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1 1.5 mcron imging source and |rrag| ng dew ce

i ncorporating the source 1

invention is that of inmaging syst errs for I oammmm‘m‘“|\“|\|“\“‘

targets in a given environnent, the target

bei ng airborne or ground-based, and notably actingiser _

i mgi ng enabling automatic control of a I aser 5 aimng

SYS{ 8hidrBRif g@ﬁlreg andin ing device ﬁ‘?&@fp@rwng the

acti've | nagi ng sits o sour

conventionally a pul sed | aser. By Vi rtue of the

directivity of the em ssion and the energies invol ved,

a signal is received over a |large distance even _

t hr oughhea fetdtdf ethenpvestionris thaesé intagirar tsgstess der locating
s #ﬁ‘ apﬁfléh %Hk/ﬁ{)n&'e}ﬁ?r’théqé ei ?BEQBW 3 Hgfaﬁ)orne or ground

I Ca I nportance for s

&
*bjgﬁdon@ khotakly astive m@,@ngaﬁwbl@m automatipy coatrpb gl a laser
skiieg b§stem Rof&Ad iMaging s@@{érﬁCt ed by a

e v RaR s mS isbS fis BB udh Slfee " Efvedtndly o
pusedilaserg Byhgirtusr gbthe dfirectivityr ofthe @nhiesisnl aud dbe eFrexgies
ﬁ'ﬂ/@llvgd O% s rgHa‘F 'i§|5%9elv%dn6\;é?bi bér%@ Risth B Gyt ttﬂ'bﬂ&ﬁ%e&attering

fi cal weapons re Iring correct
@ﬁf’é’é‘ﬂ S B@ée t@aa@ﬁﬁgﬁtm have un braar@ﬁw@r @Hvemdhisy tachnology a

ﬂgmﬁ@g@ﬁ in@psmyéndeamrséaﬁmtss andhdéferss. Wﬁélmﬁ)t@rﬁé @nfited by a
neasur | oSl t.l on

B5areng "o BYSatini oPiact 4 Bishite dfel chiBetksty a ppsiver

' lmetmndmhetjmlruf ushafita Padsadz jasensand agtimeewiridost dnevedeption

Sl FOTREERRl ESaRe (ARG PIEAIR: BLpHdest Bs sected
oper at Bhafield ahindewmstin n@tabé,sethea atrnlalg fodtrmem@ﬁl energy

Wehp @ﬁ@%&&;neg;g%ﬁéétid@oﬂ SFRELES duBhE ra?fhbﬁﬂhé}‘ic tl:&rénulﬁﬁbé @n the

f et
48 o ORBORIRT Glg 596 BAATDS. IR COBSE0AR | Phialh| BeaguinG the
poditien  dfhthed targfet owitiofa Vbhglo;fspailaalEngrl]Jla?‘Sré@ﬂutlon of about 1
| |
ARG i, A S TEET e TR L B IR tevel o
ccmjpeesatlw of f thet detarmationsof dhe bavwkye astidacegMareeyera the
@ﬁaﬁ%‘n isUbfe® MUSK BpeiatePatila LV elEHIIAEEIBSS toT'ih§t of the

tectu e 1s a structure designed to satisfy t
Wﬁﬁ@%ﬂand size criteria for the objects to be

pr ocespgdexdpple, taH acﬁwirﬁé er, tdp%r@tirfgobem 5 Surh FeF é@/@fsfafety

RensaMoGeoRoTPEsEd §n5'|'%mna§m gEsiiypilo ‘ehéfoy of
apadt r260 wmillippules pkr =plisem ¢l sdufaironeyef sahathy) isanabout
6 naROSAd R, SRS RBGePtaRferd] n20Rgn Shefl fifib Siiow of

'S source eover
the order of a microsecond (so as to reduce the effects due to solar

backscattering) with a spectral filter width of about ten nanometers. This
architecture is a structure designed to satisfy the range and size criteria for
the objects to be processed.

In this context, the problem is therefore the availability of such a light
source emitting in a spectral region close to 1.5 ym in a wavelength spectral
window of AL = +2 nm (also for eye safety) and delivering an energy per
pulse of 250 mJ at a rate of 1 kHz. This source must moreover be coupled to
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optical device (zoon that justs the illum nated

field to the target and to the illum nating distance,

the field of observation possibly vary from1.5 nrad

to 5 nrad. Currently, no solution has been

denonstr at ed that neets all of the 5 desired

speci fications. h ener g étlllunination sour ces have
t

m@ﬁtl@ﬁimvaﬁeﬁwm) hahedibsisithadidinainatrst fielddgghe dargebasd to

th@qm!rhln@lﬂng digtah&& nAkifidlPBf dbSSHgNEY p@@ﬁb@t\kﬂg fiopal@ .5 mrad

t%) : deo frequency bei ng sufficient).
&st solution consists in converti ng, |n

freqL@mgntI)a so|sotlsteinahes | zessr denemgjnatednthatnmeets all of the

M&@dd@%%%f%k.aﬁéﬁ{ghCérye%gg'nPunGmSﬁ&% 58Grded f%v%%éeﬁpd%@%oped

Nncy conversi on at arou
f}@fn|P@9'{§|f$é%ifﬂﬁ,%@'Wr%yﬁp@flc%ﬂ%nm%ﬁw ianiQyy FepetiPrnfieguency

