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Abstract: Heat seeking weapons such as man —portable air defense system (MANPADs), various IR
guiding missile are the main threaten for civil aircraft and military aircraft. As the appearance of IR
imaging seeker, the effect of traditional IR interference equipment and infrared flares are limited.
Otherwise, direct IR countermeasure (DIRCM) system has been effective means. In this paper, the
international research on DIRCM and key techniques for laser of DIRCM was reviewed. Furthermore,
calculating method for dazzling area of imaging detector was given. At the same time, the research trends
of DIRCM and laser of DIRCM were forecasted in the future.
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LEAM BB G R o 76 L0 AN X P BOE A8 BB 5T o, £
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(jamming) & Ji€ % £ 41 B H (dazzling) , #O6 A% 19 2 3
FER W EE TE Dk B B 55 1) 4 Dk Br R R RO AR
W O Ak 4 7t o

1 DIRCM 2&MiRiERMEARES

1.1 E@EAsmITEAR

I 36 2 AT A8 1) 20 Ah X P AT KO0 L B
W S8 =y =, Bl S BRI R R R R 4L
A S T AR R 25 0 07 75 B 2T 4 M DL gk )
Xt PR, X T 2t MO g 5 B R
i 5845 e A ok AT ke 9 — o B Oy 5K, (H B TR
3 1 7R 8 RO O VR R B R e R 4 N o 3R 1Y
T OREX BT AR, 2 km S [ R E )R BT
WO U i Tl B R AR R A R R B BT LR
L SEEE 2 km JE B 1 O B0, RO T R R
1E 2~10 W, TAE J7 208 % 25 8l ey 5 52 40 3 ik o =X

®1EFRNH LRSI LRERMNB[HFM(EIREE 2 km)
Tab.1 Effect of laser radiation on PDA (Distance to the target 2 km)

Manifestation of action Jamming

Dazzling

Breakdown of detector

0.5-10 Matched

Mean power of laser, W .
modulation frequency

Brief description of
the effect

Creation of a false target.
Relatively low SNR

Application IR imaging seeker

2-10 c¢W regime or high frequency
of pulse train

Reversible saturation of the detector.
High SNR

IR imaging seeker

10-200(>0.1 J)
cw regime or high frequency of pulse train

cw regime or high frequency of pulse
train. Reversible saturation of the detector.
Irreversible saturation of the detector.

IR imaging seeker

ThVE ThVE

1.2 EmEL I EER

[ 4h %} DIRCM £ 485 £ R 19 0F 58 [ 20 42 90
FERTT IR, HLECE & S0 BUE SR | MOEOE R mR
J3E i 1 £ AR AN W E 2 | $E 2 DIRCM 2 48 1 B 5K 1Y
g, HAERE R AW T o E AR IR 2 R AR
KT VA8 T XT AR g T P20 1 il S 3 9 6 A O,
A ™ il O S ZE 1) AN/JALQ-157 IRCM A%t . il
HEWOLHARM LR, A 21 o, Dia s ot b iE
S DGR B S 1) R BT B BOR T, T B A 2R L

-5 1) DIRCM % 9% . 763 45 Jr i, 98 [ iy i 3%

Hr—ts & 11 vl 2 Horh i A R PR P
W % i) DIRCM # 4t U %< 5 %0 22 [8 3 e 3 &
Mlo 754h, 3 E ) BAE /A A \Selex Galileo 24 &) Lk}
LA 3 Elbit R 408 /] W AF & &, EEE .
W KL B TR B e . H R E S S E )
ZLAMRT BT R G 4R FTWOE IR, B0 e m) 20 40 X 4t
R AE R Ty 2o AR R Rk R R &
BB AL R R A HLAE , Bk 3k 2P R .
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Tab.2 Foreign major DIRCM systems

