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JAMM NG SYSTEM FI ELD OF THE | NVENTI ON The present
wonvenmyne relates to the field of jamm ng sysPemaL1on&000475

are used against thermally guided mssiles, in

general, and nore directly to systens and net hods

known as Direct IR  Counter Measures (DIRCMsS) in

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

conti nui ng devel opnent of ever nore | ethal and

sophi sticate on of
the heat r ad?‘a%ﬁgnﬂgﬁgﬁa &gE WW@
platforns (for exanple, aircr aft vehi cl es, arnored
vehi cl es, ships, etc.) highly endanger these
transportation nEEFRLD QR THEINYEXION 0 the heat
sensitive homng mssiles, as all these neans are
The préseriteifivdntion Selefes es theffidladt fn@dinBeRbterhs Wbat 408 u@ﬂadgaix@t thermally
rface to air mssiles are by now a conmon 002]
guid Fieﬂéﬁa@é inzenpral. 19¢ rateHresHy 1ol syeieop Aathmagho H@own as Direct IR
wan e d.ped above, jamm ng systens
Co andﬁ%ﬁﬂu@@y& ernojﬁl I me a interfering and disrupting
the homing head fromits target and deflecting it
away fromits path, have also been devel oped and

yet ome i st al PAERGRODIDSE B SR rGRT 10 .,

m ssiles are known and operative. These systens may

[001&einetcoahmﬂn@@@V@OPmeme eygrmaoten kethal a@andcmnhgstmteé homlng heads
) m r kng on a
relyi eO?’l nl{ﬁ%e ;/os 8%] l'ﬂfehﬂ{aql{%olﬁ 10 nugnl?gl?t Hpo atﬁlso&%rh 1%0Y11n% platforms (for
exansple faveeaft, vehiclehermored vbhitay ships, tene) mglleyrmﬂa@egﬂﬁwﬁalsportauon
of a n1SS|Ie being fired, and, as the targets
meaRt{Baar GEROsEL focthe eat sersjiiyecigmipg npissifientas gH thesg @jeappgre inherently
t t
sourfE YA 88 Fitus 10F ol ARAIL RerBEE )T fhr MRS AF flow  common
path. For exanple, flares may be | aunched fromthe
attacked target and may be scattered around the
[002ht Imudspanse dp ghct forgmtibh alndtdwelhyabntenﬁaﬂnatMgém amdttheeats described
conf use'

sbovg gk, e ¢of o R BB ol HERTHEE o QipiRpae the homing

headf fr&i it tEg@r Al OcHechAd Mt aWhly GNP lits Gpata! 1|1é9(/e| £5b bexRHekeloped and
the heat radiated fromthe target engines. 1 WO

improp@l/ 109323 PCT/ | L2004/ 000475 [004] O her exanpl es,
wel I known and recogni zed, are the "directiona
[003} alhisy Jorsgrergis' spmefjammn@mt@ns ostalledran ahataftaagainstigeound to air

mlssﬁe dlg:ﬁrele tc;vxcf)nn grlld opera e Theas Ssygtgr?lls nnsutty tdgt%ctl Q:r?do lir<])cage in real time the

launching of 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.



such as a | aser beamor an intense light that ains to

di srupt the hom ng head operation. Such systens are
wenownog3Di rect | R Count er measur es (herei naf t CT/IL2004/000475

"DIRCM'). [005] DI RCM systens based on aimng a | aser

beam t owards the approaching mssile, are described

inter aliain US patent 5,600,434 of Warmet al., and

[Oojély PR Sl 822%%%%0?%@? ot arcehg “gtrgﬂ‘éwm@@gg systems”,
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t he p fornms' limtations namel pace,
sucle A%/ i daseneanabr awindénse dight Watctiss dol dksyunthhae hxbmingdreaai operatlon Such
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S|Ie and is to uickly aimthe
005N Beierhs tauset o AGnG 33 CRHT O HHcE the o rcbing issile, are
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novi n an l'ocatéd on a platformtha
Browaiet la rThesle%@IM syetensﬂ@bwhetodaynarctshbjec’am rolany d1bze1vmnﬁgwl that may

resui‘;aé ogt Cfnasrg%?xg% g{ﬁe ?p tp&@ t% T %?151% lflrax%ely spatce weight,
and @ﬁtﬁtdr@lﬁﬁi@ﬂtcehdﬁ@ﬂéjd&ﬂa%ﬂ%y th&'BlatfOBY oR SvHic the k@8 is installed. It is to
ptimal for successfully carrying out the designated

be %@@Mﬁi thpb ] syskrgs s foportiraapslis tracktthy mapioaghiag DhRedl, and is to

aly | uir
LR TN R T T —
beam>gan¢1rlmon souede gl moaingpnrl My be loostbd o a piitiong tHat may be neither

vabl e iurre sorrevVn@ée gutside its outer fusela
stea n’t’lh%% r yardspigs LB spsteraris eden meg@at%tva@fgloaf‘éi structure

that |ylea e Q&pﬁ’) rbfﬁolf LENAEAR Y hﬁﬁrqn&&ﬁmﬁ cﬁh&% that may be far

SSI ['es ainmed at t ane
front optimal, fof mccessﬁﬂ]yl cagryimgrout ﬁmldegtgnitedl héssiqmpr oachi ng
mssile, may be subject to disturbances and

[006] O Thiug, Fontgamysieldhteptitihh @ DIRCMRHterafin b pfatR@nech as an airliner, may
|nclud|ng change, of course, shocks, vibrations, etc.

reqUiES HICHIRRE r@@stlﬁﬁsétonﬁ phiRiaineRH berdde Fer pxanmle, sughaiogifications may
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nodu) d 1. th
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known™ t oday may | npl enent so state asers that
changeefi ¢aurse, sbodsavitiratidye, etcarmaleng dble foptimeat trecking enaneuvers rather

i 3 b SR, BV Eqped Sttt b pesegey airerat may

requéi@ @éy@tén@ﬂﬁiﬂislﬁﬁﬁingl pé@kég‘ihgsfkq%&nétﬂg mii iRt de9fiRs ahdi‘ modules, and
such a way th may cause beamintensity and qualit

y
all thigyeigh npnigynp @!traqumxg@zmtbcdw Fapyjog /0oDofi s craft’s original task: flying
safely and efficiently.

[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 mirrors. Naturally, such elements are complex and sensitive to shocks and

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



[008] Thus, there is a need for a DI RCM system t hat
may provi de an easy and convenient installation
weappaaghn3 upon a nyriad of different nobile pkarfiprons900475

e.g. aircraft, tank or ship etc.. Such a system nay
be required to have the capability to exploit [imted
accessi ble and available free spaces in carrying

[008p! ThEiRREe i MVRMEAY &t a EH@@!W%%&%JBMW&SHH& £H(Pconvement
assenblies w th nodul es of ni mal wei ght an

instaflptien approdsd, rpered niyriach dftdifferent mobléa:platfnnsns, 3. gmacteuaft; tank or ship
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availablet fiee a%éd e car@}z{ﬁ% HatfIREMRYSIHVEM SUBY s§#téhb hayPquire dynamic
reQU|re to_be a robust system designed so that its

asseigbligic With anpdiyfesc ohunimad waighttand ylwbpey thet maypbemeeyed g multiple

s SOSN8 R R Rl AL o et

stabilid@D hnd’ Iaecmms&airﬂqngmé niid afissifey S udBIRENL bysedn trh@t further be

E (?VI de Sqqé]léltl ons that help alleviate at |east the

TeqUEPd o R R PRt $YTRER dewaner sp Reat it sbciey ey §9&pi@rpslimited number of
s

mod S AR BR0 B TL b B L BB st A Conciion
i npl ementing a Fiber Laser neans in the DI RCM system
[010] Using a fiber |aser nmeans, according to sone

enbodi nents of t I ' < enabl e

i nproved oper at |m§i&{)§ F’Muﬁ&yt r acki ng and

' ' task. For exa e, the fiber | aser neans
(009}, BXA BFEsn dpveuier v ataty e feptutps et |pé°‘14%%9éwff§wéhaé@§kp alleviate at
least RS %ﬁﬁchlﬁe§ heP@RIih §hP LALd Qnggw sy’ﬂérﬁg' stcuéséd above. Tll;us may be

installed, may facilitates hor e o packagi ng
achieypd tasperdintgotot some @mbctdauelav af thelpresent mwesta; by iimpteneenting a Fiber

t may carry it, may facilitate the
Lase’éla’]eﬁ?tﬁgf?ﬁa]é lg(fr:mt eBf’ptl cal conponents in the |aser
m rou syst em prevent exposure tq optical
WlOﬁ?@ﬁ% el e ICG dCd SO, FTRGTEtS 0] e prgsent invention,
may Rin@biE OfSrovdP \PRBRbA &ﬁ%c‘t’e@ﬁﬁ'&n% thrfick aﬁ&“jg@ﬁﬂﬁff task. For

may require refatively few optical conponents
exampbmpthediber dasex instans guayqprovidbdigh system sffiiewy, whitedfedocing energy

SR TR TIEEC
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one enbodi nent of the present invention
facilifais e adgestmentayofi the loptieal @ownmmmeu Issr heamaroutmgmsstem may
beam and a

preveg iR KPP ar S mA g e R Pa abl (pmthe platforms

moveﬁ%nf@ﬂdhdtﬁﬂsﬁihgsv@lﬁﬁaﬂ@ﬁs £AGhO SR nk ?er Rl gcfew optical components
Gscillator) 3 WD 2004/ 109323 I L2004/ 000475
as compared to existing non-fiber laser systems, and/or may provide a more rigid and stable

optical unit, and less electrical power and cooling requirements, due to the higher efficiency

of the fiber lasers.

[011] In one embodiment of the present invention, the fiber laser means may include a SW
ZBLAN fiber laser means for providing a first wavelength beam; and an LW silica fiber laser

that directly pumps a ZGP (Zinc Germanium Phosphide) OPO (Optical Parametric Oscillator)



array for providing a second wavel ength beam In a

further enbodi nent of the present invention, the
weahouvaoyeat i oned silica fiber punped OPO, is PCT/IL2004/000475

punp- pol ari zation i ndependent. [012] Furthernore,

sonme enbodi nents of the present application describe

additional fiber based |aser neans applicable for the

arraPfRCMoSIERE ) seboid weablRh&h bAmANG Bf furiBef bRBHIRATE DS the present

. generators of a variety of wavel engths. [013] In

inventes, thepbove syatienadsilicadihes penpech@P Py isqwmp-pelptizatianiindependent.
describe a collinear multi- spectral high brightness

[0124 o inctleermorep some cendfodiments of ther prekeam dpplafativasiescribe additional fiber

_radi ation prodyce | s. fiber .| agser a
basefl 56 e AppiEeHiE fon e LEREMEptnTor BRRPIRCTE fof Bod, fber based
geneSAPR of ARAGEHRIALGBVAEndAE pPresent application may .
provide for inplenentation of a plurality of jamm ng

[013PaRfsddiGord REMB ettty of h@%ﬁg%ﬁﬁ ]%gﬁrﬂc)ﬁti&{ describe a collinear multi-

Sequentially to each other. , exanp
spectralddglobrightnask sourbanempysstedons brmbtedredusf lasariradiatiampkoduced by

i,Ng, capability o any single d j anm ng
the O FpEotRaE gt o o Pt oSO OV o Tre
W NGS [ 015] The present invention will be better )
(014, Burhergets, astme pprkadimenly o rthe  presspt r applicetien may provide for

SS9 6 I R Do PR sy

sequentialigtto atahsother. dhangbecainme, D RChMesofst wniti batdadylstei, eimultaneous

i .passenger. ..airliner, car.ding to sol .
ity g B CpR b Fon i Siiele Do CopBRETy my e mepvided
No. 2 is a general illustration of diverse assenblies
that may forma fiber |aser neans, according to sone

enbodi nents of the present invention; [018] Draw ngs
No. 3 to No BRIEF DESGIRIIIGN OF THE ARAINEVES
di fferent packaging configurations of the various
[015F oRfpopresking Tawvenitime avill bechettere undensteodrandaipreecatdd more fully from the
accor di one enbodi.nents

r ot at ab turr.et ans, n 0

folofye el detabptiPh BREL BiroTFbaetn WA PNGES A FHent <
| ock dj ) f i npl t f fiber | .
016§ 311k Nog ieTeBes s SHRCHRIARY M BYHPh Gy 1o & passenger
i ] j : f 3 ral IR
i e R
r AV 1,0p. : AW B0 L £ td

017F; B350 NS PR MNP0y B8 BAPEIBLfn o e
laser mans adésding be sorme emibadimegtsNd theqpresentivefiibh; 109323

PCT/1 L2004/ 000475 [021] Drawings No. 8B - 8D are
[018 B ChRMBhgC Nd.| 8Std a6.06S aff sthéreRicalil@tmanbhy &fPUiffent packaging

generators i
configurations of the various components and means mounted on a movable and rotatable

turret means, according to some embodiments of the present invention;

[019] Drawing No. 7 presents a block diagram of an implemented of fiber laser means thatis .
compatible with a DIRCM system that may enable production of a narrow multi-spectral IR

jamming beam; according to some embodiments of the present invention;

