WD 2004/ 109323 PCT/ |1 L2004/ 000475 = FI BER LASER BASED

JAMM NG SYSTEM FI ELD OF THE | NVENTI ON The present

invention relates to the field of jamm ng systens that

ave 2003a6b3@0ai nst thermal |y guided missiles, p@ra004/000475

general, and nore directly to systens and net hods

known as Direct IR Counter Measures (DIRCM s) in

particul ar. BACKGROUND OF THE | NVENTI ON [ 001] The

conti nui ng devel opnent of ever nore | ethal and

sophi sticated hom ng heads relying on reception of

the heat radi atbeR EASERIAHY JAMMING S SN0

platforns (for exanple, aircraft,  vehicles, "arnored

vehi cl es, ships, etc.) highly endanger these

transportation neans that are _exposed to the heat

sensi tive honing miBELROF BHEINVENHEON neans are

nherent%y .sources of radiated heat. Thus for exanple,

UPESRIL Ivgnign relgies & &*ééieﬁir%f Igpmingpystems whas are Ysod 2gainsh thermally

gHGEDANMERe ¢ béMeral, GhHBAMO A3l BYSEARURY meflodl Rfiown as Direct IR
dangers and threats describe above, jamm ng systens

Caperdyigasires (RRIREM’s) igipagtigular: i nterfering and di srupting
the homing head fromits target and deflecting it
away fromits path, have al so been devel oped and
i nproved. [003] Thus, for exanple, sone janm ng
systens i nst al | SAGKGROWBYROF EHE MEYENTHOND to air
m ssiles are known and operative. These systens may
(G941 ckhe eondinhing aderclppment aif avierrenord dethal sand cdvphigtiatedahoming heads

re%'f?%\g%? h{éﬁeée?g@e E%P &%{1&9 %idl 'tiognoer eé@egzblggiﬁng o?jjr%& gcgagﬁj%dﬁatfoms (for

contl nuously
exgmplea alecriuft,orehictes, amnpred arelsicles ahips,tee) Hipidy eadangérghat timgsportation

mssile.being fire nd, as, the t ets ,
e et Py S8 B Bt e g Hhisties o s Hephmganage inberently
sodftes WhiadiatddiesThuis Her emgjre,r@rfa@mt@ girieiRstes AEBY Mw a common

nmeans that are neant to deflect the mssile fromits

path. For exanple, flares may be | aunched fromthe

D R e——

abves, Qanmihtg syalechs ta_ﬂcl‘z othen Edbfstmfs',' aﬁritﬁ d*n@m@ﬂga&ﬁ didrupttg the homing
approacni ng m | and, cause, t mssile t swerve
hepf AFRT 15 B g ctep e AR CRPTB sghi 4y 1450 Reghsiebloped and

impbsefieat radi ated fromthe target engines. 1 WO
2004/ 109323 PCT/ 1 L2004/ 000475 [004] O her exanpl es,

{0033 IThs)cfon excdnehle, 8600 Nirdaihe s§6temE Mestalldd e &lrdr@M Akainst ground to air
rmjéa}gm ng s%st ens", for _exanple, systens that activate

g (AT KPOMARNY SRHINY- FbeisSTaigrIsTBeY dpfect andolpatg in real time the
IalcR®E | ) a missile from the ground — for example, relying on a thermal system that

continuously scans the ground surface from the air, discovers the thermal signature of a
missile being fired, and, as the targets themselves generate a typical IR radiation, they may
- activate against the incoming homing head, jamming means that are meant to deflect the
missile from its path. For example, flares may be launched from the attacked target and may
be scattered around the attacked target, so that the heat emanated from the target is said to
“confuse” the homing head of the approaching missile and cause the missile to swerve from

its original path, which originally led towards the heat radiated from the target engines,
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such as a | aser beamor an intense light that ains to
di srupt the hom ng head operation. Such systens are
known as Direct IR Counterneasures (hereinafter

"W Ra1d9324 005] DI RCM systens based on ai mng, :
beam towards the approaching mssile, are des(grr/{ng@ghmm

inter alia in US patent 5,600,434 of Warmet al., and
in US patent 6,369,885 of Brown et al. The DI RCM
are subJ ect, to many dj sadvant ages

t known, t od
@%ﬁ‘gt %ﬁﬁv exprplgp.twelk kowiraad regogrigett: aeeoﬁhgt ‘isgctipral jayeming systems”,
foNexapip®, bRk thit dirka8d 4 SRcriond the %ﬁﬁig?ﬁ!.r %cgﬁﬁ}% missile,

envi ronnent al condi tions dictated b
sl &7 tapra begm op Ap infersp el thas @ims to dl%’untdshe Ihmmugm Headsipewtion. Such

s&téths AR &nSWS Emréc'i IR Bo &g&ﬁe%@éﬁh& ”)e.

approachi ng mssi| I's to ‘quickly a| m

[0@31' YReND Eelﬂsoe/a@éddo& gg%%og (R R% oW ﬁeeapgxmah?n% Ftﬁssﬂe are

atform hou5| ng the enerati on sou
dgwbﬁ@ mt%trfdlarta)m‘b eatcrao‘iaﬁ@dmé rof W el eif dr, and fia USnpayenb 6,369,885 of

d
965 8, 16L RSOVl 1o o s B3 A R s
rmh_ﬂm @)@pﬂh@chttwléqmam&ieytom ylatfnﬁ:zsv dl;’rﬂiahﬁ}s namely space, weight,
. r
SO AEPRR R opRBEGRRS ox PR gt heabfiismstled 1is o
bmlmderstnod [t Ghe §3h;tem isf 1r copK MGty trackt € bproMBing ﬂsEi@M and is to

SRy Gy 1Bl e SR H s AopRESHe s Wilasbylaags hovsing the

bea gﬁﬂe&xtmﬁ seRca 0 §hidlf Bedihg AR FRY be Idasbdi B9 a BREDMIMAt may be neither
abI eaHfrret somewhere_outside its outer fusel age,

Ir?ast e pbep,words, dag DHR €M systgmaris aften mteg@teémy@s%smcm
thalrlay 38 cGPRARIR fn{ﬁabﬁ} %f?%ﬁ@oﬁﬂgleﬁﬁr hafRhtal E&ﬂﬁioﬂg that may be far
t hreat enin m'ssilés alnmed at the ane Suc
frogranéimal fog suespssBilly sgrying petahs @ﬁjlgnﬂted méssippr oachi ng
m ssile, may be subject to disturbances and

[6hsThus fr sxampleintggratingse RERGHEystowfin eipbtfotramech as an airliner, may
replifc HEtHhind HARNAGBhe GU inc A B6K2 mol LR S0 pdifiptions may
: mchxdataddmg aemahlabdmt shipewbere rqutdidecits onteir fisselage) a;rot #daisit will be
pgsPift B R RE ey PEueh PEshenbStb rariae fHess Btk pyeatening

missilkesl absed atrtte plahd. Stéh eStuWet, lforl’&lﬁlblfﬂglmmﬁlbﬂﬁé 6188 Q@r&ﬂcﬁﬁxg missile,

the carryin of the craft s origjnal task:
mey e f{hitel &0 BRrmereng oo RIS RO AT e g ioluding
cﬁﬁﬁ@/\/ﬁf lcoat8y, JmBvksl ﬁi&a@ﬁﬁ@tet@ Oiﬂaﬂmgttﬁé Sptidfietacking@haneuvers rather

require the beamto be transferred fromthe | aser

teé's}]? dloaty plh execuinhis: Maspavien dthe canfinadegpartprsdn s passquepr aircraft may
rewéwa Gy diR R Whithe t_'pﬁcka&ﬁg %:@Me&eﬂ’é UG iidtleE e RES: Eﬁlﬁemodules and

corrp ex and sensitive to ks and ~ vi brations,
W&hmmmwtﬁﬁe}e@a veith the amriing ert pf the omadft’ quag:maMask flying
] Thus, there is a need for a DI RCM
eﬁtemtﬁat may provi de an easy and conveni ent

[007] DIRCM systems that are known today may implement solid-state lasers that require

the beam to be transferred from the laser source via mechanic-optical cavities (i.e. elbows)
with gimbaled mitrors. Naturally, such elements are complex and sensitive to shocks and

vibrations, in such a way that may cause beam intensity and guality loses. _



installation approach, upon a nyriad of different
nmobile platfornms, e. g. aircraft, tank or ship etc.
Such a system may be required to have the capability
to exploit limted accessi ble and avail able free
spaces in carrying pl atforrrs Mor eover, such systens

008) R T O R R ek ooy . comenien
installatial atppmh@, d}bdnetﬁﬁ)l'rﬁﬂ f diffeRh0BEbilk YlaBFisO&, B zhfwaft faalaw dh@fbtc. Such -

C ng m ssile, to af
o syster i fr Pl v R By e %fgll%fedtaﬁvéswl% Sivailabis fgg spaces
in can}&l@blm&ﬂrﬁymmyucﬁ%rit&ﬁi nla§ rétﬁﬂHldSrﬁéimE QsseRbRes W Sodules of
Its st my contain a

imap YS! desi.gned so t hat ru
minimaf” A TR R TOMAP GE0BA 4R CBISRIN GHELoR B TR0 perform the
required @itkinkiof ehe@pprosthiptikdik go taﬁ'oﬂﬂ%fa%mze(ﬁiﬁdl aE:&MfEfi&dﬁng of the missile.

o« SN R ot g o OO ST 1

may coﬁt@ﬂnui‘ liroingl dubibr dfahqiuih lafY c@iyonatts oSt sedsfli€e or susceptible to harsh
environShk tf| cu(‘lgﬁl es inherent in the cited D RCM systens

“’&H%%&f&& °™Mbove. This may be achieved, according to
sonme enbodi ments of the present invention, by

i mpl ementing a Ej ber S an |nthe DI RCM syst em
[009a] In an asgggﬁ%#{%i%rr W Nhere is
provided a DIRCM (Direct IR Counter Measures) system
. . _' H f
009) SRR S8 S AR O 0 P 3R Ehet t s
- the diffidhitiech isteidt Sy SﬁeeﬁitddSDE{dMC@rEteﬂs diRhdRéd gbdve aMBis trf-i)::ly be achieved,
enerate a warni ?g}e en a threaB)an ng vesse|

accordi é%l{l%gnbog@a%]]ts CSFRE ARNENHQR W&led@e@n%afﬁbgr Itqsgﬁneans in the

DIRCMdgétamof sai d approachi ng vessel while calcul ati ng an
dated positi.on of said. threatening vessel in rea

1009s] P S hp i¥Enine B i Prgene ACURGM (1gst i GaierMeasures)

system g@ﬂ;ﬁhhr@ tdetgcrti'ah xﬂ@ambs‘or mﬂhgeg wkdeh thgﬁhﬁigﬂt q,;éw a MR8 Sto tdd mobile
rec aser,. beam towards said vesse

P‘aff"mbﬂ%@‘& %Vﬁﬁ'&ﬁ%a%&tﬁ WCERE MENS 4O OCR ISRV g MER A Geatening

vessel mﬁaased aamnmqmam td gﬁmeﬁmmsﬁ&h data o B8E apRERAINEBBAS] while

nov.eab ret .neans; ract gri zed in that

catotan B o S BdfegrPonyine ke et F e AR T Sl aRRS oo a
laser bedAY 4 mWabB:\/t&Jﬁ'éigﬁ%aﬂ@\é@IpledMtham hghtResSo dﬁr'éb@ lsa1d laser beam towards

d W; %\? sujtable for janm ng
seid ves o0 ‘??H‘gtj"SSGF’GFedb‘F Pdigetionmpars pajihirapIgigR feans, said
fiber lasbe@eans sd ﬁ&i 186 leatle ftﬁ'{@mnéans ShaldBeSR0 $4 Sbd A l%fer m&ﬂ% BlOgenerating

LAN fi ber | aser, LI ca fiher |aser,

sic sk AR e BEROR" PRI POV Bk DT i L s ek TR and LW bearns,
suitable F@$@firnin@ B&ld OessdlQid Br &bthﬂdnﬂ@n@ adidl s%mv&mrt&hh Re8fdted from a

o Pk SR, B0L8y B IR ShboFoS! ipmci rotmium bk s
pumped bParimdileakiby 13ef; el c. B ;@&JHL@%T&td LW Mv%iéhgmbééﬁ{l tiHeleb @Y from a

e N F AN NG S R AR

- Stiochiohtle@Rtihd ey Tﬁ?@té} @W@Mal@aﬂﬂle&&@schﬁw pu?:g)@@ 8¢ a %% :&ilica fiber
lic i. be generatin
laser, @ W&%@ﬂ&%ﬂ’&aﬂ?ﬂpeé@ ASBRAR léﬁ?fﬂé%ﬁ?éby a Tm:silica
fiber las 4. fgleﬁbrﬁtﬁigdmﬂ dudRdvalaipths |- S W S8R e, ¥s radiation beams within band I
and band IV respectively.
[010] Using a fiber laser means, according to some embodiments, may enable improved operation

characteristics to the tracking and jamming task. For example, the fiber



[010] Using a fiber |aser neans, according to sone
enbodi nents, nay enabl e i nproved operation
characteristics to the tracking and janm ng task. For
exanpl e, the fiber 3 | aser neans may provi de high
system efficiency while reducing energy |osses in the
1 mobi | e g{g@form i ch i% is installed, my
aser mgags may PLAVES highSYRRB ¢ 1CPeY, W RRGIRERe: Ferex ;&@feém fhmpbilp glatform
in Whlchllifﬁls tigsthllay, ahdyafﬁd:lﬂtateﬁ HREChSRAGTDatiRginh th@btbﬂnfam@'tﬁé fn@l’téﬁ available
faciljtate the adjustnments of

fee spicfgs e %t&?ao%n%%y PR e Gstliag i, #EEIHE of the optica

compor@yts treth: 18 befih @MEIRE sRXER0 Sy Hrdvent@Rpdsalto BEtREI ROMeth@kt in other
may result fromthe platforns

te
systems, B kA G0 e BRUGPRYONBIHE h S0t WHBRAES Fhghock, may require
relatlveryefq:ufl bitical @nglohstd Yis fc@MbeQéH ke ahstﬁfgnmffﬁﬁi %s&ssﬁféﬁ‘i@aﬁlﬁﬂor may

exi.stin r syst.emns,
provideyg i HEN AR STGR iy e S8 G G b ea PO B st due o
the}nglﬁfﬁ"ﬁtlemo@ralfthﬁ@he:rlasafsd cool i ng reqw renments, due to the
her efficiency of the fiber sers [01 I.n on
[OU1] i Brsrrakeiment AR g drser Mg g 4 e e Berder means for
prowdnﬁ_ﬁhlt ﬁmab&ﬂéngktats@ﬁl ARAAs I isilicp I‘ﬁ@&‘ﬂ Idéeﬂ %aﬁ dfrdck1$ tpumps a ZGP (Zinc
Germanh@ E% 3 Eﬁﬁf}tan an LMVSl fiber |aser that
o qa‘BE 8 WARLS ? ni um Phosphi de) OPO
(Optical Paranmetric Gscillator) 3a array for providing
a second wavel ength beam In a further enbodi nent, the
above nentioned silica fiber punped OPQO is
punp- pol ari zati on i ndependent. [012] Furthernore, sone
enbodi nents descri be additional fiber based | aser
means applicable for the DIRCM system for exanple,
Yb and Er/Yb fiber based generators of a variety of
wavel engths. [013] In addition, sonme enbodi nents
describe a collinear nulti-spectral high brightness
. source conprised of one or nore bands of |aser
radi ati on produced by the DIRCM s fiber |aser neans as
the jamm ng beam of the system [014] Furthernore,
some enbodi ments may provide for inplenentation of -a
plurality of jamm ng bands to operate jointly,
i ndependently or sequentially to each other. Thus, for
exanple, in-a case of a nulti band system
simul taneous multi band jamr ng capability or any
single band jamm ng capability nay be provided. BRI EF
DESCRI PTI ON OF THE DRAW NGS [ 015] The present
invention wll be better understood and appreci ated
nore fully fromthe followi ng detailed description,
taken in conjunction with the draw ngs, in which:
[016] Drawing No. 1 illustrates an exanple of a DI RCM
systeminstallation in a passenger airliner,

3a



according to sone enbodi nents of the present
- invention; [017] Drawing No. 2 is a general
illustration of diverse assenblies that may form a
fi ber | aser nmeans, according to sone enbodi nents of
the present invention; [018] Drawings No. 3 to No. 6
oy S TR S B bt b5 e s i
fiber pumpedhOBO, B pudp-polddhiiion adependdndit abl e turret neans,

{012] I%ﬁlége:] d :O%g ?(}n?eo%gi%%ﬁegj\%o %S(I: T]atd itigl}claégig%t geglslg%‘]e% Mgans applicable for
the DIREMagystm, fifr cainple)Pyibere Bi/AY fibér Hakddakndrase bf feaisy dthavelbsiths.

