated Dewar packaging; cryogenic optics; cryogenic lenses; high
precision alignment
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