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Thermal damage of infrared focal plane detector Dewar and

its environmental test

Li Jianlin', Liu Zhuolin?, Chen Xiaoyan', Lei Yongchang', Dong Wei', Qian Kunlun'

(1. Kunming Institute of Physics, Kunming 650223, China;
2. Mililary Representation Office of Equipment Department of China PLA Air Force in Kunming Area, Kunming 650223, China)

Abstract: The environmental tolerance of infrared detectors depends on complete and effective environmental
tolerance measures in design and manufacturing. The environmental test and evaluation of infrared detectors
verify the ability to work normally in extreme environments. The purpose of the test at each stage of development,
production and use is different, and the amount of stress applied by the test is different. It is necessary to measure
the natural conditions and inducing conditions, and to analyse the investigation of temperature response
characteristics and test environment. According to the measure and the analysis, to select the correct, reasonable
and necessary design and test environmental conditions collect the most suitable test data as much as possible, to
ensure the quality level required by customers and the availability of competitive prices. The temperature
response test measured data of 288%4 infrared focal plane Dewar module and time constant method were used to
calculate and analyze the temperature stabilization time. The results showed that, in the temperature cycles
screening and erature shock test, a sudden temperature change stress greater than 10 °C/min could not impose on

the functional parts of the infrared detector, and the defect screening effect of the cold head part was better when
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the temperature change rate of the high temperature working state was greater than 50 °C/min. The test results

indicate that the stress for vacuum integrity is greater than +90 °C for 2160 h in the vacuum integrity constant

high temperature test. The products passed the failure-free environmental test assessment at high-temperature

+71 °C and low-temperature —54 °C have the potential to be stored, transported and used all over the world.
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Fig.1 Infrared detector
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Fig.2 Structure and technology of infrared focal plane detector Dewar assembly
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Tab.1 Main failure modes of thermorunaway of infrared detectors™

Part Phase Failure mode Acceleration factor
Hot temperature
Leakage
Storage Temperature cycles
Qutgassing Hot temperature
Cooler
FPA temperature
Operational Bearings and moving parts wear or break High ambient temperature
Dewar heat load
Temperature cycles
IDDCA Storage Leakage
Hot temperature
Vacuum
Temperature cycles
Operational Qutgassing
Hot temperature
DDA
Storage Bondings aging Hot temperature
Connections ) )
Operational Bondings break Temperature cycles
Storage Diodes degradations (increase of defective pixels) Hot temperature
FPA
Operational Loss of connections (increase of defective pixels) Number of cooldown cycles
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Fig.3 Time constant and temperature response curve
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Fig.4 Mini Dewar temperature response curve
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S T Sk o 2 T S o 2 B R R TOUAE S0 A 19 U 4 1
T30 FRBEI 7 07 1 00 1k B I (B — e LE £ A D 2%
i FH H AR BT I 7, AR T B BRI T,
{14 1N 7 I 8 A 80 b SR T e, 3 I A I

e R A i R A A i 2L T b
B B2 (R4 B . GIB 1032—1990 25500 % FH 1985 4F it
MIL-STD-2164 [ 742 i # % 4 5 °C/min, 1996 4 it i)
MIL-HDBK-2164A 4 ifi F A5 fb 3 4 = %] 10 °C/min.,
1%: [ THALES 28 w] #1952 722 1k 3 32 Oy
7 °C/ming X 2H A S5 it PR 45 g g i 8 ) S SOR K, AT
FH+71 °C, =54 °C, 10 °C/min [ 25 153847 BR35 1 F7
T, QAL 5(b) £L LR IR o SR, 3XRE B 7 16 1 )
AR T AR B e AR 3, LA 345 T2 w5
SO A PGS A PN F TR B, S AT 2R A A e
A3 B i +71 °C, —54 °C., #E 4 [E] 1 min (125 °C/
min) AR i % .