Gerafihd ﬁﬂidw@i@mﬁ@?@emém?b@mc 0) forned froma

| t KT TP 0
(k) g iso dor§oy = dOrErinG: h dRguheyT dpotic-
$tatd Ilasat (reeeslymépor ion N clepedfglass er crystalwopérating in a pulsed

?é%a?rﬁ@ﬁf&hg\?%%dqug%\%f%@%gséﬁ@%% 'Sﬁf’rﬂt it Yrfuced by
wamfmp neprlineat |iateractions withean | onticgh-Reriamglric m‘:plll@tm@ (OPO)

ﬁémaqrdmtahndrmmeléldcwﬁr ﬁ)r eCfeaAq |RIKTBR O (KITP; o@$@r|Aso4 (KTA)
Pro d| ngs on, Advanced dAgte L

ingepey Infg W'W‘I”,&S%th B4R '5?15? v Eﬁﬂﬂ?"h?%kﬁces of
il typieanitty an[lan]ergxl\rgmaheorﬂmretl OGImJ b8Phtliviited repéfitjon rates of

I@Eftﬁéﬁ%qﬂiz ehé&ﬁﬂfe |betﬁ§e?8f%/v Hﬁbrhqf@éé o‘fl@rfﬁé'ignt high-energy,

conversi on
KTBHOBA gumpegswuﬂrp umauddaAefsﬁ Gndtines @i RSA Proceedings

%f?gt@ghﬁé’ed%o% Sta@%@ré’@ﬁ%ﬁ NYIS0PH AISGMBRaIT SBPJ with good

Peaneauaar and Yo 1eficeney’ Br LARTFEHT & e PIE 1 Yola 5337,
eﬁﬁfe%'ndei\rﬁinl|neaﬁfreqwﬁcy\/@éd’er9f@\ ahdenversiatl arglétials (2004).
Qe o B frie o BidiT BREhesRoR T b CifORTRA S ighy ' eRhle: u.c.
MoGlarthy &t atr @SAaProceedingspat Advagcach8olid ptaie Lasers (2001).

t her r@%%%%‘cﬁ@ét Rﬁ%ﬁ%@h&%te“s”%Eﬁé ok @S¥04 R%ﬁéﬂz and with

approach consists, i n us di um doped w

aheeRETBY ulpvebransistant Wit then STl wawieaemar h?§ 'aﬁver been
RoreddHE wolldbe 8@y Yroblematic due to the residual absorbtion of the

usual nonlinear crystals and especially their poor thermomechanical
properties.

Another technological approach consists in using a solid medium doped
with the erbium ion (Er**) that has the particularity of being able to directly
emit a laser ray at around 1.5 pym. Unfortunately, the effective stimulated
emission cross section of erbium is small and leads to a very high saturation
intensity (10-30 Jicm?), which causes a few problems due to the optical
damage threshold of the components that form the laser cavity. This results in
a limited extraction energy (<10%) which does not favor high average-power
operation. On the other hand, embodiments exceeding 100 mJ per pulse
published at the present time relate only to erbium-doped glasses for which
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emt a laser ray at around 1.5 pm Unfortunately, the
effective stinulated 30 em s;i on cross section of
erbiumis small and | eads to” a very high saturation
intensity (10-30 J/cnR), which causes a few probl ens

due to the optical damage threshold of the conponents
that formthe |aser cavity. This results in alimted
extraction energy (<10% which does not favor high

the sepefdionomts isopiy dewoless than hélzoberausenfdheir very poor therm-

GBI CERIES [SroperilisN sl 88séRbeeein e srticle Babl ingfsed ngt FTIR

OB S 4TBobE VR GRRY £ S SoPEL RT3, opt
Comn 128 (ROGECEGE58f their very poor

t her - ' tl ; ' '

bre o paraional gBRAREY dithe SNERELLAS (diefidlea, piate-
shapedceigslonticallypurared trapsvetsely ds st gengrally fayprable to good
K&t rexch8Rgé. 208AVerddiy; Aiber 2hhslifieP MEIM mARAIing aQRANN Yiameter

f,th ' - : te- , _ ]
A e
ifrproveh thermal goanageraenteanth dreyémpoyeadeyield gharacterristie of fiber
L e R
avesage PRV AbREREY 1 Raialn RAMSYBAREM SBRiHMY Hiterbium-codoped
ﬂiﬁagrlgy,@ﬂ ermnitting thp{]qa@htéfélyﬁt%;@ 1] aft: e i o@ﬁnhuéwm\/e has
n asers favor | echno i cal ,approach.for .
e aBERT deimtstiated, i dase bt M, R0 AERGES  Bumiy tterbium
Qadopenl| laargedlorer Biher! L aser witm2aS9d e Lontibaous-séave Output
e gl 0 pntulve _
BALEE 99, BORE SN ITIELE 208, WRbich ToBELIQTMAHOF Eittence
Yol 18] No. 8 H3-0APY2@Q@F.bi um Codoped Lar ge- Core Fi ber

Laser yd hrin@dipalVIfFRitdtionu 8 thdetser Qafcpitbotlipe REWES “smafl active

J t ) ) [ .
\Qﬁg&gr@\ﬁﬁ ﬁlg]ifs\%gggm‘éun%f gglesgcyg %é%%l !g%é%?ragje%?%rg latter is
rEgte@to tea paturation émérggandftotthe sfridiiesigmalcdain Stinttlee fallowing
its small active volune that limts the anount of

WA gy that can be extracted. The latter is related to

the saturation energy and to the small-signal gain Go
in the follow ng_20 WY,) Eexwhe,-@E%%gtifn&%mbere

(O'es + Uas)
with: Eey : the extractable energy and Eg; : the saturation energy;
hv s: the energy of the signal photons;

oes and oas : respectively, the effective emission and absorption cross-
sections at the signal wavelength; and

A: the effective interaction area (corresponding to the doped core).

