"1 l'maging nmirror, nmethod for making same and use thereof in a laser
i magi ng system The invention relates to an optical +maging mrror, i t_s_
met hod of nmanufacture and its application to a |aser inmaging system PR OR

ART 5 In systens for treating targetsqby |aser optical Mmm mwlg”s
necessary to direct the |laser beamprecisely. It is th ’ /llw Ible to
need to know precisely the point of inpact of the treatnenrfsbhgamon the
target. For this, it is known practice to use imagi ng systens t 1o

ible to h n image of the target and of the point of inpact of the
E?ZZ{ lrons\ﬁt geaﬁ'ﬁ?ﬁ?ﬂg"f rgoethog for making.same %%Hsmgmrwfmrvela@er entati on of

the treatment beam according to timagingggstel ai ned. In order to carry out
this inmaging, the known systens usually use a beam separator which makes
it possible to transmit the treatnent beam 15 toward the target, which
receives the light reflected fromthe target and which reflects this |ight
to an imge-acqui si Therimaetions aelaBsetodamopticd igbgmyahirdy,Steifethcy bhat t he

rator i 0 ; e Lieatment beam or does not
\?\A’efﬁst and t@éggglaigzedaﬁ?ﬁﬁiﬁ“hgﬁ@ﬁ.ao'%%gtfﬁ%gﬁ'&ﬁé’ﬁ{efbn makes it possible to
sol ve this drawback. The subject of the invention is a reflecting system
making it possibl ePRIORART he same optics for the transnission of the
treat ment ghbeam and for the inmaging. A further subject of the invention is
a method for manufacturing such a reflecting system It also relates to an
optical imaging 25 dt HFEEE de%e aplig itagetshdyofmspr alptiealf bearnsngt syst em
according t dechesamiediréaihe ISEMMRY prEcidéilz, it NVIRMERSA pHasibRUBI fsdy Of the

i ' ' : I LE ' i ing. This mrror conprises
e s S OESH P ey O U0 o el o
i ncorporates a |ight9ei%h ﬁgk’é@’m Peachre ipiuse irRYIgDsysiems imakiegidt i s
si tuat ed 1@t posbitler &f havet andmbge ef ithe daedandhtfahe ipdiM & iRhalObf tHeer Y
reflective. treatment beam on the target. The system can then modify the orientation of

the treatment beam according to the image obtained.

In order to carry out this imaging, the known systems usually use a
beam separator which makes it possible to transmit the treatment beam

15 toward the target, which receives the light reflected from the target and which
reflects this light to an image-acquisition device.

The drawback of such systems is that the separator introduces
losses in the path of the treatment beam or does not withstand the applied
illumination.

20 The invention makes it possible to solve this drawback.

The subject of the invention is a reflecting system making it
possible to use the same optics for the transmission of the treatment beam
and for the imaging. A further subject of the invention is a method for
manufacturing such a reflecting system. It also relates to an optical imaging

25 architecture applying the optical reflecting system according to the invention.

SUMMARY OF THE INVENTION

The subject of the invention is therefore a mirror for optical
imaging. This mirror comprises a reflecting device having a reflective face.
Said reflecting device incorporates a light-emitting device of which one

30 emitting end is situated at said reflective face in a zone which is not or not
very refiective.
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| I *coooo2* 2 According to an advant ageous enbodi nent of the invention,
the emtting device is an emtting optical fiber or an assenbly of several
emtting optical fibers of which one gnd is flush with said reflective
face. The surface of said end constitutes said zone which is not or not
very reflective. The 5 reflective face and the surface of said end are in
one and the sane pl ane and are inclined relative to the axis of the
emtting optical fi [ of the assenbl L?/?eeOf several emtting optical

fibers. According t NG 0.3 RENENBESQUSemBUMENbAT theainyertian, kg | ng
devi ce is neewitifg de\grteatssantmsﬁd\g]mtmal filerar anfassymblyasfiseveml emitthg 10