Designation Platform Manufacturer
USA Northrop Gi an,
AAQ-24(V)Nemesis DIRCM system Fixed—wing aircraft BAE S;ste::l)pan dru];l:) r:inr;
. Military transport airborne USA Northrop Grumman,
AAQ-24(V)l ft IR i S
Q-24(V)large aircra countermeasures Warning aircraft BAE System and Boeing
USA Northrop G R
Common IR countermeasures (CIRCM)system Small fixed—wing aircraft helicopter Ortrop rumm.an
BAE System and Boeing
Tactical aircraft directed IR countermeasures Tactical fixed—wing aircraft,
. USA, Sander
(TADIRCM) Attack helicopter
MUSIC DIRCM System Military transport helicopter Israel, Elbit system
AN/ALQ-212 advanced threat IR
Helicopt USA, BAE Syst
countermeasures (ATIRCM) clcopter ’ ystem
MIYSIS DIRCM System Small fixed—wing aircraft, helicopter UAV UK, Selex ES
ECLIPSE DIRCM System Fixed—wing aircraft, helicopter UK, Selex Galileo
MONTA DIRCM System Fixed—wing aircraft, helicopter Spain, Indra
ELT-572(v)2 DIRCM System Helicopter Italy, Electronica Spa

K1 i B 8-t &I A Al it ) 23 % il MANPADS Bl i fR 97 AL
) AAQ-24 DIRCM A G "R H N L Ot &), Kk %
¥ B Viper #0tas" o

& 2 % 2 7 Prezident—s % #LJf1 F Bji il MANPADS [ DIRCM % 4t
Fig.2 DIRCM system of Russia Prezident—s airplane for
MANPADS defence

i A ] L0 X Bt 2 48 (CIRCM) S 3 T 22 i3 B
o BA R E AL A SRR AL, 2015 4E 9
2% [ v i B -4 & 00 F) AR A 36 [ R4S e E
] ZL AR X B R GE W0 I A2 7 A Tl o 3 3 2 -
SN W NHINH £ 48 ih %% [# Selex Galileo 2 7
P& HE 0 5 B BRI 4H fF (BCLIPES) F13€ [H H Ot B 55

& 2 J ik % i Prezident—s % #LFC B 1) 5E [7] 21 4 /A 7] (DayLight Defense) Solaris % #% 2H % . &l 3
MPLRGE R ADCS B4R G 0 07 ELAMNEOE L TE R,

& 1 AAQ-24 DIRCM % 4 v Viper # ¢ &%
Fig.1 AAQ-24 DIRCM system and Viper laser
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[l 3 ECLIPES X} #it & 4t J Solaris # Ot #:™
Fig.3 ECLIPES active defense system and Solaris laser!’

1.3 EmAMmERES

Bl S B R 1Y BE 25 5 AF 8 2 4 46 , DIRCM
REBARWE NG E IR, FERRBHMT

(1) & e BA T i fay th ) 58 Ol 3% A 565 30 Bl Y
JE ] £L AP X HT O IR, 52 BRI Aot S AL N T 4R
lia] 35 % 5% AR

gLAM 5 O R 1 2 B A T 2R S
A EAHE B A kg, HhEE AR
AREMES P RES hhEE%F L, BHEr T
WHEM SR FXPC 2B 2B BEE . 20
XFHT e, PRI X 0 O R A O 5 e A A v AR
ST AR 5 04 e 070 B 3 A Bl A O TR A O T 4T
AR A B BN, 20 A S RE O A T AR
1330 TR IR, X5y 2 e A G 1 R T S
G AR R BUZ AT B, X WO o M Bk — 204
FRZ A0S P A AL T A R 2~10 W, 33 2R
JEUR M T R AP KA S R AR R R, DL R
DIRCM % 4¢ 1) i 1 7 3K o

SRR % e 38 a1 A R 2 AR R R T A A AR
RO A R B AR, SRR E R R . £LAME
2% RO AT IR 1x1070, Z0 AN RN 2% (85 5 By
i () 38 5 O JLIORD 2= L E 2R, ™ AR H A Y B[]
Sy 107" 1 g, PR R A R R 8 1 I R) U L TE R
R A TE RO T il B 78 A% el
Ea = S i G VA (BT 1 R )2 N )
ER R RO N e e R A R AR

A, ARG AN R IS I A R £ b
et UBEIR AT AR AR R G R TAE. B4R
PR 245 B0 ) 1] N R ] HgCdTe Hh i #3000 5% O 27
BRG] DL Y TR
107 pW/em? i, 45 I 28 46 F115 K 5k 60 4, i — 2 4
Ry SR A] L 2o 25 000 5 22 R R X A A A
MG ZR IR A2 5 W7 1 E A 5 S i B O R,

Xo =N/AIm (I, TT) (1)
s X A FIR R KRR 1 Y P Ok
R S SRR T, SRy R X T BR[O R
SR .