[020] Drawing No. 8A is a schematic illustration of assemblies making up the fiber laser

means described in drawing No. 7;



to the injection diodes described in reference to

drawi ng No. 8A, nanely - fiber laser, solid state
woasemriogag mcro-|laser, according to sone enmbodCTENI084/000475

of the present invention; [022] Drawing No. 9 is a

conceptual diagramillustrating one exanple of a

conbi ner applicable for corrbi ni ng the output beans of

[OZILC fv{gfqﬁsgle)a‘Bc‘lg ﬁ@e agr?[%%}g ﬁusgﬁa!n?}ﬁse tgtﬁ%eggait{:r?naﬁeg %ulSe generators
to thb jeeddrodioddsOiksrifadaw rB@réﬂ@e td Aravin@ N&. 3QL, aBefy afiber laser, solid
unp- pol ari zati on dependent OPO suitable to be

state éﬁ\%@ltd gricseriased agdording tq sazes emberimenis of Bdressatinyention;
Drawi ngs No. 7 and 8; according to some enbodi nments
[022bf Draveng rI‘é@eﬂtIS i m@emepbnl digzath iDpsivitingsomo exarple af4a combiner

aep! e forRaRmiasdRe SbIonrER & e Mhef HER POt isaGioalin dgowings 7

and §, lab&frdingfi@ﬁoﬁéetﬁB&cﬁhieﬁ@d)f ifie fPeet RYEntidde. 7 and 8,
accor di ng to sonme enbodi ments of the present

I nZ
[023]I ﬂ%ﬁd%h% No. Egg'ré‘nadt\ﬁ%ﬁgl ffggtﬁ{&lkano?ﬂgaﬁé}g Sgﬁséﬁg @POZ&KHkable to be

dtrecapjg;mnmed (mtl‘oa fiberelagarrmy dgsatibep adrawinigaNoo T dndt &yeerording to some

ol.ari zatian state differently; [025] Draw ng No.
emboémggt@ f@’&t?é‘??ﬁ’t“i Iéi’Br am of wavel ength conver si on

| enent cing the desired velen
[0241323%%89 ?1?% ] inep{éﬁbaa ﬂ%ﬂtaglsogiemﬁe%r%g ' pinip-polarization
mdeﬂeﬁ&@rﬁt@m suith912 64 bPURVEROpNRpedRith adibef [a%eldésa&rsé‘ﬂ?ﬁed in Drawings

each depicting schemati ¢ des gns of additional
No. bagky etca@rdmgrte amse appbdinzptscofithe preserDirRENtig. sEaehqdemgn converts a

accordin to nbodl s of the r nt .
rend T i S Sty i fenehe S pulie aBfuption of the pump and
phas@i@dm)ln%e@{feeﬁ clth f)élaﬁm% fsﬁtlte eRfngp oI ner for
producing a multi-spectral source, according to sone
[OZSE nBRAE NoS 18fis Lhehaheseliag taﬂY 8P taBten, dgth%ﬁllerjsiton‘%ﬂﬂlemented for
preC| ated that for S|n'p Icity and clarity of
produdihg e dasitedrwaveleagthns accetdivgtoi snmetehémdnmutmgfsthh avesemtgtvention;
necessarily been drawn to scale. For exanple, the

[026di ]mmajtg)Ne bf - 3bae diggramhbeachl depieihg schrynabie dexipagef aldéibnal fiber
Furt her

ative to gther elenents for clarit
basec{:tefﬁ%r IBE?I’écPPHBiﬁbZ“p e DRV 7 etae atroRing 3 SORRg eH@ngents of the

preseﬁ?ﬁ%@ﬁtﬁﬁ gippng the drawings to indicate corresponding
or anal ogous el enents throughout the serial views. 5

0271 DAY #?%E% &QT%%%&%/&%% 2of %H@l g%cgglls%yo%iner for

produpiigseniuéitispeotrelnshtoe, aserdiig mrsdnre&lmboﬂknéﬂts ofthe pessatittinvention.
to make and use the invention as provided in the

[028]C AR el be @pprciafdtthattbakinglielty @ad cRKitasHiliukiation, elements shown in

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.



requi rements. Various nodifications to the described

enbodi nents will be apparent to those wth skill in
woOher4a09323and t he general principles defined heCeimonayoo47s

be applied to other enbodi nents. Therefore, the

present invention is not intended to be [imted to the

particul ar enbodi nents shown and described, but is to

be accorded the wi dest scope consistent with the

princi pl es and novel features herein disclosed. In

ot her inst [l-kn met hods rocedures, and

comonents%ﬁéﬁﬁ@éﬁﬁggg@ﬁv&ﬁffm NTEINas not

éo biﬁﬂre the present invention. [030] The phrase
(02917 The o opeing, deeeiptione sspreassticdoo ezmb & bf osdinargesttill in the art to
malResl fse ?%yln(fgﬂtﬁ‘)ﬁ 4s0 romr{i M $nd %ﬁ 19 Les ac{]u?q;rqpé)hcatlon and its

syst ens r counteri cks 0O

reqmsedtso Nanbosr moébf&m:i)d)rs toltht Basseibed emb&ﬁhféﬂts%u hipaint to those
For. exanple, a

ed R ed tec nol0|es
Wlﬂb g&\)‘ %‘Fn m&ﬁi‘@r 8?%& tFnsiRles datiradi herpms mey henepplied to other
embBiRSDR. THANGHL] @R pré'@ﬂt bedtlohSs o EirRé ed i %E thn?l{e&i o the particular

visible [aser technol ogies, or other e enen
em @d]@@ﬁ&)ﬁ@@ﬂm&e&péxdlms todesdcdexsled Blef Widlegttscoe cc[n@ﬁﬂeht with the
Dr aw ng

prmB g tal} a{elgl a% qrrﬁl%etrelgt qllgﬂg%wfin %1 thqfamq@pc% well-known methods,

procedigtglahi BImPodnitLhdve bt bR s CReRtiL Ul 5 Y
(DI RCM s) sgst em10 in a platform tﬁ ?ngtﬁﬁtto obscurethepresent
invepldony passenger airliner 20, according to some
enbodi nents of the present invention. [032] System 10

[030fraFhe physss SRire (B ciduoter Mihbares har HIREMBANS R36d hdei, may refer to
means serve to detect

Vanoqgtt% gii.;nﬂg 1eggagllg%§ sy%sm@i %ﬂﬁqltgnngﬁ Kp g8 ngg)llleﬁ)&qtfqﬁné thased on, for

exan@AESIR biked BcHdIdRAs, bt Aot"BRibE 1P ﬁﬁtﬁa%d'”tecﬁﬂcgloﬁ?égr@dr example, a
assenger aircraft 20. Detection and
DIRG%‘E%@%W%@&% tp soge nmbadm@twm‘}thc pgpsaﬁ mvdnhoe,aheyl utilize visible

light ?Téal; pfé%b”% llé’s%f‘ %ﬁ Ihnol%ﬁ%ﬁn oL 0 } @l} " d]l%ggg&lggr}etlg tspectrum

es the ca
besides IR eddistiorof approach of the nmissile to the aircraft,
optionally in real tinme. [033] Detection and warning

[031]"eRefsredide (BRYOW HAldBEDAWIMERS! 1. pBEatwﬁ"l% B, 18 itﬁt@s an 111ustrat10n of
V\arnlg)g Systen (MAB), as is known oapro essl ona

the maner ©f inalling aaD@rect rxé'lya&eé re@intdr NdeAdiRest SR CME’sYWSystem 10 in a
1 L2004/ 000475 ased on _usj ng
oGP P88 E5TL LR0ILORATS ) Ao U85 STl o e
presehypﬁsntmr any corrbl nation of sensors fromthese
types. [034] In addition, system 10 rmay conprise

[032]aCSjkétezh 10ORayBaRBridtOdetdMon A SvAch B3 MEARS30. The detection and/or
warning means may serve to detect airborne vessels, 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 warning means 30 may include 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



serve for sensing and detecting mssile 35 in

accordance with the data given by the detection and
woaonkimgs2eeans 30. The data received from acquPeTALIN/000475

means 40 nay enable the system to calculate the

updat ed position of the approaching mssile 35,

optionally in real tinme. [035] Any professional
mighKbé baddidh Jsiify MrfondQblstrsU GHAr SUAROL aﬁhcﬁé IR, or radar types, or any

acqui sition means 40 m ght be based on explofting a
confiyRtign wif sensofs(Bsh these fpenr dance with the present

invention, a |laser neans 50 may be a fiber |aser type,

[034]s Ideslditione dydieh oM }miay feotrpiigs emgllisitim Eili?m'; 9. ﬂheb Ianuisi’cion means
Laser neans enpl Qy. ngon-vi si bl e an r visible )
Serwe?fémenéwgra@g Jefestins iR g0 apRAIKE Mitheths dptaciesrebit the detection

t . t . o]
nd PR e 0] L B rE RicRTRR 2R T A Uhabe the system
to calnblotti thenpdatal posion dfdlsesppreaching noistiki e optienallyrin edal time.

and the wavel ength converted may be on or in the

[035]urAsst professional fldled b i aremiosld oideraind1iiae tied adRiliiton means 40
means. 50, or .ot her conbi nati ons of elenents,

. of | ase X
mig lgﬁli?ée‘i)i?ﬁ* sxRigiting@nd R dpVIc§-037] 1 n addition to the
conponents descri bed above, system 10 may conprise a
[036fpvmlgpeordange rvigth B nreent inggntios, ailasstimenas &0 maythech fber laser type,

r [ Thi r . y oupled with -
o eRAMEA B81ovy WA ALGEL (TRRNEAE TRy  Pi™ RUBA ety pon-visol
and/69 visiplalight éfeegyaIRpEaateund F0thssidcRide 38 dl@@dnts that may be utilized to

est abl i shi a_line of sight with the m ssile. '

Th

genciae/1apeh Encigy and rrareicthe fascrensederiaaet it An other elpaélafiwnts a pump
o e . |
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Beam. One embodiment of a feasible configuration of a fiber laser that is capable to generate
a suitable narrow multi-spectral IR beam is described below, when referring to the details of

Drawings numbers 7 and 8.



[ 040] The usage of fiber |aser neans nmay enable
positioning of |aser generator assenbly 52 (described
woeb@wpoaza one or nore | ocations, while routingCrmeE2004/000475
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[043] In other embodiments ofs t%e present mventlon all or part of the components of the

DIRCM system may be implemented within a single unit, 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.



beam This will be el aborated upon bel ow when
referring to the details of Drawi ngs nunbers 7 and 8.
wPQd@l0%32ber | aser means 210 may i ncl ude a | aseCT/IL2004/000475

generator 220, which may include an electro-optic
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[O45f‘ngf el LB TBAN Sxamble &fitd RAsiBlel éRlputaBiSRIOf a fiber laser means that

npl enmentati on may ‘enable the freedom of positioning
genetatiss, i senordpmne mathoan embsdigent b tifer prssenbinyaytion, a apulti-spectral IR

v 56 STEFPSRT bS8 AP (e b B AR s oo

7and@ and that may require an area of approxi mately 450
nm squared, then any professional skilled in the art

[O46¥\ggilbgr fReY E{'S‘ehl?st Qlil?ﬁa{y fhcpitRSt Akt 3bndhib'\008! PO abi@clude an

urrenments Is thus achieved, particularly fromthe
electpobptic aberblgwitf oncher maruitsr taser devidengs Wl anelaetramgicomponents

essential . stabi)ijzation aspect di th 'S
oo e s o £ TR S OPL L e M Shpion s
| ' ifid bitkiee t5d Rk anevi (S
b ioh LRl 87 gesBfach i faboners e o

. g . .
compdneat 60 phiRewing Noe Ineahstypisel faseit Eensratple PR oEAmBlseiyght weigh

r.ovi de nerator 220, | art i Jdnt
comnBERA A it SRORECH PP TS5 ghAPHRAAY it e, en
any Bro7esiongl bfifed ¥ ttBENaO wenfupsradihie ®aekgyubbaatasalidvidtien of the
mai ntai ning the high qualijt of the | aser bea

Such .
requismens igyupRebier AU AP thy oSt VipY didfe AR tracking
th A i . f . m .
P g M Ak i O fins
047, SRR S50 OS50 o o

flexiBRVESRs NSOIUAE SRR Sising Tl iopticd he tiremdad for euntny thehiaser energy
adjusting and directing the_ b which is furt

... beam.. er .
providep & eandygtor R0, dmpenisibe icaprbility 4o feliveg thercamayre raher ong distances
-1 Systeni. i.b L.on, ' i . . .
w0, Moot Ao SRRl b PRSG) bl bt e ioh s
of thetades bedR. 1$ayh hnehede presenmtion bagbilitnit nG4@resdnt mibed theoenergy is

the fiber array 230, Laser head unit, 240 conprise .
routeg] ViaweBHEY B (B0 CPATERTS ot o5 PRt dgients daqai of e inherent
losse%:}lﬁ:ealclrf‘1 I%%\gl%%ﬁ iaitng%gfioﬁbeﬁﬁfdégd.tln %ﬁ@i‘cﬁ%}’ sR® 2148 mirror system

I mensions and |ightweight. A o
impdsyphavate reipliemmdnis mgatdérgithe meededi agburagieivhen adjubting angl directing the

approxi.mately .1.5 Kk d jts packaaqi equy e oibuatd
beany.oWBICh e Ry o by i At Rt g thy Gfstcho’s vibration,
shocﬁxﬁpgirﬁculgte&%ﬁﬁ%ﬂﬁykﬂir&%nmmen&isdes are just 150 X

150 100 mm Laser head unit 240 may be i ncl uded

s 0P 11 S ApoPE LB gl sy 20
Laser head unit 240 may comprise a wavelength converter and an optical sub 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 its 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.



