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Abstract: According to the requirement of the butting short and middle waves long linear IRFPA
detectors integrating and coupling with the inline pulse tube cryocooler, the difficulties of the Dewar
package were discussed. By studying the temperature uniformity and the supporting structure of long
butting substrate, the cold loss and the vacuum life of the large —size Dewar, the three —dimensional
thermal output method of the multi—point "S" type thermlink combined with the conductive layer was
proposed, and the supporting structure of "bridge" with the dual substrate was designed, which were to

solve the key technologies of higher temperature uniformity of the long butting substrate, the lower
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thermal stress of the integrated detector and depth of focus control, space environmental adaptability,

lower cold loss and longer vacuum life, the Dewar assembly for the dual —band long linear FPA had

been successfully developed, and tested by serial space environment adaptability tests, the results show

that those main performances do not change obviously. The Dewar assembly satisfys the requirements of

the space application.

Key words: long linear IRFPA detectors;
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Fig.1 Schematic diagram of long linear IRFPA detectors

1104003-2



ok TR

%11 3

www.irla.cn

%47 %

1.2 BREIIHE

A 2R B L FL 2 A K 2 3 2T AR 25 11 R 4 e
B B AR FL S PR | (W] S BN 45 5 A1 5
(G HL ARSI 2 FIER AL BLA R B B2
REPHEA R L IR & U8 R S48 IR R
Bt IR GR ST BEAE L o0 T HE K R BRI 2 1 17 1
Lo, TELRFNERIN G b 72256 T[] B i e A v g D
IR BRGSOV R ES R . S H R N R T Y
HEAT T AAL B ZEUE S R S 48 K v Bt A M3 it
BRARIR BT 40 5 BF DA AR 3t D%
FBIE R T 5 1 83 MR B 1532
P2t U S S S WS S 2 O R
JE R SR R 25 | LU V8 B R 1 2R R
B AR AN I R 22 5 v 5 S B A HIL A
SR TR SR LIS G L, PHEaiE KL
GIERIES 16 A~ DA SGR B 512 38 18 i 22 51 il
SRAES T AR AL AL, 35 700 2R 51 42 S BLER M 4%
HHEAFFAMOE R, H PR T B AEAHA F
RIS PERE R TTHE T, AR T30 2315 B ac i sh
TR LY Faly R A Tk, BB LR H M BL T e E A o
PrEEUB K LI LD AMAEN 28 = DR B B K RT3
FE AR B IR EE Y S PR g 2 S NI EE R RS
B 5T A AR 48 N 1 55 )

A i
L AT g - = 7 N

(s piratimi i
===

Lower chamber
Radiation shield
Inline pulse tube

P 2 A LT A5 1 7R 3
Fig.2 Schematic diagram of Dewar for long linear IRFPA
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Fig.3 Schematic diagram of supporting structure of Dewar

substrate for long linear IRFPA
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Tab.1 Condition of the sine vibration test

Condition Direction Frequency/Hz Amplitude/g
10-25 7
X, Z
25-200 8
Sine vibration
10-25 10
Y
25-200 11

LR G IR IR HE SCHEWIE | ML T ME B 7 1 R [
PR SR ACE N 3R e e T EE L BE Wi=0.3 mm H.
R REFLAYBR G B SR AT O Ty 2 SCE IR R
S EEEA R, FRIE I —h 1~200 Hz,
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Tab.2 Amplification times of modules on the substrate and conductive loss of the supports under

different supporting structures

Modul Dir X Y Z
W/mm Frequency/Hz odule Oeontos/ W
number  Frequency range/Hz ~ 10-25  25-200 10-25  25-200 10-25  25-200
Ml 1 1.33 1 1.45 1 1.01
0.2 365.78 0.3
M7 1 1.32 1 1.45 1 1.02
M1 1 1.22 1 1.38 1 1.01
0.3 384.2 Amplification factor 0.59
M7 1 1.22 1 1.38 1 1.01
M1 1 1.15 1 1.23 1 1.01
0.4 466 0.88
M7 1 1.15 1 1.24 1 1.02
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Fig.5 Cold transfering of Dewar for long linear IRFPA