Accordi ng t Opo@icepfi tbé%@‘bf W(Bri"éeéﬁd Rf fidsRewitd E4iQ% ef?e%ﬁ\r’%?écggfr B%g@ﬁ%%ﬁ fibers

d. t evi ce conprises an asse
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several  &mireflectiyedade amd theisuefass of fxi¢ end iafgintahedandaht 8aneaiiRd . frﬁ”ﬂ? nt, said
reflecting dﬁf\é'lﬁ&ne&%lﬁfa}%'tﬁg?xi@ Jf%?eeer%ﬂ'ﬁﬁoigptwg %é)\fg) e[z?.%l nﬁ[ygcg} O'[]he

rating, whic I n sal
?I ght - gm ttl‘?‘%%@%‘?%@'@’@ Qpfica! fikaig.ough. The invention al so reI ates to a
met hod for produci n@.Ctdﬂ'dlngi torone emnbsditient of ahd hsvdntiveNshRNrelchifscr i bed

above. This 44 qg o or ed%Qatfe %I Oq%gﬂgié}cp@fite'éﬁt al lation of the

mtting optical ease tting optical
fel bers ?ﬂ gal d refl E?‘?rﬁ'ﬁgd@\ﬁ wanﬁﬁmoﬁm@t@ﬁ thexmirrereddoocdingidp thevi ce to

obtain a tranmmloae shidc efleciiriaidbviee t nifiseg art Tats@&n@l?%ﬁ@btncfél Bperd Or to ]Ehe
2 br aney T RAr AL ol the ShIRY 0Bt B[ ard el L seleieki on of an

said transvers 0. produce sal
energy opti ¢l '%B‘Qaﬂﬂ'ﬁ fibgfsd enitting optical fiber (or of the assenbly of

emitting optical fi Becrcsrdmgot@laﬁaganérhe elhﬁfddiﬂiéritvesalc\i'i"0re'[ﬂEe@t?ﬁg'm(!’lévndé1 the zone
of the refl e&hiptRed 348 054t68 RARY WurhQ d fﬂgct%g]gtrét'mrbg which-comprises a
hole in said zone for the emitting end of the light-emitting device to pass
through.
The invention also relates to a method for producing the mirror
according to the invention as described above. This method comprises the
20 following steps:
- installation of the emitting optical fiber or of the assembly of
several emitting optical fibers in said reflecting device,
- machining of said reflecting device to obtain a transverse face
relative to the emitting optical fiber (or to the assembly of several emitting
25 optical fibers),
- reflective treatment of said transverse face to produce said
reflective face,
- transmission of an energy optical beam by said emitting optical
fiber (or of the assembly of emitting optical fibers) to damage the reflective
30 treatment in the zone of the reflective face corresponding to the emitting zone
of the emitting optical fiber (or of the assembly of emitting optical fibers).
According to one embodiment of the method according to the
- invention, the step of installing said emitting optical fiber (or the assembly of
emitting optical fibers) in said reflecting device is carried out by molding.



" of the emitting optical fiber (or of the assenbly of emtting optical
fibers). According to one enbodinent of the method according to the
invention, the step of installing said emtting optical fiber (or the
assenbly of enmitting optical fibers) i*h said reflecting device is carried
out by molding. 3 According to a variant enmbodi ment of the method
according to the invention, the step of installing in said reflecting
device is carried out by installing said emtting optical fiber (or the
assenmbly of enittind\eserdinglto &ivbdant embhadirhemt aftherrentd accofdidg foahe and then
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reflecti ﬂa iT"E%r the purpose of illumnating the first zone, said second
mirror making it péesotding tooa eaiiEbf Bl idvertonTtHesdtes MRyl sai d
first zone odiso tcBfph8éI&h optical assembly situated between the emitting optical

fiber and said first mirror, the object of this optical assembly being to perform

the function of focusing on the mirror making it possible to divide the emitting

20 light source of said first mirror.

According to a variant of the invention, this optical assembly
comprises two variable enlargement lenses.

According to a variant embodiment, this imaging system may also
comprise:

25 - at least one second mirror receiving said treatment beam,
reflecting it for the purpose of illuminating the first zone, said second mirror
making it possible to orient said illuminating beam toward said first zone of
the target,

- a control system making it possible to control the orientation of

30 the second mirror as a function of an image received by the camera.

According to another variant embodiment, this imaging system
may comprise a third mirror designed to reflect to said target the light
received from the second mirror, or conversely to reflect to the second mirror
the light received from the target, said control system making it possible to

35 control the orientation of this third mirror as a function of the image received



" a control systemmaking it possible to control the orientation of 30 the
second mrror as a function of an inmage received by the canmera. According
to anot her variant enbodi nment, this imging systemmmay conprise a third
mrror designed to reflect to said target the light received fromthe
second mrror, or conversely to reflect to the second mrror the |ight
received fromthe target, said control systemmaking it possible to 35
control the orientation of this third mrror as a function of the inmge
ossible to adjust the focus
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i ndent pointing system. The cohtrol system also comprises a central

control circuit making it possible to control the pointing systems of each laser

source.