[049] Therefore, with such characteristics as
descri bed above, any professional skilled in the art
worudogpr eci ate, that for inplenmentati ons sSueOTAB2004/000475
described in the present invention, a fiber type
| aser may provide inherent advantages in conparison to
the solid state laser, including higher efficiency (a
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in thefsysthe'spoesahrdnitvente mnordenyo gbneldsdsidérabler osesherey, thereby,
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.gonbi,ne ot her epbodi,
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thernOIFtHuRRE il Kot@h BIBRLSoERY be used. [052] Fi ber

| aser nmeans 210 may include“one or nore fiber types,
05171 5bhatdi0g a0 q Ve' s Ch eni de fiber.
'[ ] See: W cl%fgaﬁc%&ve. ng;c% 5%& lﬁ%{qﬁxgg}ts @glntg‘?aﬁr?sp?&f )1r_1vepﬁon, may
includst fiber-bastd dombiness. Fboth&lyerabatlinknBrbulopien@aisYy BE usteth further
3-5um radiation directly

f,or generating, f exanp| e,
embog Rt ¢ CaRDEAen §{CibsT CRBPRRisTEd Uk slomeRaayts used
Drawings No. 3 to No. 6. These Draw ngs present, by
[052] ¥ipes Toser ancsen 2inay inglade Bne @F ware dibpatsipasyi inguding, for example,

J | vall ans th Y., DE
CorAFRRTS PR Boor ) b BiPuH b B BT e Srarahpad. 1n
other ¢gmbodiorntiTy Pyt adémrrr dopings g Heisedfor (8RerpiRS €& example, 3-5um
diai AV ntﬂon..‘h%054 ﬁﬁy professional skilled in the art
ra Ropdi bt P%ﬂﬁ‘!}o at the turret means required for
tﬁ%ie system nanely a novable turret that may al so be
[053] gecf?ré@' i§thayy made ko deawingg Nip.rkéa Nond, ThesstDrawangsdgresent, by

meand/&f ¥ sd@sk; . urate ailping.to the
P Sé acﬁlltd r%g ?Erﬁﬂéig I%ifvg?s% R‘%ﬂ(églr?gscoan%cgura%ons 8 e Variods 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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10 WO 2004/ 109323 PCT/ 1 L2004/ 000475 gi nbal ed turret
woul d provide the required characteristics as those
wager/i0ys28bser vati on and surveill ance syst ensPCDaL2004/000475
with much hi gher dynamics. As a general rule, reducing
the weight and the volune of the conponents that are
mounted on the rotatable part of the turret greatly

simtpfid NG provit b e sPERe RGP e Ring uany i oBsérvation and
survéiflafesh#bmng, &R%&M&ﬁ&i gh&&%aimcm aagé)ﬁeﬁ[ afieseiwnad the weight
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present invention, it is feasible to position the

[05 5]" eHEﬁd‘éS Enyaﬁﬁ)f@éiohhleﬁlldaqwth@ﬁrt itsild Qﬁﬁém%%‘@ suggefd use of fiber
| aser generator, outside the rotatab

optlce @mbod@dnn die syh@mt mpl@nenﬁ@hmgcawdamﬂe\ﬁlﬂaﬂw@rea@@f gprfion, namely

r om wher e L bl
emplf’?”élﬁff erq r“biy Pg & %’?g‘ﬁ?hgng%fstg? 5?’ 0 rmtlgwar(gdamce with the
presenb (fmfetiﬁéletlt @sﬂﬁailhle tb a9 sitiol @acheaviestimdbiilkiesopart bb&]l‘eﬂhser means,
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e f |
oo g s W Qe 2B BULSS T LR S S v

genefafdr tonedels thé neadt anﬂ @&ﬂ]as@ﬁadl &jeoart armyfdfgﬁlrem)j Radweing the weight
turret nmeans 310 is presented in Thi s

and ragﬁm&n@g ﬁlec%%ﬁ ¢ighe sovER dements ams?@gwdﬁgh%wvw%%@em may
also pﬂ%t 1 %relcé@%%r.eﬁ?%%% $ydeOsthedt Meahd Shat frhé‘}ﬁ‘ge hidden while the

ase I'n accordance wth t
platferanfsirgptinaddrdireata | aser head unit 330, which |s I|nked
to a fiber array (not illustrated), may be |ocated at
[056} h@n@ﬂ@o’uﬁ coaBguraznh of turfee means 610 GO preQBnte@tllll (Ihhwmg No. 3. This

rror . means 350 may be nounted o theﬁ fa 3
depwés)ﬁﬁmatw%ﬁp@rﬁ@dtwﬁaéme@a% ergp g fplpoated at the

ﬁxed&%ﬁg@sgg% ation of laser beam 360 towards a main
rraor neans 370, |ocated on the rotatable conponent

[057@51%0%%:96&%:\5/&@)&11? l?rﬁf%faglo{l,tng ?aﬁé e{aﬁ%ix%t'\%'onwﬂlcﬁlrlg finked to a fiber

consti i"cal openi
array38at illoktrated) vy e leuatedt 40 ¢hd sty bdse anod bﬁv}artdﬁeﬁfiﬁe An optlcal mirror

meargeAp0 i b ThSHETIOBI e EPRGIC SAPRERTR: S oF R Mgk fptial miror 350
may gggb Canie R wagé%eﬁﬁ{pﬁ@ {oR8r B RalP it APMBark OO NRREed on the

may serve t acqui si tion function of the
rotatzsm«stoempbnmtt (e its| bthet amsascBSéxaﬁTﬁieeumdnaB@m omirfetRneans 370 may

caner.a 390 58 di t.i.qnal t ,co rati,o
consGh B Bt opticel onging Beo Tclh dnaye e e BedBRh ' SRards the
approaching missile. The other optical opening 384, may be set parallel to and adjacent to the
first optical opening 382, upon the same rotatable component 380, and may serve the

acquisition function of the system (in the illustrated example — based on 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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No. 4. This |ayout presents a joint optical opening

configuration, wherein both the |aser head and the
waequiesdBon neans nmay be | ocated at the fixedp(SaBEI0DL)00475

base of the turret. 11 WD 2004/ 109323

PCT/ 1 L2004/ 000475 [059] In accordance with this

configuration, the follow ng are | ocated upon the
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exam?[ét ligBbp ticﬁpﬁxg‘{gte@%i?e ﬁ‘&lﬁfh’irfe@rlﬁ %drlﬂg'lhﬁe (du‘éﬁtak) ffeﬁtem Whergas the laser

circular) ern whereas the laser beam4 ma
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dazzli ng 60] Yet anot her exanpl e of possible | ayout

[060%0‘?&' a‘ﬂg{h@} b}?ﬂnﬂg of Fﬁsrsﬁﬂe I efconfifuiafioR bE BRI &fband MO is presented

his exanple, I't is a configuration
in DrafvirgelNar Atle tkmptaxalapleo panncgaiigwatian of sepatate oniwal epamings wherein
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both A et Hgod B AR 1 PrigSg Oy BlomFaaa o1 o ik Fopopgnt of the
tare th this configuration, the fibers array 530 may
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S@fe€ D@y 430 Mm@ %@%@ from th
1061 F08) PRkl S B S BicCABers By L 0 Moy 026 from the
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compR S350 558 B P A5 At 55 e o

the fiBERWa B 1R8d IERAS the 18sek BEarh hithd ﬁl@tt&‘ﬂet%@diﬁﬁ lafd antoWR laser’s head
canera 570, may are also be nounted on the rotatable

means P oheqvisieomsans, rethe ilfustrated skamplsy: HilRecapparn 5T Seay age also be
Q, 21 T
o5y B BRGSO A5 L A B s 50

[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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array 530 may route the | aser beam (one or nore)
emanating fromit all the way to the turret neans
wo62004/109833] One possi bl e approach to expl oit tRET/IL2004/000475
i nherent flexibility provided by the fibers in order
to overcone the relative notion taking place between
the sub assenblies of the turret neans 12 WO
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dr . .
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rot at abl e conponent 660. [065] Reference is now nmade

065, SRTY i, FYDR RO S DEBRIATE Sy, o

blockt diagramdyveefafiieabdser fooansiHiOrthatimayl Bnentabkt fonbeihf émplemented in
system accordin 0 enbodi.nent s of. t he,

the CRRES s5%Piny Ghitoe Do GOt guaty oi Fmbister] ksiiign, © cnabl

genelﬁﬁ.'d)ﬂ bﬁ‘ a?'ﬂﬁ‘r&v{} #ulth g%écﬁqmw GnBRRABTLESE 720 nInt ﬂl@ 11'1L'|s|t1’el§Hre§51?1916 beam
exa beam enanate froma f | aser

720 maamm@from a ﬁb@r lnwy ngEans sourert élaamamhn&txteueaﬂglegb @VRIRgE POWeT,

. i.gh, bri ness wavel engf h .sour & t.he

bigh rffiodis, AB BT SRR To0Mhl) ot gifiaUEy bapm 720 may be

compBbHdS(ﬁCh F@l@écﬁiald%ohfﬁémn?ﬂﬁ inD forf Xl %ﬁh@l aband al plﬁlﬂﬁ radiation
sed radiation 716 _ in, for exanple, band

716 lmfpr;%@mp bantaVi Any Heofgssiongbin eyt évoslﬂ%ﬁadqrﬂamd ﬂ}@é the beam
m1ghtb§9 %mﬁ%s%ﬁ' of t<J.l?ffé:r8 %e‘i’en%{ths? !r[]r( %ﬁ%ﬁar’ t%})%@ﬁ&'?ﬁ intfe art would

any pr of essi on

undemaﬁ&ﬁlidt&ﬂﬂdsi hal, dpdr¥scdn, bd bperatad jdiMly dnddpendtliyadresdquentially to
0|ntlg |ndependently or s quenglally to each other
each pthet Thus, T eARIRIC inna gageaglea sfuah bauh Sy e siggpliapeus dual band

Jammd SHpERNEOHS Y Yol PBRY jamming capability may be enabled.

[066] In addition, any professional in the art would appreciate that a DIRCM system in
accordance with the present invention may utilize multi 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 unit 240) may integrate the two
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jamm ng capability or any single band janm ng

capability may be enabled. [066] In addition, any
wonofsassizenal in the art woul d appreci at e t hat paT/DLRREM00475

systemin accordance with the present invention may

utilize nmulti band capabilities and therefore provide

for simultaneous nmulti band jamm ng capability or any

beants {5 G B Boaabey dolincabiblth S EBRe i imay Beript R gittancously

along e sa¥RMHhAp atmbzgve where Drawing No. 2 is referred
to, the Iaser head unit 240) nmay integrate the two 13

[06 8!&1%@1% ‘%ﬁ&s@&%ﬁ%x%ﬁg el R QR E%Ztﬁ) REATR b3 H%g denerated using

econes col I Tnear.” Both wavel engths may
a sharhivatrdengh ABLAN denisd that @&|fibeg lastromesy 40 Bins tatohis aZiber laser that

may %)%Gr%s?ci] r(])Bté’l?}g‘eli(gT:)f.‘g’;é 17 at fg‘ghgi(%\’ggﬁe% &Pﬂﬂ lg)gr i ac(;jleI ggpla&hty in the
broa%x&i @aeﬁan%ﬁl\dnéawtﬁg nhib@burh SubdtiRE of B%lﬁf means 740.

This i'temis a fiber laser that my be sed on an

[O69L e’fﬁ% 'c{t;mpgﬁe?l? of ‘tﬁl% wls oagﬂgﬂ*@gdoegiﬁ i B VWH?AE“ e BHefated using a

I'n the spectrum
ﬁberalaisﬂnplahpenb Z@Pnidenice qa@nthat iledudds 4 ifihet JaseO@8yicTHES of the long

warEHHRE A £ 8PS pBpl Rk 8Bl Ame Ottty feBiphide (ZGP)
Opnc?a'i%ra&ﬁk%ﬁc DBG1IAIEEORDY 737that @aﬁ-éctgasaugl%ﬂéﬁ of he

long wavel ength silica fiber |aser type and a

[070&!&5% B sstoniBiidhiedd f{ﬁe fm& P@)é’%?&ipﬁlaﬂﬁslﬁgzﬁﬁ%)zcrp OPO imparts

arametric a or 757 tha
high donearsiby efﬁmmicy dhat cma}fc be {@d0Dr Javy eqergy pulsésoarall has leixbéliedt thermal

TSR MR e RGO T

embdBfnehOVWEPEREY sPEtSE DRMbchas 1t§X1‘ﬁ§h| SMinepamB! good thermal and
properties that enable use wth &p average power. |t

mechsiinal propeios,hed nelatiely high damage thyeshoblc i @ther nonlinear crystals may be

usedh%&er ﬁggpmgsgﬁﬁldeggg}d‘iﬁhem y %ﬁ %?]gg%aﬁgwlptéliﬁemd% periodically poled

lithivdh QRDatd @ FantABR tha iy Velopddiwith fhapR@amt bxids ldelitthe stiochiometric
O her nonlinear crystals nay be wused: silver gallium

forms silveen tiegallaGEAIS)opei cal |y patterned gallium arseni de,
periodically poled |Iithiumniobate or tantalate that
[071 hreRefoeende e chom madna@n&amgoNbdéAorA:i witedeabove, Drawing No. 8A

const5 ‘Eﬁ%fahl n@%‘r@%@gtq or%& Ly i ttﬁ'ﬁ?(g%!llﬂé 2 bAGizgsbgéitegns 710 that is
desclibdeft BW@%]NBT AhEeINghe BBIAGD Fiskr labkr @fcads 40 @BRIpbeents and the
sketch of the assenblles maki ng up the fiber |aser

silicarigleg daspy pumpprsk ZGB OB 420.i bed in Drawing No. 7, nanely
the ZBLAN fiber |aser neans 740 conponents and t he