TR AE SRR S AR LS A 105 Z0K B0 5 B IR
WG F ST A ST R £
M¥e iR, SRR AR B 2 5 SR 2
T ) R A

SC R IR AU 1 O 2R R R 8 B D4
FEA AT IR I 3k BT Fr e F P A
1.2x107° Pa, FEAR A IR BE B ) Mo A il 6 it . B
LKA S SPHERMRZ BIE 20 3 K, PHER
B A B i 122 18 A 3R 80.5+0.5 K, S T k¥
B R MR Y A, R R BB ORI
Ok N 3.1 W, il i 3R W A R s IE
PAL T ARG A, A 5% 4 95 K i
FEELIA R L 2.82 W,

81.5
=Temperature
“ 80.5
2
2
= 79.5
(]
o
g
&
78.5+
77.5 L L L L L]
D1 D3 D5 D7 D9

Module & coldhead

& 6 ML MR T A IR EY 551
Fig.6 Temperature distribution of Dewar substrate for

long linear IRFPA

i A BRIl SR PV B Y O 2 S LA
Fi i R P i — e SRk, DITHBR S 5 K 4
B LT AR i 32 4 i 1 P T e TP R BN g o 0 R
SR V& T 0 I R i A B BT 52 1) B AT A B
IHT RSB CE DT kS WS SOk [9-10], 9

1104003-4



ik A

%11 3

www.irla.cn

%47 %

Pra RAnE 7 fros , BRI AR b | G A AME R AR
80 K Il A IR A2 (v i i RN J1 8 21.2 MPa,
b FC A 22 22 U R IR B i v HILIT S LI 3 2
IR A X AR L BETC R

" 4f

= MI-SW
= 20 STy, ) o M3-SW
s A s . AY M5-SW
% le} Je .‘ b i U MI-SW
o §» cotl Ages. R v M7-58
£ 12k f W Y, o Sl | o MO-SW
5 | R < . '_ﬁ‘:. L MI11-SW
Eoglf R el R | wssw
& S P e | = Mis-sw
= i I'--.. -

3
0

0 2 4 6 8 10 12 14
Length of detector chip/mm

(a) BRI P T

(a) Thermal stress of MW detectors

24F
= MI-SW
9 it "
g ' il & 1 o | e M3sW
Z 16} B3 g % L3 Ma-ow
2 AR B vy, . DAT | e MT7-SW
oo , " ATTTr e, T “ e g
7 12} [t o, oM [+ MO-SW
= $s* = giitn __:-,_-:;g;; . M11-SW
E sty TR e N b M13-5W
» - ') y . ’
£ [Pt I = missw
41 i
0

0 2 4 6 g8 10 12 14
Length of detector chip/mm
(b) 8 W AR 5 AR g
(b) Thermal stress of SW detectors
] 7 SR A PR g 0 EL N 5]

Fig.7 Simulated data of thermal stress of the modules

16 > DA WU B LT AN g 45— 22 I s 225K
“ i F RIS R PR A B — o SR R AT AR AR I
PR 12 AR MR 422 22 26 A EL AR HE SR 25 40 10 il B Al 1Y)
M b SR RS SR A FNR G s i 7 [ A
T SR LB AE AL P 238 B | R A A5 I i
T T A SES SN SRR 16 DL LLAME
N %) S T A XA 16 A A8E B iy e i FE R I 95 K
TR T 10 wm, 5 IR E R BPIRASAE
R DL AR AL, AR 45 R BRI 2R A T S
FETC 2 2 HL A Al 22 (B 1Y Z [ 5 £ 1 3k 30 ) 5 R
20 pm, dpZ ] k2 AR T N AT A CSCHE R Z )
EAE B R R . 3 R PR R S R T
PRV 2% 1A% 0 FH ek £ R A ] 4 m)
1.2.3 W3l & LB