In practice, the maximum energy that can be extracted from a fiber
amplifier is about 10 times the saturation energy, for an unsaturated gain of
about 40 dB. Beyond this, the amplification of the spontaneous emission is
such that it saturates the transition and any additional pumping amplifies this
noise.

It is enough, in principle, to increase the diameter of the fiber to
extract more energy. However, if it is desired to guarantee a beam quality of
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-sat = (es +Gas) wth: Eext, : the extractable energy
and Esat : the saturation engrgy; h v s: the energy of
the signal photons; 25aes anll Gas: respectively, the
effective em ssion and absorption cross- sections at

t he signal wavel ength; and A: the effective
interaction area (corresponding to the doped core). In
practi ce, the maxi num ener that can be,extracted

ahash29 mimh&rmeadhiiier pBMicoekitsiant sughthatehd’ #ht0), the diameter of
tﬂgtdggébldyﬁe RErnBYd td @00 @i w?@ﬁeal.tgﬁ@dum@neanoépéiﬁj ralepat 1.
Lon o

d th h
<pont AHIaNEn dofionS. Blattaafbie heoy Jelie g about en
milljosles becaasel tenfactatdisit onak UG co’atpl #1.56surmhi s

n0| f’]e tFH%lgreNE%HBY%OaH"Hﬁémgfa?ge (J'méaﬂc]a?‘glr?%lggc‘?ﬁe &'f e Ehersgy that
¢qf'h*|)¢ eytragteddoom I’ﬁu\cbra fiberaag 2 fynctiop pfahe @é\'mﬁiB@W?U k940 nm
fof dfffetent energy Iev@lﬁjm]ecﬂétfﬁﬂo endinpliiers, the

becaudh PiecpREchr ot subifet BF the 198 r8afdn s L sioing
gource eRitiimgeatl1.Shoigsorm aedeuaplablwohdalmrmgl ars optitaltbeam of
sq.fﬁlé ert Sﬁ'?rrggyart\(?% s%ﬂ‘fble?rﬁlye&&? S‘;{S}O o%#fc'% ctiVePfhaging

%ﬂq netabiyt todplowyhe W@Pétoi t?ﬁ @@%té%’qdnt o the anplifier.
I n t higoropieRidely, Q:m% subjpetadf tﬁé pté@mrm@mbnnﬁ\aemls@@ laser

it SOUFeHar Iy ah WAvElEnBLEPt Aadle Tolfh & smectral
teamet A afrad féwa neumbhietesnahg dehmrtngoalm:emertmf petoceneat least a
1%9\} fteYE dfrmlﬂh&ﬂeé‘%ﬂd%‘[\)g/@%%u%ﬂ clelﬂwHLé%g Sbﬁfﬁérlééﬂ Pehat it

ect
%@B@&ﬂs invention is a puI sed | aser imaging source

em tting aéo@'cé'a\é%lﬁﬁ@ hg ofva@Bowavihe® PUISESNSS | Gredrter than
sgectral and AA of few nan(gﬁngters and delivering a

ximgtely (Rueiens;of Ir@é@lse‘éorl WRIPBNs of millijoul es
and sevamn ampiified aedembly d¢louerieg, arc hanpdified nvaned from tHeatvave

(5l5tpﬁf)1%)ﬁw' tﬁg%ulse source;

- a set of N fibers connected in parallel, supplied with the amplified
wave, each of the fibers connected in parallel being coupled to an output
amplifier.

According to one variant of the invention, the imaging source
comprises a coupler enabling the energy of the amplified wave to be
distributed to the inputs of the N fibers.

According to one variant of the invention, the imaging source
furthermore comprises an optical system enabling the field of observation to
vary from 1 milliradian to several milliradians.

According to one variant of the invention, the optical system
comprises a set of N coupled optics at the outputs of the N fibers.

According to one variant of the invention, the optical system
comprises a set of N fibers recombined into M output fibers by a set of
couplers.
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a source emtting a wave having pul ses of greater than
approximately a few tens of panoseconds duration; an
anplifier assenbly deIivering an anplified wave from
the wave 20 output fromthe pul se source; a
set of N fibers connected in parallel, supplied mnth
the anplified wave, each of the fibers connected in

par al | bej ng coupl ed to an output anplifier.
Accor dgﬁ@)r%‘gotﬁ’eoﬂé?’?%ﬁﬂt tthe W@’qr‘r@?@nﬁ?'grppt{cﬁé?qnﬁﬁ[&%@ pair
sblenses ahd eprs kR adiustingitherdistaakd begvédrelemizes @ & to vary

paye to be distributed to the inputs of
{h?ef' kBé#%Na According to one variant of the

i nventAegnrdingeto ongyvartigrimirtbe inventiner saideopdicsmonsiseaa pair
8th§ﬁ‘1|s §M§trﬁ€hﬁ§‘5fef'r8%tlh esélﬂeﬂ)r‘?ﬁrﬁé ﬁ‘bb%‘%rtf“/b? thé angular

var, Tm [ I radi an severa [ira
BO %r@ r?@% PHgE \rslat'aﬂt tyithenetheryand; Bierebyethe field of
opderoafiorsyst em conpri ses a set of N coupled optics at

f/gﬁ gnég%i#rﬁ f 14 UpeNELDS ?E the inventid 'ﬁ‘cctg{edénrqghﬂeg gggembw

e |1 nventron, tlca
eorsprises aseriesa sevetad ampldiers fqrcgameoahrmjfrom deignabyvaye of