[072i The ZBLiAN fibbakesr meanseti0zery ORMidesDsingle 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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[072] The ZBLAN fiber |aser nmeans 740 may include a

single fiber laser without a diode injection, which
woayo4nesaredul at ed by the punp di odes. Such a f POEML2004/000475

means may be inplemented using Tnm Ho: ZBLAN. [073] In

ot her enbodi nents the ZBLAN fiber |aser nmeans 740 may

include an injection diode 810 that is positioned at

e a fiber 820 i C r ' .
74 s ogint B % Bl BT o TP B 08 ol Rombins
830 188 bé Beured Slefn%;)aehi T hewptbwBpalLii gt ifiber 8391d wittsfirst pumped diode
wavel ength. 14 2%04/ 109323 PCT/1L2004/ 000475 [074]
840. The fiber 820 may be attached to the first beam
conbi ner 830. First beam conbiner 830 nmay be coupl ed
[075} Kisitrhgam bomhinpo®dd mampedude epltimafipgleg35831 wf the input of the

firs unped di od 0. Fi.rst hea iner :
comiids” B JHGLe HORCRE: RGP B3 o PRI Bh i i the high
powes QiRipBe lighPEbaR §350dBichoR atdr\833ahgnedhbiBa Zhembantyeand route them
ositioned at the inlet fromthe hi power p

h d
throukh glowbie] diedt Bb@slens ehio ZBLAN AewblgsEdniler dohibi AELANedouble clad

e 380 T AR S 0 Qi 30 B g comier
860 dndlenstBols tR)adind @areanect between the first beam
conbi ner 830 and a second beam conbi ner 860 and

[076T O82bhd BERS cbRBinkASEMEafBE @bhdcted Wd#R] hife power Paaptight fiber 865
conbi ner 860 may be connhected using hi gh power

to setdnghpunip dinde 856 Seconrkbesm cprubiper masm@lwaé@%enpﬁl@érﬁber lens
nbj 0 may. le ¢l i
so1 SORPYBEF o8 Pty AP BBl L REhEN020A be tocate

e
at thdinpliefbinvidgle pewernburSfed lighy fiber B6f: aDéddroiatmitoe 865 maty combine the
from hi gh power pumi)ed Iight fiﬁg{) 865, D chroi,c g
beamygiapgl gpute gemip QSR8 36fdo op@ahiber . AT Weidsn g trgusport fiber
gg0, out put | ens 864 to output fiber or, in other words, to
“transport fiber 880. [077] Transport fiber 880 nay

nect t S&EL0N m ' t [ Ol 11
077 SB5 e B GE0R DGR S5 o P8R0 timator 390
Pulsedi WSS htish ®9¢ ,in Hand Vewhicl veratigiussetirabove, andy verily @manate from
890. ﬁ{)078] The specific ZBLAN fiber | aser neans that

collihgtoy f9Qstrated as the exanple in the draw ng, may
i ncl ude two beam conbi ner assenbli es 3830 and 860,

[078} eBipespdoifet YIBLAN afiberelpser bacasnihet dedllustiated anéheopxample in the
t hem separ at el W t h ' : do 8/ .

drawing, R 1?@8?3 ?w%ﬁgc/am OB agéegl%%%s %@Q) Ay 80%, Qespectlvely), that may

be connected, each one of them separately, with pump diodes 840 and 870, respectively. Any

professional in this field would understand, that in accordance with the required power,

ZBLAN fiber laser 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 OPO. Any professional skill in the art
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professional in this field would understand, that in
accordance with the required power, ZBLAN fiber |aser

worengioy®ay be conposed of a | arger nunber of ceabIm®DE000475
in series (than there are in the illustrated
arrangenment). [079] The silica fiber |aser punped ZGP
OPO 750 may include a | ong wavel ength silica fiber

woulSPERERSUESolf 5, 20b. 080 SRS bl B e sce 00

geneplirpequifeqR0drizad light, sttacidihn dibehsrap ot exaystok be, and directly pumping of

Stingui shing.this.described exanple, is the fact. .
an OP 3 CHlseilied 45, SvRSTuje gcRaen RBGe e muleiRg sitns eenerally
smal L Gs dFROQemBotimRhR R 8 HolhBbd lit!rhay BE ddeg. art 15 WO
2004/ 109323 PCT/ 1 L2004/ 000475 \vwoul d appreci ate the
i & ' f FEN £
031 56 SRR By Al M HOHE SIS i oo e
915, wichhmeh er ndyerot waytaor a fibgr Biogg lpeatingn Dicker @t dnd fiber 915 may set

i f . OPO | sed fi whi i
e BRSO, 4B o e CBR e 05 413 S g f By b 0o
first BdER domBiRerSIVUE FREMRENBRRbMA9D0 Rk dkicsRtbctdddBla gy B8de 925 via
used. [081] Silica fiber |aser 75 mag i ncl ude "an
¢

a high ppwer punped lighs fbe093(h 4 silier dubteeddadBberdP3q, vhisbramdu®s the laser

. I ch nma t contain a. fiber Bra at i
signafPiillodRly 910, o SamleBioody 't ffst B ot 98 foute second
beantidhih@ 940286t oRl Ibsfn \W8MBINeNI (may b 6niRERditd a pufd diBde 945 via a

. be connected to a first beam conbiner 920. First beam
high pewey prerpegdighingipen@S(: dha betm gombingryAtang Ydemapproyids a method

. . Cahtofi ' e q
of pilyth hepE Gy BHIRES Wl oIRGB o B S8 BB fber 955
may gﬂmd theelﬂnbbabyto&?a@dsam diiﬂllﬁaanﬂmmlbigéxez&b Miédtbealecdmbiaér 960 may be
eam conbi ner 920 _to the secon eam_caonbi ner 940.
conn ‘?fg]fﬁ’cﬁ Baapiodafon e ohigh payrenpuppgiieht é’ggf 87%, A sikiga double clad
i 945 vi ' | g ' i
s 37908000 ot 505050 MR8 okl bl ISt b o
960 tof thp uopith detinecdralsieer 28| THei brand 86mbinkets 96(k ahd H80 may provide a

et 3F BRAEGRALET ApTT BoRih St ctoBa o 3 Sy beam

combuRY806hay? B0 cOBYecRA to%ﬁﬂ?ﬁ?ﬂﬁﬂet%S iR U Rl heRer BﬁﬁFéeﬂ Rght fiber

a hi gh power punped | i ber 970. A silica doub

990. 4l tzahspdiit fiber Y¥5maymowh thepleasctowasdst dneowpeicnodiithaier P93, and thence
i.fd inter connects the third beam conbi ner 960
toth"ta%afﬁ@ﬁﬂ-th beam conmbi ner 980. The beam conbi ners
960 and 980 ovi de t hod .of, punpi n he | aser,. ;
(08215 b kg asgomoly; 5 Ak pperat e sduedo@i e @Y alidfe pimp diodes in

the SFOIAL NRLEMY.GPO NN nRSnIEBY RE&nAMNeRd Eedt®nitsPi¥Bmbly. An
Iode 985 °via a high power punped light fiber 990. A

electrionizm sgpemblyf 9Pemap oentrrd gherapatation lof thsewimole systends an
out put collimtor 993, and thence
[083] The specific silica fiber laser means that are illustrated in the drawing may include

four beam combiners assemblies that are interconnected, each 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

combiner - pump diode pairs connected in series, or alternatively, of only a single pair.
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to the ZGP OPO 757. [082] A cooling assenbly 995 may
performthe required cooling of all the punp diodes in
woOherssiyszem fi bers, ZGP, and/ or mechani cal assemni2004/000475

and el ectronics assenbly. An electronics assenbly 997

may control the operation of the whole system [083]

The specific silica fiber [aser nmeans that are

i | ' r d 810 in
e e e b
Drawitg BAa foreggegitingethpumwer diubate neddsd for pﬁlapsﬁhg nudvelength converter.

skilled . in the art in this fie rstand

SUChtHHS‘fUOIH Jiodes sy chrriter %WHSlY%%“41 %f&t?rfr {é) turey g
silica fiber |aser neans,  m ght be c%pp of a Ifabrﬁgsfr lid
[085Th iFes otber optersi everently sxish Q) BERFEAD DUIES-c oRFE GFRd HQFT 1aser, sou

e 58, PN o g S sl

pumi heserlyesk ameelgzm-swm;hadanm:mvdyIoaa@rveﬂmmedc-ﬂ@kedl| ode
910 and 810 in Drawi ng 8A, for generating the power
[086 P Uk B neeRAGSY nade UBTDrahéng/ive BBN gD tawdng 8Br shems anSueimple of an

I nj ection di odes nmay_be either ex si ve  and/ or
act1v¢l@JQran¢}§éltﬁheé Iast;w)éllla’qq;,f&éég E}g)ﬁ ep gqngmtﬁ% short pulses.

The ca)\S glﬁ@ fﬂ%? Q&{I%e a ?fﬂe?%?agg@%ﬁnQF@@) §130PWhicA 384y, serve as one end

aser m cro-laser. Pul se | asers
mlrrdi‘&md&eleme rthd evapelesgh. ki@herﬁR@lxaBﬁ) mapyt brecdrameeted to thepQ-switch 8140

passively or actjv wi t ched act.i
via agher $L10, ROUEChOUHB A eR T REPas e AOuliGiy eligs fmcavity 8120
8@ dzﬁ @#urable absorb
to Ca%ea%(ﬂlﬁlg%/“%ss‘%ﬁihc eg%fgg&%&%ﬁ@ S%E:bllfe%ﬁat or léll thzft © DSOS
elecumqptmmaﬂnabt acofstigeptc awitnl Jhdhe vpmlds@fsﬁbemrélcé,amﬁtvy devices,
refer{/#}- o aﬁggplteglg{tg gr%gélulgwgse Spd/o of GI&%EI%I E&%t §F}3i tegrated optical
compRR¥Rs %Bgzt Rihidkh @idHae &ib3RateB)Q- bwaosmmagzl bbcatﬁahlﬁbd to a fiber 8160
Qswtch 8140 via a fiber 8150. Q switch 814
Whlch may\m.tey bgamp:@gﬁmw |831 Ton5d lprq;@cgglyt c}f-écqﬂgfgs\aqﬂﬁ r@ggc;p@eyto drawing No.

| sin 8140
8A. ﬁi‘g h]r%llngg %flg(glrﬂ%y %’5 g%\ ur a%?ee g}%sg r &ﬁnﬂﬁeﬁ%ﬁ‘% In- other
emb&hﬁ?%tﬁ Q Fi’rKHrIB‘ragg/\Gfr&hng FBGawsbe usedpha;teadsaﬁ 4 sfoond end tmggror. The

wor of fiber optics, active devi ces elf rred t 2 o £
surfiom B3 M treEmaCoNEnGrit B rmasPaHS R el BOLShe) pgvent fing from
this éurll%ige? {ﬁg gth%’élb\ﬁ? ? %17 %ﬁ%ﬁ%kiS P80 Aal hhtd H0e0l &%?éeesurface which

e attached to a fib
acts &1160 otheh exdmiimayr amltcmtpttt&aupleloﬁnmnﬂhfr Fensd traasrmssmn Thls particular

exanipié T F813G+ ey 1401 st Qb BRSiely s from BBO or
RTP gg @gﬂéﬁgmgﬂ ?eg)e ﬁgxpratéé" Tﬁ hefiiorS BRI 1hBRE SibRr FHsbema 3' also provide

be used i nstead of a secon
veryélgih rﬁpaftrtmn ratEﬂ@er smxrceac(él 31135 dedasepmes dmeitbers siegle polarization

ve an angle polish to prevent |lasing from
or aran om poYarlzf}uon glenp P g

[087] Reference is now made to Drawing No. 8C. Drawing 8C shows an example of a solid
state laser 8210 which may used to seed a fiber amplifier 8220. Only low energy short pulses
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. Mirror
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this surface. The other end 8187 of lasing fiber 8180

may have a zero degree surface which acts as the
wobbmriogng mrror and output coupler fromthe PCEAE®D4/000475

transm ssion. This particular exanple may use an

active QS 8140. Such a Qswitch may preferably rrade

fromBBO or RTP to support high repetltl on rates.

e TS B SR, TS i v

cut tb asRke MBYmide eflitdih lassundg) sing])@b@ianzaion@lperaﬁbn aHK)m&dﬂths laser
pol ari zation. [087], Reference is now nmade to

may RS0 on BraloRyPEETiEHIs GRVIEx M BSQFOHAEs|A Q@ EIQS) 8260,
Whlcg%;%f besx%ﬁxgr he R o Qvé 8{5’ e?@ar@a&ﬂv@ -sRIR 1sfis€d, it may either

oW ener gy ort ul ses e required,
be ac&ustblmmrmk elecodoptic ]flwketctrbymtlc awitgh H»rtsecé RER1ot BBEXs the crystal of

e o S DR e e 3 R mBS ERLBY be pumped
thxodgﬁ&hﬁ%r 8330 M gﬁﬁp MEdde (M) @Qmwnaﬁmay B cOMncClEa S domsmer 8275 .