20 BRIEF DESCRIPTION OF THE FIGURES

» The various subjects and features of the invention will
appear more clearly in the following description and in the
appended figures which represent:

o figure 1, an exemplary embodiment of a mirror for optical

25 imaging according to the invention,

o figures 2a and 2b, an exemplary production method
according to the invention of the mirror of figure 1,

e figures 3a and 3b, a variant embodiment of the method of
production according to the invention,

30 » figure 4, a variant embodiment of the mirror for optical
imaging according to the invention,

o figure 5, an example of a mirror according to the invention
associated with an optical assembly making it possible to
preserve the end of the emitting optical fiber against any

35 pollution by metallic deposit,



ing to the invention of the mirror of figure 1, figures 3a and 3b, a
\a/t;cr:?;gt gnbodi ment of the method of production according to the invention,
30 figure 4, a variant enbodinment of the mrror for optical imaging
according to the invention, figure 5 gn exanple of a mirror according to
the invention associated with an optical assembly making it possible to
preserve the end of the emtting optical fiber against any 35 pollution by
netallic deposit, 5 figure 6, an optical pointing system applying the
mrror according to thefi nveption, . figure 7, an application of the system
of the invention to the "@8ftPofn APUsal Bpiafing isyRiens Goplying. the DETA! LED |
DESCRI PTI ON Wt h r ef er engaecording iwihednvientiendescription will therefore first

of all be iven of a eﬁ@ggla | 0, myror for. optical imaging
accor di ng ?o the i nvgnt 10N, 718“'??@ m]%lrjﬁg’?hﬁ JXS%"A°{JWPt'"YF‘éWPH 08 ef | ecti ve
surface 1. The surface |CoNt®l plsqyeehbightgources. zone z1 that is not
reflectivé or not very reflective conpared with the whole of the surface

1. Inthis situatio [ can emt a |ight beamthrough this
DEPAID [ESCHIFTIgN

zone z1. On the othgr I NCi light on the mirror M is
reflected by the relYibdefargncaieriiguee 1, »deserplionwil therefdrs firstrad alibe Fi gure 1

al so repr esegivan af an epémplagdempedigichn gf Qﬁﬁlﬁopfor'fobﬁcdﬂﬁ)ﬁhg aé%goridﬁ@ an

exanpl e, an ' |ber 2 passes through the mrror _ t "has an
em {TPi ng endﬁmégﬁg?ﬁsdngi,tuat ed in the zone z1. 20 According to the

exenpl ar y%enbodi ment PBMIFPGUH és 4 unkt haviap eirefiective sbiace2t ditiet surtacbedam FS1
toward a | odalfurésheziomithod nbazpehatCh nbPr&mave Uﬂenéta&ét]ﬁéreﬁé?ﬁvét 1
i1l um nated %ﬁ%%g%@%{)@% ﬂ?@%ﬁq':e .'Ighﬁ}sesﬁgarl%gggh optical sourte
reflects a bea R1l. The latter 1S~ ect 0
can emit a light beam through this zone z1. On the other hand, the incident
light on the mirror M1 is reflected by the reflective surface 1 but not by the
15 zone z1.

Figure 1 also represents a simplified operating mode of the mirror
M1.

As an example, an optical fiber 2 passes through the mirror M1
and it has an emitting end which is situated in the zone z1.

20 According to the exemplary embodiment of figure 1, the optical
fiber 2 emits a beam FS1 toward a localized zone of a target C1. |

" Moreover the target C1 is illuminated by an imaging light beam
FE1. In exchange, the target C1 reflects a beam FR1. The latter is reflected
by the surface 1 of the mirror M1 in the form of the beam FR2 toward a

25 camera 3. The displayed image 4 is therefore the image of the target.
Moreover, the portion of the beam FR1 which reaches the mirror in the zone
z1 is not (or practically not) reflected by the mirror M1, This therefore gives,
in the image 4 of the target, a less luminous zone 5. This zone corresponds
to the impact of the beam FS1 on the target.

30 The imaging system of figure 1 therefore makes it possible to view
the zone of impact on the target C1 of the beam FS1 emitted by the optical
fiber 2. By viewing the image 4 obtained by the camera, an operator or an
image-processing system can therefore modify the zone of impact on the
target by modifying the orientation and/or the focus of the beam FS1.