0 i ble wt DI syst em t hat enaple .
0137 8RR b eRo e JHIPE - YD B oRed A e prighncss soucs
comprideé afipneat eardbards dflaseo radiadiol paiiged bg tRIDIRORI'PAIRS €3ér means as the
'ammini Pva%ptfitgn' J 020] Drawing No. 8A is a schenmatic
. £ PTAIL e At P85 of ~ assenbl i es making up the fiber |aser
-[014]  Feshsmoniestte didabdinentirnday prgvitNo for Tipldmditdd A DB RB of jamming

PCT/ 1L2004/.00047 021] Dr.awi ngs : - .8D are .
bands 1 L B iRPRE R e B it Bt B8 Sl ina case ofa
multi bgeheysinor Smultamedusemiit] Baidi pmndhg dgabities of iabe didgle band jamming
.reference. drawi ng No. 8A, nanely - fiber I|aser,
Capablhé"orfliaydbepér?vé‘%eg‘ | aser and m cro-|laser, according to sone
enbodi ments of the present invention; [022] Draw ng
No. 9 is a e ' ' rati one exanpl e
of a conbi niﬁﬁﬁﬁgﬁﬁ‘%ﬁ@gﬁg&wﬁﬁ%ﬁme out put
beams of the fiber |aser means described in draw ngs 7
0151 38R LS U b RO o ARG e v
detailedgiastpiptie@l, akéviatcbmtnotiep @il ertdridrhysSiivikadi € t o be

directly dwith a fib er as _described in -
- 1016] DR Na Lt RIS g pimPls of TR Bl Boniiv otn pstipger iriner
accordiigf to béree @niesmints divdeprésem infedZeh} Drawi ngs No. 11 - 14

are di.agr.anms depi.cting designs of punp-pol arizatj on
017) DR RAF bt Ebliin ot g et e St irped i g means,
accordiig th esmd astedingmtste gerprdedt inventidngwi ngs No. 7 and 8,
according . tg sone enbodi.ents of .t| resent )
- 1015 DB o R R peford o5 R P s afustgns of e
various caypptinediti afpl hE@Amowdited en & kR8dblNghdirBBtabls $wte$ nRhns, according to some
or on o unmp and phase relation between

embodir%gn% of‘%%i 15 tf' tehe rg
SECHO o1 AP dPYBH %t ate differently; [025] Drawing No.
. -[019] D_laﬁviFg Nb. S’Ciﬁte:;‘mtsi apbmblgguagmnofﬁr‘] w\éﬁblemagku aﬂrﬁlwr Bti;éri])rtneans that is
. . or roduci ng the desired wavel engt ns; . .
- companipFR TR i B I PESOBIo R BB Spectal IR jamming
beam; atdovdiny to @6ime erhbdGhenkd df\tha}@esbiit. invkBtion; 21 are di agr ans

h Letin hemal i i gns of jtional fjber
1020] D?gx?mg g]%p I&gtm agscﬁgma%rcm} usct:rat?EnSo asgen?bliesa gn%.kitng C1)1pathe ﬁbgrelaser means

described in drawing No. 7;




based | aser neans applicable to the D RCM system
according to sone enbodi nents of the present

i nvention; and [027] Drawing No. 22 is a schematic
ax@hMlF08f3 @ mul ti-spectral beam conbiner forpcrma064/000475
producing a nmulti-spectral source, according to some
enbodi nents of the present invention. [028] It wll

be appreciated that for sinplicity and clarity of

j tion, o8l nt s .shown. . t he draw ngs have not
(0281 e 3, o8 ST SRSt ooy o bR st golo? Bonertors
todheregeckion diodés d@enibeddh réfa@ne ©rRAViSg MRY SASn@%egJeibat REkr, solid

ativ& t.o other elenents for clarity, Further, where

stE o R icrarlise ArOORtias 10 9me FEREUmIRF the Frspey Hbisntion;
(037 SR80 0E. 2 v Hio otk LIOHEAI08  9n8) XS o 5 Combiner
appleAQOHE l&ﬁ@ﬁ&é\lﬁﬁg&h wHh0 QO héFibePlald thédas BEER LR dhlvings 7

THE | NVENTI 029] The follow ng description is
aﬂgrpge?émdé&gf?émeﬁ% igeas of the prgremhinyesion; | in the art
0%@ Ig;ke and use the invention as provided in the
[0t TR YngiNG 104 & dearap of sorurtpapqlasfratienidepegdent OPO suitable to be

O birBHRINkith o ¥BE 18 efib&iBih AW h c
L e it 2 B be“'éisﬁg‘?yéﬁ't’gd?% IR 10O Nl o8 BE Accbithe to some
crbhogdimgngs of hepresqat igeasipRl princi pl es defined herein may

be applied to other —enbodinents. Therefore, the
{Oﬁleﬁﬁww%w ilbn- i k& mer disgrams dlépicind alerignd tafd peop-phlerization

nRREAELDRO S RIER: FEBRY diBed il HHNEL iy vl Pin Shawings
Ngyr/iand 8prcserdingdo sewe tmbatimente of the present itiventians Each design converts a

[ i ] - kn et h r dures, .and
oo ORI A58 ot bl VAR B o of BRPHES G B Gpmp
phew relbsaubatwidneaglr daivbntion siste diffepantly] 030] The phrase

"Direct | R Counter Measures" or "D RCM s", as used ‘
[026dr Erawingo. 1éfign schematiardiapuan tof chnekbggh esneiddroimplemented for

AT AN —

Lmied to 1R based .t echnol qgies.. For exampl e, a ..
1039 kit Ran b 05 iR o SoE g ey Qesis Bhadditonal fiber
baged daeninchmdvapplitable, toTHY DI CM siteM] Bddatding 1o @hde G¥ibodiments of the
visi.bl e,| aser technol ogies, or other elenents fromthe

Prespit ANERIRm AR i ¢ spectrum  besides IR radiation. [031

_ feren i, now made to Drawing No. 1. Draw ng No. .

[05_1”1 5@?@@3& E\?Oegsl_aw RSP RRgRTt: PADYT Of @ rHailicibaeral et conibiner for

prdddsib g bulfsieclisBie, laB r@iRE B LRI IMRARWF B8R present invention.
(DI s) system10’in a platformthat I n thi's case

[0783 B WABLEQPARELaRH thdt AR sirdRlicitd GAO bR iAustAfBn, elements shown in
enbodi nents of the, ,
the drawings have not necessarily been drawn to scale. For example, the dimensions of some

of the elements may be exaggerated relative to other elements for clarity. Further, where
considered appropriate, reference numerals may be repeated among the drawings to indicate

corresponding or analogous elements throughout the serial views.




present invention. [032] System 10 may conpri se

detecti on and/or warni ng neans 30. The detection

and/or warning neans nmay serve to detect airborne

WeG s@k/Soosfzor exanpl e, mssiles 35 that m ght peraraesneedrs
constitute a threat to a nobile platform for exanple,

a passenger aircraft 20. Detection and/or warning

nmeans may serve to generate a warning of a threatening
ai rborne vessel. Such a warning may include data that
may enabl es the cal culation of the anticipated

direction of 7l ssil.e the aircraft,

optionally |%E?QE$W?@?$W ATIQA ni ng

n ' at least,part .of a "Mssile _ .
L e Tl BELHRTRR: SrR8RGd R oRes o prdmase Agihan the act to
el Lo, e ssonaden b hiuhPe piffalad sffcsion wd it
’ t;aLgL& lle g‘é%‘s?@? S?"dtf‘f%‘h"“ﬁg" ﬁﬁ&g%"“?ﬁg frRBodigents)will e appagent to those

wi gl imrthanyt, acdiiki gakiad Rrigdiple i
¥ PES; t%oglf'i:;l@% ddi %bi&on, Iiis ;?_emm%gﬁ%ag&%g] ﬁllﬁa?g applied 1o other
acqut St ti n8e PEFseof gverteissiot indendad imbe limised b tho particular
embotimeags SichORldeREdEd, BubS th Be ADoldda ARARHAR g&ﬁg ‘g'cr;%s'i‘sgp&; with the

theldata ?]i@ven by the ‘detection and warnin
ppciples, pud hokel; faldres rhsiaim dlisglosed: j Tonotheraimstark@s, eyl &nasal encthods,

pilobiuted SerRMontBnG A b %&e%ﬁ‘@esﬁx‘?l%ﬁtig BeRP3b %15! 1?0? F&?Tbstfxgg gie present

. approaching mssile 35, optionally rnrea

OBr of essional skilled in the art woul d understand

in
é&ﬁt the acquisition means 40 mght be based on
[‘;ﬁ | Bretabrvge aRirewt IR Counipideas @8 6pr ‘rﬁikams O’e’l’,dans;d h&i:e?xb may refe to
fs REBHISY: [._pean i,ber
Maser i YPE, o %@gg@%ﬂyb@d%ﬁéﬁw \?\né"f%s P’éf”g’?ﬁﬁe@sﬁw based on, for
eXgple, By based chriologiss, e anos Limilgd eoniR asdioRcMiokigMseFor example, a

_ | S| 1 i.ght en . Las nmeans .50 may ..
DBl 4Bl o o R Rlaomr S e PRt imestony e visibe
light oe rvisitle rlgger aeviindingias foerothdp eclérag ey ﬁ%ﬁﬁﬂ:ﬂ%l&d?roh‘légﬁe_@it: spectrum,
be?}%g%&tger enbodi nents a punp |aser may be oufside
PEIRY 8Y°T4nd the wavel ength converted may be on or

| turret. -1 t hey odiments, one or nore_
(041, Bt hor il o die g Mooy - beavine Norbronstubten ustraton of
thee henpat of, ins@Ninp & Dittd iR daecdiHidrSis 7 A ONg A
Iaté% tf{ﬁ conponent,s descri bed .abové, g@iﬁ%grgb{%e@dgy%& 10in a
PISHP et dn A5,60s5 @ Papsgpges airiuer 29 ecoatdjngte swmeesinladiments of the
pradefte@icfomsS required. This turret nmeans 60 may be

coupled wth the fiber laser neans 50 for directing

[032) SyasRI 1 0bRa AR iR R b BoSThe Hepedin

upon&est abli gﬂ]lc ng a Y}lﬁneg_ﬁ%li H@%@ﬁ%ﬁ%ﬁ%% ié? ﬁ%t?‘%on and/or
WaHPE MRS Bap serye do ipibttstitbdrmie rvessels, for example, missiles 35 that might
constitute a threat to a mobile platform, for example, a passenger aircraft 20. Detection and/or
warning means may serve to generate a warning of a threatening airborne vessel. Such a

warning may include data that may enables the calculation of the anticipated direction of
approach of the missile to the aircraft, optionally in real time.

[033] Detection and warming means 30 may inctude at least part of a “Missile Warning
System” (MWS), as is known to a professional skilled in the art. A system of the MWS type




accordance with the updated position of mssile 35

that nmay be calculated using the data that was
submtted from acquisition nmeans 40. An exanple of a
fWwehehsQbosyd ew of a canmera connected to turrefcBfh03/000475
i ndi cated by lines 45 and 46. OQther fields of view may
be utilized. [038] Any professional skilled in the

art woul d understand, that |aser beam 70, that is

HRREbAbA BY ulihe vidRe Eeﬂsﬁ%,es?lcﬂ@tgﬁ%ses& tﬁ%ﬁ{ o da%ri Lypes, or any

directed, in its capacity of a janm ng bedm "t owar

gembination efsensersjfiom feesq typespr ef erred) a narrow (hi gh

brightness) multi - spectral IR Beam One enbodi nent

[834]2 In addition. esysiemf 1 Gymenchwprissf acquisition mmdans 6. Theateqiisition means
: : | | t,l.- spectr al .

