1.5 mcron inmagi ng source and i magi ng device incorporating the source

The field of the invention is that of imaging systens for |ocating targets
in a given environnent, the target possibly being airborne or ground-based,
and notably active imagi ng enabling automatic control of a laser 5 aimng
system from said i magi ng system General ly, active inmaging uses its

own light source,_ conventionally a pulsed |aser, By virtue of the
directivity of T-AdN&HPEIMBSInGFOHRE éﬁérlma&ngrﬁﬂw%wcwygﬂ% the recei ved

over a large distance even through a $€&'€eri ng nmedi um These
characteristics have in particular given this technology a 10 significant
i nportance for security and defense. The photons emtted by a |aser and
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2 pos;flon of the target Wth a high spatfial angular reso u‘aon o apout
microradian with a bandwidth of about 500 Hz, ensuring the first level of
compensation of the deformation of the wave surface. Moreover, the
20 iflumination system must operate at a wavelength close to that of the
weapon.
For example, an active imager, operating at 1.5 um for eve safety
reasons, may be composed of an illuminating laser delivering energy of
about 250 milljoules per pulse, the duration of which is about
25 500 nanoseconds, and an imager (camera) having an open time window of
the order of a microsecond (so as fo 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.
30 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 Ax = 2 nm {alsc for eye safety) and delivering an energy per
putse of 250 md at a rate of 1 kHz. This source must moreover be coupied fo



an optical device (zoom that adjusts the illumnated field to the target

and to the illum nating distance, the field of observation possibly vary
from1l.5 nmrad to 5 nrad. Currently, no solution has been denonstrated that
neets all of the 5 desired specifications. H gh-energy illumnation sources

have been devel oped for |ong-distance airborne applications requiring a | ow
repetition frequency operating node (video frequency being sufficient). The
comonest sol ution consists in converting, in frequency, a solid- state

| aser (neodym umion Nd3+-doped gl ass or crystal) operating in a pulsed 10
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results i "on Advanced Solid State Lasers {1984). "150mJ 1550nm KTA OPO with good
beam guality and high efficiency” D.J. Armstrong ef al, SPIE Vol. §337,
Conference: nonlinear frequency generation and conversion materials (2004).
20 “Novel, efficient, high brightness KTP OPO-OPA in single beamline” J.C.
McCarthy et al., OSA Proceedings on Advanced Solid State Lasers (2001).

An operation at much higher rates, of the order of a kilohertz, and with
an energy level consistent with the signal wavelength, has never been
reported and wouid be very probiematic due to the residual absorbtion of the

25 usual nonlinear crystals and especially their poor thermomechanical
nroperties.

Another technoiogical 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 um. Unfortunately, the effective stimulated

30 emission cross section of erbium is small and ieads to a very high saturation
intensity (10-30 J/cm?), 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

35 published at the present time relate only to erbium-doped glasses for which



alimted extraction energy (<10% which does not favor high average-power
operation. On the other hand, enbodi nents exceeding 100 mJ per pul se 35
publ i shed at the present tine relate only to erbium doped gl asses for which
3 the repetition rate is very low, |less tthan 1 Hz because of their very
poor thernopto-mnmecanical properties, as Uescribed in the article "50 ni/ 30
ns FTIR @w tched di ode-punped ErYb:d ass 1.54pm | aser” E. Georgiou et al.,
Opt. Corn. 198 (2001) 147-153. 5The conventional geonetry of the active
medi um (r od-shaped, plate- shaped, etc.) optically punped transversely is
not generally favorable to good heat exchange. Conversely, a fiber
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em ssi on anﬁb@??a%gptérﬂﬂiﬂcd’ %%B?oximately 300 W at 1.5 um continuous-wave has
already been demonstrated and described in the article: "Erbium:Ytterbium
Codoped Large-Core Fiber lLaser with 297 W Continuous-Wave Output
15 Power", Y. Jeong et al., IEEE J. of Selected Topics in Quantum Electronics,
Vol. 13, Ne. 3, 573-578, 2007.
' The principal iimitation of the fiber architecture is its small active
volume that limits the amount of energy that can be extracted. The latter is
related to the saturation energy and to the small-signai gain Gy in the following