" by the surface 1 of the mirror ML in the form of the beam FR2 toward a 25
camera 3. The displayed inmage 4 is therefore the image of the target.
Moreover, the portion of the beam FRL which reaches the mrror in the zone
z1 is not (or practically not) reflectgd by the mirror M. This therefore
gives, in the image 4 of the target, a less lumnous zone 5. This zone
corresponds to the inpact of the beam FS1 on the target. 30 The imaging
systemof figure 1 therefore makes it possible to view the zone of inpact
on the target Cl of the beam F5l enmitted by the optical fiber 2. By
viewing the image 4FEBYER fRANG¢Dihstraten eXemnianseetipd of prodaeing the

i mage- pr ocessirmy Myestfigmedn t herefore nodify the zone of inpact on the

target by nodifying I [ the focus of .the beam FS1. 6
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6.n and t he fae&&ibiys 708egdeur ed together. For exanple, the various fibers
are bonded toget herFiguredr3a &meBlilk@trate a variant of the method for producing
the mirror according to the invention.

During a first step, the fiber 2 is placed inside an assembly of

20 fibers 6.1 to 6.n and the assembly is secured together. For example, the
various fibers are bonded together or are annealed.

During a second step, this assembly of fibers is machined so as to
produce a flat face that is inclined relative to the axis of the fiber. The ends of
the fibers, such as the end e6.7 of the fiber 6.7 are therefore flush in this

25 piane. In particular, one end of the fiber 2 is therefore flush with the surface
of this plane. As above, advantageously this face and the axis of the fiber 2
make an angle of 45 degrees (the same observation as above).

During a third step, a reflective treatment is carried out on the
ends of the fibers such as the end e6.7. For example, the ends of the fibers

30 are coated with a metalized layer. -

During a fourth step, the end of the fiber 2, which corresponds to
the zone z1 in the foregoing description, is made nonreflective or weakly
reflective. For example, if this end has been made reflective like the other
fiber ends during the previous step, a light beam of sufficient energy is

35 transmitted by the fiber 2 to destroy the reflective treatment of this end.



During a second step, this assenbly of fibers is machined so as to produce
a flat face that is inclined relative to the axis of the fiber. The ends of
the fibers, such as the end e6.7 of the fiber 6.7 are therefore flush in
this 25 plane. In particular, one end @f the fiber 2 is therefore flush
with the surface of this plane. As above, advantageously this face and the
axis of the fiber 2 nmake an angle of 45 degrees (the sane observation as
above). During a third step, a reflective treatnent is carried out on the
ends of the fibers o\ t he ends of the

th nd eq. 7 or e
fibers 30 are coat engtgﬁe }J{F”%g}f i'fégéﬁep éﬁ??’ﬂ%]yaffhﬁlmeﬁs)si@p the end
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ref eotive, (b eputdneRnSicldy sHRe THLOLEAOLIaRXSIRLENY STDOglTent s have

been des

appl i ed ‘%é t%ﬁﬁpﬁﬁﬂﬁt"?ms‘aﬁ’e‘é systemin which, instead of haV| ng a single
fiber 2, there is aFiguesémbpresofits = eanamleripidinaht bf @(?rlilﬁ'oﬁ'fdi‘ﬁfﬂ\{alSi de. The
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according t tt Eéﬁ’ﬁ?n’PE@QOB"EQ!@WHQWR;V@W'Eﬁlf@CtMe face of

which i s coarelingwhashbeer sgisterstl (a Braby geatiig). Morsdves a/ablurrﬂ gadddsaction
grating has eg| ( r oV. ol e, Tl passes
15" hrough ho- a6 b Bfe sl 400 =P, oG Y ae (R A 673l o
the insert |'6§?“5?"P§ b@? ?ro‘i’ aggerally ohifibgrsyf thej eraifti }J erlchef whicht i ng end
of which aldlowsadighi @'hissemtlsmughntttemamem the zone z1. Figure 5 illustrates

a variant of the invgivel §Msttalii £ Bafdht B th&Hhvention in which an optical
assembly is incorporated upstream of the mirror so as to protect the emitting
20 face of the optical fiber during the production of the opening z1 in the
reflective surface. This optical assembly is typically formed of two lenses O1
and O2 situated between the emitting fiber S1 and the miror M1: The *
geometric distancing of the optical function fashioned at a distance prevents
poliution of the output face of the fiber. This therefore produces a self-
25 centered opening, the image of the source point by eliminating by ablation/by
heat the portion of the metal film subjected to the laser flux without modifying
or damaging the optical properties of the output face of the primary laser
source.
With reference to figure 6, a pointing system will now be described
30 applying the mirror according to the invention and making it possible to
conveniently orient a light source.
A source S1 emits a light beam FS1 through a first mirror M1. This
mirror is like that which has been described above with reference to figure 1.
The zone of emission z1 of this light beam through the mirror is therefore not
35 reflective or weakly reflective.