PP RS e LR bS8 ool Wl B bl BRRE ) B detection

agé varisg weans[i0alhe data meaived foih aquisifion el ADMAY LDDRIABe system

T N A A

f ' . rocessing,y .t ne, Qr re af..the
PSR, 357 RSkttt S PRARE R N k-t o R aigtiap Faomns 40
nzghtbie basedon explaiimg 40 FLIR Bevicel aser neans 50; and t he
turret nmeans 60. [040] The usage of fiber |aser neans

[Vfy Enadsbelapmsivith teipngenfinveated, ageske kthay SEHSE POk YibbPlaser type,

escribed bel. in o or .nore _| ocations, while .
o §5B Y BuBhibietriee Bop@iiness: Lt Sl SHLFRDGY pyn-viile
ahdfoit gibleliight BndrBye Ik WA 50 ﬁﬁ¥ AELER af dléYer® thBayobe utilized to
nor e IIeX|bIe fibers 54, or other suitable neans. '

genprate laser engrgy snd franglerdhs lgses epgray to gl 6l fn ptherenahodisents a pump
Tdsé Bhy 66 Bfikid3nd Rlret RASHE m%l&%ﬂ:l e&%n%i {36k o?%n B tumret. In

a stand _aI one conponent N one ace, e routl ng L
othg emfediments, gpgy¥T e glementsagf tgperf megusile of i dkar scofpbinations of

eloRMRY diiayt hioulkdilid @E 1Ry, This may be achi eved wit hout

having to be subjected to a significant |oss of energy

P oo e ; ; .
) B0 388 L6 000 P Tt o more
tugieb $@ that oyl bestiingd endl directedias réquided. Tios holreti natenssGlamey be coupled

, j.ed.| d i t.h,th . .
ol PSSR STt DRTEARTT Mo hping i
35391@:419 cstablishirentelihe 0fn sighipivithfihe nmisbikt This avopkis b rg&inplished in
o530 e S50 S5k b SR et i
was gubipaitted Stomh |2eguisitior eas BEANT®RINIp: Bf & FidldNdF vieWCH a camera
vehicle .a tan where it would b

ocpded R 0y :glﬂwe,%%gx?fi%ﬁ%&% G4 6, Qeher el st ghegimay be ntlized
(0380 b grcersrge Aol (e s ieuid pdprstlo radgeer o 70, that i
gq%ﬁfaan@ath& [N gﬁgﬁm £t 3e dldcgd mrt]sacaggdgtﬁs&‘a%mmjn g beam

it woul'd be intended to transmt janm ng
togguls maisile 3% owight baGearefmed) a amkrow Ghigh! lyightness) omiliig- spectral IR
B&Hd R Umbodiment of a feasible configuration of a fiber laser that is capable to generate

a suitable narrow muiti-spectral IR beam is described below, when referring to the details of

Drawings mumbers 7 and 8.




fired at the tank fromthe air, and so on. [042] Al so,
any professional skilled in this field would

understand, that the DIRCM system nay be nounted on

GPE 26013hd39y M whil e all ocated to jam thernall VP(TngLgﬁlg/ouﬂ«m
ammuni ti on approachi ng other neighboring platformin
its vicinity as well. [043] In other enbodi nents of

the present invention, all or part of the conponents

| [095] tHicesddt RS ¥6 nP PR YoupRedi pdree Rhiedofbdroling the system and

single unit, for exanple, wthin turret, nmeans 60. ) _
Perymming fest daicepreecsrias maWORaErmers AhiaayoHVINe. copponsalsdefgetion and
witlingSudafls R aédeuks&tﬁ;tnrreéahwo Hbed 10r rRbHS0S EnciRS RIFRL s @D.

the™fiber Faser neans 210 according to some

o i bly 52
OB e EaBAaRE B PR g SR e sty
(doseribesbalpv)ein ohe gr faerslopitions ovhile gertingitembesm tg afselseted distance (as
[T t . I i :

w30ty TGP e I9B0RE5L Ry A GSHAROE Gy HER g 54 o
othé® subighdermediisi Thws, [ migebe viable taexploi p@ivanckesvepagecin aircraft 20 for

T SR

er@Riyei a0y 2T, fleiblecfiberm§4 fonatdsdie meret €. Sbisrmoayolpd achieved without

ass Ly Wi one. or, e flber |aser devi.ce as | |
hifiegy BeEUIFE "E0 ABOHETIAS™ PRBHGRY o) sLEBHL oriEameon of boan
QAR BRlatdd iR Spaceheikitivg. @ fiber laser

i mpl ementation may enable the freedom of positioning

[oiie AsgbleataiRl alinéd MUhii bR Wwheld fuhee sl ithg thelgystein embodied in
conponent 60 in Draw ng cal, | aser

S . 1.) A typi
acé@ggﬁcﬁt‘@ﬂl, the present amisriéon W@WS%% ﬁﬂfyaaaf},sléﬂyﬁgtbg}% igglemented

| m%ﬁmﬁn{ fatis 'iaﬁés%ﬁ%éri]‘iairﬁné}rbr%ﬁr&?mﬁf ot BRI BH&E Bt fkbr — still in

squared, then- prof essional skilled in ‘the_ art

“acperdange Py e ipasenttipgention sibwexn he ingfalled pa wng otheh mepile plstform —

sueft gy% (iéﬁagtastafﬁ foﬁ* BYassBC W6 §lwonld bk iaBle A bbpk fiftPHtENRd different
poi nt o t and

View éf the aécurate tracking enmen .
typsssefrihoming Htydiea i miasileorwizspbot sofere daanli waveldngtht longasithan visible

h%@&? %ﬁ%ﬂlﬂo@%&: Ir 5 Cltg,i]tg?.%stenl 8@7 e &tgl?é’d + %Ziﬁaﬁchv%%‘ﬁ w%?ﬂQi bgrintended

on, an artray o er single
topttansalt ijingming bebin® aighih® o glbeidbRA80 antAsanktraissl, orbomipg armament

fibe I.cS .as the neans for routing the | aser energy
%?B%E%Eﬁﬁﬁm&gﬁﬁ’ﬁgfoﬁ?o, i nparts the capability to
liver the ener rat her.lon i st.ance Wi
1085, s gy ot kit 3 A A PuRupgFSE sl Bty sysm
miP Lo tadRkdddoh Rae HlghriUghild Milodfedt la€jatna gRrmdllagnid&l ammunition

an ener reservation capabili is pnot present when
appﬁ@c]g]q%g ?pqegghboring platformaig 1ts viclintit\ylr as weﬂ. P

[043] In other embodiments of the present invention, all or part of the components of the
DIRCM system may be implemented within a single unif, for example, within turret means
60.

[044] Reference is now made to Drawing No. 2. Drawing No. 2 is an illustration of the

diverse assemblies of the fiber laser means 210 according to some embodiments of the present

_ invention.




routed via a systemof |enses, mrrors, and/or other
optical elenents because of the inherent [|osses in

each el ement and various surfaces. In addition, such a
e Soo@@dsBr M rror system inposes severe re%’l‘dﬁgﬁﬂfo&om
regardi ng the needed accuracy when adjusting an
directing the beam which is further inpeded by the
obstructions resulting fromthe system s vibration,

O&f}o% cifdl rab@@er toh@ Hﬁfﬁﬁrﬂ§ of Eas@il ‘é‘(‘}nffgméhé@ RFBHRL laser means that

i if uences. [ 048] ber | aser neans may i nclude a
genesiss, iRageprdatice wztboan ¢mbn<bmentc;>ftth@ pres@é invgptieny ap@plti-speciral IR
bekAS Phis heide ngb&ral%é QST bh yéte V L ﬁ&gﬁ;‘ f Drawings numbers

converter and an op |ca su asse not 3

7 amgifer head unit 240 may be a conpact unlt in both its
di mensions and |ightweight. A typical fiber |aser
[Oh@laﬁihﬂmlaserrmhns am ghayaigcluil¢ &l lesea geappro 22 trawisicl nmaysinclude an

ele —oggg ass%mblgrr Rl Oog 61:}1/01‘5 ﬁ% lgssér gevrlc%ls ak 'v\yezllc eise%ﬁf)mc Q&ﬁponents

or angu
(dhb‘bed\i\bbstﬁ)mcsmm "eemd cpoliig ﬂlEdthSe’lﬁiﬁng(am lasar m@mentahon may

enghle o Btdof, O Ponticgos, ff T ERorgod i R el ving Hhet. (Seo
cobpbhdnt 0014/ DRGAESNo[ 049]A Thedae fi@ee genstdtdt, wCékample might weigh

char act eristics tgz?s descri pbed abov si onal

ApRICRERaRlY iR keraod thetymaoteabire B Ak 0 ZPBPTOFH’&EC?X 430 mm Squared, then

any "TRbREEMR LGOS 1P lﬂfé" aﬁswgﬁt? GbpfBiie! Matt HQuBAHEN hlleviation of the
invention, a fiber type |aser may provide inherent

requiEIeRiade dhus r@CJ@QY’PﬁaPW@Gﬂaﬁb fromethe oy of rvigwe of theegecurate tracking
T e et S
[04A" Tl fa*sér%eagb?io iy ﬁﬁg @adauéﬂ *aﬁan@,n@k L ﬁ:'igl%fﬁﬁrahty of

mrrors an €Nses convéni ence o pac
ﬂfmblta fillers §30:t An gatetl, isingy ﬁb@rmntqcm du weras der roghn@ Iﬂae fnser energy

I
pr&ﬁﬁéd %{Zﬁ&?&? f%) mlpggnggb e E)%tg \%y 5431 g&b@%{a %ﬁf{ﬂgf(/ﬂ)%{hg{ l\ﬁﬂé glstances
Mﬁmueexpoangi tl;ersastsrmts snfamonabld Eeaergf &Bﬁh]s vififile maintaining the high quality
of P R i, SSEh. B e Bt RToR FAPBT Bit Do fgben the energy i
roﬁtem tHar ff-‘@sieﬁ'ﬂiﬁ lergeq) Quierors, And/biogiher! cpsiedl eldﬁieﬁgﬂﬁ:bﬂﬁe B[' B@ENhherent
BB b 97 s s B ReS BhS, A Al s
impy ek 86Fere 0RhifoheAt:SeRRERE ¥ heS@d oihdt »%dnaaﬂ‘?_fsﬁné ma @recting the

gi ven_electrical power, size, and

- bepy whishtis frgher Brpsded bwﬁbapbswuwerewlm frpmcthe sydey’s vibration,
shBQd a&?%ﬁbuﬁ&@ URS 5Bt dniro &duchddst he system s

over a architecture in order to get a considerable

t
[0@31 ria%er ﬁi@%re s ?fe‘ff;ﬁ%?wlude b @Yk 2g M@uﬁhﬁ@d OWRL ﬁﬂér array 230.

neans to cause the approac I Ng
Lamelm@my 24uindp dompmisgrd wirealengtit cangetter end e optigaleab assembly (not

shown). Laser head unit 240 may be a compact unit in both its dimensions and lightweight. A
typical fiber laser head unit might weigh as little as approximately 1.5 kg, and iis packaging
requires a relatively small box or cabinet, provided by, for example, a rectangular box whose
sides are just 150 X 150 X 100 mm. Laser head unit 240 may be included inside or on turret
60, or may be outside of turret 60.




[051] Fiber lasers used, according to sone enbodi nents

of the present invention, may include fiber-based

conmbi ners. I n other enbodi ments bul k el enents may be
wsedooshesfsur t her enbodi nents a conbi nati on ofcfiiB&i000475
conbi ners and bul k el ements may be used. [052] Fi ber

| aser neans 210 may include one or nore fiber types,

i ncluding, for exanple, CorActive's Chal ogenide fiber

(@b Thorstorcponinstilueas iRt bl BhofldSholens) AbeRdlda aliffed in the
a:?ttvpc?ﬁd enbodi ments. Th, Dy and/or Pr dopi hg y be use

or ge??é’lr?ﬂart%égatff%rr inplemsntationssunh s desedibed iroibe diresettihyention, a

fiaert typeitiasan rovif® 3heRet ah ' de .t q .
. gﬁﬂgrﬁg& I\Iong?? to No. 6. Thg%ga% gnvmgﬁlggﬁgv’?’é%ﬁp? Spiid state laser,
mll;?él _ eﬁ?@&ﬁ ?Ygii?ifﬁct@'@tzpfh 3), Qtabﬁitjsmdﬁmnﬁagﬁ&@tl) ruggedness (due to
it€ @BidBEH MRS Bhsel v u ns. that . be

installed in t?}e.mv‘glﬂbl Zﬁ%‘%r%g?gﬁe%@% og?l}/"chés &4 tlgnsps), the
e o e st e el amens
hibh YR rof essional .skilled in e ar

g/oul d %ﬁ%gﬁst an%l § aatr&)tuﬁ@r t Ef??"gtan‘i]rélﬁﬁwgd’BF?Ié‘o"ffl%?rwaveleﬂgth&
POveE.nd jrensmipsiotamedey. a novabl e turret that may al so be

directed at will in desired directions, nust provide
[03%r yThe dmplessiptiorsef fisr ki maspn%r%sﬁggggms B8 Yeht& floxibility

' 1.SSile. A 10 WO
B Bl Pt T pa B A F0fo SiiHIeaODIREM pstem i, by
ool L o i Higfer gl 30 fok Rots ifl SRRERNA! 4%e 1mow
D%I&M r%?sg%ms’ Jdue a&e‘?@%‘if’n selidestate dasers iferp given vlg¢tg¢ﬂ1 power size, and

yna

wetigle. Tl ivheer flekib@itf GRRRINSMS FobAkhsR YGed Y Q%q%ﬂ'ggggswlgal changes

. tat?bl,e a%ﬂ of the turret greatly Taci

0 fH M BptY! Aekitectire dn ogder e gof a\donsiderattlt eutpas knevfy, thereby,
raidiek e 3OTR a o dEd M pg. stabi lizing the .
P tur r%t . [OSE?P?_ rﬁ%%%? %?&c{;'fg%lsﬁ oﬁglmcsaﬁ? 1P S§% n'Eh{ah"’ef’f’r"f’“’hmg
thegmallygided angppnitianaiosto libitsteggest ed use of fi ber

Osggt .cs enbodied in the systeminplemented in

[ cBiban fsers \iiseds acpesdipg o evvinei enibodimens of Ak byesent invention, may

incRidR IR ' I t in i chever
e e es oo By %R LARb it SufH G o bereed. n urtr
emppdizaris 2 combinaticorof fiber domblreasindlbalkd erh®d fhPhe hd28,
heavi est and bul ki est part of the |laser neans, that
(052 ¥iher Jages emeawam Aty incheietahi de n%dii@ fib&tigp@bliRInding, for example,
C € e-turret neans and even at a__certain
OO R b el (55 REPErariene s PGS B tGsnerelpdt). Tn

otherremrhofizments {8, Byendisr Pr dupihis a3 e usSEBE i -
rad%ﬁ furret . n]%éitFl aser heZ%Ia?vi alllsan aéray o%’q;é?%%rﬁ?)@’ssm
e%ci?%‘ytvf@o t and mninizing the size of the

| ement s e(ro ed.in the novabl e turret neans

ng e e .
[Osﬁy\ﬁer}%‘fe%‘:& BHGY gade oy RSN a0 & Net 6.acthest Brawipgs pbsent, by
medns of & kcHRRATS slichh] divive PRIALALEShAMHatiSns dPShe various means that may

be installed in the movable turret means 60 of the system 10, according to some embodiments

of the present invention,

[054] Any professional skilled in the art would understand that the turret means required for
this system, namely a movable turret that may also be directed at will in desired directions,

must provide very fast response as well as accurate aiming to the approaching missile. A
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platformis not under threat. [056] One | ayout
configuration of turret neans 310 is presented in
Drawi ng No. 3. This depicts a configuration of

opti cal openings, wherein the |aser &?ﬂ '
Iagtggtgﬂg%@gzts the fixed (static) base 320. [057lj' n%o‘«u%nows
accordance with this configuration, a |aser head unit
330, which is linked to a fiber array (not

o R S PRt B Bt g g hion e
SRSl sﬁféﬂshﬁutrvﬁﬁﬂﬁnaﬁi Hipke? H?@dﬁﬁl’ﬁ A340se@brat ﬁl?e baHRkBE the weight

Qotical mrror 350 nmmy cause devi at1 on of laser

mﬁéﬁw@we ebthercgmpaneris thatrire m@vnt%@mﬂwzqtetabled@moé@edﬁmt greatly
fakifiGites" O HREAR L RQARODERE pRht bet ﬁe@tﬁﬁfe 13487 1%@19% Qhd accurately

the turret. Main mrror neans Const Nt ut
dl?‘iﬂigf!nd@ﬁﬁbﬂ@mgtb@m@hg 382, whi ch rray d| rect the Iaser
beam t owar ds t he roaching mssile. The other