upport the Tundanental Gaussi'an node. Mrror 17 WD
The z@da/sms@ﬁzmmiddam@a/ao@@ﬁﬂ& 1a&2¢@v1«’m§2%ﬁ BY he mapfghed to ensure

nigh 8855t o1 B Syt T et SRR & 81%"& ﬁ%ﬁé RPN vialons 5280

o] RG2S B3 A 9, S SO0 EBVRIEE st
smtc@%la 'Crflﬁér(ﬁl%ge:t @jl@océﬁgﬁl'éatbrb%r\% 52 B fasdh ds6lBht? 260 DIRCM system in

may be eithér of the active or passive ty %
accomtanexwith éhe@resent mivention, s@me adveniagy 064 mhesp-lagse s that the cavnﬁy 8320

coust o- f el ro;
mey {7 E anoTeD e S Rabo 146 redh, 7 B84 Rymped through o
dichReS AUB B1i@br s0 s@hné&@@bb MDD by at @ang aivde (BD) 8835 ivtdch may be
medi a 8250 ma e nped throu?h m rror .8230 by a

conngetagh tal pqmbin@ 0g @a@ty m():maym@c hoig el mgfror 8330 that may
transg*l{]@ﬁ g)%fngs ?eﬂects-ljtﬁg %;%g’%erﬁélﬁaﬁéo%? gﬂﬁé% Qé(ﬁgt?on%zy i3t the lasing

cavity {0 ensure

medith 083250 ﬂ\lﬁrfﬁiofHScen'Eb of tetlpuihg mlediuase325anny ¢wen82MF satayate a passive
be cou led to_ fiber 8220 V|‘§ [, ens 280. %388] .
Q-svitehAS) G359 and 6wisReE> PRFIDY G ‘mggpthepylash bgwaty mirror 8330

and 8@@8?60%2@5 'tnﬁaﬁ(%ﬁas 2) Swikie Fqge GﬁtﬁﬁtocJuﬁI%F.r TRt 8PPy then be

0 serve oscillator rn a DI 'RCM systemin
direcgk ditel antileervB37h tyhe lpmse8380  Fibee 8870 nnayaiwndnb/dmccagbto the fiber

of a mcro-laser is that 8320, ma
ampgars (L ARV 0N 181 PP G be %ﬁ%%@&ﬁ%ﬂ@%&%ﬂﬁw be
nped through a dichroic end mrror 8330 | so
(089} aRRistEnse igvmgw npgde fo Riraying Nered- (bis)a sesepinal %ﬁgﬁ@ﬁyﬂl&éﬁaﬁng one
t C I 4
exanfiITRE G Shtlfor 1D Bl Tl for Cmllibihe 1RE BulERY s WA iber laer
mean3 Hedoeibb it BraMiﬂgsi ”aanch 8, todei aflinear. SThle amorrﬂ)meadnay( beopackaged as

oot e oL eSS o SRS 5S  or e b
headR#SS¢s¥8 Drawing 2, element 240). In the example depicted in 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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Qswitch (@) 8350 and cause it to open. Cavity 8320
may then | ase between mrror 8330 and mrror 8360
woabmsaoyas ked M2), which is the output coupl er PCTHE2004/000475

beam 8365 may then be directed into a fiber 8370 by a

| ens 8380. Fiber 8370 nmay then be directed to the

fiber anplifiers (not shown). This |aser may either
[090]beAmf psifegiopab rsklllwdmrﬂl@ahawﬂz ahd@ttand G&R] conafigdreTl® is just an

is now nmade to Drawi n i s a.conceptual

It
exampleagidafihey piatat aERYy (Wi mgeﬁ@a r?ﬁiﬁ@plﬁ DHITeE hae be fmplgmented for
comb?rﬁﬂ%b?ﬁ@loﬁﬁﬁﬁaﬁe RicAGinkile output beams of the fiber

escribed in Draw ngs 7 and 8, to be

[091]5%4 egﬁescog;éé%?ré)gnaglo%@k% ng ?Qc‘r’}fg%ﬁ ﬁbﬁ?@oﬁl y be Ofised in a

DIRGMt ggtem Qﬁi @8ordatide Wﬁtht the bx&S@i‘t inh@a@dnunigolfzaton dependent and
Pa el enment Qteex npl e depicted in
polaﬂ@hféora W&entéﬂ’%w %ﬂ ‘polgrizatjon] Teers,igyihe BYBP Ream
east two | aser beans 1013 and 1015 that may have
[092]ache|feref9 Dreping Neel@i Thecdrawingegonstigitas pdippag z@pmpolanzaﬂon

d
ol S0 AL R . s

Drawb%aﬂ%o ML&WI&Cdnhboﬂ&hemguhEﬁSN?d)ﬁ(ﬂanzmon depaidehtoOPOs 1015 and
ne theminto _a collinmted beam 1021 capabl e to be
1020 W%&%ﬂﬁ%@@ﬁ@ dangs S¥igRGRIPHFCRIHBY SHIORy Wiy P dibgr laser means.
threat. 18 WO 2004/109323 PCT/| L2004/ 000475 [090] Any
[093]prldkempith pamps kedan @25 n(neavksechraisonps hphiroet deasplittintg two linear
L e
polar&?t?%{ygs]cg{ Rﬁ?zalnﬁglo § b}gg goﬁaﬁ%ﬁ&mﬁb‘ggg a)othﬂl f‘ﬂng%%la%zer 1030. One

polarizagirestre tof the @fmp, Qiaﬁfghzﬁbch QOZJT (deBignated plgb b?e'a’min te &itwing), may
col | i near . [095] east two types of an optical Y
enter ﬂaﬁ 91?& P"f“ﬁ tyo k) ﬂlgiucghsd1€]@®s¥llrﬁ%¥yl(?§é (eaignated glsopdpyREM1” in the
t & C C e
cranifife T1% pfngCfial RCEY bR ofnBlREOH, LOVPRLNAE chpbogiment ZGP
(zinc @immum ephesphpteb a\rlmdaanslommhtedahd reat trosuche wwyr[:o bnaamt pump beam

1027 e e Syt R R s 3075 A0S | HAB (TR MG 05D 0. In

this c§§é' ﬂr%*%l.lﬁlal SndPRIG JegSt B3P UTRE ‘ilnégﬁ ﬁah'e"’lhé bdaee p(l)lﬁﬁﬁa[tloﬁswhlch may
descri b in Draw ngs NO. 8. The enbodi nments

be orthogqnalz@ thv\pulpplbaamzatu on dependent OPCs 1015 and 1020
directly punped, in accordance with the present
[094]i e plinprheam mhy ahehi 1bfect|odf ef mireank42[(@&3¢natdealsmput'M2" in the

il s aeHon PSR P WD, T B34, clsg 1940 may be

resonfRQ('l B kit ?q 0851B8d EUm@oit ﬂme @lgfnhi éﬁdqaiee&ﬂa%/qéaklm%%az (in this case
pol ari zation state of the punp, designated

50%)¢cﬂbsvegwamted0éﬁso by ' P in the drawing), nmay enter
the OPO cavity 1015 through dichroic mrror 1031
[095] ( d&s sepoat] @dlasizstmnayaté b urhp bedie 1025, denoted as 1029, may be steered by

steering mirror 1045 to enter a second OPO 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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drawi ng). The punp may then enter the nonlinear

crystal 1033, in this enbodinent ZGP (zinc germani um
wohospldxde) which is oriented and cut in such RCWAK20040000475

convert punp beam 1027 into the desired signal and

i dl er beans 1035 and 1040 (designated also as X5,. In

this case, the signal and idler beans 1035, 1040 may

h t i zatjiQn, i .
1096}, of it BR B B b6 ) 3R anB oS0 BB g R AR zaons. The

f ' Adeck sty @R@UROMAk&Ol03Y, AdPthebdnsi d idler (AS,
Outplgrogvﬁ%l)l?g% g{ra}igﬁsec%nd ggs thr ou(g(r)] g:ry st al eslegs:;%’.ﬁ&anel - (.

eargh a1y 1F3eprapiged dFeg Peoaginga§taselr t ZRT Q,obtain a
M b lpaeoabided aFE PoUAGMEGHISCT i A RebTA 4800 1 obt

N ?@ﬂ) sonme of the signal and idler may | eak through
Smglelg‘z%%] in‘this case 50% to |eave cavity 1015. [095]

The secaqnd. po] ar.j,.zati gn st at. f : .
oot ARG BELBEEE} B 85 SR besAE AEA RS e  very g
converSiHR eEfeiQHRE-60065 Siae e Pip He2M Hakdes thibagtedib othistat Bice.

both OPCs may use the sane mrrors but different

[098CRSHERhSd ist A8 YedHeTo flbﬁ%;]%%%. e 180 Qi@ﬁﬁinﬁs are diagrams each

conversion may occur in the nonlinear crystal 1050,
depictihg ¢he desigibef prinprpobuizatiah ndepandent QRY suifabls o det ditegtly pumped

. arjzation state. ) 04/ .
with RERPY |53 B0 74 1 FEOHRE: J A S daign(H 18pll0. 1310, and
14101038y @B8veka0rand@ilyhpol&ridf ihptite plimp Weam, 2diileotrsatinghthe issues of
out put of OPO 1033 nmy be steered by steerin ',{fror
absorptie of the purmpeand phpspTalation Betwgpe pachaiplarizgiion e By
be conbi ned using polarizing cube or thin film L.
[099]poTteer OPEr dastsD 11 Y sl in Rrawsing gl lemigs arse Boragdopaappgrization input

r ional. skilled. n,the ar | eci at :
pon g 4 S Peneled "Gk ok G bl 4) LT BRG b & mirror 1120
(also %Eéi'gﬁdt%m?ﬁg% 1§1cRCSHIAtMRLIPY Blated @iy dés skesfifshegsigh1125. Only
the crystal twice. [098] Reference is now_ made to

one [DiaikRHYE staks. ofthe pump (mptked JPa\IAY be spRveded 4p HHs cysigh The pump

et Tna t . € Palty :

oy S58 SHIT 05 PR PLACHIR Y 521400 PARBARIE S o e

pumPEnARECrS"YeThé Purkp aviyrien Biorefl@ctad dadk byFantorddsds Gaiso designated as
1110, 1210, 1310, and 1410), may cQnvert a rand nélg

M2) ;:im @ pacprd passihroyshresch easal Wl po ang 1335+ %‘etsll@a? aadadler A3, AD

.ab t4 r [
el SESFER9, ly L8 BUTRr 2020, S BeLgn .
signatiesd gllerl(A$OLE fbemn potaretaoisragndratedey crsial 413G nduoh also have same
oS53 FELLSD TR AR bet LS. (850 (BB SN, By e
may 6&u$ & 9{%&&@ aiyed1sasind they BRfybel indGRAIEAR! aht atpudPolarization 1140

st at es enter the first crystal 1125. Only
of this OPO may be random like the pump.

[0100] Any professional skilled in the art will appreciate that this OPO design has a minimum
number of parts to align. It may consist of, for example, only two crystals, 1125 and 1130
and two mirrors, 1120 and 1135. The nonlinear 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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one polarization state of the punp (marked "P") may be
converted in this crystal. The punp nay then enter
woOhersgiegnmd crystal 1130 that converts the sec®amIL2004/000475
Pol ari zation State of the punp (marked "S"). The punp
may then be reflected back by mrror 1135 (al so
designated as M) for a second pass through each
. 1 «an . - T i i e .
being KA R S ooy B b Ara b CACIaS) iwbloh part of the
energyahay beatisoried, bafbwedteingpnbetedrit oogtahdl30.0 t he si gnal
and idler (XS, J) beam pol ari zations generated in
[010 L Bistiingkd 3thbodimenin 121 (5dephastindduaeingNbald, vat skndd apmeciate that
thi s_reason, the_ nonlinear processes for each

this qatositpetrp@iresfonbh e BRRMIBE LAY Sihahtcdt thei iy Hedands tg be a rather
expegg?/éél%émiﬁ kg E@Q?%‘t?ﬁay be i ndependent. The out put

ol art zation 1 this OPO may be random|ike the

. 1 rof-essional ski ' i
010550 8y 240 50 g bR b o
"M3'9fthfraefiects thedenfinintd the BBO ¢23Gi The phimpfeamexayphter at mirror 1235

SRR A LN S AT T ——
1240?6‘?}{} &ﬁéﬁ#él@q{dtﬁg ga?%e@ttﬁro Gt h240) Ainbh 8] §5the of gc is absorbed.
S 1 ndé n l e

crysta pen y, an fRe desi gn may” be capa
The @imhang!thergpadsahlouploguated wavgplajei24$eawhergirefect off of mirror 1250

ver, if the crystals absqrb t unp,. the
(M2 DS P@Wln%ﬁyoulg%@am vEveRles ol 4281, HhipPump may now have an

ortho%@r?é? Iﬁ)@ldﬂ%ﬂﬁoﬁ QiSteRAREY fﬂéggeﬂé}% thé Eigﬁﬂrbnﬁ i@leY Btaths. The signal and
efore 20 WD 2004/1093 PCT/ 1 L2004/ 000475 bein

the idlembeamsede reFheatedin thelcavityz 5260p androsupleshewt at A2dM@AHL). Mirror 1225
crystal .1125 _in which part., of ot n be

o) FEAGSa e et pt Wl RO e s an RS e Tl

10 B, R0 bR SRBAShrRL 20, ASPl Sriue 1205. A s

embRITRAT AR e "GR! htﬁgt?eroﬂz!t\iégﬁfhefdio&hil MRAbufmbY STR signal and idler are

erein the crys tends to be a rather” expensive
unspefifterie ntThensigivd a0 dgrsmeynrofa®l a2 jinspieeified rapglesambigp gay tend to

deo LSS S Mo SRR i P BB 2o
1230. The punp beam may enter at mrro

[0104hv2 srspd enibediasnt shast R ffa QREeHURE R Fogeife aHe g dhe signal and
idler.‘lg‘g 110 tfeN@niaqRakd %thﬁ{rﬁgg%%dentj@lﬂﬁf with& Gh41€%ass pump beam. This

arization passes t crystal 1240, =al though
designangy lof miote fuitablesfor hiptl-enefByeputnesphatrayayt dndy npasene pass through the

e A T R SR S——

a peridBRRIratbif soBdS@isior AR OPORs Eﬁ)ﬁﬁ RVt aPes@Blements make a half-
orthogonal pol arization state which may generate the

wavegpigtiah. and i dl er beams. The signal and the idler
beans are resonated in the cavity 1260, and coupl ed
[0105uA third e2Bbdhdiont mdyr beoa qii&Bs 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 trip, and the signal and idler polarizations may not be
rotated. In this way, different polarization states of the pump may amplify the same

polarization states of the signal and idler.
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(MB) may pass the signal and idler beans 1270 (XS, 2d)
and reflect the punp. [0103] There may be nultiple
wenbadioyest s of the quarter wavepl ate 1245. A PCTAL2004/000475
enbodi nent may be of a quarter waveplate for only the
punp. The signal and idler are unspecified. The
signal and idler may rotate at unspecified angles,
s oF i o -
10108 e BefRbot B0 Qg FEIER5R Mo ih 1 ERCHYTRARRI o fuct that
ﬂﬂsCEEEmﬁda&ﬂﬂﬁénmﬁah>ﬂqmimdcmmmms@nannenxmmdeplate for
the punp and the signal and idler. This is the sane
[01079 Feeferdifcedis o ﬂna@keaﬁnmﬂhg ROE 3 Wit thisserabattinenty assOPONIB10 uses
beam This design may be nore sujtabple f?
the dififetsint owap gplasigpiens to alifathesamy siabanshidlese Pymphegmy 320 may
G f [
be mcllﬁgnt o% y ?gﬁ}o\}\% 9{111%?)? ?ﬁ(ﬁgyﬁ%g ?glrc): fe‘f]!e@tﬂth@ Yehf! BRCHPO 1310.
PumpDBd‘almS Gmn@y @téitablmﬁfor daapEMdRY 0 rOmef polagzaie@ state &f the pump is