20 way.

hv A
(Oes +0as)
with: Eaur ; the exiraciable energy and Eg . the saturation energy;
hv ¢ the energy of the signal photons;
25 6. and o ; respectively, the effective emission and absorption cross-

Eevir = EsatLﬂ(G{}) where Egar =

sections at the signal wavelength; and
A the effective interaction area (corresponding o 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
30 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 if is desired to guaraniee a beam guality of



sections at the signal wavel ength; and A: the effective interaction area
(corresponding to the doped core). In practice, the maxi num energy
that can be extracted froma fiber anplifier is about 10 times the
saturation energy, for an unsaturated gain of 30 about 40 dB. Beyond this,
the anplification of the spontaneous em 4sion is such that it saturates the

transition and any additional punping anplifies this noise. It is
enough, in principle, to increase the dianeter of the fiber to extract nore

energy. However, if it is desired to guarantee a beamquality of 4 about
20 mm x nr ad (|. . an Mcoefficient such that M = 10), the dianmeter of the
doped core iabdutdltmech konHBe0(i prehdv casffeiit siict thah”rmrzwcaﬂ)) dpedtameteobf 0. 1.
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conprises: and notably to follow the target to be destroyed.

More precisely, one subject of the present invention is a pulsed laser
tmaging source emitting at a wavelength of about 1.5 microns in a spectral
band AA of a few nanometers and delivering a power of between at least a

15~ few tens of milljoules and several hundred millijouies, characterized in that it
comprises:

- a source emitting a wave having pulses of greater than
approximately a few tens of nanoseconds duration;

- an amplifier assembly delivering an amplified wave from the wave

20 output from the pulse source;

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

According io one variant of the invention, the imaging source

25 comprises a coupier enabling the energy of the amplified wave to be
distributed to the inputs of the N fibers.

According io 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.

30 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 tc one variant of the invention, the optical system
comprises a set of N fibers recombined into M ouiput fibers by a sef of

couplers.



- a source emtting a wave having pul ses of greater than approximately a
few tens of nanoseconds duration; - an anplifier assenbly
delivering an anplified wave fromthe wave 20 output fromthe pul se source;
- a set of Nfibers connected in parallel, supplied with the anplified
wave, each of the fibers connected in pafallel being coupled to an out put

anplifier. According to one variant of the invention, the imging
source 25 conprises a coupler enabling the energy of the anplified wave to
be distributed to the inputs of the N fibers. According to one

vari ant of the invention, the inmaging source furthernore conprises an
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to one variant of the invention, said optics conprise a pair 5 of prisns

and neans fdPSEBERIOINg said prisns so as to vary the angul ar position of
each prismrel ati vecbaiitdeoobiervaaiadt tdiethebyrviheoh | eed apfplfies erssahimon.
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According to one variant of the invention, the ampiifier assembly
comprises three diode-pumped fiber amplifiers.

According to one variant of the invention, the fibers are erbium-doped

15 fibers or erbium/ytterbium-codoped fibers.

According to one variant of the invention, the imaging source
comprises 25 fibers connected in parallel so as to generate an optical beam
of about 250 millijoules of energy. '

Another subject of the invention is an imaging device operating at a

20 wavelength near 1.5 microns comprising an imager, characterized in that it
comprises the source of the invention, the imager having an open time
window of the order of a microsecond associated with a spectral filter about
10 nm in width

Such an imaging device is particularly well suited to imaging that

25 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 betier understood and other advantages will
become clear on reading the foliowing noniimiting description and by virtue of

30 the appended figures among which:

- figure 1 shows an example of numerical simulation of the energy
that can be extracted from a fiber opﬁcai 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;