(06l i Hempe. opp anfgssg@ql S i et werdd apprediate theamuggested use of fiber
oﬁlgé aG6Mtied 8 thd'§stehd Jﬁﬁ)ﬁéer?%ﬂ%ggfgccggﬁﬂée%@%% épr# ngc%\}eﬂﬁon, namely

ame rotatabl e “Conpo may serv
enad@punga fibeinlasen tiet irowhishevieh e)nﬁgataem of the tshaern lid ssbrdat@dwith the

e FLI R.ca 390
R Bdan PIORaP0 Sh P LR Brai o Sl s il oo
thet i thedager gamrdted outBldE)ﬂﬁbWotﬁgxblel\kmmpénenThf ¢hel tAjrSrheans and even at a
res S enin onfi tion,
cefiDy GRS o e, BB HBaR o° e do ARHEES 18] dratcfiprn distant

gelErytob Govkaddathe Gurpdt ahd) thellhoe BeddSti@ b Crrab @F Gibeds) tﬁbﬂucmg the weight
turret. 11 WD 2004/ 109323 PCT/ | L2004/ 000475 Yﬂ[;%?59]

ang spigingizing dhs a0ty BoxpeelegwrEembaddedtia thegpp wrrﬁrréeans may
aldoOfatRae P8R f&refctaﬁle%@écta%leb@ﬁ@ of 4t Meahd hal Waele hilld while the

| aser head unit 430 (that linked to a fibérs array
Platfriratis hef under thiept ust r at ed) ; the acqui sition neans of
the system (in the illustrated exanple - a FUR canera

[03G]0Onelagpus cﬁﬂiﬁmﬂ@nsgfsm@eh mems P dh preasntwe inc Begytiegi Noo 3. This

.deFJ taLe r g@ l'g?% e rrpon %%thgg \?’l%?é{? urr §%§ h%%‘lﬁg?&ated at the

fided fistatic) base3R0.he opti cal aspect - is coupled with
mrrors system 450 and with main mrror nmeans 480 that
[0p@&y Imeccotdanaﬁ wilh &:tis ¢dufiguation, atidser admoil 830, Wioich istlinked to a fiber

arr%%?sc%t 11f|}§ )f Haeyc e id ht%d er= E%Pc %%8 226'1 bof {hgr m%t%ﬁ eA%ﬂ'q%?;:al mitror
meane 350 may bh nﬁaumadfbngherxatambte cohmaﬁdsnt 3@@ afrithd Y@ rete@ptical mirror 350

emanat e . fr.om | aser head 0, and rm be |
R € AP 0% sy B A0 o, A Rt b 370, dagated on the
rofdlbR dfidponeit @hiighothdienept STALS P ERGEL PERI ¥eGloMeAR 370 may
mrror_ mnmeans 480 are conducted in the opposite
- copstitule (the, dirst; ertical ereaneR38hnwhish may. diregist Gflé?ef beam towards the

apﬁ?é%@ms‘éﬂ@ TAR bt AbpticABGRRing B 84, kB b8t ﬁa?ﬁle'l b #hd adjacent to the

“ring-17ke (circular) pattern whéreas the |aser
- first optical opeming 382, upon the same rotatable component 380, and may serve the

acquisition function of the system (in the illustrated example — based ont FLIR camera 390).

[058] An additional layout configuration option of turret means 410 is presented in Drawing
No. 4, This layout presents a joint optical opening configuration, wherein both the laser head
and the acquisition means may be located at the fixed (static) base of the turret.
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beam 494 may be in the center. Any professiona

skilled in the art would understand that it is also

possible to gating the action of the FLIR canera 440

iAo SMBERERNI zation with the laser operation, pdedBiosrs

to prevent nutual dazzling. [060] Yet another exanple

of possible Iayout configuration of turret neans 510

is presented in Drawing No. 5. In this exanple, it is
[089]C MR hidriaRtd Rith Fhis & i8n,0R% FARWwIRP 81 1D8RedVRh Thd static base

both the | aser head and the ‘acquisition neans are

42000frithe dumet: tirelapest head gitcBOp@mtrs Lisked fe 2 flmy epay which is not
ﬂl%%&%gee}i)é Iﬂgbr %‘gyﬁﬁ%%g Nnd'bf fl E#yéeﬁ? ?.g%ét %ggt@}técp%kmgﬁ){éem a FLIR camera

may emana sta
448b rapd A anitrors 3gsterh 460 avhichrmast be conpledrin the twen @ptical wairrorsmeans 470
| ot.at abl S an .
wilf PRREAC L bBHCOL LB s SRS HTRD R a P oB e optica
aspdcbxiib bauphalt witle ndfrorstspsterh 456 aad wath dheinusithr neahed’d thhtemay be

| aser. ,pbeam.wi.t hin the turret nean d.uynto the. . .
- gl RS Relipan ot R Bl Ere 480 o HifeBiepty Magpumirror means
480 cbnssitutat tRel carndnip bptical dehingcaid e &P ondrayn ticcoafig@ativd. Laser
no ed on the_.rotataple conponepnt 550 of the turret,
be@tfl@ Pigy emmguate, from lpssg ST 3l ey F@?Ejl toppRady maip pirror means
480@ver Mk RAmS SPticAl Fhis 42, bR GAIANL bpSIBmesds 18¢tived W3Ymain mirror
whereas the fibers array 530 nay route the | aser beam

- meagh 480 prengpndpctedrim A erposifofiraction) towerds RidR qamern@d0. Thus, for
exglgﬂf”%“’ 0?%217 fnapt arel R83 (PR PRSSB &h@ﬂ@f)gfs&%ﬁg}@mwas the laser

ploit e i nherent flexibility provided o
bepn 44 may he gy tecenteto Asvarelosso |imthievast Wenld gpderstand that it is

kde 3 i f r
et Houéle B BEREE YR 06 B GPAGE G BEphtrbldBad i Wik the laer
opeeiar, idberder tn pRvemi mygulldazzBng.Fi ber rol ling druns 590
and 592 may be nmounted at each of the turret's 510
[060dt ¥t motlex esamplé niibosgibletlgyoit dmfiguiatiomofhimrmieneans 510 is presented
. resenblin lat spiral structure .such, as,..presented .
in PRAGRENST SR s et Bis p bbby o P Y5yBD SIS Smerein

. botbhibe $dseretad hd the dcquidisioh el R eiduatd By thdwiatiaf abpehent of the
mption of the turret's sub assenblies. In other
odinents fiber optic rotary joints (FORJ), as are

0 in the art, .m e used .in_place of__or in
[0333 ot p rcfafl?f P etF“Sr‘tyS?nglﬁéuo&r oot 25AY 5%@21?@[ Herptepfiom the
sta@8 dbbsteal 52(AYPHe 16081 Mblay eRBnd BhtwaRIsOndt sptdag lintI BRI ®tatable

610 |sspresented in Dravm}r;,_g No. 6, which may be
compopentsrS4p gnd a0 of Hici yuptaEvidentlyds dhis erfigusationathe dlgxikls nature of

i | . i i s
theg%l%eﬁ?ttﬂﬁje%l %sgcé F&‘ﬁ%@ 1281 e “tuﬁ.gﬁgg R ik a A hdWAGY 1B ser’s head

630 an gui sition neans

roepfs 16Q- Seqrisitioremeansnintthy ugratediengnplaaFIBR chrerat5dd, may are also be
mdulta $h #! rSta{a%ie)%%g)poﬁéﬁ gS@éth@tfurr%i!j §idb H§ LAE with Iaser’s head 560.

[062] The laser generator 580 might be located at some distant away, whereas the fibers

- array 530 may route the laser beam (one or more) emanating from it all the way to the turret

means 510.

[063] One possible approach to exploit the inherent flexibility provided by the fibers in order

to overcome the relative motion taking place between the sub assemblies of the turret means
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Additionally in this layout a wde field of view type
FLIR canera 670, the canera constituting part of the
detecti on and warni ng nmeans sensor of the described

sye h@imossss packaged on the rotatable Conponeffﬁrnﬁ%waoowq
[065] Reference is now made to Drawi ng No. 7. Thi

draw ng presents an exanple, at the block di agram

| evel, of a fiber |aser neans 710 that may be suitable

is ﬂexcnh@i mg)mwhige‘ﬂharjt Bibed fa)mﬁgtmmah BOV s/ SYBiihy a@ﬁ@hﬁbmﬁt each of

j ments he ent, i nventi on,
??%{Bﬁ?ne“@e?? Bi %S o “%i{il?ga ofP§HEI IR 2 g’ﬁ%‘@?rrﬁff@n’r ing 2 flat spiral

strheti] sugh b@p’%ﬁeﬁ%ﬁ in the dhfiﬁn% | phigBit nab16 che bR %ver@ﬁﬁé“ﬂhe stress that
| aser means source:

'
te‘r‘i‘é;tf’ ga%@#% e 5?149%31 ﬁﬂ%élv}é PB@& turpRs pub assergblieprIn gﬂleh @ghodm@nts
ﬁl:@idé}i’uc\&@fﬁﬁ) JSiﬂﬂ;t(FOQQ}J h€8e lchM hand Llllt gr tRhR fHRLR bfor in addition

corrposed a pul’sed radi atl on beam

tﬁﬁh@rplhngfiﬂlmsé%ﬁﬁ%‘) band | and of a pul sed radiation
716 in, for exanple, band IV. Any professional in the
(068l + Ancdrigions deyeut contiguraiian quiien o6 Bwmet WREISt1B és rresepled diDrawing

N, Q\}hﬁdch%ﬁﬁ'bc WRYiB) 85 YeNSoni Hrgﬂgﬁl 'dgécﬂﬂed ﬂlnﬁratv%na% Ng 4, nameiy,

professional in the art wo er st and
commop [opticah 4peting 629 dnd vdsmimbettl theolasdr hygd ﬁﬁ)obmpietwmquismon means

P D Y g5 A0S o A G

Addaivmaliyg irc ahiabbydut ya erideariglds o gli@y pped FLAMTGaR@ra 670, the camera

C lity enabl d. [.066] In additjqn, an )
cofsFBRE afetsyof Y o5 A isehice dispr efiseneot s A fiedcayptem, s
packyigddasi théirota8H1OE &nt\Wsb.h the present invention may

utilize multi band capabilities and therefore provide

[0650r Referantd ﬁnmumaawdotmrabzﬁigdm ammlﬁhgchﬁ Rirbdehiy aﬁrexa%ae, at the

06 pt | t |
bloeif H%g%ﬁgga qf, l?tp 4 l;is?;épqagl%?’ld hat ngjg@lr S%%é'ﬁa %qyerhzglg uglg]@mented in

thefl DIR GMO&Blet, acRUE to ‘Mﬂﬁé eenﬂoaifﬁéﬁ% MO me Zorbsint Bivefilond to enable
to, the laser head unit_240) y integrate the two

genpgating 0d 2 naryew subieTyesial dﬁmgmmgﬁmmﬂ@anb theillngteatod: axempie beam

| 72@% cﬁgﬁ% t anié%%?{me%gong i ﬁﬁk saﬂeg%ﬂam pg’fgﬁ ayga8e power,

hlgllob&hmeﬁs ﬁhd Whvelmgﬂlascamceeﬂambb eﬂuida@dpmas@d:b rteena¥2omay be

e 0 bF BRI ATARHEFL T g, i g e i
71(?T fn, Soii ¢)Bmplas band I\beﬂ\mﬁ mﬁassmmml thwatt b@uldaﬁﬂ&staﬂd dit the beam
g R b1 5 I b SeGREN T aBith A RSl £t wonie
unc&tmmtmagds“u M, ALdTY dad bé bp&ste® foihthyg lﬁidep&{a ly iy dRquentially to

oni, t of f he ul sed rad| at| on_beamin ban 3/
cachd ge 40 af e f podisl bﬁ%ﬁ@&fnzem@&w% val band

| Janli%% céﬂaﬁﬂlty &Cahs* dRgledatd RBRhASHRbIEEMhS ve/RTbed. t he

[066] In addition, any professional in the art would appreciate that a DIRCM system in

accordance with the present invention may utilize mulii band capabilities and therefore

-

provide for simultaneous multi band jamming capability or any single band capability.

[067] An optical telescope 730 (that constitutes a part of the laser head unit, see for example,
above, where Drawing No. 2 is referred to, the laser head umit 240) may integrate the two
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wavel ength silica fiber |aser type and a nonlinear
crystal Zi nc Gernmani um Phosphide (ZGP) Opti cal
Paranetric Gscillator (OPO) 757 that is directly

opoipdo@Gloos 1 t. [070] Any professional skill edpdPnbftooosrs
art woul d understand that using the ZGP OPO inparts

hi gh conversion efficiency that may be used for | ow
energy pul ses and has excel |l ent thernal properties

with h ayera 0 sho .
b o 02 st e o0 O BB e BOET gt b B Sigtenconsty
almﬂnse&mb@dlméfm%e of its high nonlinear gai n good
thermal and nechanical properties, and relati vel y

JOBBT ﬂndmmgmatddreeshﬂbpthe phlb@T ratiatibi. Beasy in GaydT @by béBohelifed using

%ﬂ&f&‘@% G g‘ﬁ%ﬁﬁ\ﬁr@%‘w i!lggﬁg?féig%’a'ﬁ%na|7?§ fdﬁa"é%n is a fiber laser that

“mhy bhibafed inoeteRoty” dantiBdtdt enddwl viRiglb @askeR@shoWichihbility in the
ma elumOX|de or in_the SthChIOﬂEtI‘IC form silver
b b

ISP%F@“‘( )aﬁeréiaengm@]mw metlight now made to

ci,ted above, Drawi n

(085, HHeChamwensit of eriilied rsRERe beym o emadYcivey e gencrated using 2

fisaKhdeg pﬂﬂlp&d" QGP' B&¥ice 2SEMhACRABRIdS1 Y ﬂb@f’“iasbls de &S 954 BEGhe long
i n Draw _ng namel y the ZBLAN fiber | aser neans

Warf&t?ng@rﬁﬂeﬁé%e'sla@m dvrerand aspqnlipeprforystal ZingGermpnitimeRhozpipde (ZGP)
O;ﬂ:)cg Prbneti0 63&111&'5&9(0%@?'9‘% filaPg dlﬁeﬁ:gﬁdrougﬁéfbslt 740 may
be aser wt

include a single fi di ode

{017(5]1 %{y' ﬁBfeséMﬂathlfgaﬁn g E[fp%hlﬁtlﬁgerm(n& & &H:gﬂhéj 78985p0 imparts

f1 ber neans may I npl enmented us
hlghwme@@mﬂiclmy Hat maychsheed forrfbaswl emeegpt Bulscls @nd Basdscellent thermal

e bR SSIEENRT48, et M At SPGBl %8s i
enﬂzlmﬁi!imnlmﬂGBrwamyelemd becuss of dtsf higk rnonBiidag angf, agdotigthermal and
i ode 810 efJb 2 h ul se.rate
5 PO A B BTl bl DAY 1S St may o
us20 QAL EQABRH: daﬁﬂdb KIXGQE} Q@Eéa?@ palt&héd gaﬂ'i\ﬁn bls@ifde, efodi®@ly poled
i e attached tgl 51!1 fir ﬂb conbi ner 830Q. First beam
e Oragi o o g OB Witk GRERpo ¥ Srdaie SHoaometri
foﬂﬂ@ﬂe&thb%tefhmg B35 - Wth first punped di ode 840.
[075] First beam Conbi ner 830 may i nclude col limati ng

[0Y N Refoddncalis G WARY Yo %ra(vvlﬂfg NoOBRIL NV citddUBRyvE! PHSGwin F No. 8A

protective el enent 832 be positioned at the inle

coRsiihHPs & échqmgw sketsheof ﬂpﬂﬁﬁﬁeublms aaking; upethe §be; lagor opnens €10 that is

GBSty B e AESISNTPs  Hgpscts

silish dibyesf mpumm ZGIBORN 788ubl e cl ad

[072] The ZBLAN fiber laser means 740 may include a single fiber laser without a diode
injection, which may be modulated by ‘the pump diodes. Such a fiber means may be
implemented using Tm/Ho:ZBLAN.

