| maging mrror, nethod for nmaking sanme and use thereof in a |laser imaging

system The invention relates to an optical imaging mrror, its
nmet hod of manufacture and its application to a |aser imaging system PRIOR
ART In systens for treating targets by |aser optical beans, it

is necessary to direct the | aser beamprecisely. It is therefore possible
to need to know precisely the point of ifrpact of the treatment beam on the
target. For this, it is known practice to use inmaging systens making it to
possi ble to have an imge of the target and of the point of inpact of the
treatment beamon the target. The system can then nodify the orientation of
the treatnent béaayinganirtbrmetitod e mARGE sABihAG thse kiferabilf 3 ﬁepar ry out
this imging, the known systens usj ééx %gg a_ beam separ at or ich makes it
possible to transmt the treatnent Y BMard t he target, which
receives the light reflected fromthe target and which reflects this |ight
to an image-acqui sition device. The drawback of such systens is

does not it nstand ¢ neeaaien "SRR o1 Pofcd JoeaBa: HEeh: fomemReel 1t
possible to s@ﬁv\éfatﬁﬁr%ardffmfr@ﬁon to a laser inpimgsaybjeett of the invention is
a reflecting systemnmaking it possible to use the sane optics for the
transm ssion of the bRi&E beam and for the inmaging. A further subject

of the invention is a et for manufacturing such a reflecting system It
also relates to an optical imging 25 architecture applying the optical

reflecting system acpokgitBest fort PeatingV &itha1@N by SHMYARY: I é@éﬁ'\%, NYERTI ON
r optica I magl ng.

“The subj ect ipvention-is therefore rror }
This nirror 8‘%%%4}% e{sa, Cg%rokeﬁ%eleg?rrpgeagéﬁe@éseﬁ’a\}ﬁ indhereiogs pertliedo nged. Sai d
reflecting dé&vKew piesiselydhapeint of impghtoféhé treatngerd evamendhe whigeth one 30

emtting end is sitrakapisalt i§HnBwhira@idd ¥PuEQGRabig JyERAR WBkRAQ 4 s not or
not very fefLecihi¥% have an image of the target and of the point of impact of the

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
refiects this light to an image-acquisition device.

The drawback of such systems is that the separator infroduces
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
mianufacturing such a reflecting system. 1t also relates to an optical imaging

26 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
36 emitling end is situated at said reflective face in a zone which is not or not
very reflective.



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 end is flush with said reflective face. The
surface of said end constitutes said zone which is not or not very
reflective. The s reflective face and the surface of said end are in one
and the sanme plane and are inclined relgiive to the axis of the emtting
optical fiber or of the assenbly of several emtting optical fibers.
According to one enbodi ment of the invention, said reflecting device is
made of a gl ass-based material or of synthetic material. 10According to a

vari ant emnbodi nent of mrror accarding to,the invention, said
reflecting device cor’ﬁpﬁc{;@e g"n?‘éé@éﬁ@?%e%‘% ByPPUment oh e Myenrten. the ti ght 1 y
round the eni BUVHRY Bpice gl art empising enticebiitbras sorasisymbly ofeeseall eamiitg | ng

optical fibergptical fibers of which oneP&rsPlsdiuBE With Sy 341 o] aid
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refl ecting deyj IS ,C Jses a face coated W v frraction
grating, whi C¥Ifl %aﬁ%peﬁdsgcgﬁg%u & s rFogﬁiV&h'?EH% oh 0 1ed VeRy feffasgventhof t he
|'i ght - eni t 6i ngflertivedece andpthe sutfaeolgaid end are in one anditke saventamraral o

relates to a retiiided edlaicqd s Qﬂsb@%er@rhfttﬂ{zqoé}#‘tﬁﬁf ﬁge'?%rbﬁrgagags_sie%%@m ion as

descri bed abaoye. This nethod c rises the ol'l ow ng s
installation Oﬁfsew{gl %ﬂ%@@i‘?@%ﬁ@&% fi ber or of the assenbly of several
em tting optical fibbeeordingdaiohe eiedirhenyt detiecivention, said reflectinggchi ni ng

‘of said refl elicBS fab eeagfseMadbd natd A BSYES S8 kiR Goabgat i ve to the

fibersy. T8 °% 1 Ricoldiin i1 g2 PALETERINGT G5 TmhevePsingiache o
produce sai dinventiattsaid rébemding device comprisgs ansagsesibdn odfoavalenesrgy opti cal
beam by sai dwght fitl tR@P Rdrtihe fdri@ing(qPticafl AldioPSSE HY¥mBly SUdEIA9 optical
fibers) to damage LORalflegct! ve :
According to a variant embodiment, said reflecting device
15 comprises a face coated with a volume diffraction grating, 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 obiain a transverse face
refative 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
3¢ treatment in the zone of the reflective face comesponding 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.