According to one variant of the invention, the anplifier assenbly conprises

t hree di ode-punped fi ber anplifiers. According to one vari ant
of the invention, the fibers are erbiumdoped 15 fibers or
erbluniytterblun}codoped fibers. According to one variant of the

i nvention, the imging source conprises 85 fibers connected in parallel so
as to generate an optical beam of about 250 mllijoules of energy. Another
subject of the invention is an inmaging device operating at a 20 wavel ength
near 1,5 mcrons conprising an imager, characterized in that it conprises
t he source of the invention, the inmager having an open tine w ndow of the
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imaging that 25
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1.5 pm The 5circl esmcéH;a,ggqﬁ)é@ng@,ﬁ ficgt ds of observation relating to each
of the | aser beans Showe 8 variant of the invention in which some

of the output arrpﬁ@lnﬁ y: iEraging SOpEERERHE NS tardhe inventionfqogiRisss athows
an exanpl e phst BAeidREENSNHBHE CLWAOE Waliah®E: bO bEMR pulsed. Typically, a diode
laser may be used, delivering an amplification chain that itself supplies the set
15 of fibers connected in parallel s¢ as to generate the imaging source.

An example of the solution provided by the invention is shown in
figure 2 and it is based on the capacity of iaser amplifiers, notably erbium-
doped fiber amplifiers, to provide pulses a few hundred nanoseccnds wide at
a repetition frequency of the order of 1 kHz with an energy ievel of 10 mJ per

20 pulse, with a beam quality factor M? of about 10 and over a spectral band Ak
of a few nm. The flexibility of the fiber amplifier medium lends itself to the
paraflel placement of a few tens of ampilifiers so as to provide the energy ievel
reguired for illuminating distant {argets. More precisely, in the example shown
in figure 2, a signal diode D delivers a signal wave with an energy of about

25 0.01 yd to a first amplifier Ampli1. A single-core single-mode erbium-doped
fiber amplifier may for example be used. The fiber for exampie has a core
diameter from 5 fo 10 ym and supports just ocne mode at 1.5 um. The fiber is
pumped with a pump diode Dy at 880 nm of less than 1 W power and coupled
to a single-mode fiber. The fiber doping and length are chosen so as {0 obtain

30 again of 30 dB and an output energy of at least 10 ud, i.e. an average power
of 10 mW at 1 kHz.

The ampiified signal wave having an energy of about 10 uJ is injected
in turn into a second amplifier Ampli2 pumped by a second pump Dz enabling
a amplified signal wave with an energy of about 250 uJ to be obtained. A dual-

35  core Yb:Er-doped fiber ampiifier may for example be used. The signai core



10i nvention furthernore conprising diasporaneter type neans used to enl arge
the imaging field. Cenerally, the inmaging 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 ysed, delivering an anplification
chain that itself supplies the set 15 of "fibers connected in parallel so as
to generate the inagi ng source. An exanpl e of the solution provided
by the invention is shown in figure 2 and it is based on the capacity of

| aser anplifiers, notably erbiumdoped fiber anplifiers, to provide pul ses
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20 levels used and the pump wavetength.

Thus, a signal wave of about 10 mJ energy is obtained that may
supply, via a coupler Cy a set of fibers Fi, here numbering 25 in the current
example. The 10 mJ of energy is distributed as an elementary energy of 250
Wd to each of the 25 fibers. A set of 25 amplifiers comprising pump diodes

26 Dnga aliows each of the fibers F; to deliver at their outputs an energy of 10 md,
i.e. a total pulse source energy of 25 x 10 mJ or 250 mJ.

These 25 ampiifiers are identical to the amplifier Ampli3. The junction
between the amplifiers Amplit and Ampli2 then Ampli2 and Ampli3 is
produced using taper fibers, the geometry of which varies sc as to maich the

30 mode diameter between two amplifying fibers. Between these amplifiers, fiber
components such as wavelength filters, acousto-optic modulators or optical
isolators may be inserted so as to minimize the amplification of noise between
the pulses and to avoid an oscillation.