[073] In other embodiments the ZBLAN fiber laser means 740 may include an injection
diode 810 that is positioned at the end of a fiber 820, which may or may not contain a fiber
Bragg grating. Diode 810 and the fiber 820 may set the pulse rate, the pulse duration, and its

wavelength.
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fiber 850 may interconnect between the first beam

conbi ner 830 and a second beam conbi ner 860 and
constitutes the lasing material. [076] Second beam

GPG BRIz B60 may be connected using high poweg

light fiber 865 to second punp di ode 870. Secgﬁ%ﬂ@%g%¥w
conbi ner 860 may i nclude double clad fiber Iens 861

at the input of the conbiner. Second punp diode

ot-ect ne cated . at e _| nput .
(O AR S S B e P B 6 Stmbfits 1 i behm combiner
830imaydye c&ﬁﬁleﬂay(mm@rﬁmglepdm pub@adrligiarfiber 835 -6 withegist\Wutped diode

4ﬁut put lens 864 to output fiber or, in other words, to

8 ransport fiber 880. [077] Transport fiber 880 nmay
nnect.the second am conpi ner_86Q t¢o col | i mat

0G0 FES St goRETE Y| BHoa0 Po A doF, St Bridgdgent of the

cofhb&fet] h @ibaa/ oY Merhédt 838 My Beepdstiidftd SOht iiIBt @ém the hi
890. [078] ﬁ? eC|f|c ZBLAN flbéfplaser means t hat g

popgT P‘I“?‘Rf@tlfgé‘f @Eer St fachegig mirrar $33 ppkconghingthe deamgpgad route them
thioOgH BElD1d ¥Rd BBaMeRO8H e RIBAN &Ibhbik @B:d (3P gamd Z@@Q,N double clad

ectively), that ma be connected, each one

ﬁb@h%‘ﬁ% mespiatieatonnget beivern fhe fpt beasuleamiga 830 anckamcond beam combiner
866%3 P ettt %'s&eléwgmﬁg@glesm onal in this field would
e

rstan n accordance with the required

O Ssond S8 P 008 o TRRZ Ny AR B gt e 565

to Lstﬂ:ondh pump |disle r&iﬂ.e (Se@andé:ag;a reembiner B@Fﬁ]ay Tﬂuhldsidloilbia clad fiber lens

-86fl apﬁxfs rﬁ]?ﬁf th | ogc:fo 750 % ec ve eme g&%&y be located

at @tmpm Iﬁ'oﬁahg]ﬂpbweGClﬁiﬁd lhghi ﬁifer GGPQ)K:BB)YG tnltmir @A anay combine the
t di
bt pipite taen via e PAETECRIOHF o AP cob SHeD BarEa fppgport fiber

880s the fact that a silica type fiber |aser may
directly punp the ZGP OPO. Any professional skill in
[077)€ Tadnbporll BbpB8B0R4/ 40932 InPETbhd BRAH LQRRGE860@Uollimator 890.
appreci ate the direct. punping of the ZGP OPO by silica
Pufsgd bsd.

rays pdiatipn $8t iy Bibishavasghisrursadl phovee By veily emanate from
coli@laggrigdged | i ght, which the flber may or may not be,
and directly punping of an OPO by a pul sed fi ber

[0783S Ghe sp&‘lﬁnh memeﬁhﬁ&% 1Hhe iPHlu3RatRE 3K the example in the
i ht ensi Is generally small. In sonme enbodi nents

drayene, peayainrladel twe @wn PAIYDIRRS assgmblies (R0 |andi8p0.crasteptinely), that may
oo b8BT G OaBild N A agh g Pl Baplivly.
prafensioagininathis field Brdd) gumderstend) ghat Gnomteorddi@e amith e eaquiddd power,

'ZBII% %gft:r lasetj means may be composed of a larger number of combiners in series (than

there are in the illustrated arrangement).

[079] The silica fiber laser pumped ZGP OPO 750 may include a long wavelength silica
fiber laser 755 device and a ZGP Optical Parametric Oscillator (OPO) 757 that the silica fiber

laser pumps.

[080] An outstanding characteristics distinguishing this described example, is the fact that a
silica type fiber laser may directly pump the ZGP OPQ. Any professional skill in the art
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the pul se rate, pulse duration, and pul se wavel engt h.
Fi ber 915 in turn nmay be connected to a first beam
conmbi ner 920. First beam conbi ner 920 nay be connected

tvpo aoopmiep23di ode 925 via a high power punped i;égm2004,0{,047q
fiber 930. A silica double clad fiber 935, which
anplifies the laser signal produced by 910 and 915,

may i nterconnect the first beam conbiner 920 to the

Wﬁlﬁﬁ QpisheciliB AP ﬁPéEpFﬁ}ﬁﬁmg %@mesz,%ﬁﬂbﬂgb@%\;iix&qué ﬁﬁér l%%p smce OPO's

e connected di ode
g“ﬁﬁ%ﬁé FFapPirg pelarizeddishy S'Guch fibss amay s misyrmof be, 380 damﬂlympmg of

w08 Y 0038 BT T PB4l

smpallp by sogis Bmbadimentsutoe- pphaz@blzght weykbe uwda t hird beam
conbi ner 960. Third beam conbi ner 960 may be
[08 bin melicadiiber tasex '{'ﬁirupaﬁdm@hhée %Bljmhan diode GO0 leates cqmueqpedio a fiber

_ 91'5' %ﬁ:hflﬁg}ec{r n?g)pnot% ﬁfam' C?be ggrgtm%ppu{gdegﬁr 975%:?1' 915 may set

Re-second
the pelsretates ptllh@durhmrd ahepuisccoaeiength. FIB&GMP5dn tind miayetdonnected to a

SR Al SR PHRART S50, 0, 0 T s

a ]!n/gh powdrpuinpsdlipldifibeess 008 5i1aa goﬁiﬁé clacfﬁbértgg 5 bvgﬂlﬂlé grgphﬁes the laser
connected to, a_pu i ode vi a

sigga faﬂ 06%%91%5135 PSS ISF! the 5t byt ornaipig B0 1o the second

behin REMbBLIIMF e doRld bark B&n@ﬁé@ﬁ@ f-ﬂ%{?‘bg Soritidciad E(Pér'f%mn diode 945 via a
collimator 993, and thence e ZGP OP %082]

high payEY PRgPedigiBibyr ¥os Thnbeamegombiners 929 and Q40 meay provide a method
of%%binﬁgh@fasé}l Amplliter mtg 'tIR:q r Hﬂ)de% AiS3BMy &Anpfditsﬁber 955

[ or mechani cal asse | ectronics
maystoterths beann tovesrdsca th@ﬁﬂ:@sma:gmbmbt 960 g‘hudrdo;amcmmbmer P§emay be

BRECAS ) o8 155 AUFLSID: g0} yRAPPER. Mgt o

fibgr 274, whicheyeyiactisibiesecbmlinseb eaplifioyihicn esmedts ﬂertlnlrd mm combiner

oo MeSEC OGRS AE BB Eptbi e 04 RST iy provie o
mdﬂimdsoﬁpueipﬂlgma |lﬁkeﬂ§lﬂﬂf1ﬁe& am? ?Wlﬂlhfﬁé 1§s¢rru|1@ﬁ§ 98sland e65. \motlﬂh beam
ui re power the sill ca | per aser neans
00*6151“%%@’ b Romerise §o R PHIRIHSdeSS WMOW@IMG‘% light fiber
99(1! @ﬁan@aft Hbek 9INREY eshtd fhe BE4nh Eward andulRlt Refiim4aedr¥o3 Ond thence
% a S|ngle pair. 16 WO 2004/ 109323

PO¥A4P 000475 [084] Thus far we have presented

- ..9Qne option, naneuﬁﬁa | aser injection diode 910 and 810
[082)  Argoglingesseanblys ﬂf@ tepeirsdowelng of albtherpsagetiodes in

_thet QuRAIPbAE W'aﬁmﬁc MG Salita{%EemJa/lg &{1& gﬁﬁ&hbé’ Nssembly. An

di odes may el ther expensive an
elenwmsa@mﬂvéy 9970857 confrokibe opdrgionafticovimlctysteant | y exi st
enerate pulses. They are a fiber |aser, solid
[083’1] ag'be bpesiic, siligadtiber faser metnashat arPillustatbdh i tle drawing may include

fo&'ﬂeg&ﬁ rcogm%nﬁi‘g §s§gn§}}'es r{gﬁ l'ﬁrea}ntergonnec a&r one with a respective pump
diode. Any professional skilled in the art in this field would understand, that, in accordance

with the required power, the silica fiber laser means might be composed of a larger number of

O

combiner - pump diode pairs connected in series, or altematively, of only a single pair.
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punp, passively or actively Qswtched, or actively or

actively node-|ocked. [086] Reference is now nmade to

Drawi ng No. 8B. Drawi ng 8B shows an exanpl e of an

aed boorhoossd swi tched fiber |aser oscillator 8l3@rdihdlooars

may be capabl e of generating short pulses. The cavity

8120 may include a Fiber Bragg Grating (FBG 8130

whi ch nay serve as one end mnmirror and selects the

v d 810 in

(O, THEERE S Ve plestatsdicil offi, BEmERRIAE! fibclih ol 10 a0
Dxawmgv&&,yfog reepasting, tieypomsd phistseseedere t @Q@puthe yavelesgth converter.

T e T
[O%JEI eg%oqglr' g)bﬁfﬁg %v.ﬁﬂmﬂfp ?Fﬁ?%gérﬁfegﬁﬁécg EIWH Gk o jﬂﬂertlgt%r solid

rroptics erred
stdter fasers abd/ amodrd-abeyr sPwsedlagers E@y rcmﬂ:l@ﬂ bt pwised bmyﬂddelatmg ’fhe laser

o SRS %%gmﬁ""féﬁvvﬁ% R R
[0 (%]69{6&1‘ ce 1s s‘% rngitegg Iﬁ?ﬁ@gﬁfmﬁq eb atW% 8Bas§0ws B example of an

evi ous erence
acﬂ#bly (Dlmm‘lchal fiitgr fldsbrersciBia®o 8 l‘myhdlmadydmaamblméﬂ @nemim@ short pulses.

eam c i ne the F| ber
Thg Ry S0 v P Tl PioeE Gente o LE oSy Ra af spye oo ono end
miede afd £dldts thE Reavelerith.adhe 83&58 130xhayt e &masstebivothe €-switch 8140
have an angl e poI| h to gYe vent | asi_ng fr.om

8170
vig hFBer ]S LR Y OGS Hisdpssga gtyity 8120

to @ﬁ)ée RaNRed (LekiRpIRY0 %yqiértff %&ﬁy‘fé%hﬁ&log@é?'ilﬁﬂ r_g‘é?:tﬁlrable absorber,
ot her en mrror and out put COUpl er fromthe rensel

electraroptic switedn or Preustiprapiic switdy Incthe vysild ofaijbey optigs, active devices,
re%ﬁfa& WEBguﬁén%%'rFﬁUwat&s%M RO HRMuBIR, P! pe Emé'é,?ated optical

to support high repetition rates.
Coanbdnwsom a hﬂnimnlnmﬁa@cbubmm@r D-gwitels S ymay be afiached Eea ﬁber 8160

W}Pgbs%ay o y lﬁg&et | QP Sf’ﬂllt gsg;})rgagﬁﬁlf Q&Eﬁlfe%l v&ﬁflre%éfg)ce o %ﬁwmg No.

ther a ari za or a ran
-8MoThy ilsddg diber [SQ&Y]m@eiberlem@l aftiemthy bemie dombbrea\dildg. In other

e 8C, AW 8 h [id
T T AT TN O
: suﬁ&%%hl 8@@1!(3?{1: ﬂo@&’g}iﬁr@h@ﬁmﬁ BoT( m@}lhi&%&m am)e fdish Q@]pteﬁrgd Jlasing from
so thermal pro that .typic encount.ere
iy upace ol 1P OBtCR OB PR Josingtibor 8180 Ry Bare AriAd Hkyrs guface which
acB%4 ﬁleWer 'eﬂ@ hﬂﬁl& atn%uw édihbl%r fro@AROT RNk 83dhits?drS Ohis particular
rrarked n@lgp ich may be flat or curved to

exsm c;my w@nfaqhmﬁ!s / Suehsa QeFwitpgaay mefarshly made ﬁ@n BBO or
C L gP ?é:pgﬁ{x %Qﬂ&lﬁ?% %‘lﬁ I&?%d ?ilbélola&?s flfalso provide

I's ‘exanp sing nedi um
' ve832159h rﬁpeiﬂtmteéaser mtces ¢ 1eviHe)y dheilasermay bemﬂ@c # iggle polarization

I ossoanol0 ) | e polarization operation. However,
taﬁfmsd fna%é"”rf h‘gg al so be in a random pol ari zati on.

[c gﬂv Iliel‘ergn%‘g‘ ?s J?OWQ’ Padé o r'a@nsng QS%M ]Sr%aﬁfg@ sh%%rggn example of a solid

‘gtate laser 8210 which may used to seed a fiber amplifier 8220. Only low energy short pulses

I-

may be required, so thermal problems that typically are encountered with solid state lasers
may be avoided. The cavity 8225 may include two mirrors - 8230 and 8240 (also-marked as
M1 and M2), which may be flat or curved to support the fundamental Gaussian mode. Mitror
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whi ch may be either of the active or passive type. If
an active Qswitch is used, it nay either be
acousto-optic or electro-optic. If electro-optic

Wb bedlndesaused, RTP or BBO is the crystal of poh@bf$ossrs
because of the high repetition rates requi redP Lasi ng

medi a 8250 may be punped through mirror 8230 by a
punp di ode (PD) 8270, which may be connected to

AP 8205 J@%&ggfn@;s BepHPR AR B o

culh tcgttnsm@ mmamsmmreﬂem 1o apma single lpaleiratioawbérntid? Fowasyr, this laser

7 HRIE A B BREY. Lo S22 R0 B R g w20,

whillo wiy ae palsa iof eiemc@e cﬁ\phfisﬁi&&ﬁadn It:fu@adn&s €r svﬁﬁ;ll@s G0 hﬁy either
C|Ilator [ D stem

rve. as aser
b%&e%%? ﬁiefiﬁo PR af B oRARHER PSSk P ¢ crystal of

chofce ébefﬁlﬁé @f ksSKEbh 'r?eﬁﬁ@:t redddCreg@Mdl YLAREOmedR B25® nfﬁy be pumped
nonol i.t hi ¢ gloc material . Lasing nedia 8325 may

be
theouah wrirren 230, 5y, 2 gump diods G710 5270, Wiieh Bay baamnecdedie Cobiver 8275 .
THRREEDsi2SofMphmp B)hd8 sm&%ﬁﬂ@ 1&5%@@@%@& X0 ensure

connected to conblner 8340. Cavit i nclude a
high eqpversione Alie putpyiof laagzavitni25 may betcpmigdﬁf)tﬁb@h&%ﬁum fons 8250,
but reflects the |lasing radiation. The pu radi ation