(a) ZLAME I 4 ZZ P 450

(a) Dazzling image of infrared detector

[6-71
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5 /
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(b) HgCdTe 11 Fil fil &1
(b) HgCdTe saturated curve!*"
P 4 215 20 A i P 1% % HgCdTe 1 Al il £k
Fig.4 Dazzling image of infrared detector and

HgCdTe saturated curve

(2) I3 A FLARE R ZLAM X HTHER

5% [ Rl 4% 30 AF R K o3 A £L AR E 18 £ 50 X 4T
(DIRCM) & GiAE o — A K J& T7 181, op A AL AR E 1)
X HAR R RO LA 5 S5 908 T 4 8 2 F — IRk
B, R REOE A 2SO o R 2 A
e As LB R SO, A LR AU R S Ot e
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BRI R 48, B T DIRCM R 4845 & i B R G0 —
AL BT R R & % W A B T DIRCM &
G E MO T RS E FAR

(3) fIFe R AR

RIAE i A — FOR LA B & 1 R R TT 1), €
6] 2L X B R G IAE . R AR R R E T HAE A TR
PLECF 5 AT &k, H RTE W 20N XL R E &
A RLE AR R ML s L R AR ACRL BT
PLAEF- 5, ERE & Jo A B D i B, X f (e
LAY L1 5 ) 5 e ot B 47 B 18 W8 AE 1 5 5K, il
THRAMURZEMUBE 1 ST 6 BRI, i — 20 2R AL
BB A R AR R AL

2 AT IEARARRLRES

KHLF £ 5 MANPADS %5 21 5h il 5 38 #% X fi i
T, AR L T 5 4% 31 5] 5 DIRCM & 4t 30t 6 ol
WSR3 08 fef 22 O B 2 H AR, RS R BRAE LA B N
S8 Y, 3 LLAR X HUMOG R 1 PERE SR ) T AR IR 2
3K, DIRCM # 4t 2R OG & “ Hor bA 2 1E 1 g
7N R BT TR R

(1) SEi 8 w5

Z A A I BT 10 )5 1R A LA R TN 4 i 9
BonT A R b KR L s — 1 " SAM =77
Mz S “Redeye” 2140 il 5 2 4 R JH 19 £ P8 4K
T 38 KB 43R AR 11 72 750 PbS, 1 17 % Bf 1.5~2.8 um,
% fL“SAM-14"  “SAM-16" “FN-8" % 21 4} il &
B, W B 1.5~2.8 wm & 3~5 pum!™”, 70 4L
oS 9, 21 A0 R A TR RS e AR S R
X — B, 8~14 wm fiff 5 5K (HACdTe) £k %] th i 1] 52
FH L £0A1 £5 7 1 B 50 BF ) 02, A e At b, & R
I UL R 5 A BT — A ZL A £ T 5 1
R, FE T LM SR A 0T BB LAk
2SS R AR B, WA S LA A R A
G o R A G P dl A S o R o AR
b L SR 5 e S s R 2 A3 DS AN RS A v
MG OB, LA AP O £ 65 75 AR 1~3 um
3~5 pm 8~14 wm N, X HEARE S LA ] 5 K AR
P18 5 0 A5 Je86 O B WG L, S B AT S 1 6

(2) S it

T ORAE B B 2080 ) S AR g Sk RO
Al AR D 45 A S PR AR ROS BT RE B, SRR I R L

FHET 1 mrad #5052, BOARFIR [E b R G
A DU SOR YT R A A, R o T Y 3K
ek S NEOE A ¥R EM O R, AT
DIRCM F 4t (/N B4k, 1 HL R T 4 UE A8 25000 06 1
FH 3% 5L 0% & BUMA B 2 SO AR R, 7E
X A JE B DY O O TR TS RS I B A A

(3) Jii B b i)

BT T ) E E R A LR, SEREOL S 7E LT+
ZRP P B Z S B AR B R A Th R L kR E S
Bk o AROR A [ S OGRS, T B B T AR B
FHE T B [ O 9 R e R SR, B O AR T
A — A 2 IR SO s A sk B0 pE .