" assenbly is incorporated upstreamof the mirror so as to protect the
emtting 20 face of the optical fiber during the production of the opening
z1 in the reflective surface. This optical assenbly is typically fornmed of
two | enses 01 and 02 situated betweengthe emitting fiber S1 and the mrror
ML The''™ geonetric distancing of the optical function fashioned at a

di stance prevents pollution of the output face of the fiber. This

t herefore produces a self 25 centered opening, the i mage of the source
point by elimnatin atio t the portion of the netal film
subj ected to the | ag‘egr)élcf)ﬁg m'W‘ilﬂéLﬂ% ft9|°ﬁ'SmptB? bgamdgliems theelagpt i cal
properties dPwerkadhirgmimenild wiich hmm& itrpogsiblase focus ahe ®eamVéi khe ef er ence

to figure 6,zchell0l mtbgmgeay§5eﬂﬁb%rbgt aow be descrl bed 30 applying the
mrror according to the nve&ﬂl on ngnd mak it possible to conveniently

orient a light sour@epc"n g & PoUR& §1aem'F~°gﬁt“QBteBﬁarFSiE‘t whigigh a first
mrror M5 THirsinatesrthettargst C1l ireatsusttceliuetindtion mngZdﬁ’ﬁférZol%dzzaibé%VG Wi th
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the mirror is theref or Ive
second mrro%’"f?/ﬁ'&@%‘? e(_r) orient the beamreflects the | atter tovvard a

third mrror M3 whi Ahlamka$>orttonpmfsthe tight bbthedsyssn FEE iDRFBCcRY hhthe zONE ZI

to be treatag ft emts a
1.ght be:%lqp 'fE %ﬁ@ﬂ um ng@g@?%iﬂa‘c‘t%‘ﬂt&g%rb'%”ﬁﬁroéi&ﬁ%gc@hf' S umi nati on
zone Z2. 'Thi %ﬁwe giron M @dathen tt)’h%tfn'ﬁr@' M tewartyargearaerar t han

that of the GAne Z1 and enconpasses the latter. At |east a portion of the

light of the b |

whi ch (r)efle%ﬁ?e?{n (o B “sgtb%g"%l"ﬂgrﬂ b8y PHE L oF B it | ected by
the nirror thippeh WEW 599 Ee‘ﬁ‘?‘rF ok "3 %Qimmdtedns painenarefigativaidbever , as
has been speairfaraCratimrefore taaeelx/eﬂenziﬂnage dfttRe MrGEOh wiih tHY eage whi ch the
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i |1 uni nat ed Hf}a & é I= ﬁ%&?%mv%Oﬂ thenitargels The indgenobtained by
the camera therefore makes it possible to locate the position of the zone Z1
which is illuminated by the beam FS2.
This image is transmitted to a treatment circuit CT which identifies
20 the dimension of the illuminated zone Z1 and its position on the target. The
treatment circuit CT can then control, via the link ct1, the orientation of the
mirror M2 in order to modify the direction. of the beam FS2. It may also
control, via the link ct2, the mirror M3 in order to adjust the focus.
Advantageously, the wavelengths emitted by the sources S1 and
25 E1 are of different values. Notably, the wavelength emitted by the source E1
is not contained in the range of wavelengths of the source S1. The invention
therefore provides a spectral filter F1 which allows the passage of the
wavelength (or of the range of wavelengths) emitted by the source E1 to the
camera. This reduces the risks of returns of wavelengths of the beam FS2
30 and reflected by the target in order to prevent damaging the image captured
by the camera.
For example, the emission wavelength of the source E1 may be
1.5 micrometer and the source S1 may emit around 1.08 micrometer.
The invention is advantageously applicable to a system of
35 treatment by laser beam in which the beam FS1 emitted by the fiber 2 (or an