(Of&ly Reference if mewW medaniy i $Es. Driseing | &) sleayesen @assively Q-
svﬂﬂcchédqﬁnér@ﬂs&gSmdéa 4 ? %@g rg9 eﬁgéf%sklﬁaﬁf‘wa%lﬁ(ﬁ\d system in

passi ve cause It to op
ac@HALICY V@@Z@e pmgcnt itmntlbas &nb eﬁm@ge of a mMO-%@ﬁs ﬂ’ah‘dte cavity 8320

of] L pBEA0Cha8 REEIYL b o5 Bt trons o

didhirdie rend &Eﬂmb&%iﬂ (eBo ma83d0s M )&y aSpittp dimgle (HIBNBI3S which may be

copie f GomBinbr 0L Oy GO iy S PP it P thet may
trapSI8l ]the‘?ﬁfnq:r m e&fles tioMsiAB Biation DTBVpiREp Mdlauﬁn niaSr ihviertathe lasing

conc al. dijagramil]usirating, one.__exanpl e of
%ﬁ%{ geﬁiﬂnF“c%ft}P%}aFIBE megh ﬁ%@lqy%ewl}yﬁwmte a passive
_QQﬁﬁéIF(%E) 43hke aﬁdt Bfse 138 @pen. ”@éﬁﬁr sﬂﬁﬁﬁz{y' Bed las@b%t‘m RSk¥or 8330

be collinear. Such"a conbi ner may

ané deieny Sh6ielso pawked M2 which é the ewpet qevplns T(I@é)éa@!?éﬁﬁ wgy then be
cte@ L RERNE ?&%b&bg%d léngtfg% Aty %%E(ﬁ) ggagr tﬁén BE Ak ASE rth the fiber

ead unit (see el ement € exa

ampifewst(eet showi)h &hiddaser mey either bpof shedle oranudayn ﬁc@ﬂrﬁzahuy

‘conbi ne at | east two | aser beans 1013 and 1015 t hat
[08ﬂy Referencaiis lme thafle tnDrawieg Np) 9 dtalsfa mpepum diagpnnillustrating one

ORO an en h
exfiipls 75k bR 087 gehicrbi o1 efREbime IR oTPH RS R b e 1o
mdaag @esdribed ingDracddgsi 7ramtlign ¢ H:eedmﬁhrfb@ﬂ. Buch # corabid@rmiyobe packaged as
ne theminto a collimted b 10 le to
P OF i BLFSTORT SRor eSS OB RGP L N GG Pt of o Taser
heddudififsee DRaWibh 2008MIRIADP Y darPRAHAIMH R the drawing, an optical
array 1011 may combine at least two laser beams 1013 and 1015 that may have arrived from
the silica fiber laser pumped ZGP OPO and the ZBLAN fiber laser, and may expend them
through beam expender 1017 lens, and collimate the beams through collimating lens 1019, in

-

order to combine them into a collimated beam 1021 capable to be directed into the
approaching thermally guided threat. '
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[090] Any professional skilled in the art wll
understand that conbiner 1009 is just an exanple and
ot her optical arrays (utilizing for exanple, mrrors)
ey 2016080 enented for  conbi ning of the out psdrRS&TB00475
to be collinear. [091] At |east two types of an
optical paranetric oscillators (OPGs) nay be used in a
DI RCM system i n accordance with the present invention
[090]p Ararr profesdianl difleh detie andvill paldafsiagd it fbohﬂBﬂl@PQUsb?EH just an

olariza ' refers to the pu bea
"X%%]angl}%éef °P§ CADALGSH @%ﬂ‘g 1or e*ﬁﬁ’é’lifa PR Tag by wmplaresgted for
combihipgrfain @ftpud bgsiEe pOtalingat i on i ndependent OPO 1010
suitable to be directly punped with a fiber |aser as
[Oﬁié_sc%;tilba? v typ:BE &Waﬁ?@hbﬂdp&alﬁé’cﬁid c?;scaﬁjﬁc’cb&-sl 15 )%ﬁ?eogsed in a
iz wWo pol ari zatjon dependen an
D’%Wé ﬁﬁfﬂp’&n% graagaq ‘é{@e&iﬂ% é%%‘?:“éﬂfv\,}nf"PPt’coﬁe pplagegation dependent and
polativevhiiRibpentichORDS WhEE “bAS@SatiBRe R fbrs to R implfem NPUt
punp beam 1025 (narked also as 7,p) may be split ‘into

[osmyo Rlefeﬁ @aDravig) Hbj FRThE mrzﬁvhﬁ% %&ggﬁ&%razgéﬁ‘i%g% pd% -Bolarization

ind3Reen P Gttt b ispetspp e wiaeeber Gaer 55 described in

Dr#ig éﬂﬁa‘ﬁ gl &l
The CPO cav, tyﬁ%g%gc?ﬁ}egﬁgﬁﬂ%‘?gﬂ{% rrga%lﬂ)%?b%bs 1015 and

1034 Er BemRrdaingscasdanca/with e present idveamiomgyith dlfieer fasepmeans.
may then enter the nonlinear crystal 1033, in this

[09%8hhEkg Ayt prap beagi AB2Yydmaked Lalsop ho dphinthy) bw:;phmmtes two linear
n dl n bea
POl ok ST RZT a1 ok ¥R AP Sn LN LD AW RSB} gpo. One
polg@zntm(t dtatsi af rilzet auhpe Hesigraed 1927 (demgn&tbtl alse g &0 ihhli!e drawing), may
1935 1040 have t.h -
ent {800 Moyl s BRAUE o gpiio L oS gt o M1 i the
drawm)q Ilﬁ&ziﬁnpﬂn&y p:immnta:ga]ml mmbérhediymﬂfllosif L m&ﬁfg @ﬁbodm)aent ZGP
m rror SO e raw n
(i geoni R ferofiBEL HEh it ol Fmel ot ta et Dop boarn
102¥G86 ﬂm dedidll 61gndiQh0 Imaybéaﬁls 1085 QR 64h {dés@ﬁa\féci Asol 8RS, AD). In
thi and gr@LgtgP nal and idler may |eak through 1042
S(‘i‘f‘ﬁe ﬁ%@sg ansol 4384 040 1Ay, haye i 13me pobsipativge which may
bkl RObepirabéag) St ate of punp beam 1025, denoted
as 029, may be steered by steering mrror 1045 to

' [o9¢pt'1a{e Wﬁ%@’@eﬂ%a%ﬁ‘ of RinSorSIHRe g&égf:g?ﬁted Q@E By OREE in the

use the same mrrors but differe
drawafgha p90nd passglrovghrpreystab H033n Blre signal éﬁfgi amd tdk] 1040 may be

resddatet in J(}r t;h@lfpﬁﬂll éoﬂl%%rf tlférs\i’%?htaﬂmd]l%p %’r\lﬂ 1 e Soh 2 (in this case

or I ent 6 conver &
50%pdb dgaive eavityi 063, at e. 19 V\D 2004/ 109323

PCT/ 1 L2004/ 000475
[095] The second polarization state of pump beam 1025, denoted as 1029, may be steered by

steering mirror 1045 io enter a second OPQ 1020 (in this embodiment, both OPOs may use

the same mirrors but different crystals) through mirror 1031. The nonlinear conversion may

occur in the nonlinear crystal 1050, which may be oriented and cut in a way to convert this

polarization state.
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[096] The outputs from both OPGs, 1033 and 1050, may
have different polarizations. The output of OPO 1033
may be steered by steering mrror 1055, and these

sv@oakn@es i dler (XS, X)) beans may be combignedy Ysiashrs
pol ari zing cube or thin film polarizes 1060 to obtain

a single beam 1070. [097] Any professional skilled in
the art will appreciate that this design has a very

0912 2t SOREE AT BrE Gk TP pl RO Bl 50 Gl R0, The

outpmv\pﬁaﬂe 1003 a@wemmIMy sebring ixﬂrrormesmm/ﬂmgmgm@nd idler (AS,

rans egach . depicting t.he d
b S be Soimb SR e Blntiens SERGTSBR i golaal060 to obtan a
singleteail 1p7@unmped wth a fi ber | aser as described in
Drawi ngs No. 7 and 8. Each design (1110, 1210, 1310,

Jogmnd Anirﬁﬂ:@fesszdmy sl BY the aurt RNUGIPracidIo et itEe dedigip s a v?ry high
apsorption o

m e treatjng the issues of
oY ORRT (SRECLARIIE R Eromytes URYBhng Sy RBDRG

02 RE e 50 i 1o Lakeisel o1 5 o 16 AR o gams cach

depicanp thd Hasibm bf puippbEnAiieg iddpdident dbe snuime hﬁaém&écﬂﬁ pumped
enter at mrror 1120 (al so designated as 21
wifhcH OO 1498585 5otk SmPrONIDstISe doaiy Forit Gioiendl Kb 1210, 1310, and

149@)}/%1@'@4&% fehdofnly $RGRE] &1 ?g grbe%ha%Ithreﬁiﬁ?g RéNBsues of

(rmarked "P") may be converte i's crystal
abgpupten ofiie nunawnémh@e r@lai@nsl@@mm e@qlwlaalzatlop@@tft diﬁﬁerenﬂy
converts the second Pol ari zati on State of the

[09% e A ke @POsdysignThEl Opihﬁwnrmpmwm Hemeg b @tr@uioshmxla%won input

Pl 586, 13060 16 ] 11 EABE g 12

(alsaiesipngted as Mi). thﬂugeau:eunmomsgams ataybmsthnﬁystmwml 125. Only

on PR A e Buped Rl RSy BE CISHRNA 8 chidfr The pomp

mayrthe:rr yaitathelsb3thd cmtmﬂm 18D Shat @veersahe seqoadl PolaziastionnSiate of the

v pakod 1§ 5 T e i e R sy i |3 e figmated as

16 b dkdond PafClBrdubR ¥adBityHa 1130 @RENFENt The by Q%Bliﬂler AS, A
Mzgo | ari zatl?n 1140EEof this OPO may_ be rando?hnl i ke ( D

gensips I eyl 1A payrheve s Sawam@klzm% which may ke tor%?gqnal to the
sigfRE W18 @s! 1R bodeh b PBRACE BRI cBolll (1BVALICR A Bhve same

parts may consi st of, for exanp
poléﬁza,tlonw og Fh;@teaw, thq m:émawdnrqms fogreach pdarizatiompfthe pump beam
maéac po? a“%?’*?a éEEl@ %@gtﬂﬁm %e?@%é:preﬁdeﬁp ﬂ&&g@ﬁ%ﬁlﬁﬁéﬁon 1140
of‘dliw@]'t’@hlmyihedapbndﬂqetﬂhwpunand the desi gn may be capabl e
of handling both |ow and hi gh pul se energies.
- [0%aoAwg professiondiekitleq it the art sl qmnemattethpuﬁm OR(design has a minimum

B F;%'rtgﬁ o gy fég%g g%}&f%' pﬁﬁ f&%@%%tgls 1125 and 1130

and 6@ fréirroi801120 and 1135. The nonlmear conversion processes for each polarization

state may occur in different crystals independently, and the design may be capable of handling
both low and high pulse energies. However, if the crystals absorb the pump, the conversion
may lose efficiency due to pump absorption: the pump must pass through a crystal before
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WO 2004/ 109323 PCT/ 1 L2004/ 000475 being converted. The
"S" polarization nust pass through crystal 1125, in
whi ch part of the energy may be absorbed, before

bgoRgageayerted in crystal 1130. [0101] Referf.(i:ﬂﬂﬁ&gmﬁ 475
enbodi nent 1210 depicted in Draw ng No. 12, one s

appreciate that this enbodi ment requires only one
nonl i near crystal, wherein the crystal tends to be a

S BRI BB ) SO B0 o ot i

emraafrw bfzbwrbﬁbbﬁfgme% cabeoedin crysa¥)i13hat refl ects
the beaminto the OPO 1230. The punp beam may enter at
[0AP} ] Repferipg en(bbmmen; 12 1Orispiotsi dn DzastingNost2abee shouldrppreciate that

tb%%%ﬂ H%enpl%qﬁ@ SIgB 1\_(8 1Héarf] ehtp ﬁl%r skl %ent%s Fo be a rather
er p ar|za I'on ‘passes oug Crys
expaubive eldmenbinghe ©BOwysémi t i s absorbed. The punp may

t hen pass through quarter wavepl atel 245 and may
[Oﬂ%”ﬂlié]@tpumpfbeml 1220 meary beAb@dent bR dichrodé trrrop22Si (dgﬂgnated also as

! h
" U el F 0P ) 200, 198 g i S o ir 125
('ne h)er@nfePtthzaSt)@ state afile pting mdyetenanvditd witginahe Aoinear crystal

t 126
P o
|Iﬂaﬁ3ﬁ‘lheﬂ Paksithilo@gh MW&%BQ’[E(I%%(Q&"% 2ot &6F bﬁﬁﬁn‘or 1250

wﬁg 0103] There may be mul tiple enbodi nents of
( qgg%@ﬁs%%ﬁl‘@t @agtorgaveplate; 1245 againn i FrE AR OB dave an
or&f)gcﬁla.gﬂbtg fio\\etiie R;{r}ﬁéhemﬁf) %er@ﬂ'teythé E‘%nﬂ%@ 1d13—1h§eaﬁis g me- signal and

r are unspecif he si g and 1 dl

 thy islleybeanat arg ﬁ@B@féﬁcf ingtge aavgxyégm,md ewmmmt@hmwn Rfirror 1225

-

B8 B MR R 9T o I RRPRRS Y, rey
[opﬁgj %agl garuwrseﬁlr REPL ARl SRV e 998 A g

e same case as-a two | ndepende
en@dmam tiay desifng Hmrpawvgdﬂp foreenty thiehpemp.d é@:legmgm:hyncb gller are

ui.ab ol ;high- en | ses
wifRfied | HE2 il M Mo R CHol B uRRe Y, Rl tond 1o
decmm ¢hesifficierefy fsince &mq:]uaseihﬁy gotctetatipnafowidpthapempry be
replaced with a periscope or a babinet conpensator if

[01(149; AGRREdridsentbodinngnt aay ibe y)f a fhewe wav@mais tnainmpaaﬂaahé signal and

LRt A7t P'ﬁfgsﬁﬂ OBt @S@P%%beam This

deilg\i‘ﬁlay B BOeS suitdbleifl 1 h-bRfgst iffses HIGH ﬁiay‘%ﬁﬂr 128 ohél P&E through the
In this case,, the punp polarization nay rota

criegfossRerisicRbigh CoRRFRRPT fifﬁi;enoan dbe pearts g’ﬁ%ﬁplaéway b teplaced with

a p@ﬁio@f)é &3 baBSt BRYpeROkorRehe DBDAL ?ﬁnﬁ baidy! Iﬁe%ﬁm&lﬂt& I%mke a half-

fferent polariZation states o e punp may anpl i

_ Waﬁ/ﬁ@t@@ﬁﬁe pol ari zation states of the signal and idler.

[0105] A third embodiment may be a quarter waveplate for the pump, and half-wave plate
(any integer multiple) for the signal and the idler. In this case, the pump polarization may be
rotated 90 degrees on each round frip, and the signal and idler polarizations may not be
rotated. In this way, different polarization states of the pump may amplify the same
polarization staies of the signal and idler.
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21 WD 2004/ 109323 PCT/1L2004/ 000475 [0106] As
nmenti oned above, any professional skilled in the art
will appreciate the fact that this OPOis relatively

V@Bl 1dogrzal i gn and contains only one crystal ped3§4hoos7s
Reference is now made to Drawing No. 13. In tlins

enbodi nent, the OPO 1310 uses the different punp
pol ari zations to anplify the sane signal and idler.

