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Research progress of lasers in directional infrared
countermeasures system

ZHAO Zhi-gang ,ZHAO Zhen , WANG De-fei,LIU Hu,CHEN Qing-liang
(No. 63895 Troops of PLA ,Mengzhou 454750, China)

Abstract: The rapid development of infrared precision-guided technology has led to a rapid decline in the counter-
measure effectiveness of traditional infrared decoys, infrared omnidirectional jamming and other protective meas-
ures. The directional infrared countermeasures system only radiates laser during interference, with narrow beam, con-
centrated energy,no need for heating, and strong concealment and timeliness, which is the mainstream platform for
dealing with infrared precision guided strikescurrently. As a core component of directional infrared countermeasures
system, laser source plays a significant role in jamming efficiency and has been receiving much attention. The research
progress of six types of laser sources,such as quantum cascade lasers,which can be used in directional infrared coun-
termeasure systems, is introduced ,and an outlook on the future trend of directional infrared countermeasure systems is
given in the light of the integration,stability and adaptability of laser sources.
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PRGN BI B A A, b, WOLE I E 7] 205k
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2 ETRERHE

T IO G (Quantum Cascade Lasers, QCL)
AR RO G T Sl R T ]
BIHLF BRI . 7 (B B b St A s R TRT B /), ELRE
HRBHE T PR IS & A28 A, PR QCLL i H 4
AAEAIEE 3 ~20 wm LTSN, AR, BAT 5E
PR L | i s SR AR AR ) QCL & &ia it
TAEIUE, 923 TR AL, BEAh, QCL i & 1%
G HABOG RIS T ATV R AR
AAREFOE AR U Ty T 3 25, 4 3 A 2
DIRCM R % AR BAR AOOEIR "

QCL ) 17 S M, fEL % J e e AR A
1971 4 QCL .0 AR 1, 1994 55 — G kil QCL
WA B 2 R Ko QCL (1996 48 ) (ARt i £1 4h
QCL(2001 4F) & ik jEZE QCL(2002 4F) AH4% [a] i,
(i) s 0 28 T 1 T A 58 A5 19 QCL BEAb B e, S8
PG LR AATE 2006 AETF TR IRIFEE T 45 % 578

[ 0.532 W@4 pm (1) QCL 1 80 K i T i 2k
1.6 W@4 pm [ QCL, FfF A4k AFF T % il % 2B X
2 W@4.7 um(2008 ) 3.4 W@4. 8 pm (2009 4F)
S 1 W@4.9 um(2011 4F) |, i 2e 850 i k4
ReRimisE 21 % . 5 [E KyungHee K775 2008
T T WL 65 % 2511 0. 633 W@4. 6 pm FI'E
IRELERE R 0. 469 W@4. 6 wm FFF QCL, Hi G5
SRR 8.6 % 3.1 %, 32[E Pranalytica 23 &)
TE2009 4EATF T EiREZHA 3 W@4.6 pum (1)
QCL, FH % 12.7 % o Hii - I3 2 K 244 2016
AT T RS 1 W@4. 68 pm /) QCL,
[ BB 2 AR ITLE 2017 AR A JF T & IS S
1.2 W@4.76 pm i QCL, HLYEHHAAR 6 % o Fih
PRI BUR Sy 2020 45 36 [ PH 3 R 2= A TF SR bk of
23 W@4.9 pmQCL, B G #E3ma F ik 31 %7
AT LA, B e Jo ko0 v o] 4 R e 't R BT o 2 I8
A RAFHOR Y A, QCL %t D 3 25 sy