30 treatnent in the zone of the reflective face corresponding to the
emtting zone of the emtting optical fiber (or of the assenbly of emtting
optical fibers). Accordi ng to one enbodi nent of the nethod
according to the invention, the step of installing said emtting optical
fiber (or the assenbly of emtting Opth@H fibers) in said reflecting
device is carried out by nolding. According to a vari ant

enbodi ment of the nmethod according to the invention, 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 an
assenbly of fibers anficadiéngty asegantiempadireent dfdhs neiyed betordibdtd thet her
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the i nventi orfo et adpEREAD'S ‘H}:?@”}SJQSY§ EPARNISRS: conpri ses an opti cal
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focusing on the mrror
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According t 0 n@r¥PEAABESIEALE W MEXive fhBIiHnt PRI BY SLRMTBY 8152 ﬁ‘%é%”p” s€
15 mirror.

According to a variant of the invention, the optical imaging system
also comprises an 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 Jeast one second mimor 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



25at | east one second mrror receiving said treatment beam reflecting it
for the purpose of illumnating the first zone, said second mrror making
it possible to orient said illumnating beamtoward said first zone of the
target, a control system meking it possible to control the orientation of
30 the second mrror as a function of an inmage received by the canera.
According to another variant enbodinent 4 this inaging systemmnmay conprise a
third mrror designed to reflect to said target the |ight received fromthe
second mrror, or conversely to reflect to the second mrror the |ight
received fromthe target, said control system meking it possible to 35
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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:

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

25 imaging according to the invention,

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

« 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,

e 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 emifting optical fiber against any

35 pollution by metallic deposit,



figures 3a and 3b, a variant enbodi nent of the nmethod of production
according to the invention, 30 figure 4, a variant enbodi nent of the mrror
for optical imging according to the invention, figure 5, an exanple of a
mrror according to the invention associated with an optical assenbly
making it possible to preserve the end of the emtting

fi ber against any 35pollution bysnetallic deposit, figure 6, an

opti cal

optical pointing systemapplying the mrror according to the invention,

figure 7, an application of the systemof the invention to the control of

several |ight sources. 5 DETAILED DESCRI PTI ON Wth reference to

figure 1, a description, well theref i . of be gi.ven. of an
Wﬁ%ﬁlrﬁarg’r 2 0%5%8[ idc’?gftm?;n%%lt %P@@fg?% Erﬁ% PE°f he

exenpl ary enbodi nent of a . ) [
i nvention. 10The mirror MCGO8diRg tmihe inaNteY. a refl ective surface 1. The
surface 1 is furnished wifijura 7zanapplcdtibatof tise Baferh of HRGRhIMRICA WY Very
reflective conpared with -1.he face 1. In this situation, an
optical source can emt aéﬁﬁ}nﬁpéoeglg%{iéﬂos@gﬁé Shis zone z1. On the other

ML is reflected by the

hand, the ©nci dent light on the mirror
reflective surface 1DERANED DESORIPTIooNe z1. Figure 1 also represents a

sinplified operatingyWRdg: ol NG ALl 9'a description will therefore first of all be
given of an exemplary embodiment of a mirror for optical imaging according
to the invention,

10 The mirror M1 is a unit having a reflective surface 1. The surface 1
is furnished with a zone z1 that is not reflective or not very reflective
compared with the whole of the surface 1. In this situation, an optical source
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 fo view
the zone of impact on the target C1 of the beam FS1 emitted by the opticat
fiber 2. By viewing the image 4 cbtained 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.



M. As an exanple, an optical fiber 2 passes through the mrror
M and it has an emtting end which is situated in the zone z1. 20Accordi ng
to the exenplary enbodi nent of figure 1, the optical fiber 2 emts a beam
FS1 toward a | ocalized zone of a target d. Mor eover the target
G is illumnated by an imaging |ight beam FE1. In exchange, the target C
reflects a beam FRI. The latter is reflaected by the surface 1 of the mrror
ML in the formof the beam FR2 toward a 25 canera 3. The di splayed i nage 4
is therefore the inage of the target Moreover, the portion of the beam FRL
whi ch reaches the mrror in the zone z1 is not (or practically not)
reflected by the mrr, St 0 ives, in.the._i e 4 of the
target, a less |um noﬁ”%%ﬁegg{j§?H‘F‘§{f§{)&née’?%’g‘?¢%§%(ofﬂ8@096’“P@%FWQ&‘&% of the
beam FSI on t R¥Tarddhetfigus®the i magi ng systemof figure 1 therefore makes it
postsit b:j ebt ot \éi ew th@wiege Wkt b@patie @midahﬁl?e%]reé %?mr%:;%@& ;.? fé%;!aaélgh Ftsﬁ
emtted by I her Vi ewi.n [ e.4 obtai ne e
canera, an opgcrj%érg%?r“mg'n&%n%%gs E?’égct’eesg]arqg osfy@?sé‘g@)gﬁ‘ﬁs?ﬂ@?”@(‘?ﬂm Eidi fy the
zone of i mpacifiedhermmérioapdies ogtheﬁ@martgﬁiai@) artod spnthelitt esinon and/ or the focus

of the beam FSI. During a seEbittes, 8 B¢k ignadnint SPAE1ARBUETRAT Y

nmet hod of pr i t. rror ML of figure 1. ring a first
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bl ock may be thergéoreflugh wish theosuriste o8 shiace /t nAtvardagdastyS theHfacs hendal
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inclined relative to VHE &I 1Crha FIEEIVE BRaimand i§rerefeed parthes -