§%w°tfen§%=fm5i{o§oule§ an amglnﬂé’lf%rv@' &%ﬁé}g? ?@r'tﬁﬁﬁ ARfleast

i nvention, sald S conprise a | enses
Wtr%%%“'?q{?ddﬂ'ﬂwl?%g t he di stance betvveen | enses so

as to /?(ecfcyrdtdt?etcf lcﬁiedgxaﬁambsﬁltweatm\fuhu%ccthédamghﬂiér assembly
varian e nventl sal I CS conprlse a palr
4315p AR Blre® WinddhiGRbed Jioe? BT, o 60Tt sme 2o as

t o varAcedrdingrigudrer varasit of the invepbarh tpe ifibars ateatribitenidwped
f&ﬁ@rs%fé%.uﬂ{)giuéﬂaﬁrrﬁ%dbpsd Flb@tlsd of observati on.

din to"one varil an |nvent|on t he
anpl | (AGOTENGe eI e oV@iartes! Ahgeinvestion, Jageiaaging source

ch?ﬁbhéé@Qs fibers @eAREcbH Y phfAli8l 8odsORegendute ah obffical beam
f&q@&%@of na ois gl es an anplified wave of energy

9 HRHIQYIEP &L 8P Nout one hundred nillijoul es.

Accor dAngtheo sabject af tlaninvehtibhés anviemagirandevibe operating at a

REDLRBE! n83° T hlorBATRI SR 5 S PURR LR tnat

e varlan
cmprlmﬁhe OFUIre eoff th@eﬂ@e@ﬂ@nelﬂhﬁ umagep avirgy fanb@pgn time

RindP b e/ bidr Rif T &8886shd b8&Stated with a spectral filter about
10 nm in width

Such an imaging device is particularly well suited to imaging that
circumvents solar backscattering phenomena during the analysis of aerial
elements and the risk of dazzling by those parts of the target that are heated
to a high temperature by the laser weapon.

The invention will be better understood and other advantages will
become clear on reading the following nonlimiting description and by virtue of
the appended figures among which:

- figure 1 shows an example of numerical simulation of the energy
that can be extracted from a fiber optical source according to the
prior art as a function of the pumping power at 940 nm and for
different energy levels injected into the fiber;
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According to one variant of the invention, the inmaging
source conprises 25 fibers cgnnected in parallel so as

to generate an optical beam 0f about 250 mllijoules

of energy. Another subject of the invention is an

I magi ng device operating at a 20 wavel ength near 1.5

m crons conprising an imager, characterized in that it
conpri ses the source of the invention, the inager

havi ng afigBiReR SoNS aR FABWRKT Of AB iFAGENY seurge according to the

mcr osecmnﬁsﬁ@@nqdr%dwgmﬁerpa&aweméwhefﬁﬂ cbftzaﬁt@é‘r@ut 10

nmin w

wel | "sun Pl d Shellth Agreii; ag8tesPenfoBfoosEglidg e resuting

backscat cempmgltpr@ptmértwadmrofntget imagingl sairce cdt &ér pal. The
el ement s ;apd c!hed%'néﬁ: e ﬂé‘léé'df"tﬂ:s‘%ﬁvétfb‘ﬁsl%lﬁ L#ﬁ: %Ech of the
eat e g

the target that are to a tenmper at
t he | asefaSRERSAAS; The invention will be

blet ter- UlﬁgaféSMOQHO\ﬁQda Q/lblhgﬁt aﬂ\m@tulatwmdm In \é\bﬁﬂﬂ%@{ne of the
clear on_r in oW non escription
and by vPH ng agt?p {%ﬁgﬁg)egp%rgn E"P'rbqlﬁ‘@gggnong V\,hloch
figure 1fighes showsxampkampfe nmlnennmlng; sowicat acnordihg to the
the enef%ehgah fEﬁHePﬁor%Xédrﬁgﬁ i 4P Fn'ePé‘rrthBtr?Séﬁse used

source accordi ng t as 3 functi
punpi ng R r%?”"@@‘?ﬁﬁ‘%ﬁ@dfor dlfferent ener gy

| evel SGeﬁel%myetH\el lﬁtaglrﬁghSouncbeiccorcﬁn@ t@ teeinkeption@ofiprises at
exa sour ce