FRBHIFA TR TR, QCL F= i AL I HERE AR B
ZE[H DaylightDefense /3 ] 1Y) SolarisQCL 88 H i K3 3%
2 W iE A REARATSEEE 15 W DR, © 24tk
a5 [ ki 2558 2 1 2L ht R Ge . Prana-
Iytica 23 74 M A 200 TAE 2.5 W@/3.8 um/4 pm,
3.5 W@ /4.6 pm, ST 42 R AT SRR, ROSF /1
9, 2y 1.9 kg Ab iz 24 w] B MultiLux £15- | AJ [
I 3 W@2 pm/2 W@4 um/3W@4. 6 pm, Yk
i M M F 12, AR 125 em x 25 em x
17 em, B2 9 kg, VAR MirSense 23 F]HfE H 1) 5 H %
B IERHRERFEHIE2 W@ /4 pm/4. 6 pm A
S M ART LS B EBGRE T T %, RSF
XA 45 mm x 32 mm x 19 mm, Fi—+ A9 AlpesLasers
N AR AR —Z Rk QCL 23\, 4 iy 2 3l TAF
W R OE B I % 1.2W @/3.95 pm/4. 9 um,
1.5W @ /4.55 pm/4.65 pm #5750 R~F Ry
45 mm x 33 mm x 19 mm, & [E Thorlabs /A~ T /E N
QCL 7 iy RN R BLAMR R iy T 1 iy
LIS BT N 2 5 R R R G E
PEREDE S o [RIEFHEE 1 of T 3 RS 1 2% A B )
L HQCL Hat iy th D2 % 5515 B L RE U M 22
B QCL wy AL Wy i F2 . 4, 36 1Y BlockEngi-
neering . CascadeTechnologies, i [£] 1Y) NeoplasCon-
trollnC S5 A Fl WA QCL B RS AEH
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gigy L5 BonT R, S E AR LA B K
£ QCL FUdAH T 1k L AR A H R AL 3R H

B S QCL /N BEAL Y A, DIRCM RG24
CARPLIL B AL il AL

% 1 THORLABS 7 JH 1t QCL £ 8. %
Tab. 1 THORLABS commercializes QCL information tables
iURe P/ pm RV S A I ] /T Hii/ kg

QD4500CM1 4.00 ~5.00 0. 04 2016.01. 19 56043 0. 08
D-Mount/QF4050D2 3.90 ~4.20 0.8 2018.04. 19 63048 0.21
D-Mount/QF4050D3 3.90 ~4.20 1.2 2018.04. 19 77059 0.27
D-Mount/QF4600D4 4.45 ~4.75 2.5 2019. 11. 11 67252 0.21
QF4650HHLH 4.65 1.5 2021.01. 20 79394 0. 47
QF3850HHLH 3.85 0.32 2021.01. 20 79394 2.3
QF4040HHLH 4.04 0.32 2021. 02. 09 79394 2.30
C-Mount/QF4600C2 4.60 0.6 2021.08. 12 43293 0.18
QF4600T3 4. 60 1.0 2022. 06. 30 52307 0. 06
D-Mount/QF4600D3 4.45 ~4.75 3 2022.08. 12 79394 0.21
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RSP LT INBO IR i KT AN B AR,
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AN/ALQ-212 MUSIC &, #RR T iz AR 6

L MR A R A% O R AR M AR AR, B
w704 Rt . 40 60 RAEM A

JBE AR A il £ T2 RN A R 5 O TR S
TEKUER, I T %40 KTA (PPKTA)  KTP( PPK-
TP) .AgGaS, .ZGP LN ( MgO; PPLN) | BaGa,Se, %
ArEREIL b AA , B R 2558 17k Ak
it [FIEFPERE S SR R AE RS A DGR
M T AT, B 20 AMEOE 85 A5 TP &
TR Z I T o T HL I O i R A AR A X A
A Z SRR TR OGS AT DIRCM & 48 it
FEo AR, RBOGARAE R IR 5 G o & sy
DA Ty AR AR R A 3R 2 s .
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Tab. 2 Laser source based on nonlinear frequency conversion technology