" different color than the rest of the inmage of the target. The inage
obtained by the canera therefore nakes it possible to | ocate the position
of the zone ZI which is illumnated by the beam FS2. This inage is
transmtted to a treatnent circuit CT ghich identifies 20 the dinension of
the illum nated zone Z1 and its position on the target. The treatnent
circuit CT can then control, via the link ctl, the orientation of the
mrror M2 in order to nodify the direction of the beam FS2. It may al so

i o mdify the directio | FS2. 1t may al
advant apeouayy o i SIS s The Bkt ot ol B B ool 1 v of

different val (figyse ébly, the wavel ength emtted by the source El is not
contained in the rarngs agh d@ﬁ@étﬂ@%@ﬁ%ﬁﬁﬁ@in@%&@%l%ﬁ?&'&ﬁr&@{ﬁ&t'On

t herefore proy | filter. F1 ich allows the ssage of the

wavel engt hp((gérﬂ gg%? ﬁtéa!lrggﬁ\gaee%&f'd%\ﬁye?feﬂ%‘? ﬁg?{ﬁ%‘fﬂ“t ?%%A{‘%%Qpnt Eol¥FE® El to the
camera. Thi sForeexaneple hds Epplicablss to @t systemdh wikivle |tbedases sourddseadeeam FS2 30
and refl ect eidcdted imgedgpdrtidally QifRFeiRpidc@s Pr event damagi ng the image captured

by the canmera. For he .em ssion wavel ength of the source El may be
1?/5 ni cromet er and F ﬁg@tﬁ?%’és"éﬁs r?&yaréqﬂgﬁnﬁpgﬂﬁ%.sﬁgr%ﬁcﬁ%%@eﬁh? The

i nventi on i sSYatRm At Higabventionabach ball souree 81592t enSifconfifises edas@nt by

| aser beam igpurdd with éptRabRrre 5l atihét b BXuditifichbber 2 (or an 9 assenbly

of fi ber has t he g@bj of carryin t a treatnment on a renpte target

(figure ? It is al 5{8&3 I?Odﬁrlﬁ’f eél'ECHQa(%g'yﬂaéWFugi RESRG etealconEed sour ces

that can bePre@irniaioneand adepinsyeingl of edcholight ssvardeesoithatotheevdriuson and in
focus. 5 Faseamnemmlted byl theSe 3BIceS b Qub@aftially HiRMddolle nt 3! 2ser

sources are ted in.geoarap ally dif ent places., gur e
represents é"ﬂé%rgﬁ‘éangoéjﬁe?{%_gﬁg% gjhﬁ%b&uﬁf%aé% -apht PreRpinting is SpaledRut t he
i nventi on. ER8SRdongleta sunplied bgan 1B2imaging sisteno whidhsewes 4 fisldrof 1gource with

optical #5be¥ gdegieds atitH 8adccOrRyfSCHe! Hidet %F‘%OO%Q‘a&ia@?%F gl st5Rqgo! circuit
CC nakes it RORS; ﬁ%f:ic%o control a preorientation and a pr e? ocusing of each
| i ght source soO P at t’he various beans emtted by these sources are

substantial |y di recheaprdingvtor thedneendind, each light source, such as the sources
S1 to SN of figure 7, also has a pointing system thus described with
reference to figure 5. In this case, the central control circuit CC of figure 6
20 makes it possible to carry out a first step of orienting the various sources S1
to SN. Then, the treatment circuits CT control a more precise orientation of
the beams emitted by the various sources S1 to SN.

According to this arrangement, the various sources can therefore
be placed anywhere spatially relative to the target.

25 Advantageously, each source is fitted in an individual casing. This
type of architecture therefore allows an optimal modular design.

According to a variant embodiment, the invention also makes
provision to equip the laser sources with a pointing system, such as that of
figure 5, which makes it possible to direct the various light beams toward the

30 zone Z1 of the target C1.

Advantageously, these pointing systems interact with the central
control circuit CC.