(4) R IR B ] S

Xt F DIRCM Z 45 3 i3t , /N AL o %8014 20 41 %3 Bt
WOtk TR m T A aE e AR R G IR IR AT
FE P BE R IE I HLECE B AR B . ehdi K BER T AR
PRI TAERREE, BB, Z0AN BT A /N A
b R R K] SE M — H 2 DIRCM (1 [ 4 753K .

f£ DIRCM R G T RAEGI T, LM BT O 4
02 NN R € 0 N T 5 s A o V2 = Wl o
At S 5k (0OPO) Jr X & T B oL #F Db e
JEAE SR RARBOERE —Fh e 2 R LA R
2.1 OPO FEHR

OPO i J5 20— B & 4 40 & I X B e 48 19
WA, AME) T s m kb g it . & 3 &2 0
G T K ORI R 8 . OPO 1
J5 IESIOE I RS 2 A AR OE SR RO AT RO
5 PR O 20, AE VR &R R 1 F b PPLN f (R 5
ZGP §ify (A B AE 6 1 e M A 5 e B A AR M SELEX
GALILEO 2% w] ) Z i Bt ¥ 6 #% R J§ T PPLN 5
ZGP 1k 1) J7 AR AT 22 0 K R i O R A
5 Fis

[¥ 5 SELEX Model 160 ¢ %

Fig.5 SELEX Model 160 laser
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1E OPO 3 AR % 2 v B A 3 1k 19 2y 98 8 (=] By
W 5T Jo 5 1 48 2% B 8% W AT 9 9 (ISL) ) 4138, 58
BRI FE AR AL BT OPO 77 X F 19 2 i K 7 Il &
7o G B S o 8 JER [ B A 9 <) Espen Lippert %5

Tm-fiber laser

3.9 um & 4.6 pm

AR 1907 nm 48 Tm St £F 06 4% 520l ZGP 344
e E P B O R R O . HER T RO
I E 6 frR™,

2010 4=, Espen Lippert £ A FIFH 70 W 1 907 nm

! 1
! |
2.8 im & 8 um| L\ prol e
v “ — %8 ! || V BS Ho-laser
M9 i Al2-plate 2.1 pm

SW/LW OPO

B 6 # Tm Jt 25 Ot A 52l ZGP Jt i 1
Fig.6 Layout of a Tm-fiber laser pumps ZGP

% Tm S5 O 48 SR 18 22 Wk B 0.72% K ¥
25 mm [ Ho:YAG @ /R # i, ZE T YL BE 700 pm, 3K
13 7 HEA 45 kHz T 42 W -2 ) 0 s, 6l BT i
M B - 1.7,k o 65 B 24 ns, F 37.7 W 9 2 090 nm
JEHE V7R OPO JiE, 4K 45 22 W ) 3~5 pum 41 4
it GG RR 58%, BERBOR T5% 6 H i & M?
T2y 1.4, [F4, Lippert % AR A = 55 30 JE s 45 44
3T 8.05 pm P LA 1.5 W K- i i o 5
50 >R T 283 U5 AR O 38 kHz AOGiH Q i
51 Ho:YAG R #% , 1 78 Ho: YAG i % Jis P 4fi
A A BEM BT F=P A5 i B £ 1 2.090 wm % K,
PR A X T 2,096 wm , 32 % 4K BB 7 AR B v 1 ) R 4
LGB IE 2.0 wm B RS OE R UGE i ZGP Ak Ik
S BRI A B = ORI B o 8 AR, YK
JHF] 8.05 wm B P EREF] 1.5 W, 3 40
R 4.4% , HOAHE R A 5 1) B 06 T R M
Sy 1.9 A L5, 6% @ 98 50 nm,

T3 A VR 2 Ty 8 I 5€ T (ISL) W 7. OPO ] 3%
o O T HE AT KO W 58, 2007 AR 9% AF 5 AL A
Martin Schellhorn %5 A 438 T & 6 ft ik o | 85 0% 3 T
R L1 40 i i OPO F 78 A, 7E 100 Hz &
HIARTR LT AR BOR FL K b i A B 33 mT, FEDG IR
Jox 5 O Uy T B S 4 8, Martin Schellhorn 5 AR