IR} [i) TAES PR/ pm WR/W e FR (M?) W %
KA (2022) 1101 MgO ; PPLN 3.8 5.4 1.52/1.65 13.5
fa[ ¥ (2022) Y MgO ; PPLN 3.754 9.15 3.2/2.4 11.57
He(2022) 112 MgO ; PPLN 3.754 10. 82 2.98/2.08 13. 68
Zhao(2018) 13 7GP 3.84/4.59 110 8/8.7(100 W) 53.9
BRALIG (2019) 114 7GP 3.92/4.57 102 2.7/2.8 60
Liu(2021) 13 7ZGP 3.89/4.55 161 3.42/3.82 55.3
Wang(2022) !¢ 7GP 4.07/4.3 13.27 1.8/2.0 37.9
Bt (2023) 17 ZGP 3.82 6.5 <3 28.5
BR sk (2023) (18 7ZGP 3.53/4.15 17.8 § 332 328 ?2 ﬁ; 62.2
Liu(2020) [ BGSe 3.95/4. 44 4.35 2.2/2.3 18.1
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W AR 4 B AR ) PO TR AE R R AR & DIRCM &
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4 ETHRIBTFMITESEESRHHLIE
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HAER A B2 T’ Ho'" (Er'" Dy’ " %7 + 8
TR O Fe® A5k 4 R B T ks o R B S 4
ARES = Q=Y =Wk Ll cPAN N ot R R
HHE B2 B T SE 00 S AR Bk an gk 3
MRo B BT B E OGR4 S b
PARBOCLFEOL B R IR, S DR s R R
BAF, I HIR A . AR R R 2 4
TN o SHY I 4 R BB 2R AT A A B A
A% (Cr* " 2 ZnSe) BBEKNALEE (Fe’* : ZnSe) FIH5 44
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Tab. 3 Rare earth ion characteristics

BT e 3514 W RhHE

Tm® * Vay SN SR 47N RS ol 790 nm 1.6 pm.1.9 pum ~1.9 pm, ~2.3 pum

Ho’* FALY AR ALY IR DaER 1.9 um ~2.1 pm, ~2.9 pm

Er’* ARRA ALY A5 A e 980 nm ~1.6 um, ~2.7 pm

Dy * T et 1.1 wm 1.3 pm. 1.7 pm ~3.4 pm
®4 ETHLEBETFHRNHNR
Tab. 4 Laser source based on rare earth ion doped

T[] TAEA PR/ pm kA SR (M) W % A
Shen(2012) 2! Ho* : YAG 2.097/2.122 103 <2 63.5 EiEN
Duan(2018) [?] Ho** : YAG 2.091 146. 4 <2.2 61.2 EEN
Zhao(2018) 113 Ho* : YAG 2.09 231 1.04/1.05 60.7 [#] {2
Tang(2020) 1% Ho’* . YAP 2.117 107.3 3.2/2.6(80 W) 49.9 [&] 44
Wang (2021 ) [24] Ho’* . YLF 2. 064 125 475/1.59 51 EEN
fEREZE (2015 ) 1 Tm®* . YAP 1.988 39.4 / 32.8 [k
Messner(2016) (26 Ef* : YAG 2.94 53 <15 / [ 44
J5 (2023 ) 27 Er’* . YAP 2.712 10. 12 5.6 5.5 EGEEN
Patrick (2022) (2% Ho* /Tm®* St4F 2.1 262 1.2/1.2 46 Dlitan
V. Fortin(2019) [ Dy** .ZBLAN 3.24 10. 1 / 53.2 A
Anderson (2021) 1! Tm®* Jt2f 1.95 1101 1.09/1. 07 50.7 et
Fortin(2015) ! Er’* .ZBLAN 2.938 30.5 1.13/1.12 16 e
Yao(2020) 3] Er’* . YAP 2.92 6.9 2.2/1.8(3.7 W) 27.9 Dletas
AR (2021 ) 33 Er’* . ZiF, 2.83 20.3 1.3 14.5 tan
A1 (2023 ) B4 Er* . 7ZiF, 2.8 33.8 / 26. 4 e
M B FF(2023) 133 Ee* . ZiF, 3.5 10. 1 / 37.4 Ditas
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Tab. 5 Laser source based on transition metal ion doped

I ) TR I8 P/ pm IEAY S Bk (MP) e
FEZE(2016) 30 Cr** .ZnSe W 2.3 3 1.7/1.73 17.2
Moskalev(2016) 137 Cr** . ZnS/Cr** . ZnSe W 2.5/2.94 140/32 1.77 62/29

Velikanov (2017 ) [3% Fe’* . ZnSe =il 4.3 20W / 25

Martyshkin (2017 ) 3! Fe?* ;ZnSe 77K 4.15 9.2 / 41.2
Pan(2020) 4] Fe’* .ZnSe EiR 4.35~4.6 21.7 / 32.6
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Tab. 6 Comprehensive performance comparison of laser sources for DIRCM systems

HOBIEZ 3 ~5 wm R Max % tH Dy % RGEE5HY R e TS AR
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