Moreover, it is also possible to produce the amplifiers Ampli2 and

35  Ampli3 using similar fibers but doped only with erbium. In this case, the pump



10 with g third anmplifier Anpli 3 punped by a third punp di ode Dp3. A
dual -core Yb: Er-doped fiber anplifier may for exanple be used. The signal
core has a dianeter of approximtely 100 pm enabling the output energy to
-be greater than 10 mJ. The nunerical apefture is about 0,1 to ensure a beam
quality of 20 mmnrad corresponding to al M2 factor equal to 10. The punp
core is for 15 exanple 400 pmwi th a nunerical aperture greater than 0.4
maki ng punp coupling easier. The punp is, for exanple, a diode at 920 - 980
nmw th a power of at |east 100 Wcoupled to a fiber of 400 pmcore
di anmeter and of 0.22 nunerical aperture. The average output power .is 10 W
at a rate ofwdvikéhgth Theréicharly |ad rgobnanBy Stiypi aal the \esgyh fof dme 8bes AQs
dependi ng omd fie,daghna20sl 6YLLEsdi3a0, Ak AR BHIP wavel ength.

wave of abou 0

Thus, a signa ve ( nergy I's obtained that may supply, via
a coupl er Col a sdtheotoypiiier setmeennidceaRiphiier mgpiEsand thae2t amitereitanyl e.
The 10 m) ofyre@gse@yudifig & SlkinketLx2s c8NpRl ETRBLRINYD CHFR BYayPbe 298d Rk O
each of the ég fibers. A set of 25 ar‘1rpll i ers conprisi é,r;‘gﬁpunp di odes 25
DNp4 al | s SEAER UBINSt Hd™SE By iFIOdD 16él FAE e A HEIRY iRt RIsCAmPeRggy of
10 mJ, i.e. teaitariadlespihissieasotivre® pnebtyined. 25 x 10 m} or 250 mJ.

between the.arpl | 114rs SRHIETE S Anbl T3 e SalPrSPant ARt 1™ L3 oduced
usi ng t aper afripiéers, withe ageomstary bt wigre oastres e ayntlronwitghantheth80 node
di anet er beFé’r‘ﬁﬁ&a? Wor-amahhfiya %-Vlg![elg?gﬁof Betyweenridhese anplifiers, fiber

conponents such as wavel ength fi , acousto-optic nodul ators or opti cal

i sol ator'® may be PRs@Pt B HBOUGE t& MMAGNS SAUES aBRACNT PEalhesh GISehbiige

bet ween t heggitcsed anth 4opNEiHE: @Bresel b \akichns given by: Moreover, it is
al so possible to produce the anplifiers Amlii2, and 38/ Ampli 3 using simlar
fi bers but doped only with erbium |néthi=s - the punp 8 wavelength is
preferably at around 978 nmand the | ength of“the fibers nust be increased
because the absorlgt cbaracterizesstheedifermncEhiestomapl ihegbdmtivepenity halativeola fi er
Ampli 3 and . amplL i er.s, LS per usihlag a nmul tinode 1x25 coupl er.
Thi s conpor{ﬁasnﬁﬁﬁ%ygﬂg}n#égg\@%%%g 8&?%@%3%3 a tree of nultinode 1x2

coupl er$; or usi dgsjlewayaienetnporéhe tha deldepiapisesvatiing transition to be
obt ai ned.  ThIRUfr MCEaIndaing=1105 Lhe shAYENS E0NE hARY: i) ecd ko1 af; t hese
N paral | el ,arrgjr i.fiers wiwth a conmmon pilot signal ensures the synchronicity
and the terH8PRMG%r mat and the wavel ength of the enission. 10S0 as to
produce an i magi Mhespusiceomeashd aff 2heserd aseivering aassacicabed w tboain optic

the diametelqof Wl o1 3¢ JLVRSDY 65 i in size.
20 More precisely, each laser beam at the output of each of the 25 fibers

is coupled to 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 um. 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 miliiradians. At a

25 distance of one km, a 1.5 meter observation circle is obtained and the 25
circles are practically supérposed.