AT R AR T UL R N ———
althot Ve Gt {n%;r g%fé)ss HOR  TIRNShriahday WedepaR bﬁ&sug}{mmr 1360 ("M4")

teger nu or the 'signal "and the idler.
The mg'nak andas;ﬂser inhp bpuafleqial effiof s amrmy The pumant maﬁdh@npass through

auaroR AP 137G srbgoe e OF of B T PR gl beling through
quartéi‘ WiRpRp 1337‘@I ahinZ BHel fiithShady ﬁ@w‘hﬁvd é?fﬁoﬂﬁwganﬁl%blﬁ‘mahbﬁ ytate which

the sane polarization states of the sjign and idler.
may gehetl® Qx@@zgnﬂbmlep@mm_ 2bsigwd 476 thy 1@%@ @Farxx% may be resonated in

e oD ST A, B FRZoRT rSEA Bf h g oy b

coupled Rt at EM@K'fMM")am)ic}ﬁOi&trﬁirﬁﬁ 1330y (tvid")cmys tpaks tl{eOs‘l@?a]l and idler
Reference is now nmade to Drawing No. 13. In this

beama ABYHindemey reflset bpEMP10 uses the different punp
pol arizations to anplify the sane signal and idler

[0108%4&1}3' pedessio®al skidlpd 1beth¢ et wilhunderstand; thaty Biig dﬁﬁlgli* dges a single

nonh%ﬁ ﬁ%ﬁ%@cﬁ%{lgﬁ%{a ogsltag stcr)rt]ttjrﬂg Gﬁ‘%n%fgrﬁ%&hqﬁ? &%ﬂﬁgn since each

polarRalic bflgiphes Hiratigh b chveal puee this desi@misandredsuitaltlbfor high-energy
nonl i near crystal 1350. The other polarization my

pulsepass through the crystal, although some of it may be
absorbed. The punp may t hen pass through mrror 1360

[0109]"Reférpnce Fheowi gadé tartbe iembedimeay depictest ine&rawings Noofl4. In this

embqt%gbéwmgtr rglg;%pgjﬁ r}g&l%rr&%? %}hene&) ?&?1% t!}rmga#&%gﬁgmﬂl@ %8faﬁ&atlon. The

pum;{ bW )420Af(x19rm£3a§ﬁyrpgs§ fhtcvghifthe cryetal B430nak@pitas ebld 8y Bmplify the
again, the punp now have_ an orthogona

mgnab @mchxdnlqré;lem Tstdlitonpibe putpihpeagesnb4d @s+ He msy disdtolasizgd with the
Lagr beaqgte The signal and the idler beans nay be
samerpé) 3‘&10 ate.

[0110] The pump beam 1420 (Ap) 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

22



the cavity 1385 wth end mrrors 1340 and 1360
(between "M" and "M"), and may be coupled out at
wW032d@/109398" ). Dichroic mirror 1330 ("M") may PaSSLI00E£000475
signal and idler beans 1390 and may refl ect the punp.
[0108] Any professional skilled in the art wll
understand that this design uses a single nonlinear
S . lagi [ : t P :
and EL08 b Bl il 435 o 4475 BT R Briftbes DA OB R Gespestively.
The pﬁﬁ@e'ﬁal éd&?oaigihl(l/ﬂlhel\/lﬁratﬁlt MI-M|39 anayt hiake de®i paysess through the single
suitable for high-energy. .pulses. [010 Ref er.ence i.s )
nonlipgsy el 1490 hebe Mesek Aidh delfder @ CPHI?I]B? AN ] thgocavily at murror
1475l n this enbodi ment, a single OPO 1410 may be punped
twi ce by each punp polarization. The punp beam 1420

onl t.-hr gugh .t 0. ' :
o1 (£, s, BEDS 1" 0l L SEHSAPL, WA Blotnee o i
embatigheit, @ach phspobdapu tpakes srickdtibough, the ergytabeiving aidra enplifying
with the sanme polarization state. [0110] The punp
passese Aistia sepecipllp puitable ©n il eaergBPASeS, i ng cube or thin A
filmpolarizer 1445 to split the polarizations. One
[0112bRefet Zat Prwingsio.ndy. dieedraping apdhe aganeal 1sehgme of wavelength

throu m I no . :
conviaiel PG e thape 1 pbbeing 1, BERRHTRMMRgine, A Do toser mens
151 1minay dfe 4skd0to producemy Whesbengtts 451 hr oligh veavielintWA§E may drive a
pl ate 1465, which may rotate th polaﬁit_zati ntotg?
wavelqngdy copvaxter, 15T dha @ pradice penal B e o ugph 1> 14.
cavity 1411 through mrror 1470. Thus, OPO_1410 may,
[011BkT. dessymeprs mayrbe pEir/Ath: silice Ghets Ya¢ ailiph fibee Tup sdica, Tm/Ho:

.. apd | awer, Arig,-.1412 2 004/ .

s f i) TR 18 14RO 0B pigeion e g peson

sldllél_dﬁiﬁﬁh@m vxbald/\ﬁﬁlﬁrsfdnﬂm(aé ﬁsd&%/ﬂlﬁdsiﬂiéﬁ?ﬂ EbfiRe thiBIeﬂLN for all places
€ punmp in each arm (ML.- M _an - MB y € two,

whergadgiédos HBLLgN IshEeatioade 1581 ﬁ@%&rmex ;r% folazizaeon fpdependent,

pdm?%%?g#“@%’?g%{ F%lﬂg%ﬁﬁo&rﬁe&oupl ed out of the cavity at

Any professional skilled in the

il ] ' [ N . ' . .
o B PR B PR TS e 0F
as deéntsladbogé WithGefpsnee adDirivingno. pasddsa sihiglesOPO cavity with one or

especially suitable faor | ow energy pul ses. . [O%@Z]
moreResyaiplst thafDnanipHRAIe _mlﬂgplem@vegqnga]sn grsonverters gagk as @ converter to

e S S O AN RISy PR S S ot o
Yb:silfzd Fibenlastie a fegdenoy @moeltaraismgviRarsbreagplifidhids . or Thinswave mixing,
optic%gﬁgggt%% %e%esr%t%r ?8¥G Euluy aen gptical parametric amplifier (OPA), and OPO and
an OPA, or an OPA or OPO seeded by another source, such as a laser diode (not shown). In
addition, each of these converters may be connected in series to obtain 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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wavel engt h converter 1512 that may produce a single or
mul ti-spectral output 1514. [0113] The fiber | aser
worengioyay be a Er/Yb: silica fiber, Yb: silicactinb®mn4/000475

Tm silica, TmHo: silica fiber, Tm ZBLAN fiber, or
Tm Ho: ZBLAN or any conbi nation thereof (Any person
skilled in the art would understand the use of Yb/Ho:

fiber daser ey aRdus¥d tdioonveR bl fuaip aldrgpfragekiservdiodes htd planp energy at
ZBLAN | s nentloéﬁgmﬂﬁThe fibers may be polarization

anothep, geyelsagththat a, dasep Materiah an M’ﬂh@e ‘én emppggessqwhere fiber
traf

laser ?gﬁs@d ak Qﬂ%[?dm pge? gﬂﬁ%ﬂa{ﬁ% B{ﬁﬁos i lbéltiigﬂag?r@% e‘igﬁ]@les Tf'silica fiber

laser dmsp ibe hsed abpmnap V\fotr h:xambkr EhcBA) I—].'Ormnbb Y1031 achieve either
14, a singl ne or e crystals

SW iy %‘?HEFGF?F e Wﬁ & ‘w{i@ﬂ} cetigtoh anoly B WAVeergsh gonverter. For

examPHE Rc@stdRg CONYRES eﬁlbsaameafsn et Bich Toe? 968N 8e NREATRH| \fanp 2 bulk
upconvertlng | asers such a$ Tm ZBLAN whi ch i s pumped

Ho: YM laserwhlsh nay defusedto paspR, ZGP D%hdamomemhpd[mmts a fiber laser

Ranan a i.fic four-wave Xi , .
may § b0 SR, £ BPot i Bived Joeifriat G RS elhe S3P o 4w sonrce, cither
1ndepléﬁdl6'1hﬂ?to& ingthaiPhdef dtok 1asdn: waatRnBCoatdteran OPA, or an

OPA or OPO seeded by another source, such as a | aser

[0116] FRG&eh&0s W‘M&le thDrad@t NoPN6 LALhTRY dfRBRE are d1agrams each

converters may be connected In series to obtain t
depictihg désigmefdditpnhl fibeT hesaddader means appjisabie qusﬂedei[RuCIthstem
wavel engt h converter may be a periodically poled
[0117@r1§ef¢rahce Wi hdw tmades geaveng Wat 1@ whieh defd séwtmatic illustration of an

embofisit AF Shslich AT PREDa ¥l 61 St QRLLT b o igp PHgPed Y bislica fiber

lasersPdrt 8fnhd RSB GREY %ﬁﬂ KigB o8aB S rAGShcyT Re@%ﬁdv&&lﬂ‘éﬁts lAve made

) sone enbodi nent s~ of the present invéention,
it posslzbbeﬂo mreducbe singdellinear polavigation fiem thesa éasatsev}ftnch ls ldeal to pump an
vel en h Si.nce hi aser., di odes a

0P BHE RS et 0 BSnyat i SR one 3 b1sALR 6 St B steneth is shown
in Drﬁ%N@Q@‘”ﬁQQ@é&a@e 4 $1Fﬁ1 pbRSi24ti SHEY b BBick Fi®er Ia@erc(ﬁ&\/sﬁbtvn) is used
as

t he purrp energ from er diodes into pu ener g
to pugos HEL I\Mpfeu Ii nofedt lighiwmnf m@b@m OP£x dp10re egen@natecﬁlﬁ desired

waveft‘éﬁgéhﬁ Z8he é frrgragrr\:;e i mgﬁteonfﬂﬁ hex 06 18%{3‘&&3% hﬁrﬁéﬁ%l)aévhlch may

,_4

aser punpe aser,
comp&XﬁWaﬁsrﬁ' Iﬁtl&l ﬂutnq:ﬁarfd Ibﬂéct alll&ﬁe]ie Wﬁ%leﬂgehsl@eﬁératdd iasiap of the cavity
: YLF, Ho: YA103, to achieve
1630. eIrt e rﬁrstgws&%l 1@@9 stb«a p@@p évqm@pghﬁﬂ@b%mmsﬂ Bpmfirstwavelength

band t€ s&tDfid %av@i@ﬁ’%tﬁ | eﬁ]&{lh ﬁarnltdqg T}f Oi?coxf(f( %191650 may
according to sone e ients ) mS| e

have ﬂmeapptmprmmmolmgbpdﬂod ﬂdocoszﬂ Itm secomdh walveleagthhie authéd wavelength

(e-g. nﬁenﬁd@n% Tibend ’;}b ikt o cappiprebiyefiected by mirror

1660 A& EMBefial NOM). SNHiRbr i—%’(ﬁ%ﬂj 68 as@nt ¥@ut coupler for the desired output
wavelengths 1670 (also marked as AAl, A2, A3,). The intermediate conversion of the first
wavelength to the second one (e.g. - from 1pm 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
II 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.