BASTR0S shurdhslBile o wags sapapRes 6Rd aisdd Shypiglly. a diode

fbsbenmmy e gsed dlivhong aa amplrflcmuam chagletmehttself supphes the set

?ﬂ@é%ﬁﬁé&@dﬁﬁ?a%l@%& g@% %%[;[E%ﬁ%ttﬁe f}ﬁ g.ﬁg |0

circ enote
the fl/ém o@xa@mm@b@ﬁerthmtspbﬁlonepmwdﬂgi by @@cmvenh@'hels shown in

QRBI2 RpRINE is fti&éﬂeoﬁ’rtﬁé]% aéity of 1a9er Shplifftds] RYRBLY BRbium-
e e s ST b LSt e
alnepetltlwlfr@qma:yocﬁ‘ the codei oyl kbiztwich 4Aieneegy level of 10 mJ per
DYSE RS EoS BRI PAbicH G BF'BBEL 0 drtPEvdFR Fetifiband a1
of a few nm The flexibili ty of the flber amplifier medium lends itself to the
parallel placement of a few tens of amplifiers so as to provide the energy level
required for illuminating distant targets. More precisely, in the example shown
in figure 2, a signal diode Ds delivers a signal wave with an energy of about
0.01 pJ to a first amplifier Ampli1. A single-core single-mode erbium-doped
fiber amplifier may for example be used. The fiber for example has a core
diameter from 5 to 10 ym and supports just one mode at 1.5 ym. The fiber is
pumped with a pump diode Dp1 at 980 nm of less than 1 W power and coupled
to a single-mode fiber. The fiber doping and length are chosen so as to obtain
a gain of 30 dB and an output energy of at least 10 pJ, i.e. an average power
of 10 mW at 1 kHz.

The amplified signal wave having an energy of about 10 pJ is injected
in turn into a second amplifier Ampli2 pumped by a second pump Dy, enabling
a amplified signal wave with an energy of about 250 pJ to be obtained. A dual-
core Yb:Er-doped fiber amplifier may for example be used. The signal core
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General ly, the imagi ng source according to the

i nvention conprises at |east,one source emtting a

wave capabl e of being pul sed. Typically, a diode |aser

may be used, delivering an anplification chain that

itself supplies the set 15 of fibers connected in

parallel so as to generate the inmagi ng source.

An exanpl e of the solution provided by the invention

has 3 Histneten of ahlgast 20 #AYSP @Site epablecar AURWE e@ﬁf&)’c?ft 400 pd to

8¢ obgfifed éﬁ'ﬂ'thélrﬁrrﬁendwta@éhweeh’fa drsrel 0.1 16r0.2. The pump
de_p es a few

K dr
GIR sedgh aalibie 280 JTnPull 7 Biheital st oragter than 0.4
melieg theé coupling of the pumereasigr. H’beejurm:p isl jomgxareple2@ diode at
o) S@soVMﬂbf%t b@mw édl%blédﬂfa QﬁlbyPopéo@?wt:o@d@%ter and

over a spect ra few nm

Qff 0. 2Rymeygal a?rP&lrﬁUfﬁ’ efhergyeiage @uadt ppwer fs Séﬁ We at % rate of
Pl Téle Mderclengiit maly tgpically vansfrom anpl 10 inedepeadiag on the

%&s \Ue?seué%faﬁ@%@éuh‘lﬁv\%vé@@&hf ed for illumnating

tar in the exanpl e shown
in figlhie sg;nai vsa\@]aonmtwetothe @émmhﬂ@dslnathguajﬁallﬂqmloe chain

\)Wtﬁ I& @deé}ﬁAE‘pgﬁ'eroAm%R§;ﬂfun§fboobg]a firdrt Bl[lrﬂpdeE)&é Dp3. A dual-core
?

re Sln%
rmspf&frfaraewl%fﬁﬁy ePXammpler by éﬁgﬂ%h@ signgl Goge has a

d‘bme‘terber approxéwaten) ¢00gsmaerabling thareitput énengyStot be Ieater

BahoREot TR ke, agogeg@?%@%gg%oﬁnﬁ"%n{\ggsé bRAI 43 of
2onwen.rarad cartgspending to an Mfl fectassual ted 0. The puniecore is for
%@Ig @@@lrkjrﬁr\)gﬁm £hEnfhiears §ﬁ¥|%39FéétQPEI?drP o) nﬁ'aIGﬁ'd; bump

an out put energ

cRHrinG AR de: PUMPLS. faexamPlRyE. diefe 2480 g Fraap nm with
SOWERLf WRleash AONG/ 8busiBarteya ﬂbeabﬂut)okﬁ}npebresdlameter and of

b2 it B by e r ORGP aher i A0S v ABET ke

Vih¢ tfiben length gyay typcaliyt va§drqgd 2 o 86 mbdepereting Andbnal doping

Y, gﬂﬂﬁ | q;ﬁ‘l'{ml ifier may for exanple be
%éegqs%ﬁj QmE(he QV\H\B%I as a dianmeter of at |east 20
pm so Baus, oEl eﬁﬁ@b@'eWaV\e st pRaute ey asfergyds pbtaimegethat may

t&gd%y nag é‘BQUéIB? HE®jelt Qﬁ“flb@?ﬁﬂ ufeeermmwérrng Qqutﬂequrrent

srarmpie; Theait b Safenis datfinied o faefergebis ensrdy of 250
poupldanh of tHeh25 ffibmps.eAssetrof 5 anmplifiprs sonfpusw@xaumlpedlodes

eetoge Sash e et Rl e for s i AR HR effdyPof1o my,
ey tatalepulFtheourcerengegy of Pax omdrorizS0omds Wat a rate
of 1 "'ﬁease-rbsdérhﬂﬁferé ‘éﬁ%‘d&nﬁ@éﬂ Foytﬁb‘é?hbﬁfléf@(MpﬁS Ofﬁe,zjunctlon

to 10 | evel s u

belieenaee eﬁ@PHf'eW?h ARl g r?éﬂd \,eav@h% dhenn 'th qgug Ampli3 s
praRluckH Qrémgwtéd@e fiespd, ltﬁe Cg%bh@rwbﬂWhlchQ/aMdsfscaaé ho mdatch the