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

30 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, fo adjust the divergence of these lasers by
virtue of diasporameter-type structures formed from sets of two prisms the

35 orientations of which may be rotated. Their implementation is furthermore very



aMex 770 M2 characterizes the difference between the beamquality
relative to its diffraction-limted value (M2 equal to 1); and 15A is the

wavel ength and e is the field of observation. Thus, for M2 = 10 at
A =15 pmand for9 = 1.5 nrad 0000 ":" 12.7 nmis obtained. The
pupi | conposed of 25 lasers, delivering & total energy of about 250 mJ, may
therefore be 65 x 65.1 in size. 20Mdre precisely, each | aser beamat the

out put of each of the 25 fibers is coupled to an | ens-type optic, arranged
in a mtrix as shown in figure 3, that denonstrates the resulting conposite
optical beamof the imaging source at 1.5 pm The circles chi denote the

fields of obsgrvatdentd ehakhitd dianrRachaed thdenbaseiroRearBhatlird BE thd bey
5 mlliradia e of one km

output, with_a divergence of 1. . At g 25 distan
2 15 meter SBSePORIdUAIH ATEUIRS GhERAHARC ARG PHelSE T ik (B varios
practical ly sripesgasedenabling the ektevrdithg fie ohebyaniasioh tofbet hiebdtanieniyi on,

di stance of REE 3 oAy eies Bpvatedlo Mokl G2l pBR RN BT 4rde (e
field of 6bsémelersoin wdlbl i ng, for 30 exanple, an extended inmagi ng source

of about 5 neters g ammlennatsed fiHbaNesRordmEmrtambe geneLatsd, rdi ng
to anot her vari antﬁ%f t he invsention, It is? E)ossi tgl e, gy agjgust(lgngarfﬁg@
associ at ed off/f oM { @ B 0¥8% he di vergence of these lasers by virtue of

di aspor anet er - t ypeTisd pHetr @sipfogetedaf menpsehs wbnbyeropidtrngt 1 Beudband

orientations_of fv\,hl ch may be rotzftt d. Their inplementation is furthernore
very S may for exampie’be made of sifica. :

10 According to another variant of the invention, some of the N amplifying
output fibers are recombined inic a smaller number M of fibers so as to
reduce, if necessary, the number of pupils of the imaging system. This may for
example be the case if it is desired to work at higher rates and with more
moderate power per fiber. This may also be the case if it is desired to reduce

15 the number of pupiis so as fo simplify the system. In this case N is a multipie
of M and the combination may be produced using multimode nx1 or n = N/M
fiber couplers Cym. This type of component is commercially available and may
be produced to specification. Passive fibers (without laser ions) are then used,
the characteristics {core diameter and numerical aperture of the signai at 1.5

20 um) of which are identical tc those of the ampilifying fibers. The output fiber is
a passive fiber the diameter and the numerical aperture of which are chosen
so as to preserve the overall geometric extent (diameter x numerical aperture)
of the N fibers. Figure 4 shows an exampile of the amplification chain
incorporating this option. Thus from N x F;fibers, M x F; fibers are obtained as

25 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 58, each

30 fiber emitting & mJ, a number M egual 1o 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

35 two prisms Pry; et Pry at the output of a lens Li.



sinmple due to the snmall dianeter and the nonochromatic nature of the ray.
This configuration anbunts to changing the direction in which the various
prisnms face, enabling the extent of the field of observation to be
substantially spread at great distance and |eading, typically, to an
observation region of 4 to 5 5 neters i nt®i dt h. Typical ly, the set
of these diasporaneters may be used to vary the field froml1l.5 to 5 nrad.
The prisns enpl oyed may be prisnms nonochromatic at 1.5 pm and may for
exanpl e be made of silica. 10According to another variant of the invention,
sone of the N anplifying output fibers are reconbined into a smaller nunber
Mof fibers so as To foeduse,irdgimecesiar yihet Imeagivgbesuroé pupblmedftot be