24



i ndependently or with the use of at |east one
wavel ength converter. [0116] Reference is now nmade to
wonewimgs2blo. 16 - 21. The drawi ngs are di agr amBCEACin04/000475
depi cting design of additional fiber based | aser neans
applicable for the DIRCM system [0117] Reference is
now made drawi ng No. 16, which is a schenmatic
il ' ' N, lsBiRmatic illustration
0114] RHSREE s Houthadilo IRERAEIE 7 Prad et 19 et
of EfYbellical fisermmaed duahmtystad QROhHH00 &y Yh:dikcehfiger lasers are also a

overal |l efficiency. Recent adyancenents have ma i
matufso deHBPIOEY 0 HSH &SR SPgIEEOTHeR P IO SERFBA Ppohye-defined
Wave%)eglggle e:. AS L Smd WK E fim) Sini @Rt ApBliedivRs, &hce Bwal¥length is closer to
[

e way to convert light wth one wavel ength to
the remesad baal 6. @ ndtand 15— daahAV), itharDY hfibey lasers, thés sqlwtiqmymay offer a

case, a signal polarizati - Si | ' .
oS0 R B IR 7235 g Dravin
No. 17.t 1 4R BiRbaeehpfRRnkS béarh d 78@ NEEadesightedias ip)enhay be produced

wavel engths. The pu beam may be incident on _firror
from p6R00qIPobrFaR ez et} Y etich Higy lasesgiapt SB). (Vg may enter
; U refle I f
e RS U PR B 5 B ABHALE B8R PR 2y 17
may EB@V@F&J@KE ‘é(lgie@iggtdf pump hghtadireetly ft@dhe‘ ﬁcslércﬂiwmlength (e.g. - from

wavel engt and to a seco vel engt a e.g. .-
155 oo 5ed 4VhaddeispeomtnaySah b ey oot g Sisgpostal 1760
' Obd ' t Mok
exce]ésav %f‘gcﬁl%l?ﬂ 'B'te %‘i)gate:ahst}(? gg%%{é/‘sre '[ﬂgﬁlé ttﬁe %?{e?é’agatxlst Pfggrsn%g g(grgfert the other
polaridatiohafidhd Wmp HeampUHige peapmaythehdre tofeaedrpiiecefamirror 1790 (also

AL oo AR et S 5
ini k 2,1, k2,

o R e B e e 11 1 st

[01 lmgéﬁ%&% b A8 hia8e E@B?Mn P\lﬁ) I(1?: htravviné N & MepRRtssHREmbodiment

I ncrease the over g conver si on .
of phfing iacTioyH¢:eZBLAN 61 B ZBhAN filendaset/i810 hy ad¥bz sibien fiber laser

many and any  wavel engt be generated | - -
520 S P S DS e TR P rSBR Y hshlSeed i e o
Woulﬁq?%g_ersfanﬁqwuéea ofPBHYHo: LilicaRsd Yando:! MBLAN @Byl places where Tm/Ho:

conbination, ). In addition, a random pol ari zati on

ZBLADNs nheationed)eam nmay be used with similar OPO designs
shown previously in this disclosure. 24 WO 2004/ 109323
[01200H 400D ONDeptHicatidib 1Bire Refyebeaneed frMbw-leairéng Badiation (NIR)

sourq%rs ]a ggggwﬁ%&e%?eﬁw&g%c 51)@: \Esg@fratoz%ﬂ.gegzgtﬂze%glwavelengﬂls may be
to uSd Y %bccgovgrsﬂzl rodeld YRitSithi GRahbRErmhpsREs & eTRA/IBOZBLAN or

mat ure“technol ogy. These | asers may produce )
Tm:ZRLANewhehi icpuhpedediton cprtan dedvielength (agvel €fyem).( B e schematic

- arqQund 1.56 : - certain i cat| j t .
showie e ERgER Ve 0 aoEPsfigh et 1928 b0 Mg 7 oAN o ZBLAN
flberb@F%ﬁi 1810- witR RErtdiY)wavebaBthYP8 F0 (s, - BEErsm) Uidigned to lase around a

solution may offer 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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nore efficient generation schene. One enbodi nent of

converter 1720 is shown in Drawing No. 17. In this
woas®/10¢h28 i nput punp beam 1730 (al so desi gnat edTAB2069000475

may be produced froma random pol arization state

Er/Yb:silica fiber laser (not shown). The punp may

enter the OPO cavity 1740 through mrror 1750 (al so

Dravgiﬁ% hanatoe g, Tﬂ;@"ﬁbér' lﬁscetr 19458 ah %7@951119%3% Jgglgﬁr%m either

polariza P on eé I ght "direct
randovava| spagjfibd (pelagizatiorf. r Whe béarh 5 920 tnmaybﬂned ehiéys aﬁme/elength converter

1930 Stlajn Wasesecietde A RBEY OF fopepint gpuiedolod sgrapdcharmonie

gene?é%ﬁtwh@ %Mtg{ﬁﬁmw 13608Qa}.0 convert the ot her
pol ari zati on of the punp beam The punp may then be

[012?ffr{§o$ﬁeeﬂlﬁavl géplghﬁ%&' %LF Ral %es%goaer 4&1 85 8 anegg’t‘ Sources of

visibbatighti fatgn -c460i msamg spmdidahe grenmami yn@ldw dilght. m8ycdme harmonic

trans mryr. 790Q. 1 fe nce i s
genef?&wrépd‘[éﬁeﬂwaqr g?gge’fﬁols 13%311%/0?%%#8 I@kﬁ gererggolution is
shomolgfawiﬂé NPbop LIHRhi@g:a?e Tl'i@ t'lger %E’éf%l@fmé%e g%ﬁhca fiber laser

ber | aser 1810 a Yb’ [ica fiber |aser
with mﬁhdu candosr pauspecpﬁel @el‘ann@wrﬂ i ghe bwnu@@ﬂh\ﬂmnsclmrs(a\wgavelength

convBfis 905 which o s GA3F sBhng ARPED OB Biiftally sifcro? producing
speciTidlsbond haBhONC igsndfRiSd I@%lg dD40 (el 2@omt NOGORTE td5RCH).

appl i cations there may a need for Non-Ionizing

[012%8111 'thE‘n((IN BlnerH GEBr/ YHRIURL SN NiseReMAB a0 MWused to produce

( One way to achieve these wavel engths nmay be
visibteolighg ée an iQ@ooGﬁﬂens) dhe genrralddeat inahowii or Dmvanpll\b 2imin this case,

the 55F ey 0P R DGR (s ohiie =i Sy RFRE polarization

The 5@!&@ DBL0 fraySheyntbld alvawdl digiiNeonvéiter 21300; which G tfik Rede may be a
punp a Tm Ho: ZBLAN or Tm ZBLAN fiber |aser 1810

PPLIW QIHO seeaifirallyndestanciog drodugdg speciic third hevmerry gaeeratimelght 2140

a 0 econd pre-defined wavel ength 1840
(eg(?ro ?5%0 %]g%(?mf‘fte rri rrors (not shown) may be

10128 BR8P mate SO Oude VECBE 2 HOREON BFUERG of 2 multi-
spectrd] BB Mdrbihér anleme?rﬁ@d foﬂ%?dﬁﬁfﬁg muiitidsPedial §&€r@é‘ drhe laser means

har noni ¢ gener at’i on of /Yb:Silica fiber |aser.
descrityed bropiapbovesiheaterence tosDegvoines No. 75- Wb @doﬂnp TvdgERal potentlal

N T T O SR —

to yidld thheilti-spacted Migh brigh@eisd scicefok diel réqltu'r@nanﬂihﬁg b&ﬁm The previous
1920 may. t hen ent ers a wavel ength converter
dlsclwwenrovmednn sefersnes oelyrapings pLK - dboshopes q!t@csaluﬂyn for combining

two GEHsB¥ed ekt %Qﬁ%ﬁér IRfdHfoic mirror was used to reflect one wavelength
and to transmit the second to yield a two-color beam. The additional 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-spectral beam 2220. The combiner 2230 may
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generation 1940 (e.g. - 780 nmfrom 1560 nn). [0122]

In sonme DI RCM applications, there may al so be a need
woao@rioghage bri ght sources of visible |ight (eCyIL2004/000475

450 - 650 nm), specifically green and yellow |ight.

Second harnonic generation of Yb:silica fiber |asers

is ideally suited for this task. The general solution

inclubl§ a sSEPAYR w&kaﬁtWheﬂm%kanaﬁ@ansbﬁeﬁtftb San%a%,%len édal%?irmth several
| aser 2010 may be a Yb:silica fiber |aser th et

mirrqrg ref odilisrens guopmleed Aelireori 2240 my ther mmmmn foenall incident

NLeLS conv rter

wavelengthis, . 1{{0{2538 %?_.;tyN Bvéagfel'ap EOI%?S}%E%‘[ Iﬁle?tg rwavelength 2211.
Mirrd 2240 Qna@gtra@aﬁf:wﬁvaergﬁcm mrrBiIDéUtsZwQ@él&{g%lﬁé o 1l 4r@ht212. Mirror

2040 (e.g. - from1064 mn to 532 n 0123] Third
2270aphnsegwaslengto A2 b btrmagpreflert wavels 3244?21 2yapd 2213. As

ihl e - -

is by B9 BixEihe, SpfbAPER M o Bad AepEbclings of By 2220 offof
the nliftofs2250,22%6, and Ip50f | ber | aser 2110 is an Er/Yb:silica

fiber |aser vvi th either random or specified
[012610bie} Ehbias: tecHktBofeAPAsed 3R pORYiZAREBNCAMBiRING ¢t dispersive elements

wavel engt h converter 2130 , which in this case may be
~ difffactipmy_sratipgy, spyessns; iagay Wavestdasn efcor- pragoled ﬁﬁo‘é’p@tlmlﬂl@~spe<>tral
comb&)gé%d har noni ¢ generation light 2140 (e.g. - from

nmto 520 nn). [0124] Reference is now nmade

o125 s, B2t PSR L SRR O & cootir s
confi D@l 1208, By proR8GoNARkiHOd iif e afhRotldSPhrdtRied) %mbodlments may
descri bed heréi'nabove in reference to Draw ngs No. 7
be implpmgnipd:ih ey @eiingi bnibhirsee engiognd orayointhinationdhereef. bed
her ei nabove in reference to Drawi ngs No. 15 - 21 may
[012&}dt wdhbé apgutecisted Piy plitons Wi siic-skidled tn te ani, giat el pybdentingention is

o G L o AR DS R A e e e

preseﬂﬂn%iﬁibﬁds ong dfhéed bPhecRims MMhTongw. t wo beans of
di fferent wavel engths: a dichroic mrror was used to

refl ect one wavel ength and to transmt the second to
yield a two-col or beam The additional enbodi nent,
herei nafter described, expands the capabilities of

DI RCM syst em desi gned i n accordance with the
invention, to include a system out put of one to nmany
colors. [0125] One enbodi nent of a multi-spectral beam
conbiner is shown in Drawmng No. 22. In this exanple,
four collimted beans 2211, 2212, 2213 and 2214, of

di fferent wavel engths nmay be conbined to yield a
collinear multi-spectral beam 2220. The conbi ner 2230
may 26 WO 2004/109323 PCT/1L2004/ 000475 include a
sapphire bl ock, or other material transparent to al
wavel engt hs, coated with severa
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mrrors of different properties. Mrror 2240 may be a
high reflector for all incident wavelengths. Mrror
wa2e@/we3transmt wavel ength 2212 but refl ect BCT/IL2004/000475

wavel ength 2211. Mrror 2260 may transmt wavel ength
2213 but reflects wavel engths 2211 and 2212. Mrror

2270 may transmt wavel ength 2214 but may refl ect

wavel engths 2211, 2212, apga3Ris3. As is shown in the
Drawi ng, one wavel ength nmay be added for each bounce

I.Fa%?@gﬁéﬁe&fﬂ{ Yuntdr Meall %)%‘g/&ﬁ%%%ﬁg)ééﬁ%ﬁ and 2270.

r conbi ner techno I es ba

pol ari zati on conbi ni ng _or.di sSp i ve el t -

G f 11 actistonrnger CpBhufd VRl IR BT b tent to o
meyiolsilesslat@brh Ol Wigieh BAll kist&p @cdlloghted,combi ni ng. [ 0127]

Enbodi nents of the present invention are not

restri clogeiskPnORBaly tARANRE RQhislon ARTIFIMI@tdpBFbaching

and, as any professional skilled in the art would
apysewti at e, enbodi ments may be inplemented in any

arena, be it air, sea or ground or any conbi nation

t her eoffibef Bik2Bhednts toigkherite adgppr baingtaed by per sons who

are skilled in the art, that the present invention is

not |i g feelally tuhet mbas, baphedowithisaid Rsdrymsiigvew diredt said
descri bed above. Rather, the scope of the present

i oseh b tovaardnsaid gesselhed by the clai ms which fol | ow.

27 WD 2004/ 109323 PCT/1L2004/ 000475 CLAIMS 1. A DI RCM
2( Di r 8c DIREM systemr inveepotdaney vaihs cleim congoniprisig warning means to
detection neans. for, detecting a vessel. that mnmi ght pose

2"t naief e s B 4 R B e SR At oot e <

allo W ACcqui si tion . nmeans.tq .gener.ate acgyi Sit.i.on .
Saar argp HEMF s aengiee yauednff R 260 filisiB gneans s
genef@dcidatt 88 8pdRERPdsitICorA tARYRRING viebddl 81 reAP@RS.

coupled with said | aser neans to direct said |aser

4 beam&fwmy?ﬁhg%nvﬁé&ﬁhce%ﬂﬁlmo?ﬁis biBcessi F mneavs being

accordance w aim I, conprising warning neans
genersbeawdwaithi sagl dhienticn tiveestsanl agquisiter|méays, said fiber laser

det ect ed. ) %dgl S11¥1{Srtem in accordance with claim
1, WP IO e S P4 ans is to cal cul ate an

updat ed position of a threateni essel. in real. tine.. . .
5. P A DII?(?M system in accordance w1’§h Clar,]i?n Y, wherein said pﬁatform to which said
system is allocated is selected from one platform of a group consisting of an

aircraft, vehicle, armored vehicle, tank, or ship.

6. A DIRCM system in accordance with claim 1, wherein said system is mountable

on said platform.