O R R oS 8 T vt o
thiPORP ibmedmivaly 20nptaio dighend edntains andy ork34Pstl" M ") . One

pol ari zation state of the punp is converted within
[01GhRefesace tsrnost mbded 350rawiteNot I3ein thid embadithendntha@PO 1310 uses

el B P 4 el e R, plypB R fo20 may

be (ix'ri]cMEhb on a Bﬁt@xﬁﬁ gaigbr 30 '('thy witthch thay lr‘]eﬂfebtetﬁé behnoffio OPO 1310.
thi,s mprror. T n A ass thr.ou ri .
Puipg T80 Ty P AT LD A B tOns PhifieRen Hefidtthe pump is
cofvelved Mﬂtﬁﬁfrbﬁlind@ﬁ&?kt&@ 350r ﬂ’h@d&theﬂjdawrizéﬂih OM?ﬁepdsﬁ&&odgﬁi& crystal,
aj n, . pu now_have an orthogon ) .
atefySiph Fomms,oF s oG s B oe (106 R e ahah hor fheough Jpimpr 136 (M4,
Thé @lgBA) HA3A®r mbP e ThERARM AN thikOnirkdr.eThe Yafip MY ek pass through

resonated in_ the cavity 1385 with end mrrors 1340
queriey Wesedate da7 Querd megreflogh gif-afpmisror 4380 (mY2"he Aftsp pping through
ool iy .0 6 Bl o g i

maylpenqsaterthe Si@mba]d idley besmest dhs signelland khel idle bpamsthey beresonated in
the bty 38R0 iR, | PP Pl 88 A Ml ), apd may be

cogimpowirat 134@d"™L'D. Bikirdi¢ anrrorsiiide (843 mmolpassithasigon and idler
bedlL })éggas es_t outﬂh the crystal once, this design is
T B78 AR BT R U RPY AR eher gy pul ses. [0109]
rence. i s _NOw. e 1.0 the .enbadi t. depi C in -

(o5} P Rt SR iy L2 b SufTRHETES 'l BisChBibe g g smete
noﬂm)émb&yb s{ﬁ&lrﬂ:?ggagth/\&cﬂﬁidaﬂoﬁ &tﬁt{&s pfithp gi]ﬁirjlaaetré Ztﬁéd. (ﬁ]ln additien, slince each

unm. be Q s throu the ysSt.a
poliieon RN Rateer Eratbehc s shed s ARSEroR st Sieile o p-enerey
puk&Mm In addition, the output beams 1440 (As. Al) may

be polarized with the sane polarization state. [0110]

[01DDERBiefRcd &2 Abv4rdide( 1Pihe bl dapieRH dihi Biafk@ng Mae 19 In this
thin filmpolarizer 1445 to split the polarizations,

embpdimenl; arsingle 059 14Kbmag pe onpppd twice Oysagh popp polepipation.  The

i T, r .. .
pubBRUTLAN P ippey o o BERST TSR, s e o oty
sigmilrand idid488m. dnadditign, theentps dsansht49@dhs. Alvary bepalerized with the

sarﬁégéla%iz%ﬁgz?stat\éb' ch may rotate the polarization to the

[0110] The pump beam 1420 (kp) may enter a polarizing cube or thin film polarizer 1445 to
split the polarizations. One polarization 1450 may enter the OPO cavity 1411 through mirror
1455 (M1). The second pump polarization 1451 may be reflected from a steering mirror 1460
and may then pass through a half-wave plate 1465, which may rotate the polarization to the
other state. The beam 1451 may then enter the OPO cavity 1411 through mirror 1470. Thus,
OPO 1410 may be pumped by the same polarization state in the upper and lower arms, 1412
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ot her state. The beam 1451 nmay then enter the OPO

cavity 1411 through mrror 1470. Thus, OPO 1410 nay

be punped by the same polarization state in the upper
2009 rms, 1412 22 WD 2004/109323

g%$/lﬁ%%%ﬁ?000475 and 1413, between mrrors %%%gl%%@muﬁ

1475 and between mrrors 1470 and 1480 respectively.

The punp in each arm(M-M2 and M -M) may rrake t wo

B LR b 8081 AR Ut o iy M.

Tirei pomop in bddtbarn] QNI1NI2 Am;l MIMBSmajgmﬂkeSk/bl ﬂyaﬁﬁslthrohﬁe the single
t et ance to thi ) .
nbfhesticrint Tabo i iepal i il L% PP ERed Ao e Rty ot mimor

l498ystal giving nore anplifying passes. This is

especially suitable for |ow energy pul ses. .[0112]
[ORefjeknyt @rdRessiohdlgskillsd 15 thd her QR fﬁiﬂaciaﬁe the HeR@blance to this
10 i npl emented for

ene  of vele gth conversion
r%:pgawa HPEPe RF3Me BaSRER, BYIEH @hrﬂggh et %%?1 NG  mpEs gapaplifying

pad®ed 1 THBY% é@ﬁeciéﬁg‘QmTa%le%PQW%%e%y\fﬁlé% ength 1513. This
wavel engt h 1513 may drive a Wwavel ength converter 1512

[0 1T Ry toP DREHAE No.S1NITRe QMhaviity tik - thP Ssehéal sSHéhﬁU Bf wavelengih
1514. [0113] .The fjber | aser nmeans may be a Er/

cogyqrsign 191 ¢ gpplemented forinseducingdhe dysiied savelengthsri ﬁ@er laser means
1531 lhs2bd bBer 1o Eﬁﬂu&%%vfzi’eﬁﬁﬁ 1595, Tmmavéakﬁl el%g% HY drive a

conbi'nation thereof (Any person sk
waglength gerssrien 1iid thahmay peodase aninglo or ridkirspecteholtivig/ 15d4.
ZBLAN for.all places where TnmiHo: ZBLAN is
[0k Tihe ﬁb@)laselrm@alisurwéfr@ i)Y silige fiber, ¥at sikiea fiber, Tm: silica, Tm/Ho:

| r
sl SRR A AL ARG o of a2 At Rl ol @iy posson
-skidietl yn tha atimduhhhndptataadrﬂiemse:ofﬁlﬂbt sificer aI(dCP@Io ABLAN for all places
i bed ose wWith refaerence Dr awi RQs . 10 -,
Wi T/BEE AENE S helopodl ¢ 1IES B i P8 Rzl independent,
- poldnabtionayaipieiathgcer lange tdode eresavel engt hs, upconverters
such as a converter to generate the second harnonic,

[OLipg GVarelehith gotvester K513 m:dy caisist oF &BY Alopiat parirBetfiti BRslthtor (OPO)

o Qe o ik griprpieter Gmies Mot oo Hndle RYD by with one o

md?P lcheals Bay AP fddﬁcegﬁlﬂ AhveldaBiak, n@éffte%oédcﬁ% a converter to
paranetric anplifier Ogﬂ:}t and ODOQ%}% n. OPA,_ or an

BoRgERAE e SepaDr FRRRRSEF: choaﬁmlaS% EHcEs TougRLAY whihisgrmped bya
Yl RAeHeR ﬁseﬁg?f@ﬂﬁm ¥ BonRfidl ﬁsin%r%mﬁ’& AngShifich tlgtﬁist?r fo “wave mixing,

converters may be connected erres to o
optigah aaramamelgem;@tnr (CPfhHemden Ioph@épammy@pampbémml’d&)t :lmsl OPO and
I C call
B AP e T i L LR B0 o v,
addition | cesigofiihess wohvesisrsRRiNbeoconBRYAD inGesiésobo@biain the final wavelength.
The nonlinear crystal used in the wavelength converter may be a periodically poled crystal
with transparency at a pre-defined wavelength, such as PPLN or PPLT possible in
stoichiometric forms with or without MgO doping, or birefringence crystals such as AGS or

AGSE.

[0115] In some embodiments of the present invention, a bulk laser may be used to convert the

. generated wavelength. Since high power laser diodes are not available at all wavelengths, a
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stoichionetric forms with or w thout MyO dopi ng, or
bi refringence crystals such as AGS or AGSE. [0115] In
some enbodi nents of the present invention, a bulk

V8 8d04/if20e Used to convert the generated peryya004/000475
wavel engt h. Since high power |aser diodes are not

avai |l abl e at all wavel engths, a 23 WO 2004/109323
PCT/ 1 L2004/ 000475 fiber laser may be used to convert

ﬁttch ¢asprumpy 86 @sed)to fcomvert 186 imei A8es fionl Rsd U1 18 Phn energy at
different |aser material can

th I gt.h. tha
angBRY WoLEIotElh WAL G oo Grierich erarutiliag by Cmbodies spere fber

1a§ehis RURs O PHGS sov.ftbeb Bber 1855 Eamlﬁidéﬁ’ﬁﬂk Pagérkfdr §§££p1ef Gim:silica fiber
exanple Tmsilica fiber |aSer, use punp,
lasep gy bgrsed to pEmRARF GFEHNE;FHO %Gé @’ZLFI HO%HD&N@ achieve either

SWidk N8 somdY éifhexl-i}@ﬂ yva afly eng thd G&%@%ﬂ&ﬁé}l&é@e?engw colﬁverter For

t he use of anot converter
exaBplr ascanlingotoseme embediingatat Tmi:siliva: ftick ingey bé pead tmpmbp a bulk

I Y ch may.b d
HAITES i BT Wb o R S BB B a58e er e
mayele ysed tspung @ hplmtpnalop@d miaterialdiopehievadither AW bOLW source, either
ej,t her independently

m(%? gﬁd%%{tﬁ’ ?h‘%’a‘ﬁlu : use {1%%1/\/5& 3%1&%5%6 SRR o nv er t er
[Oiﬂ%ikgi%%%%gégﬁ? ina'&g 3 HniBedss, el ot Rid i Girams cach

depickiig desigabf dddiipnaltfiteebasb @ fesr ﬂ‘ﬁﬁﬂﬁﬁppﬁ@dﬂld 2 e IRAM kfigem.

DI RCM system [0117] Reference is now nmade draw ng
[0ING] R&frenvd isc how Snaiiesdz’am Nﬁ 16, which at Iaoﬁbhahaw illustration of an

eSS e R LB P oGl - e

laseratats EmhRetatihoR)y With hméu &J&ragve@ﬁ@éﬂcyektaééﬁt SivadeenRRERAve made
ady nceme ts have mde ossi ble to produce a

it EOSSRlP & Profusse 5 Ealﬂq%?ql%fhz afipm FromHase 148@r§=ewhich istirlead tg gump an
OPUJ S@he PoRsiBld My 3 corBIPLighNBitP SRSk RleRn ¥ Yo Eé&oﬁ@ﬂlﬁ%léngm is shown

ght with one wavel ength to second wavel engt
in Qlfm»g Np rﬂﬁaﬁmwsm signgl palgrizetions Ybsibiea ﬁbprslasgnaiot shown) is used

f 0 used
o PO PRl S8 e LARAE PROL) GO b 8 e
gite1 The pugp heanatrey bh mcdbat oredirrond G2} @isgtrimked¥é), which may

WW o e P B i oS RS e 6 the caviey

- 1630e fTh Gt firsll drystdl 1640 ﬂwqmaipewgteteﬁg@aﬁ@rlﬁt@ﬁvemalmﬁl st Wakelength

¥'@f Kopn b gg%{,%,agsg ﬁg‘ﬁ li’fingtl) @%Egceﬁépwstal 1650 may

havb ahel alb oﬁm‘ﬁeﬁﬁcﬂﬁl@ POBYE ke BEHvRrt BRSO Sechfid %aveleﬂg"ﬂpm & MitPwavelength
The, second crystal 1650 may have t
("’ gap gﬁﬂaﬂp qngd do QI?( B6s Pwap beanz g9y drep bpwem@b&mpﬂected by mirror

I R % gﬁ%{elﬁ \z/l)E Q\/Lg) tll?ﬁrfdil 1\6@{2 glr%?r%gﬁﬁtaﬁe ﬁt}ﬂt co ie(: %P tﬁ?ﬁgslred output
Wa‘feéqqggjg qﬁnﬂxfk@d as }\.}\.1 A2, 2\3,) The mtermedlate conversxon of the first
wavelength to ’rhe second one (e.g. ~ from ium to band I), may increase the overall light
conversion efficiency (e.g. - from 1um to band IV). In addition, many and any wavelengths
may be generated in the bands of interest simultaneously with this design (e.g. - band I, band

Il and band IV, in any combination, ). In addition, a random polarization pump laser beam

‘may be used with similar OPO designs shown previously in this disclosure.
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1660 (al so defined as M2). Mrror 1660 may act as an
out put coupler for the desired output wavel engths
1670 (al so narked as f1l, ?2, X0,). The internedi ate

owoveughass of the first mavelength to the Seﬁ@ﬂﬂdﬁpﬁmuﬁ
(e.g. - from1lmto band 1), may increase the overa

I'ight conversion efficiency (e.g. - fromlmto band
M In addition, many and any wavel engths nmay be
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TR AR (0 iy 2% B 0o PR B ptuion may offer o

moe eficidnt @EXrdtibhGchdniid, Ve $hdboditheht &conkasee NI2@ fseshaws dn Drawing

NG ol B 6o S PP e G0 (ot ARVERAR il g,y produced

from arrlana@dl %ol&@zaﬂln sthid ExAVG:akida Wﬂds&a@bﬂﬂ:ﬁ)wn?l 6€ plhf may enter
en

00 vy 1G4 drongp, mirion 1730 RGP EPBER 28 Mign, T Frst rystal 1760

m@oédﬁ%l@ 'BnéTBb{laﬂ Hﬂ%ﬁ o quBrIfgh?ﬁifré ?rec@tm&&é&ﬁE@Wa%length (e.g. - from
schene. nbod |nent of converfer 1720 i s shown in

L5 umi ﬁﬁrgbaﬂNdV) 17ﬂle|5ﬂcqnﬁ| cxyseh Jd70 mny b%ﬂamﬁ%ht@pthb i crystal 1760

GX&%)%E%m pgﬁggﬁjl%?g 1 on S?ﬁee%(%%?wsr% | Ca ggfréOltI) cgmei’t the other
pO(mtmmﬁ/m puﬁhé:epmrrdhmarmmmey thenﬁse Iéﬂ@teﬁawﬁftmj mq:owgo (also

e B e T

mﬂﬂ@ﬁmﬂﬁgﬁ@%ﬂpwﬁ@mmmmmmgmmﬁwn@m (e.qg. -from
1.55 mto band M The second crystal 1770 nay be
[01 198 Refeaice tondvihmaflé todDractnesial 181 DeBving Noepd dépet ond embodiment

be r e egr.ees t..the optical ax.s 178
of B 1 R ot 1555 2SS s Tt I Y o i oer tasr
Isi(z"mleo @bﬁmcérwrtk d@h e Nﬂg?’m&@}&z%ﬁtlflb)eﬁipﬁfnﬁ/e@iﬁmf’(hhyqj’ersbg Q;IQilled in the art
al so, marked as e |i e.q. -_at
wad, mlersiand dhepse,of dyHe flig 2 é@@&?ftﬁ%ﬁ?@ﬁﬁ&w Wsep Tl
7BIEN iehBiidhes. | 1 ght may be transmitted through mrror
1790. [0119] Reference is now nmade to Draw ng No. 18.