FH “fractional image —rotation enhancement (FIRE)” J&

A E 1 OPO Jr 2, 923 115 506 3.8 pm S i
M2 R T2 1.5, WRAOE 4.45 wm SE3R R M? [J 1
2909 2 EOLH I o BT eRk a7 R R,

A2 Polarizer Ll L2

Pump spot
5.1 mmx6.6 mm

-

P 7 g RE AL K nl L @ 6 R O 41 41 FIRE IO B
Fig.7 Schematic outline of the FIRE ZGP OPO setup for high—

pulse—energy, high—beam quality mid—infrared laser output

22 XREESEHLSE

JEH P T O A% (OPSDL) 2 it 10 4F R 30 4%
KW — A58 5 ), L an 1 8 iR, OPSDL
Chip J& — MM E A K 3L F GaSb 1) 5 i 25 44, Ho
A B — A>3 A 2 A BA% B B (DBR), DBR Ay
OPSDL Jf i 4 e it 85, 2 5 I B0 X 2 K 72 DBR
F14) T 5 17, 28 1 OPSDL fis £ s by — A~ 03 19 3 41
HBE o O X — OB AR RS A Y 980 nm AR IOE
BEHGEH , G AR 0 S O & R AR B B R A
OPSDL i Jv b 78 #f i & B Bl — 1 H & JL B ok
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1R 5 3 6 A5, T Ot 5 ELA% A OPSDL Jiis 485 75 K T
Bc A% 0 R AT R AR 2 0 AT SRR 2~2.5 pm 0% i
th o HHT,OPSDL . AJ DA S 30 % (1. X wm)—r i /1)
ot 28 B 25 %50 56 % (AFRL) 1 2 FF SCilk i
I8 7 OPSDL f£ 3~6 pm Al i i th ™0, 53 4b , 95 [
V3K 24 il T OPSDL J5 s 7E 3T 0 4h 2 wm i)
W S IR 5 WO SRR T 25%),
fik oh g s 16 W, ik ol 98 BE 112 ns'™

Pump

OPSDL laser

chip

Laser output

Transparent
heat spreader

External mirror
Heat sink

[¥ 8 % F GaSb [y OPSDL /R &
Fig.8 Schematic of OPSDL set—up based on GaSb

2.3 8 FRBHMA[(QCL)

RIS X 5 R R EREORR, Rk
WOEER RN F 5 RE G /AT, &F
PR PG R AR T R GE AR A B, 2R
AE TR RA KX, &P CH R T EZ
B, SEOE T A o SOBEOG AR s eT DU a5
ARNESTEAR N R S P ol L ISR & s <
P BGTE o R B B 3.4~25 um, T
GOt 28 LBk oh T2 S i, B SE T AE ns RESL,
SRR AT IR 100 kHzM  FE 21 51 i) 5 4 4 @i 3, QCL
DA 4 5 O T 5 3~12 um R TS0 KU AT A B
KA T, e B A BT

(1) QCL #f 5% i Jie

1971 4% [if #5629 K E R Hy BEBE 5T It Kazarinov
A Suris #& H TR g T 2R FH P EFANE T
A Z )R] LS B K A 1T, 1994 4R DR 52 5%
AR B — A R REEOE R, 2002 4F 7E
QCL Y & Ji it 7 v 8 2 1 ol M e Ol 5 — = Il
42 9.1 wm QCLs [ 42 3& ™, 2004 4%, DAPAR % Hj
P~ Bh#fE QCL & T H L 5 — 41~ L-PAS  (laser

photoacoustic spectroscopy) i H , %I H i) ik & &
QCL M 52 56 %5 5E 18] 52 ﬁ%#/\ K EMIL(Effment
Mid Wave Infrared laser, EMIL), i@ i3 Au:Sn fifi 5 8}
DCTiC AIN 2 5 A9 IR 8055 L 28 Bb R BB A B R
FHAE LR il BO(NRE) B2 07 X 1 1% 48 QCL FI ]
%W%%%?%%Xﬁ*ﬁ?%ﬁlﬁ#*%ﬁ, fifi QCLs