7. A DIRCM system in accordance with claim 1, wherein said warning means
include a sensor selected from a group consisting of an IR, UV, visible light

sensor, radar sensors or of any combination of said sensors.

8. A DIRCM system in accordance with claim 1, wherein said acquisition means

includes a FLIR device.
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4. A DIRCM systemin accordance with claim1,

conprising processing neans being associated with
wealm/ideect i on neans, said acqui sition means, PERITR2004/000475

fiber |aser neans and said noveable turret neans. 5.

A DI RCM systemin accordance with claim1, wherein

said platformto which said systemis allocated is

sel et BIRCVOEY<eE il hétot@inBe QithalAMOL PvIERs saidl 18gkr Bbardrenerated
aircraft, vehicle, arnored vehicle, tank, or ship.

. . 6.
A DI Rovrishiates mepps isedvrawnbighwitightnessa il spegivel gam.
said systemis nountable on said platform 7. ADRCM
19y st &mDIRCAd cystdan e aggiordancd avith glamPe rvelhareinagaitl laser beam is an

cone PAPRGoaer et s AR RS Yoancor . v aaar

enso r .of any conbi nation, of said sensors. ,8.. A
11y Rev RV el Borepamaacs iR U K. IwhsiRsy ssid, g lgser means

acqui.ginhiigR: "eans includes a FLIR device. 28 WO
2004/ 109323 PCT/1L2004/ 000475 9. A DI RCM systemin

accor dagesy bt AP Thoke mPBRYBH Broviifls b ARETHRERMY bear

generate sal aser neans 1s a

hi gh- br | SSoq: MUK | ctral . 10. A D .
oyat em PECHCERP RIS TR EHAB 0P Trinb dertullh agico
be@POI @phitul paveiade obellabr)irgly fof ipphidiags sdedhd wavelength
wavel engt hs beam 11. A DIRCM systemin accordance

wi P99ePBY m 10, wherein said fiber |aser neans
conprises: a SWZBLAN fiber |aser neans for providing

a firsta tdesebpmgichnhfarfprmiag a hilimated| heom fromesaid figssrand

punped, ZGP (zi nc germani um phosphi de) OPO (opti cal
pagegm %F%n%sci |lator) array for providing a second

ve beam and t el escope ns,for farm.ng .a
1ol | }Dﬁg[%g’g SIS 1 8FF05eAnge leﬁéfpa&Hg?&s@Eﬂﬁﬂl Bféé%be% flgser means
DI RCMygyatlm i n accordance with claim10, wherein said
fiber laser means conprises: a fiber |aser punped

bul k| a8 fferlNer Bﬁlﬁ}féc%tﬁﬂ 1Ref fof ﬁltovmgla %Eﬁt\@avgfeﬁgﬂl beam;
a LW Tmsilica fiber laser pumped ZGP (zinc germanium phosphide)
OPO (optical parametric oscillator) array for providing a second wavelength

beam; and

a telescope means for forming a collimated beam from said first and

second beams.

13.  The system of claim 12, wherein said fiber laser is used to pump a holmium doped
material to achieve either SW or LW source either independently or with the use

of at least one wavelength converter.

14.  0A DIRCM system in accordance with claim 1, wherein said fiber laser means

comprises:

a laser generator assembly mountable at a position away from said

furret means;
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a LWTmsilica fiber |aser punped ZGP (zinc gernmani um

phosphi de) OPO (optical paranmetric oscillator) array
woaoo4pogs2d di ng a second wavel ength beany and RCT/IL2004/000475

tel escope neans for formng a collimted beam from

said first and second beans. 13. The system of claim

12, wherein said fiber laser is used to punp a hol mum

doped J4redy ot ﬂé}&bl@%bl%\é%uﬁlle& e Eai PY¥seF %én\éfa?&l,l k¢ Girect said

ei ther independently or with the -use of at |east one

wabaedr epereli fvonsaid laser gendratotoDHRERAiE (ted means; and

accordance with claim 1, wherein said fiber |aser

means xlasgrliesé snit inkakte saigditersattoay. assenbl y nount abl e

at a position away fromsaid turret nmeans; 29 WO

12004/A109RCR1 BYstérh ladEtdingG04TAm bd) cdnipaigin@fa frlaeeleddtl converted in

fibers coupled to said | aser generator, to direct said

| asefid fErgyngansm sai d | aser generator towards said

turret _neans; and a laser head unit linked to said

16i bes DAREY systsm gxcprdievios gleine nhda disrain rigidt arayl af dlexible fibers
14, co Y .a vel.engt h nverted in said turret
rreangc.“%ﬁ% .°§B\81%PE&EWISI%IP%H%1%§§?& ng to cl aim 14,

erei id array of flexihle fjper consj st of .
1hor ot DIREY shr R asPoring 1 e 1 ore R Al pe fexible fibers
accogghdids bOsifrglapbRrizdtionREei n said array of flexible
fibers consists of single polarization fibers. 18. A
19 ROM SYRICA {ydicdf GAT SRRGENN WhinC bRk 14, whBRELisRidS Rt means
turret nmeans “conprises an array of optical |enses and
mi r r oomprigesmnadrayofoptidal llerses amrbadronsplinkedtto ssigi ldser head, to rout
| aser .heamwi t hi n, sai d, turret means. 19. A DI RCM
syst st TR B HHECafg LRt 14 whor el n sard | aser
head unit is nountable in sajd turret nmeans and, said ..
1PaseA DEREM sygiendpaceddqncsnvifh chih §4nsyheeein saidglaser head unit is

turr : : @ r ] ithin insi
s
said turret means.

20. A DIRCM system in accordance with claim 1, wherein said fiber laser means
includes a silica type fiber laser to directly pump an ZGP (zinc germanium

phosphide) OPO (optical parametric oscillator).

21. A DIRCM system in accordance with claim 1, wherein said fiber laser means
includes a Tm:silica fiber, which is used to pump a bulk Ho:YLF laser, which is
used to pump a ZGP OPO.

22. A DIRCM system in accordance with claim 20, wherein said OPO is pump-

polarization independent.

23. A DIRCM system in accordance with claim 20, wherein said OPO is pump-

polarization dependent.

24. A DIRCM system in accordance with claim 1, wherein said fiber laser means

includes at least one fiber laser selected from a group consisting of:
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includes a silica type fiber laser to directly punp an
ZGP (zinc germani um phosphi de) OPO (opti cal

woaomnmeedc oscillator). 21. A DI RCM syst em i NPCT/IL2004/000475
accordance with claim1l, wherein said fiber |aser
means includes a Tmsilica fiber, which is used to
punp a bul k Ho: YLF | aser, which is used to punp a ZGP
OPQ: 28icaR t% % SEﬁYﬁ“%ﬂlE‘a BHGOT8N GG/t gB‘L@N Rie? 1aser,
wherein sail - polarization I ndependen
23Yb/AIODISHi@B/Iﬁ$>yBIas¢n tho/on:cZBIdaaNdﬁ)emla:shr ('IlnalZ”B]ZﬂN ﬁber laser,

rei.n sajd | ari zat. ent. 24..
~ BreieL foddmor aaRe i lbeniash Er i N Siica
SamQth@%hdF%WW% BERA fiberl 1A&.udes at Ieast one flber

| aser selected froma group consisting of: 30 WD

2004/ 1 Y, r

1y o prodice 6P WA and fion Tl {RE" g 182 Tone
Yhddddtionsl Wavaderfgtlp drerdbysaehievivig/aHnultiZledishl fsotee fbngamerating

Tm . ZBLAN fiber laser, Tm silica fiber l|aser, Tnf Ho:

si JCaSPBMP- | aser. Er: silica fiber laser, Nd: silica

fiber |aser and Nd/Yb silica fiber laser; for
281 0dde DABCM rsgﬁtew(ewﬁ@weaw hy glaim o eierréy Saidt bextlaser means

| east, Q0Rs a?@?kfhcg }!:\%’\ﬁ‘ﬂ PRIW (087 fi‘)pé %ﬁ{&ing ﬁl@gwgvelength by

mul ti-spect sou r "generati ng eam
25. ApdInRevimyestparn df A maltbsdanaaowict foroleabtifg saill é1sei beam.
said fiber laser neans includes a Yb:silica punped

26m ZBLBREBS 8y stél inPicRetdahetd with! diimhay bRt Raidyfiber laser means
upconversion as part of a multi MKeCt ral source for

geneinplidsy aser glirapenpesk dm/HpeZ BIaoN) lmenienprodening first wavelength
| fr
reant W 2D A USRS b v

f| rst vavel conversi on
200r ¢ B PHREN ittt oh A PERaEa M Pt e HBFET ey taser means
| aseincheRiNa FH Yt siREYes Viade Fot Hrédueiiod fing ewwhdléhgth by second
claiml, wherein said fiber |aser neans includes a

Er / Ybarsianicgenerasion ang dkan qogtbinsdgtiwithiag lepstrane additional wavelength
ﬁ’iﬁﬁ#h%e%%%?%"ﬁ’Ef*ﬂﬂ%%{cﬁ%ﬂégﬁr%ﬁﬂfé%‘ﬁ%1 5308 e B
Eﬁgﬁaﬁ[ﬁgﬂg g%/%g alg ez?%értélg?ﬁep w'l:thrc i %grefir(l) 'Said fiber laser means

includes a Yb:silica fiber laser for producing first wavelength by second harmonic

generation and then combined it with at least one additional wavelength thereby

achieving a muiti-spectral source for generating said laser beam.

29. A DIRCM system in accordance with claim 1, wherein said fiber laser means
includes a Er/Yb:silica fiber laser for producing first wavelength by third
harmonic generation and then combined it with at least one additional wavelength

thereby achieving a multi-spectral source for generating said laser beam.

30. A DIRCM system in accordance with claim 1, wherein said fiber laser means

includes:

at least one fiber laser taken from a group consisting of -
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28. A DIRCM systemin accordance with claim 1, wherein

said fiber laser neans includes a Yb:silica fiber
woasemrio$ns produci ng first wavel ength by secon#@CT/IL2004/000475

harnmoni ¢ generation and then conbined it wth at

| east one additional wavel ength thereby achieving a

mul ti-spectral source for generating said | aser beam

20. A |0, agcRerd i | i
2o o s DBNRY SRRy RIS SO by B o LS fer
| asmser, fYdrHpr @BLAMN ditkt lastr, e Bhgi\n fibyr tdser, d'm: silica fiber

har noni neratiQn and en,.conbi ned i i.th_at | east
ond#Seta ity o sttcaeliher 34%5% tﬂﬂr FHiER 05" e ?‘%s@ca fiber laser

Mubhd NPEs klIRh fPeHLEE; iy generating said | aser beam
30. A DIRCM systemin accordance with claim 1, wherein

said fi Qwaxél?ﬁ%ﬁcmr i ncl udes: at | east one fi ber

| aser take ma group consisting of - 31 WO

2004/ 1 . PCT/ 14,2004 47 Yp: sili fiber, | r
2001 195385 L AR0ULO9R4ER 10 L, LR 9 e
YbivioslengBh ANAS thegr con@ifdd withl atZBhANoild Beditibd erwavbldhgth thereby
silica fiber |laser, TmHo: silica fiber |aser, Er:

si pheeying papultizspestral spyreg,fosigpnerating s9it laserdepm. and

Nd/ Yb: silica fiber laser; and a wavel ength converter,

3dher et PIBeMisystepe in doggutangeuvitls cloim 4 0yahertimrsgidiwavelength converter

conve r roduce firs vel engt h .and the .
conbithideon: RE SR ER e oY B RGN0 arfrigpo. an PO wit
t her elttipleciiy@ilisNga defitd bf OPIRS taf RedEPOPCE, fH OPO and OPA, an
generating said | aser beam 31. A DIRCM systemin

accorQRWER Avi arscefled P29 a {pme vesve mixing smblfierngtilk laser, and an

conv sf] el iS: | east one converter taken fromthe
ar oug{ consallﬁsrﬁllf%%' of an OPO, an OPOwith nmultiple

rystal series. of OP a.seeded OPO, an OP nd
o, PR B s ane oA GoRh 4 WHstrBY Pkt Fg Jaser means
anpl igkh@hting shid| Kasdrab&din, FB8ucdNa OBIRAr ﬁﬁnﬁiﬁgé&fal h¥h brightness
A DI RCM system i n accordance with claim1, er eby
sai d spise pomprsad ofwhiality 9 hendsiof lasesediptionser beam
produce a collinear nulti-spectral high brightness
33our de IIB&PM i systgnmofn phearddnice ywith etherdsnofof |daes 20-22 and 24-31,

radi ati on. 3 A DIRCM systemi.n accordance with
ot et saif Tosp meatsy S B Flaged S
34. A DIRCM system in accordance with either one of claims 20-22 and 24-32,

wherein said laser means is randomly polarized.

35. A DIRCM system in accordance with either one of claims 20-22 and 24-32,

wherein said laser means is not polarized.

36. A DIRCM system in accordance with claim 1, wherein said fiber laser means are

included within said movable turret.

37. A DIRCM system in accordance with claim 9, wherein said laser beam includes a

plurality of wavelengths to provide simultaneous multi band jamming capability.

38. A DIRCM system in accordance with claim 9, wherein said laser beam includes

any single wavelength band of at least one available wavelength band
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wherein said | aser neans is single polarized. 34. A
DI RCM system i n accordance with either one of clains
waQeR20gme 24-32, wherein said | aser nmeans i SPCaAN®N/H00475
pol ari zed. 35. A DIRCM systemin accordance with
either one of clains 20-22 and 24-32, wherein said
| aser neans is not polarized. 36. A DIRCM systemin
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