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Redundant Object Damage and Prevention Method for Infrared Detectors

LEI Yongchang, LI Jianlin, DONG Wei, ZHOU lJiading, HOU Likun, QIAN Kunlun
(Kunming Institute of Physics, Kunming 650223, China)

Abstract: Damage caused by foreign objects is a common risk faced by aerospace and aviation products,

which has contributed to many incidents. The dynamic displacement of redundant objects can cause

instantaneous circular image failure in infrared (IR) detectors, which interferes with the detection and

tracking of small targets with low infrared radiation. Moreover, the dynamic displacement of redundant

objects can collide with the infrared focal plane array, causing ineffective pixels and affecting the minimum

resolvable temperature difference and operating range of the IR imager. The faulty device must be

dismantled step-by-step to eliminate the macroparticles. Electron microscopy was used to test the redundant

objects. The source and generation of redundant objects during infrared focal plane array manufacturing and

application were determined. Mechanical and optical analyses show that macroparticles can damage the

intensity distribution of the imaging beam on the focal plane. The time required for the displacement to pass

through the field of view is less than 50 ms, the linearity is less than 1 mm, and the diffraction phenomenon

is significant. Most of the circular images occurred in the Fraunhofer diffraction area. A fringe diffraction

spot is produced if the 10 um redundant object is close to the focal plane array.
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Fig.1 Foreign object morphology image
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Fig.2 Macroscopic particle diffraction produces circular "dark

spots"

HARR I ER B AR R G B “ BB W15,
X R HARAI U BRER L, SR RS
IR ER ERTERE, JCHmI A KT 9X9 Bt
ZLAhgS /N HARR 0] SRR ER . X TSR RS, X
RIS BRSBTS AW IR, W RER R
Wi AR R0 T AN R IA R IR IR 2. 2 RYIRERO G
WA UG, 7 A TG T LR g 7% 2
WL ARE AR TS b, SIS (A e A T4, 72
PEME LRI A S Ol 5 S T AU TT



FasE FHTIH Vol.45 No.7
2023 47 H ZRREAREE 2L AR 2% 2 RV 165 K T Jul. 2023

B BRI ] 5 P LR 2 3mSR s e 7 5
Wi 2 J% 8 F GE R /N T 7 i 2 AN E B . 2R
FELLAMARIN 5% (10 T 2Lk BE PR AR = B e bes - e i
PR EETIRE, GG RA EEPEREAR, N4
BN &% (5 AR AR 75

2 REFEEARBEEHIE S

2.1 kRS
CLAMRIMERAEIRB N JER R, H R 23 2% [|] P B
THD | B 55 P A3 8 N RO B8 PN 38 7 A 5 ok, g
B2 B /N LR ENF NI T AR IR B Grws ISR
JIRVE SIEH
F=m(Grmstg) €))
X FONERTERUNZ KW LB J15 m i i
g NEIJJINGEE, FEF WS g B Grus NBEL
PRI AR o 2 BEALAR Bl T 26 25 5 i
2 P N30 MR DS B A 10.89g B, BB AE 7 1
A BRS04 B T 11 2 R 40 i 2 3537 7 AR o ek
PHEIAR LN go R 1A HE (EE 19.32g/em?) |
FIfR CEFE 8.17 glem®) FIRRALHY (EFE 2.5 g/em?)
ZNERWE 8351 77 AR IR E Grus = 50g I 52 BTN 77 -
PORBELA R Z RVWRL G A BE I8 A
FLVEE, BHE. T P SEAR RS B ey, Hfir
SRR, BAFEANB BRI NREET ), #
W 5 7 AE ST AL Y BB A 0o 22 1 3 AR ST T f
i, R EEECN 8.85X10 12 CY/(N-m?), HLfjFE

NECN 1015~10"7 A/m?, 84 Hfa B 2 77 A ) L 5|
719 10*~108 N/m?t3l, S B HUNERERL, 72 A i
I K. ZRYINERNFAERIVERE, Hik
AP, LBl FTH 1 S AR A AR o
B/NERBEZ AR 1% & B AN, % B fl A T
[T BLAR RSN I AEFE A S 7= AR B ST AR 1
ATLVE R, BEAR 10 um E/NERZ 2] 6.31 X 10° N/m?
PG WGP H B BT, 10 LR 10 wm FRBRALH /N Bk
8.17 X 10% N/m? TEH L 5] JJ A4 T A2 5y 553 H Bt
HERETH .

MR T MG IR, 2 RVITEIRSN P B
DA KHITE B vo RIS 12 30 25 7T b 26 BT, FLiz3)
JiFEA:

S =VytcosQ

gs’ @)
2v; cos” @
s @ NWIERE vo 5K (XL 2D BRI
A, R >0, BRI~ e<0, TH (V) Jbfe
=n/2, KV p=0; s AKFIZhEER; h HEH
BHEE. HE 3@FE W, Z mRIEN, R
FEHR L Si i3 H AR LG L R B0 AL SO B RS (D
W SERETH ALK 2 RVES 5 R AE A s WA T XA
ZIRMIEA D EHE LZRY), 16 Y MRS T
Ko RAEREMS, Hrh—y XSS iz,
+y XUk E THE8), e X RS T £x
X IR 7R 5 KBRS SHE 5 .

h =v0tsin¢—%=stan¢)—

F 1 BENLIRSN AR 5 M

Table 1 Exciting and adhesion forces generated by random vibration
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diameter/mm area/cm
force/N (N/m?) force/N (N/m?) force/N (N/m?)

0.1 7.85%10° 4.96x107 6.31x10* 2.10%10° 2.67x10* 6.41x1071° 8.17x103
0.06 2.83x10°° 1.07x10° 3.79x10% 4.53x10°10 1.60x10* 1.39x10°10 4.90x10°
0.03 7.07x106 1.34x101° 1.89x10* 5.66x101 8.01x103 1.73x10°11 2.45%103
0.01 7.85%107 4.96x1012 6.31x103 2.10x1012 2.67x103 6.41x10°13 8.17x10?
0.005 1.96x107 6.20x10°13 3.16x103 2.62x1013 1.33x10° 8.02x107!4 4.08x10?

10! e S e i

¥ Y s T —G=10gf

. \ : PR *G=5_Ug}

100 VLSRR S R

z X "o

| T N

FPA =10t Bl

Cold shield RN

Remainder particle R G
. 10’2! [RE R i P : R
F.lf_‘-ld stop 101 102 103 104
Window fHz

(2) ZRUNWRIZEERER

(a) Schematic diagram of the motion of redundant object

(b) WIS IRBIIIF K F

(b) Relationship between initial velocity and vibration frequency
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