{0 @ﬁ‘m Ekﬂné\beé ﬂ%ﬁbeﬁfoﬁs R ﬁﬁSbQéjh RELH for Nfonﬂb&ﬂﬂhﬁ Ra&atmn (NIR)
fiber laser 1810 a
SOWHCES;: quﬂmhs bea\g‘tqn 70&82@0 g @n@d@@@to cehipyg ﬂilese Wavelengﬂis may be

to p&s@ %Ffug&?{ire}sio%]hgro% “ﬁ&&? g re?mﬂﬁle fﬂ%u?oiﬁ Tﬁi/ﬁ]{& IBLAN or

and th

R Tm:ﬁBLWN when i Bl pAhfed rwithl d ceﬂhmo%felmhgh ge. i 1064 nnﬂB[LlAthelsshematlc

nment i 0120 DI appl.i.catiQ .
sho) 5 ER kg 21 18y s R Tt 13- iRl By AN rmzmL o
fiber laser 1810 with certain wavelength 1830 (e.g. - 1064 nm) designed to lase around a
second pre-defined wavelength 1840 (e.g. - 800 nm). The mirrors (not shown) may be

selected such that this wavelength resonates in the fiber 1810.

[0121] Another way to obtain wavelengths in the NIR (e.g. - 700 - 850 nm), is to do second

harmonic generation of an Er/Yb:silica fiber laser. The general schematic is shown in
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sources: wavel engt hs between 700 - 900 nm One way to
achi eve these wavel engths may be to use an
upconversion process that, for exanple, may occur in

W0 HR1ARAN or  Tm ZBLAN when it is punped Wi
certain wavel ength (e.g. - 1064 nm. In the slt(Er 204"0"047"

shown in Drawing No. 18, a Yb:silica fiber 1820 purrp a
Tl Ho: ZBLAN or Tm ZBLAN fiber laser 1810 with certain

oAU 50910 2590 55 e 8 IO FRAEPSS 85T wi it

ra8@ion rtm)speciﬂtel pﬂlarrtzaﬂicm ('nm beaho Y990 By theft en®f € GatderRtic fonverter

at t veI en the fiber 1810.
%M’ﬁ 5‘, acRLAY 9?’3%6@0 @%Qe%@efji ffer sgepad harmonic
geﬁleﬂaﬂoni94mgg85@8ﬂlﬁﬂi}}onj1$60gngo second harnonic
generation of an Er/Yb:silica fiber |laser. The general

[0$22]dﬁ&bin6 DIRCSA ayp¥ichtibns, a:ﬁermm H0PBR3 to produce bn t sources of
2004/ 000475 _Draw n In this case,

/.1 .
ViFP T Ao 1810 658 Rl TeRGeaLls premnend pllow Bty Sepi harmonic
geRbiO of VARG fifer $RES 1 h&gllﬁ Qhitddl BRI ?askThﬁJegeﬁEPal solution is

1920 may then enters a wavel ength converter

Shmlélh LiriwingiNo. @s dn iy oase. the fibenlasp30d auythecnbypilica fiber laser

h
e e

cogypster cHBPowhich fith thiscasgoudd bo a PRLA QRO dpeaifiqaily daagn for producing
oA eSO ol e
[Ot%g a@?}(}%gﬁ:??@g ?ﬁ ]%é’slkédlé]ahﬁber é & er a g]?s upe used to produce

visiblehghti (a.2Dr S0 -r@Ol‘mn) 'Elﬁ: geherat idb'aSlSCSh&m int Duawirigdés. ﬂlaineﬂns case,
ei t her,

e R 210 R /TR breiter oD S it st pppplarzaton.

Therteem<2120 waayethengiidrs a Govvlengte coB@ner 2 MI0i , GihitHint thisScase may be a

oul d b PPL (POS ecifically. design for
PR BRO) shstiseilycdorie oo ipea? &L@%g@ﬁmmco%fmpﬁaam light 2140
(e.804%0rh @560 nm 16 50064 nmto 532 nm). [0123] Third
har moni ¢ generation of Er/Yb:silica fiber |asers my

[01314% ReRferiés 86 nb® AR MSRing Wosi2B! @hlch 3t doRenthtic exéxgﬁle “of a multi-
The general idea is shown in Draw ng

speciral h?%ﬁ eembiner ymplemanied for rodpcipg mﬂﬁlﬁpcﬁﬁalaom th laeq means

_deédnlﬁﬁd hbRERboW fnhre%n;&@ to r[ﬂ‘% o, SHECH] 68 the additional potential
pol ari zation. The beam 212 y then enters

empadigneatsgiepcribed hereinglove i oaferem| torawingh No. ths al may boeombined

o P HNCEL R L 055 1 oA, SR i

disalostre pRddedni referfecb2d DriRehigy ch é ild showedadesatution fagcombining

e T A e —

andlrtd transwiftahd feabndsio yielda twidisvlbrdRain. MBaadditional embodiment, hereinafter
described, expands the capabilities of DIRCM system designed in accordance with the

invention, to include a system output of one to many colors.

[0125] One embodiment of a multi-spectral beam combiner is shown in Drawing No. 22. In
this example, four collimated beams 2211, 2212, 2213 and 2214, of different wavelengths
may be combined to yield a collinear multi-speciral beam 2220. The combiner 2230 may
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descri bed herei nabove in reference to Drawings No. 7 -

14 and the additional potential enbodinents described

her ei nabove in reference to Drawings No. 15 - 21 may

heossahiagd to yield a nulti-spectral high bgightness s

source for the required jamm ng beam The previous i

di scl osure provided in reference to Drawi ngs No. 7 -

14 showed one solution for conbining two beans of
inflinfld 5Pk natrid] bt 451 A" -
o Sgt ol et B Al heltBany 388ed fih coveral
mirrosy @f glifferentcpriopertipre alviinh 2248 diney dnad highbofiententfor all incident

Lpaf t rj e ilkties of

RIS Mo 230 ks ARk B2 FPRR ek Sallengtn 2211
My @364 oy tesmihwhvedength 2318 thahrefattp whveldngdRe22t b afidpY12. Mimror

I 125] .On Lment of a | ti,- t b
2278 il saiit Sl R Y el Sainptis BTE Dl gt as
is ’gh?;‘n indhd Drastisg I ohewwlﬁl%&hn%ﬂﬁelﬂiﬁg@ ﬂ)l’gacai libuﬁé’ellécljf be@in 2220 off of
er el e s nmay be conbined to yield a
1h%@WFFﬁzg$L%%¥¥ﬁWQ%@rtral %ean12220. The coﬁbiner 2230
(03] P SO Bk oo B TG A e omis B o7 (lspeapye clements
— it edtion Girdtihgs, AR avhy-Wak@URIER | ete. M Bfa®aFso0hNIdH LBt spectral

E&o erties. Mrror 2240 may be a high reflector for
co Enci dent wavel engths. Mrror 2250 may transmit

reflects wavel ength 2211. Mrror

Qg%g%ﬁg th 2212 but ] .
[0 SN RESYFEY EWERtP23re 1o deStieiyd & pge or another aetial
col@3BAtRA Sag T i i i i '
wavel en’gﬁlﬁ1 Zzﬁlpbﬁftg%rlr%éﬂ %clelfle:melf:ltrtm:Jr mﬁ%ﬁlgﬁ a?ﬁrém%t%,i%ﬁlgﬂdﬁments i
be jmplomepfpdinamy grenpcbe i ait, §epowground ohasnymombinagon theeeof.
wavel ength may be added for each bounce of beam 2220
[OA84 Ifd*rﬂl%s RBPTRsiRted bE pars®y whe 2e0skilleddn e 26, thpOhe slesa@t yention is
DL : [ [
o e G R BB S Ahol L EfibA g B OBHID e of e
prasent épwenticiyis aylywWalies iydbslaistsovhich follgwal so al | ow f or
mul ti-spectral conbining. [0127] Enbodi nents of the
present invention are not restricted to one or another
aerial configuration, and, as any professional
skilled in the art woul d appreci ate, enbodi nents may
be inplenmented in any arena, be it air, sea or ground
or any conbi nation thereof. [0128] It will be
appreci ated by persons who are skilled in the art,
that the present invention is not limted by what has
been particularly shown and descri bed above. Rather,
the scope of the present invention is only defined by
the clainms which foll ow 27
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Cainse 5 1. ADRCM(Direct IR Counter Measures)
system conpri sing: detection neans for detecting a
vessel that m ght pose a threat to a nobile platform
to which said systemis allocated; warning neans to
generate a warni ng when a threatening vessel is
detected; acquisition neans to generate acquisition
data of said approaching vessel while calculating 10
an updated position of said threatening vessel in real
time; fiber |aser nmeans to ggqgisate a | aser beam a
novabl e turret neans, coupled with said | aser neans to
direct said | aser beamtowards said vessel;

1. pAdUBEN fRireedRLChimiterdVierssrms) gsteth avniprisiag: d det ecti on

ns., said isition nmeaps, said 15 fiber |aser .
R Gton it T A Ceie 8 el st PN pOwnm Bt 3 Bigbila platform to

which RaH Sg.@glg it ARKLtdgeans a. generating said | aser beam as
a narrow, average power, high-brightness, dual

vﬂﬂ@l‘@il}@n‘g@ﬂns to gerSytandvarvhp edis a tivdateaibp @ césel isjdarasiedg

sai d. yessel nd b. for prqviding said SWwavel ength
FSGRisHoD ‘%f‘ealﬂé Q BEPeFats R?%Pp igheRpate eﬁ 89id ppprgachimgvessel whilp calculating

an up%@ie&'}sloglhbﬁ bf l;afi& HreatdiBihe v y ds%lell ihG ftﬂﬂ%er | aser, and

hol m um bul k | aser pu mélllca fi ber
| fhee laseramehns fo gonergte alasdt h@ns,al d LWwavel engt h beam

is se ed froma up consisting of: PPLN
(”P‘é‘P"?PS?i Tt eaRS.cep %Efqdhw%swidbsgf ajcaps tgppizpet said laser beam towards

said «degdli odical 'y Poled Stiochionmetric Lithium Tantalite)
OPO (Optical Parametric Oscillator) punped by a Yb :
girbéessing imvens baisg nssoaiattdAGh 88d (dettConGREAR) sAiNacquisition means, said

osphi de nped by a bul k Ho | aser punped by a
ﬁber;ﬁ? &2“?1 F?}glmo"leﬁlélértm‘ﬂmf‘g‘éﬁer ating said dual
char%(@é’ﬁieﬁrlgttﬁh?j S?ldﬁyeg[}%aﬁN beans, as radiation beans

wi thin and ndIVrespectlver 30 2. A DI RCM

- a. s\ygshamtingsatd beedaaneasil hidirow, avefads p?W&! Righ-Briihhess, dual wavelengths
@lé tformto whi ch sai d system S aI | ocated is

IaBQP&]:l sanimsHitae iy japmingssaidieesed; and ai r cr aft
Vv t ank

b DRRPELIRY % KA £ s Bleatol i ot poisitine of: Tm/Ho:
ZByel d’mer Fas@D Tt aBfilecaOfibe? dhsdr, and holmium bulk laser pumped by a Tm: silica
fiber laser; and
~c. for providing said LW wavelength beam, is selected from a group consisting of: PPLN
(Periodically Poled Lithium Niobate) or PPSLT (Periodically Poled Stiochiometric Lithium
Tantalite) OPO (Optical Parametric Oscillator) pumped by a Yb : silica fiber laser, and ZGP
(Zinc Germanium Phosphide) OPO pumped by a bulk Ho laser pumped by a Tmusilica fiber
laser.

d. - generating said dual wavelengths - SW and LW beams, as radiation beams within band I

and band IV respectively.

2. A DIRCM system in accordance with claim 1, wherein said platform to which said system

is allocated is selected from a group consisting of an aircraft, vehicle, armored vehicle, tank, or

ship.
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platform 4. A DIRCM systemin accordance with claim
1, wherein said warning neans include a sen- 5 sor
selected froma group consisting of an IR, UV, visible
i ght sensor, radar sensors or of any conbination of
said sensors. 5. A DIRCM systemin.accordance with
cl, al wherein said ac tion nmeans includes a
3. @@Q}Wégﬂ%memﬁ(da’%d%@ﬂ% Bind-i Wheaglp spidasysigmyisitpountable on said
latfétn@l M 1, wherein said fiber |aser nmeans conprises: a
p
tel escope neans for formng a collimated beam from
said SWand LW | aser beans. 7. A DIRCM systemin
4, aAdHRd}:Mcsgsmmtlh acta@tiimct withelhimh N, ¢8édin ASEWaRBA Seans include a sen-
ses a 15 hol mi um doped materjal that when
sor 55‘8\2% dropy aggowp eonsisting o€ ap IRs Uda pasible light genser, aedar sensgrs or of any
bt AN <9 ser beam 8. A DIRCM systemin
com acclor gﬂi}cgs\}% 9cl aiml, wherein said fiber |aser
means conprises: a |aser generator assenbly nountable
5. oA DIROMIs ?ﬂkt@ﬂﬁ iaViRYordhm® Wit diatH T, %&hef@?ﬁ‘@ﬁd a%gu@ﬁlﬁﬁ)fm%fns includes a
20 flexible fibers coupled to said | aser generator
FLIRjleviset said | aser energy fromsaid | aser generator
towards said turret nmeans; and a | aser head unit
I 0 %aid fibers array. 9. A DIRCM systemin
d% g/&]ggs SR £, A8O5F 4Rce Wi im xglaqr@n@é fiher laser means comprises: a
telesd%ﬂgﬂuﬁﬁé Arig@lihg e coﬁ’ﬁxﬁa? fr6m shfl SW g TR SXPbERL. N
accordance wth clal erein said |aser nmeans IS
pul sed and the pul se rate pul se duration and pul se
7. VBH\EIIRQIMt $ysietn $€tackdaice| wills tolame1] Wheetd Qﬁth&q%&B@tcompnses a
connected to a fiber. 30 11. A DI RCM systemin
holmg@b gppeshmateial thag ngempllmmﬂ dvedard Sherdlasade capablnty generate said SW
e polarized or randomy polarized. 29 12.
and/oitg?%ﬁ}ls%yg'em in accordance with claim11, wherein
said fiber |laser neans includes a generator assenbly
8.  ANOIRORA §sfers i e BRNALAAL PR em&’ergg s5hd ﬂb%ﬁ%s@r ﬂlkaﬂlsacompnses a
sel ected distance L) from said noveable turr
laser edSatoA diRENY sysireable mt acposiiian awawifidin Ghitl forde? means; an array of

R R Y M R CTI I S—

toward8 SR8 nifRA Bea0Y-Shnd 33hdr AL @G ked to said fibers array.

9. A DIRCM system in accordance with claim 1, wherein said OPO is pump-polarization

dependent.

10. A DIRCM system in accordance with claim 1, wherein said laser means is pulsed and the

- pulse rate, pulse duration and pulse wavelength is set by at least one injection diode that is

connected to a fiber,

11. A D]RCM system in accordance with claim 1, wherein said laser means is either single

polarized or randomly polarized.
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L, towards sai d noveable turret neans. 30

12. A DIRCM system in accordance with claim 1, wherein said fiber laser means includes a
generator assembly and wherein said gencrator assembly being remote (in a selected distance L)

from said moveable turret means.

13. A DIRCM system in accordance with claim 12, wherein at least one flexible fiber is
routing said laser beam from said generator assembly of said fiber laser means over said distance

L, towards said moveable turret means.
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