If each of these paths is fitted with an active imaging sensor with a
close wavelength, 1.5 micrometer for example, it is possible to adjust in real

35 time the focus and the fine pointing, which makes it possible to



" the sanme zone of a target Cl to be treated. This prepointing is carried out
based on data supplied by an IR i magi ng system whi ch covers a field of 1 to
15 3 degrees with an accuracy of the order of 500 pradians for a standard
deviation of 3Q According to the inv ion, each light source, such as the
sources S1 to SN of figure 7, also has a pointing systemthus described
wth reference to figure 5. In this case, the central control circuit CC
of figure 6 20 makes it possible to carry out a first step of orienting the
various sources,S1 to SN. Then, the treatnent circuits CT control a nore
preci se ori enfuitARGPUSY defl Wi ke ePrrbleas 15 elrsedriopogentsuntdsofsl to SN,
Accor di ng t ocerrectiomof thegefieats of tatraosphicrio UarbaIRMES 8§ ofdlt thtiRfis e e pl aced
anywher e spagd I i target. 25 Advantageously, each source
is fitted i ﬁagﬁls!tﬁgiog%%rg}f%gg@el %JgagetThi s type of architecture therefore
al l ows an optimal nodul ar design. According to a variant enbodi nent, the

i nvention also makes provision to equip the |aser sources with a pointing
system such as that of figure 5, which makes it possible to direct the
various |light beans toward the 30 zone Z1 of the target CI1.

Advant ageously, these pointing systens interact with the central control
circuit CC. If each of these paths is fitted with an active imgi nhg sensor
with a close wavelength, 1.5 mcroneter for exanple, it is possible to
adjust inreal 35 tinme the focus and the fine pointing, which makes it
possi ble to sinultaneously deal with the problens of closed-|oop control
and of correction of the effects of atnospheric turbulence in order to
optim ze the depositing of energy on the target. 11 CLAIMS 1. A mrror
for optical imaging characterized in that it conprises a reflecting device
(M) having a reflective face (1), said reflecting device incorporating a
light-emtting device (2) of which one emtting end is situated at said
reflective face in a zone (z1) which is not or not very reflective. 5 2.
The mrror for optical imging as claimed in claim1,



" characterized in that the emtting device (2) is an emtting optical fiber
or an assenbly of several emtting optical fibers of which one end is
flush with said reflective face (1), the surface of said end constituting
said zone (z1) which is not or not verqy reflective, the reflective face
and the surface of said end being 1o in one and the sanme plane and being
inclined relative to the axis of the emtting optical fiber or of the
assenbly of several emtting optical fibers. 3. The mrror for optical

i maging as clainmed in claim 2, Chaﬁﬂﬁﬁéﬁé zed in that said reflecting
device (Bl) is made of a gl ass-base erial or of synthetic material. 15
4. The mrror for optical imging as clained in claim3, characterized in
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the fol | owi Rgt etryyery refiastivel thetrefiective fadecarehihbtsurfgeoptsaidbnd beigg or of the
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of several enitt8ng T imixtorf fdreopical lImagiag| est claiméd eiat oRiin of said

transverse tAsAclefizéd G0ues Sd ‘i'eﬂe_rcﬁﬁg# %?ﬂ;cég(rBﬁ?@semapgtaﬁzéﬁ "fassig% of an energy

i SS 579 of
g?n't It tC?Ingbgg{m?aE .a?g\l' %fe‘?eg‘)tgqtt%nrg%{%%g?he refl ect io\r/eO S treatnment in the zone
(z1) of the reflcti vihef goieracofareopticali irgagingt be eliriéd N claim 3,
characterized in that said reflecting device comprises an assembly of optical
fibers (6.1 to 6.n) which fit tightly round the emitting optical fiber (or said
assembly of several emitting optical fibers).
5. The mirror for optical imaging as claimed in claim 1,
20 characterized in that said reflecting device comprises a face coated with a
volume diffraction grating, which comprises a hole in said zone (z1) for the
emitting end of the light-emitting device (2) to pass through, this volume
grating placed perpendicularly to the emitting beam using the quasi-
v monochromatic character of the laser for lighting the target in order to divert it
25 toward the imaging system.
6. A method for manufacturing a mirror as claimed in any one of
claims 2 to 4, characterized in that it comprises the following steps:
- installation of the emitting optical fiber or of the assembly of
several emitting optical fibers in said reflecting device (B1, 6.1 to 6.n),
30 - machining of said reflecting device to obtain a transverse face
relative to the emitting optical fiber (or to the assembly of several emitting
optical fibers),



" zone of the enitting optical fiber (or of the assenbly of emtting optical
fibers). 7. The method as claimed in claimb5, characterized in that the
step of installing said emtting optical fiber (or the assenbly of emtting
opti cal to fibers) in said reflectingadevice is carried out by nolding.