4 BAREFMELEERELE

4.1 SIEREHREENENE

TR IR AR R, F4 AL S MAI A 1) 2 5
M WA R RE Fit I 3 BB L3 oz s i 22, i
JETT B PR 2 A B B Al R RE S AL
Je MO o LR I ) AR ] R R £ A £ P A
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FLAFIE W AR BIR 1 E

S % PRI AT R | R L b
DT v S S RPN 2 BT DO Wl 7 Y KN
PRI BE )52 e KGR 52 B8 7, A5E40L™ il B i H A
N R Y 20 188 3 A v JLRE PR . T E AR B 1R I
T 2B A AR etk SmAshlG . SIS
S5 o MRIRARK I AN Al 75 P M i IR T I A7 18 F)
A BRI5E, 25 A H Il B 058 Y T 52 E ) S PERE IR AL,
A RE S BOAER TR AL o R rhli iR B A A 2

2 SR AS Ak, R P A B R R B B T R,
B D ORI TR L T
TESE T A1 TH (14 B ZB A (<) iR,
7 i 2 A ARG T A il B A e T A e
[l BRI E (BB . 7T RE R R B R i B ik | 5l 2kl
B TR WK (RE) 2480 W BRIRE SR
BIBE o £T AR 2 A S AR v 4 17 0 UL B PR 1 0
RN 2 Fis .

R 2 SMRIFEEIMEINEIE T

Tab.2 Procedure of infrared detector temperature environment test

Temperature

Category Test procedure Standard Test duration Transfer time
extremes
+40-+70 °C 24-168 h
GJB 1788—1993 062 °C 24-120 h —
+70 °C 72h
GJB 2345—1995 —60°C 72h —
MIL-D-49172A +71 °C, =54 °C — _
High temperatures Constant +71°C 1500 h
Storage test or low temperature SOFRADIR —54 °C 6 months -
temperatures storage GIB 5244—2004
GJB 7247—2011
+70 °C
GJB 5029A—2015 _55°C ;i E —
GJB 6791—2009
GJB 150.3—1986
GJB 150.3A—2009 +71 °C, =54 °C — <3 °C/min
+40-+85 °C 0.5h .
GJB 1788—1993 ~10—62 °C 12h <5 min, 3 or 5 cycles
GJB 2345—1995 +70 °C, =55 °C 12h <5 min, 3 cycles
MIL-D-49172A
+ - _ _
Temperature High temperatures Constant SOFRADIR 71,54 %C
or low temperature GJB 5244—2004 .
shock test temperatures. shock GIB 7247—2011 +70°C, =35°C - <5 min, 5 cycles
GJB 150.5—1986 .
MIL-STD-810C +70 °C, =55 °C 1h 5 min, 3 cycles
GIB 150.5A—2009 17} o 54 _ 1 min, =3 cycles

MIL-STD-810F

4.2 BEMEA E KR
421 FFEAGR IR G ik KA 4RI

T A S T AR 0 25 14 2 1 T AR, 21 M B
A SR PR 30 I 2B IR 80 K, 45 R T AR 4141
T T AR B TR R 3 1SR IR TR, B N 42
DI T2 ERIIR NG . 2050 1 A IR
5 TR E Z B A LB (+23 °C——193 °C—+23 C)
WRE AR T, TS P AR H AT 40 °C/min.
¥ SR oI o A5 IR I AR G54, 2T M- T
5 Y 0 20 A 4 4 1 S, R R

T 2 ) Wl g FE AR SR I 5088 e, PRI 85 B 55 7 v
HLVE 1 FDRG SR 3 — A . X e i i ik 2
oS, B ROT FSs H 55 B0 S HCR T il idE
24, e R A P 5 R ) 197, 2 T R 0 o A
507 SSCHAA R4 2] FL % O 2, S AL MBS T E K BT
125 R

X AR R S B LT AP - A7 K AR B 3,
o kS LSRR A€ AE I NINERINEPIR LTS SN Ve
P T RTZE P 50 YR B 100 Y IR AE RO, 2140
V- TR 45 ) Ve 2L B P RE AR E T A BRI R

20210337-8



s Gk A2

% 4 3

www.irla.cn

o A HARKTET, FF AR ™ A5 1A )
WEIR ELA SRR IRk, 2o B IR B A6 A 2 % AN A T
PR B A o A AR R L1 A AT A T OCAL
FFAT I I TF ALK ECR 300 1Ko
422 18X FHE. KREATHLERF R
L o I 5 | AR 21 A 1 T A FO 28 4 (9 L B s A
1 W B AR OB R i ML 27 1R PR I, A R T
5 TE R R SR I AT 50 1 A AR Il =, S B
PR L2 BT R A 8 I ke Ok 5 LS e g,
e o8RG P [ O 1 B2 /A8 P T IR B v T R S 2
K18, GIB 2345—1995 (MIL-D-49457 (ER) ) MLELL
AN 254 LAY 28 SEAFPE KR +70 °C W2 AF 72 h, iR
55 A5 A I AT 15% MR Bk . 288%4 £1 4k
FEOF 1 AR FLLH AR T +71 °C A7 1500 h )5, X4
+85 °C W AF 2772 h, 156 Hi J5 FA G AN I FLIs A
I 5% (AT RE WA BEARTRL F A ) 1271,