AT et At 2B TR Bl gt e, BRae! (S B fioer

b@mpsadntsTﬁ&:rsagnmavejemgihhﬁimra, dcaumo-@ptiof modulators or optical
I

REBA 3 oo d Sy S g 5t o b etveen

thelpwlse%ﬁ@drt@ agoeamosgitationy of 20 nm nrad

corr esgf&?%?\f& ‘itolsaBIsUQp(f)%lSI@rtoeﬁktiﬁucbothjeoammlﬁe@w&npm and

core i mwth a nu
Bgieusing iR Berm AU PSR T W BED LB (g cese; e Pump
The punp is, for exanple, a dlode at 920 - 980 nmw th

a power of at |least 100 Wcoupled to a fiber of 400 pm
core dianmeter and of 0.22 nunerical aperture. The

average output power is 10 Wat a rate of 1 kHz. The

fiber length may typically vary from2 to 10 m

dependi ng on the doping
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20 level s used and the punp wavel engt h. Thus,
a signal wave of about 10 mJ, energy is obtained that

may supply, via a coupler cPa set of fibers FI, here

nunbering 25 in the current exanple. The 10 nmJ of
energy is distributed as an el enentary energy of 250
pJ to each of the 25 fibers. A set of 25 anplifiers

conprising punp di odes 25 DNp4 al |l ows each of the
wavrlergthi istpsetesablyeat aroupd &78 ot id thearlensite ofj yhefibers must

tgeés(r)ucireaﬁsed%édau@b tﬁélabe% i@hque;'s_@eer@;ér@f 25 x 10 :rnl or
. se anpl i fiers ar t £ O
The anpte pruping bERGSers maé Hhnifief @S abfi e, 28 arhflfers is
proplcéd esimglerpiultimade 1425l calipléreiihisngdm@orent Map lbeJprioduced
S . . i
QlEF i, b0 o HiipiddnCt 5 LI biika Yush Ghd Romponent
thabenablps ghis tisasiiondetbreaingdse anplifiers, fiber
frggpogltarmmsﬁ éétﬁio ﬂdif\g t@?‘ﬂ@é er:i\&'{rﬂiohi, |th6rigjecﬁ©ﬁuéﬂ theet INC parallel
r optical isolators nm i nser :
FBoHTH a8 M PISCSRE RrrL dnpos i ToRRly Hhd the
teuipozal fandat andithe daseleagth of theiesnission.
Mor eoveL , od ten ' h :
anpl i f|§‘c53|r'§f,é Atr?pﬁ’.@a%‘%dp%@%iﬁ%ﬁ %Sé”f?ﬁ%“%?ﬁn’ﬂ 6f thepe lasers is
asrociptp@ withraryoplie thedipmater afwhigh & @88 bYi he punp 8
wavel ength is preferably at, ar odMf>9%8 nm and t he
| ength of the fibers nust g@“ﬂiﬁcr%sed because the

absorption is | ess severe. The coupli et ween the , .
anpl i {MeChAmRAPEZEMmNG E'@fgﬁ‘%ﬂ“ﬁ%@r @‘% geﬂpo%‘ﬂﬂ,‘lé\fl relative to
i&&digfga(aidmuirhi_témdeluéx% exuaptoet); amdi s conponent may be

pr oduc [ o : ' 1x2
coupl ef%tﬁgsk%\%ﬁ%’gﬁé&% %ﬁéh%iﬁ&gﬂ%‘é% at enabl es

thi s tThussifer Wi = 10 beAsbt Givmea@nd for 6 = 1.5mrd: Popric = 12.7 mm

gQﬁﬁ%ﬁng to the invention, the injection of these N
paral l el anp

[ifiers wt conmon, pi |l ot si gnal
P e sy RO agPeRas Phaby enpor AEeiee GH emay of about
280 €.k g hthefefohe be 8556 661 in 4260 as to produce an
i magi ng _source, .each of thgse l/ﬁi'stﬁrs [
[

wth aHogppresall athleser Berm Bk oSy B s fibers
iBpcAupterZtd an lens-type optic, arranged in a matrix as shown in figure 3, that
demonstrates the resulting composite optical beam of the imaging source at
1.5 ym. The circles ch; denote the fields of observation relating to each of the
laser beams at the fiber output, with a divergence of 1.5 milliradians. At a
distance of one km, a 1.5 meter observation circle is obtained and the 25
circles are practically superposed.

According to one variant of the invention, the field of observation may
be varied by virtue of pairs of lenses the distance of which is varied to produce
a zoom function and thus enlarge the field of observation enabling, for
example, an extended imaging source of about 5 meters diameter at a
distance of 1 km to be generated.

According to another variant of the invention, it is possible, by
adjusting the associated optics, to adjust the divergence of these lasers by
virtue of diasporameter-type structures formed from sets of two prisms the
orientations of which may be rotated. Their implementation is furthermore very
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M2 characterizes the difference between the beam
quality relative to its diffgaction-limted value (M
equal to 1); and 15A is the Wwavel ength and e is the

field of observation. Thus, for M = 10 at A =
1.5 pmand fore = 1.5 nrad: Ct)optic = 12.7 nmis
obt ai ned. The pupil conposed of 25 | asers,

delivering a total energy of about 250 mJ, nay
&lm@ieeﬂ@eé%f@eamﬂ" Gt'amefq & and; the MPNGLBrosRalis Qéttye bR ray.
Ttﬂ§edorﬂ|gamtﬁlin bhoudts potcHingfar thefdirdktio? Snf whighsthes various