i magi ng syst: 1.8, f l e t 1 f bt esired tq work
at hi gher ra e@élﬁgR%%?%nngégﬁﬁn eﬂnggﬁogﬁﬁﬁﬁzfaégBE%.”@Hg§3%HVFSP§&3be
the case if $pediral desiaveds 6 nreduciecuBve hiethaueffresat cofthp N mtisefamrasitic
sinplify the; I i i oo W] 5 AR o knation
may be pr odgﬁg%ggﬁﬁédﬁurﬁﬁt@%gﬁ%ﬁi# %C%t%rfﬂgl\%\ﬁfe?%ero g%p gbé‘?%ﬁ?ﬂ? i's
type of cbnpbBRéRiget ¥hichirereated i/ havaeltiagiRoininy Weyaper Wearited to
specification. Passive fibers (without |aser ions) are then used, the
characteristics (core dianeter and nunerical aperture of the signal at 1.5
20 pm of which are identical to those of the anplifying fibers. The out put
fiber is a passive fiber the dianmeter and the nunerical aperture of which
are chosen so as to preserve the overall geonetric extent (diameter Xx
nuneri cal aperture) of the N fibers. Figure 4 shows an exanple of the
anplification chain incorporating this option. Thus fromN x Fi fibers, Mx
Fi fibers are obtained as 25out put. - According to a first exanple,

Wi th a nunber N equal to 57, each fiber emtting 5 mJ, a nunber Mequal to
3, nanely 3 exit pupils, nmay be had by using a 19 x 1 coupler.

According to a second exanple, with a nunber N equal to 56, each 30 fi ber
emtting 5 mJ, a nunber Mequal to 8, nanmely 8 exit pupils, nmay be had by
using a 7 x 1 coupler. Figure 5 shows a cross-sectional view of
the set of diasporanmeter structures that can be used in a variant of the

i nvention, these being coupled to each beam of 10 m} out put energy. The
rotation neans R are coupled to 35 two prisns PH et Prz at the output of a
lens Li. 10 To forman imagi ng device, the inmaging source is
coupled to an imager having an open tine wi ndow of the order of a

m crosecond and a spectral wi ndow of 10 nmto circunvent the effect on the
S/Nratio of parasitic light sources consisting of solar scattering by the
at nosphere and that part of 5 the target which is heated to the nelting
point by the | aser weapon,



11( ACSUP CLAI M5 1. An inmaging device operating at a wavel ength near
1.5 microns conprising - an imaging source emtting photons for reflection
by various objects in a given environment: - an imaging receiy, ; %Qllectlng
the refl ected photons; - an optital device to adjust t

illTumnated field fromthe imagi ng source, to a target conpr|5|ng t he

various objects; and wherein: - @\R i magi ng source is a pul sed
| aser imagi ng source enmtting at a van/leﬁx Sth of about 1.5 microns in a
spectral band (AA) of a few nanoneters and deI ivering a power of between at

least a few tens 0f fHd lrhgsbé’\%@é @r‘%ﬁim ea‘f%r\ﬁé ﬁ%af’glé Huﬁ‘%gﬁomgnszp%

conprising: a source vave h ?Pg pu gr eat
approxi mately & faé‘\/\}”?%g'&g Purﬁﬁn‘%ﬂé’g HEOWFJPM ecligh bynpriigisepbiasisditsl y
(Anpl i1, dmgh ed@virdmpdnt3) delivering an anplified wave fromthe wave out put

from the pul se sguifiging%aslo QLI IORLAAELL SoONGRlod Tn paral el

supplied with th tonnected in parallel

bei ng coupl ed t‘@“&?ﬂt@@t sdricaiepadipstdhe iluminated feld fiem theghaginiesewee ds a

cl ai nmed |targ@lt@bmpl,smghaéagﬁ,@yg gigdefsh that it conprises a coupler enabling
t he energy of the ag%“fled wave to be distributed to the inputs of the N
fibers. gl ng device as clainmed in claim2, characterized

inthat it furth’éuenmnagaognpwr@esisam (ﬂmﬂsiezchlfasas/sireagiagabd)mmg eindttifg eétdaof
obser vat 'Meﬁ& QRIoY dhbam b maérbh§@H'ﬁQpé&rﬁ%ﬁﬁbadAA? 5! fe%?'n%ﬂ?meﬁers anfi caI