R 2 51 XU Be 21 Ah P T PRI &% il 16 > LA

b 512 JE LI RN S AR e T A, B
FAEHAT 45 51 HLR, A BB F 5 | KA 70048
DL BRI Bl 7 RITTIN 043 % e AR e i1 | il 58
PEFI L RERAME, R 6 A B % 5 R IR AEAR IR T
Prizdide m M IR ARG L5 1, Mg L3R
)3 1ot 5 | 2 S e L PRREAH S 1 M B 5
AR IR . (1) B0 2% BE 5 REURE (5 5
Py BB B 5 (2) PRI A R Y R M £k R By [ 5
TF3(3) MR LR, N KA 41538 38 1F] B T, LRI A%
B Z T 5 (4) PR BT | [ D g |
LAIE;G) TR ES BT LIS LA
It 5(6) FHIHAEE S| A AT &It R %
JET 51 2 2E RRE I SR BRI AR 5 | LR de &
YRV A AR 122 1R, R4 61 AR,
1.2.4 ERAXBERLALT F6

ARG AE TN A A R A 28 £ | [R]AT
FERARA TNFE 3 MPa @ R &AM B K % 45
P W N = R i v BT T = R D TP e 7 B 3
iR Z | MBI Z X HZMKEE 0.2~0.3 mm
WS 2 TR 208 15 SR B ] RE X A 2R A A BL A A
AT EL AR GE N, A T N B T AR AR LA
AR ELR B AL BB R BE A E 4 B A R
WAL, WA S B REER BTz el T4k
T REASHAME R IR F SR EA R
BN 520N 2% ARG, AAETIR MUK
P R e A A K 4 T BE T B T AR FL LS
W, T BRI O KA R 4 R ST B % SR A
FUAA BT O R S5 3 i R R Xk BL I 2T
AR AT T ARG TR AE R R WL R AR R LA
JEH 6.42x107 Pa, BT T —FhFE AL FLHES D07 B

8.0E-03
7.0E-03
6.0E-03
5.0E-03F
4.0E-03F
3.0E-03F o
2.0E-03
1OE-03

1~ Test data
o~ Calculated data

Vacuum/Pa

ok . " 1 1
0 200 400 600 800 1 000
Time/day

[l 8 A B AL T B 25 75 i i 5 R I s 2
Fig.8 Calculated and tested curves of Dewar vacuum life

for long linear IRFPA

1104003-5



ik A

%11 3

www.irla.cn

%47 %

ARG HNE B A O LA B G Wy 3 X RE &
5o 201502 AR EL T A AL B B S BE R AT TR )
W, 38 2o e R AR RIS 56 TR A R A B
P W 5 SR 3 U R BC B ZS B E B AR 9 0T DL gk )
6.9x107 Pa, fik T 1x1072 Pa( I B0 25 B X 375 1% $1 o0t
LB A B 3 HL A B R ) 1) SR U 2 L B A
B APEEATIFHLEIS , YR 38 TAERE & 95 K
B, A FNHER G I 5 HR AL HLIIRE S 50 W,
AR J5 Hil e ILIFHLA DO FE R 50.9 W, Ui AL BL A
S LA B AT N R LA AR Ak, AT LA Sk A BB L
AR,

2 FmkEEERERER

Wt ER OGRSk, RS T AR R
U 1B K 26 91 (DR A K F 8 000 JT) WL B 4141
VAL FOAL R AR AR AR UL SR 3, A LA
FEFCALAFAn &l 9 TR, e R LT MR ST T € 0 4 1l v
ZH A3 PRI ) Y PR B I 6 2R 58 i T % R R E 5%
Pzl BEMLIRZN . DU bt Kon s B2 45 0 4 PR B i

x3 EEMREIER

Tab.3 Main performance indexes

Ttem Value Ttem Value
Linear pulse
Temperature/K 95 Adapter cooler
tube cooler
Temperature +0.5 Heat load/W 2.82
difference/K o cat foa ’
Wave band/pm 1-5 Packagin; Dewar
. gme (Vacuum)
A bl
Pixel size/pum 28x28 SSeMbLy 7.9
mass/kg
Pixel centre 28 Vacuum 9
distance/m life/year
F# 2
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Fig.9 Picture of Dewar assembly for long linear IRFPA
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