8. The nmethod as claimed in claimb5, characterized in that the step of
installing in said reflecting device is carried out by installing said
emtting optical fiber (or the assenbly of emtting optical fibers) within

f fib uri,ng the fibers together. 15 9._A
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to i |l uninatgoreabf theteeftting rb@cén)eﬁwd(&%}qh%zgése\?%ﬁ{‘ﬁfsenﬁﬁg,éf&&izcg{]ga R

reater tha |\d first zone (Z1) and enconpassin _ ( _
garrera (CA c')b%"l nted toward said reflective face formng a 25 first mrror

(M) and designed-to Fbednstbod las tlaigied ﬁret:laa’mt@dcﬁmya(lﬁai_zddgﬁrtgat {tﬁep ghi s
! . cto g i mo.
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bet ween Sai d?“é%'???ﬁge’lbeﬁ'r‘ﬁ?"'??bse‘fafa?faov |3 as claimed in one of
claims 1 to 5 30 &reathegnethpdisl clainterl immelgém o, dHaeactenze6 6n pRANtheand

seh{- cent er esop W ihdtaling 99 86 Rty Qb ' BN busRy fudblify Juld h 1 espect
toapollutlg ittdepgﬁiéa lggra{a}c grlsétellun%o the ‘netho ef_ oy.l_& ( :
evaporati on of 1t e L fiber 1BssemRly P%?EVWPWF‘?@ hoEs) amithin asl ai med i n
clai m 10, crassambirofiibars 8% then bjpsecurng thedibersgoggthércal assenbly conpri ses

one or aiplurality of Alilggs8magih kdrh Gl é'i ot (1 é?San riwé e function

of beam enl %{r%eWéléim%eP ?onglor}%%e %‘jt%gc? als calrrr]:%g@f%%éf‘jng%f Ic%ri]ﬁ'ls 6 to 8%
characterized in that said emitting optical fiber (or the assembly of emitting
optical fibers) is designed to emit a treatment light beam (FS1) to a first zone
(Z1) of a target (C1) and in that the system comprises:

20 - an imaging light source (E1) emitting an imaging light beam
(FE1) which is designed to illuminate said target in a second zone (Z22) with a
surface area greater than said first zone (Z1) and encompassing this first
zone,

- a camera (CA) oriented toward said reflective face forming a

25 first mirror (M1) and designed to receive the light reflected by said target to
this first mirror (M1).

10.  The laser imaging system as claimed in claim 9, characterized
in that it comprises an imaging optical assembly situated between said
emitting optical fiber and the mirror as claimed in one of claims 1 to 5

30 creating a pupil, the image of the source point and self-centered, while
preserving the output face of said fiber with respect to a polluting deposit
characteristic of the method employed by localized evaporation of the metal
film.

11.  The laser imaging system as claimed in claim 10, characterized

35 in that the imaging optical assembly comprises one or a plurality of lenses



- 12." The laser inmaging systemas clainmed in one of clains 9 to 11,
characterized in that it also conprises: 5 - at |east one second mrror
(M2) receiving said treatnent beam reflecting it for the purpose of
illumnating the first zone (Z1), saidjgsecond mirror making it possible to
orient said illumnating beamtoward said first zone of the target, a
control systemmnaking it possible to control the orientation of 10 the
second mirror as a function of an inage recei ved by the canmera (CA). 13.

The | aser i S S c ai characterized in that it
conprises a % Bg 'tr#? Pg) ? ”ﬁ'@n@&c? ‘F%Bte“i%'g%fﬁ?ﬁ depegding(Cl) the
| i ght recei Mhﬁﬂmﬁﬂd%amﬂlm mrror (MZ) or conversely to reflect to the
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14.  The laser imaging system as claimed in claim 13, characterized
in that it comprises a fourth mirror (M4) receiving the light received from the
20 first mirror (M1) and reflecting it to the camera (CA).
15.  The laser imaging system as claimed in any one of claims 9 to
14, characterized in that said treatment light beam (FS1) is at a first
wavelength or range of wavelengths, said imaging light beam (FE1)is at a
second wavelength or range of wavelengths different from the first
25 wavelength or range of wavelengths, the system also comprising a spectral
filter (F1) situated between the first mirror (M1) and the camera (CA) and
allowing the transmission of the second wavelength or range of wavelengths
only to the camera.
16. A system for controlling several light sources applying the
30 imaging system as claimed in any one of claims 9 to 15, characterized in that
it comprises at least two laser sources (S1 to SN) and in that each laser
source comprises an independent pointing system, the control system also
comprising a central control circuit (CC) making it possible to control the
pointing systems of each laser source.