An i magi ng device as clainmed in claim?3 , aract er
system chi%ﬂy@,‘rg@sa é’oé‘@f Oépew’%hﬁ @?Sbﬁt pwstens w”mr@flfmﬁmn%fsew@ hwﬂqir@ér s.
5 An i rmgihngjlaha\cbnﬁmamgcl aimed in claim3, charact er| zed in that the

orLLesl oY om STpruafing B Ghydhd) BeUAREE MRS el QpLR
approxrmately a few tens of nanoseconds duration;
« an amplifier assembly (Ampli1, Ampli2, Ampli3) delivering an amplified
wave from the wave output from the pulse source;
« a set of N fibers (Fi) connected in parallel, supplied with the amplified
wave, each of the fibers connected in parallel being coupled to an

output amplifier.

2. An imaging device as claimed in claim 1, characterized in that it comprises
a coupler enabling the energy of the amplified wave to be distributed to the inputs of
the N fibers.

3. An imaging device 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. An imaging device 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.

3. An imaging device 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 {Cym).



12 6. An imaging device as clainmed in either of clainms 4 and 5,
characterized in that said optics conprise a pair of |enses and neans for
adj usting the distance between | enses so as to vary the field, MCSLLE 7. An
i magi ng device as clainmed in one of clajzs 4 to 6, characterized in that
said optics corrprise a pair of prisms and means for rotating said prisms so

as to vary the L.tion each prjsmre atlvet the ot her.

8. An imagi ng oéeiw ce n’?%gﬁ@?ﬁgvnﬁg&s Heigire 'Bfe eﬁqurﬁlaimﬁ(ﬁ g0d ehahecerirodd i n

that the @APISAIG epticts semprige compiri sleleraes eancesnednss GreadiLstimplttid idastsndeor
g

generat i qgatﬁvé@m;@}s@g%aésméeyme feifiew tens of nanojoules an anplified wave
of energy greater than at |east about ten mllijoules. 9. An

i mgi ng device as clainmed in claim8, characterized in that the anplifier
assenbl y conpri’sés ittagesy devickeapuigpedd fii bae ocfrpin i4etoss, characterszedm thd\n

t
thatt hef (B sa'r%ZCP‘E}‘J.‘ PP RS AR M ol PP R EtsensST i ey
11. An |ﬁ'ﬁ%?ﬂ%“ EEW%BO%@%EF%'I PRSIN FplaBrfetootheddthems 1 to 9, characterized in

that it conprises 25 fibers connected in parallel so as to generate an -
An i magi ng

optical beam o 250, m1lijaoules of ene

devi ce as cl ai i€ b %R?rﬁggmg d(%vrc(el ﬁémleq & 97 P# g’é*“ﬁ%d@r ﬁﬁ%”aﬁ@r%ﬁddb@?ﬁftl ne

wi ndow othe aepbieferssembly adropisecasdries of several amplifiers for generating from a
signal wave of a few tens of nanojoules an amplified wave of energy greater than at

least about ten millijoules.

9. An imaging device as claimed in claim 8, characterized in that the amplifier
assembly comprises three diode-pumped fiber amplifiers.

10. An imaging device as claimed in one of claims 1 o 9, characterized in
that the fibers are erbium-doped fibers or
erbium/ytterbium-codoped fibers.

11. An imaging deavice as claimed in one of claims 1 to 8, characterized in
that it comprises 25 fibers connected in parallel so as to generate an optical beam of
about 25C millijoules of energy.

12. An imaging device as claimed in one of claims 1 to 11, the imager having
an open time window of the order of a microsecond.