HIh R ML mW 42T+ & 1 W L E™, NRE #i1
ﬁ/ﬁﬁﬁﬁeﬁﬁ T QCL iy 5 Ly A i i | s 2808 Mg
KAk

[ 4 %t QCL A 5% 451 5 ) F 2 A 38 [ 7y dE K27
Daylight Solutions #1 Pranalytica 7% ) 5§ P v
Daylight Solutions F11 Pranalytica 2\ w] 7& K Tf 2 i% 42
AR b £0 80 i S OL &% D7 T 58 i H R iR
TAESERZ O BOR, JT & R 0 e s 2l 3 0 v 21
S TR O A, IF HORE SR 9 B A1 T8
W RECEOE A, ARk g 36 E Oy 1Y kT I
R W 4 L. & 3 4 Pranalytica 2 ® WF 58 A Dt
2015 4 & R 1 = il T iR 34 QCL #5451,

% 3 @ A QCLs 517

Tab.3 Performance of commercially available QCLs

Wavelength/pm Output power/W WPE
-4.6 >4.0 >16%
-4.0 >2.5 ~10%
-7.1 >1.4 ~10%
-9.3 >2.0 ~12%

P, 25 VG L R RGE T 3~12 pm, = i %
Sk o R A # 5.1 W QCLs A R 2, 78 bk n
= i QCLs WF 5 Jr i, B ¥ 6 2% i {8 2 % 3k
2203 W, 5251k 0.02% , ik oh 55 )& 200 ns, = JF ik
156 MW cm'sr™'1®1

(2) QCL 1y % Je 2y il R

QCL 1y B4 % R g % i AE % |2, b i I}
QCL #1143 #HA R KW 5, R FH TEC % 2%
A RO BR QCL Gt R [ 5 77 A= (1 #, I #4445 3% 3]
SR 5 I A, AR AR T AT QCL O 3y e d A AR
G RIANR G AR EREL, DL — PR
FHES TS, W 9 Sk Pranalytica 7 ] L 7Y ) i
W QCL 41 14 £ %% .
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QCL, thermistor
submount

Heat spreader

AR-coated
window

AR-coated
window

AR-coated
collimating lenses Thermoelectric

cooler

|1!|’|H||||‘

25 w5 W QCL 41 1 ) 3
Fig.9 Photograph of typical butterfly—style package of

%l 9 Pranalytica

Pranalytica company

(3) QCLs YL G KR

QCL #J LA 2k F A1 B Ot 1% 56 3 41 5 (Wavelength
Beam Combining, WBC) [ J5 2 #E4T 6 1% 414 i 2h &
R, B3 b 2k 80 1y S B 2 A L T R AR L
RT3 O 2 BT R e S B i O o BT X BTG R
L R ELE AN A 10 R, FE 2 28 A, QCL
4 18] B S AT BB/ | e 78 100~150 pum 2Z [7] 27

. Pre-collimating
Fourier lens
lens

QCL

Grating array

~ Output

beam

Output
coupler

10 QCL X bt # 't 4 J5 73 &

Fig.10 Schematic of QCL countermeasure laser

2 [ P b K 2Ok HOR FE 6 M 4y A 2 Bt
(SGDFB)H# A, 5281 1 % i T~ QCL 1y w7l . FLid 3 , If
BT X QCL (8 s Ak 531, B 11 o H AR GE 1 A A
SGDFB QCL E’J%ﬁiﬁ@@l&ﬁikﬂw &>, 8 A~ i)
FF %5 & 100 wm ) SGDFB QCL i i A |6 i il &

Back sections Front sections Beam combiner

Laser #8

Laser #2,
Laser #1

InP substrate Laser waveguide Electricisolation 2in 1 funnel
channel combiner

(a) SGDFB ot 4k 51l
(a) SGDFB laser array

Wavelength/pm
6 6.5 7 75 8 85 9 9 5

#1#2 #3 #4 #5 #6 #7 #8

ALl

1600 1400 1200
Wavenumber/cm™'

(b) SGDFB #lt £k 51 & 3l 1%
(b) Combined spectrum of SGDFB laser array
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