Hy AT, 8 B i +71 °C 72 h B4R R iR
I R 2 5 T BEATAE U LS T R B =N AT
AR o AR o IR UK A B3 8 T e e s, BRIV R
HEE R BE IR ZE +65 °C. 360 h, H AT I & 2 5% 1 i i
T2 BRBA B R N 91.13%, s T+71 °C., 72 h fT &
TR 71.58%. [RItL, 214N AL FUAL AUt s

A i 10 TR B AR HTAMR (ELAS K
WA, A o R R TR A I 5 A% L S - T
W BN A R BB RE T o

5 HEHENEREREIREFHE

H 53 BB PR 5 2 A0 B ™ I 1 PR AR A
+71 °C. FRRIAE M54 °C. i I S, B
2 GIB150.3/4 ¥ MIL-STD-810C Hi+71 °C, —54 °C
FE N +70 °C, 55 °C, 1fi GIB150.3A/4A B % ] MIL-
STD-810F H1[#+71 °C. =54 °C i FREE IR0 SR B
47 SR S0 T R 3 3 A — o XU 7 G i P 5 3R
{BL, A REAE N7 A g PR B8 ) £ 1 MR 2% — 2t g 3k 1
Fb AR g B 35 T R A R o SRR N R A IR L R
[-55 °C, +85 °C], 1 % M Z e sl WL 2807 I Hh 225K 6 %)
+95 °C, MLAZ B T 50 FH PR TR 0] =R+ 115 °C. il
H [-55 °C, +125 °C] R ZEH R BE IS ], = K T AE
0 B IR A A O 2 A R I B — IR T AR 2
TEE 5~10 °Co 45 G HAR ™ il A 55 75 oK . &2 3% R
JEI SRR A AT A B BT R . A PR R R
2 QAR S O T IS R s R AN s T
il V& 2 1 5 42 e R A2 3% 3 47 10 T e 34 B X 5
¥

R 3 T ERE IR R E RN EL AT (6]

Tab.3 Test magnitude and duration of the trouble-free temperature environmental test

Temperature extremes/°C

Test duration Transfer time

Temperature storage
Environmental tests

Temperature shock

Temperature cycles
Reliability tests
Temperature storage

Accelerated degradation test!"”

+71 72h -

—54 72h -

+71 1h

1 min, =5 cycles

—54 lh

+71 1h

=10 °C/min, 12 cycles

—54 lh

+71 30 min

=30 °C/min, 50 or 100 cycles

-193 30 min

+71 1500 h -

—54 6 months -

+90 2160 h -

6 & it

] AR PR BRI AR | AR il i, R A

PRAGE T4 o 250G AP Al 4 R 45 A B A6 0%
L8 P S R, DR U B 25 T o 114 o KPR A
W SE 4 J1 25 T B AT I
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LLPFAERITR | A Al P 4 A o S0 B9 45 B Bl 22
25 S A PRI AL, LB DA BRI 3 I A AT A
P AT % TR o N A B SR R B O3 A
BEPEAN ST R IRIE A, 0 TRLRE PRI (%) N2
TSR IERE & BRI 20k, LU Al g™ 4
TRid A T i

PRI R B2 N ) 32 W 21 A - T 5 A PERE
kB AR B2 58 S P AN ¥4 BIL B A7 i, 0D 15T 3
BB, P5 A SE | TEREIRAL SR . A5 A B
i T 0 8 R A0 B 07 e AN B A v Sk B 23 e oK T
10 °C/min 2 RS 16 #1580 N F7, HBEAE T T4
LA AR AT | SR AR SR T AR IR Y N &
PRIF R FE TR 23 o TF SCALI B0 R 07 126 %) 8 3k 78 73
(1 5k o O B 28R T o AN BE 2 LRl %) 21 A0 £ - T
WEBIA R BT E RER AL A5
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