gt e, Argins B X AN nofLoRRRo i B ybshiaty

sprapo si geeaj;nhstaad:e bedheaxing,Hygpicatiyyita gnsahseceation rlagfon of 4 to
ﬂ?etgr'é‘?n%&ﬁ'nl es chi denote the fields of observatl on
r el at |ng to each of the |aser beans at the fibe

out put TYRigally. dheyisekofdhese dfasporameters may Qﬁs“sﬂ tq vagy the

ﬁ%géh@mqes)tfo@ffﬁahm a 1.5 neter observation circle is
obt al

t | ' I .
Super pt Bems SmbioyRg Bpl e bfis R 100G alhati a fig wm and
may éort éxampletee madedfsilicabser vati on may be varied by
virtue &for@n"ﬁ 8 dMoth&NZFR ’éBf“’th@'lﬁ\tlém %Bn*@"'bfcthe'l@ampllfymg

atent flssr%eggf}réégm@mze&??sﬁf‘%?rﬁg Eewa” behdarel e 8% to

%eéﬁedeCMWQhéwm@erQﬁ p@#pﬂsle ﬁwﬁaﬁaglﬁg diysterd. Thisimay for
i s r

S 08 508 b BTSSR A RGE s gy mor

mopaste rpgg;vstdnq:easfmecu ‘élmsdn@;palsospe the eagaiftit isidesired to reduce

BleVRIABLES: Qlipi %Ss't@%ﬁﬁéhfg%h% 's&%t‘é@ 9h this case N.is a multiple

dlas or anet er - fromsets of two
off Msam thﬁacgmbmat@ntra@v despreduged sisingaubimede axder n = N/M

e doul @E@Wt'l"ﬂlé Wbé éf (fdl'ﬁﬁd]’ﬂ-'!rmi’é Someriarciatly sivaidife Gin@ may
to th n romati c. na

b 0 S oL BIEhST AT SR GERCSTBLL AR U0 usea
ther eedracteristicsoare d]drraeteararmhsurperls@iw;iextlﬂre ofrthelsignal at 1.5
éﬂ\g gf m‘%}{aﬁr lotelﬁrﬂgédl 018' tﬂogé é)gp'?eg @ﬁl% fiBe Thg output fiber is
a\naissikl fiperttbe raabbeéram thennuragrieal aﬂerwre @fswfycfw@tr@ ichosen
%) aﬁ'itéib'i‘eserve the overall geometric extent (diameter x numerical aperture)
of the N fibers. Figure 4 shows an example of the amplification chain
incorporating this option. Thus from N x F;fibers, M x F; fibers are obtained as
output.

According to a first example, with a number N equal to 57, each fiber
emitting 5 mJ, a number M equal to 3, namely 3 exit pupils, may be had by
using a 19 x 1 coupler.

According to a second example, with a number N equal to 56, each
fiber emitting 5 mJ, a number M equal to 8, namely 8 exit pupils, may be had
by using a 7 x 1 coupler.

Figure 5 shows a cross-sectional view of the set of diasporameter
structures that can be used in a variant of the invention, these being coupled
to each beam of 10 mJ output energy. The rotation means R; are coupled to
two prisms Pry; et Pry at the output of a lens Li.



Typically, the set of these diasporaneters nay be used

to vary the field from1l.5 t,g 5 nrad. The

prisns enpl oyed may be pris nonochromatic at 1.5 pm

and may for exanple be nmade of silica. oAccording to

anot her variant of the invention, sone of the N
anplifying output fibers are reconbined into a smaller
nunber_M of fibers so as to reduce, if necessary, the
nunber T fFOF0pRN SMAYIRG SGViReyi thE EyAdiIRGh SORFR IRmdPURipd to an
ey Ieavieg tareopeaeirhé winhdow ek thig efddroofvar midbsdtditEand a

t ; j t der at e wer r. fib This may_ ..
e Ml LB P RIEL A GePREF ST PoghB S ekt Porasitic
ghtiseurasts gansistingsel salar scattefipigi by/thehatmgephene and that part of

" ; ) . be
S ORI [ hCatRy o Sie MR AR SRR RPN 8RB G
CNm This type of conponent is comrercially avail able
and may be produced to specification. Passive fibers
(w thout |aser ions) are then used, the
characteristics (core dianeter and nunerical aperture
of the signal at 1.5 20 pn) of which are identical to
those of the anplifying fibers. The output fiber is a
passi ve fiber the dianeter and the nunerical aperture
of which are chosen so as to preserve the overal
geonetric extent (dianeter x nunerical aperture) of
the N fibers. Figure 4 shows an exanple of the
anplification chain incorporating this option. Thus
fromN x F1 fibers, Mx Fi fibers are obtained as 25
out put . According to a first exanple, with a
nunber N equal to 57, each fiber emtting 5 nmJ, a
nunber Mequal to 3, nanely 3 exit pupils, may be had
by using a 19 x 1 coupler. According to a
second exanple, with a nunber N equal to 56, each 30
fiber emtting 5 mJ, a nunber Mequal to 8, nanely 8
exit pupils, may be had by using a 7 x 1 coupler.
Figure 5 shows a cross-sectional view of the set of
di asporaneter structures that can be used in a variant
of the invention, these being coupled to each beam
of 10 mJ} out put energy. The rotation neans R are
coupled to 35 two prisns Prii et Pr2; at the output of
alens Li. 10 To form an i nagi ng device, the
i magi ng source is coupled to an inmager having an open
time wi ndow of the order of a mcrosecond and a
spectral wi ndow of 10 nmto circunvent the effect on
the SISNratio of parasitic |light sources consisting of
solar scattering by the atnosphere and that part of 5
the target which is heated to the nelting point by the
| aser weapon.
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11 CLAI M5 1. A pul sed laser inmaging source
emtting at a wavel ength of1about 1.5 mcrons in a
spectral band (AA) of a few nanoneters and delivering
a power of between at least a fewtens of mllijoules
and several hundred 5 mllijoules, characterized in
that it conprises: a source (Ds) emtting a wave
havi ng pul ses of greater Eﬂgﬂwﬂpproxinately a few tens
of nanoseconds duration; "an anplifier assenbly

(Amplil, Ampli2, Anpli3) delivering an anplified wave

oL oN PR il kang incE danapur Sxiekidin oo
. . | e . .

£ MRS it i ShAgEA 1 (oh B e LAbouBlE S othieing &

pewerl bélbehweeay atolepktd few dans wifpmillijaoielsi aneérseveral hundred

o sba e T evere

ol shth P R8 in WA A SIS 1P oo Couptor

enabl im§ sRErcenéPg)y eonittinge aaMAver havingapelses ek greater than

Shsrokintateth fev tdifs oMidtHosebndd@umitibhbers.

2. char A GRRGT, roxataay; (ARG Ariais. Bothie <Beivefing an
amblifd?i waystfwnrln trealvaive gutput fidin theeplai_sefspuhazgr vation to

r I E an-to . i . .
b Yoo Burehd) SLISSTIED LRECI of pdofdh PPled with the
3mptifiec wever paeh of ithe fibers ernngsted i pafaiebheipangaupied to an

?ufggfa,q,fp“f,\érz_:oupl ed optics at the output of the N
I bers. 25 5. The pul sed | aser imagi ng source

as clainmed in claim3, characterized in that the
opticad. shsd gpaisedplaseesindaging ebumef idzerdaitted in claim 1,

CBr o8y dy bt R fg - SB4PIEL PoiRgofile Bherav. of the
ampiified wade ite beidistgbuted tolthe inputs ahthesN fibiess.act eri zed

in that said optics conprise a pair of |enses and

means for_adjusting the distance between | enses so :fns
to vary tHe fp@ped lapgr imaging source as claimed in claim 2,

characterized in that it furthermore comprises an optical system enabling the
field of observation to vary from 1 milliradian to several milliradians.

4. The pulsed laser imaging source as claimed in claim 3,
characterized in that the optical system comprises a set of N coupled optics
at the output of the N fibers.

5. The pulsed laser imaging source as claimed in claim 3,
characterized in that the optical system comprises a set of N fibers (F)
recombined into M output fibers (F;) by a set of couplers (Cnm).

6. The pulsed laser imaging source as claimed in either of claims 4
and 5, characterized in that said optics comprise a pair of lenses and means
for adjusting the distance between lenses so as to vary the field.
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7. The pul sed | aser imging source as clainmed in one

of clains 4 to 6, characterlged in that said optics
conprise a pair of prisnms and neans for rotating said
prisnms so as to vary the angul ar position of each
prismrelative to the other. 5 8. The pul sed | aser

i magi ng source as clained in one of clains 1 to 7,
characterized in that the anplifier assenbly conprises

a serilesThst pylsed laserdmaging epurcecs gleHeeadn @@equoqlﬁfnms 4 to

&, améctbﬁwd i tivatfRid bpliss ebmpriBejophie Df eymsarrgoéncﬂ in®gbins for
reater th n at | east bout

Tt < i, %6 8818 vaiy e AhoiyF BosBR Sty retetive

tedbeothers clainmed in claim8, characterized in that

the anplifier assembly conprises three di ode-punped

fiber anplifiers. 1510. The pul sed | aser i magi gf

sour cB-akN& PHiSREJa$eT IBIRDIRG SeHrEeRS ¢lajrged in one of claims 1 to

mﬂfaasét@hzé@% tﬁattthétanﬁ;hﬁ?lef bbgémbg/f@mpbsmcbw@d of several
tterbi umc

Bits e BRBer ATy 1T i Bnar B3NP o 4 5% tems, 06 nemoigyies an
ahplified wava of ene@yygrestesrthan et ieastaboutttaatmillijoules.
conprises 25 fibers connected in parallel so as to
generate_an optical beam of about 250 m | ou| es o ,
ener gyd- The pulsed olasgp, '|”Fﬁﬂjn91gs‘€fér\9ﬁcé‘sor%'i‘é'ﬁdnd”atcaém 8,
db&éfébt@ﬁl@dﬂl imelait theSampitfienssseisly icommyises thres eiode-pumped
har act r?rl zed in that it conprises the imging source
a?én%l fred in one of clainms 1 to 11, t he i mager
havi ng an open tinme w ndow of the order of a

m cr OSRE O pulsed laser imaging source as claimed in one of claims 1 to
9, characterized in that the fibers are erbium-doped fibers or
erbium/ytterbium-codoped fibers.

11. The pulsed laser imaging source as claimed in one of claims 1 to
9, characterized in that it comprises 25 fibers connected in parallel so as to
generate an optical beam of about 250 millijoules of energy.

12. An imaging device operating at a wavelength near 1.5 microns
comprising an imager, characterized in that it comprises the imaging source
as claimed in one of claims 1 to 11, the imager having an open time window
of the order of a microsecond.