" therefore fl éRae WiFonexdropievihedace bfs edated wite a netalibedritwgeousl y, the face 1

and the axis of the fhirh@ra ourdkeepniranedR of e a8t écrli_skoa"\%glg a third
. Fo

step, a refl ive treatnment. i roduce nth ce r exanpl e, the

face 1 is cog%%gg%f\’/ﬁ BrPTgatiEain; @820? VQr‘% &rffuﬁg %%f?fu erPRicalibarke zone z1

that is not Advardagaauslyoithiuzake e isf madei by trasspittoguthecuigintieheplicatat i on of

the flushizengbeifa fighebesh i&@éﬁiéi&ﬁ’teéne?giygﬁ%f_ 35UR0KN é’tivettMa%n%ﬂQﬁfﬂfel I's made
i ber [

oner gy to debbrdyMEREIME £Eot Tve treatment of the face 1 in this zone z1.

Figures 3a and 3b illustrate 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 fogether. 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 8.7 of the fiber 6.7 are therefore fiush in this

25 plane. 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 io
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 transmitied by the fiber 2 {o destroy the reflective treatment of this end.



Figures 3a and 3b illustrate a variant of the nmethod for producing the
mrror according to the invention. During a first step, the
fiber 2 is placed inside an assenbly of za fibers 6.1 to 6.n and the
assenbly is secured together. For exanple, the various fibers are bonded

t oget her or are anneal ed. During a second step, this assenbly of
fibers is machined so as to produce a flyat 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
of the fiber 2 is therefore flush with the surface of this plane As above,

advant ageously this f e fiber 2 ma ap,_a e of 45
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pointing s fA'wi I | now be described 30 applying the mirror according to
the invention and Wt referetcepiogiguls @ 4 pointmyeRtan iy néw bedes@&iddaght sour ce.

30 applying the mirror according to the invention and making it possible to
conveniently orient a light source.
A source St emits a light beam F$1 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 refiective or weakly reflective.



A source Si emts a light beam FS1 through a first mrror M. This mrror
is like that which has been described above with reference to figure 1.

The zone of em ssion z1 of this |ight beamthrough the mrror is therefore
not 35 reflective or weakly reflective. A second mrror M
designed to orient the beamreflects the latter toward a third mrror M
whi ch makes it possible to focus the beanon the zone Z1 to be treated of
the target C. A pointing adjustnent source El emts a |ight beam FE1 which
5 illumnates the target C in a surface illum nation zone Z2. This zone z2
has a surface area that is markedly greater than that of the zone Z1 and

enconpasses the lattegr ortl of t f the beam FELl is
reflected by the tar A %e(t%b\si\ar %8{ Iﬁl% r%stgpg {]@ﬁ b}eg ’@g?%ts ithe ¥dfar d t he
mrror M. Thicwarg Qﬁg‘fﬁf gnimror Mﬁew:%maé@seﬁpwtmmo feausdhe Meamaord tHehen by a

mrror M4 tOV\ﬁfrﬁéﬂntoQﬁTlﬁéa'teMtheta etC1. However, as has been specified
eam F81 has been

above, the zone zl o
emtted is not ve;ksre%]ﬁm{a @%;ustxﬁegt églﬁrgﬁggt&“t‘%e? B’% Eeﬁ"'@c!:em/é@’cén i mge
of the tar §etiiyminalsisdhe tarset Ghiea stirfa® Hihminedios zBte 22| Thisrahed2thast he beam

FS2 appears I Sarhesmianoyianar isOmofkedhy GRSABE ool Yat DRl BBL 95 Dy the

i mage of the e obtai'néd by the canera t

possible to I%@é’gg‘gﬁ%qﬁ%ﬁﬁﬁon of the zone Z1 which is illum nated by the

beam FS2. This i mageAtl isastrapemivn obthe ight of teateemt FE1 icrefibcted bytthe h

It ﬂent ifies Z%rgaqo%@m@wﬂﬂopmtvhﬁcﬁ Aeheet!s%%mzﬂ’.e%sfr&r I@t@dTh;%?gl‘?tO%' tion on
e targe% ‘l;bee fleat ntt Ci r‘g:w’tﬁ %Cfg'gﬁntgen contro tl

the orientation of tH PP GHTRpMT b arfBiof Qwaﬂi’ BBERMSRE of the

beam FS2. 1tChay al so control Vi a the link ct2, the mrror MB in order to

adj ust the focus. Adwanivag %qeésybe éﬁﬁ}é@ g&ﬂ,&h& tetzq fq etr{“ﬁg]sour ces Si

t he

and 25 El r. val ue e wavel en
source El i sﬁhg%mé'gﬁt“g] ?ehe{ﬁ’ eihya frh'§51r gb@ge‘a%/%%% gt M’@W?f? flgoiesther ce” Si .
The i nvent i otere¢rer@h dherefire veabdesarsiveger ai theithtget iFwhiohithd irahdeys t he
passage of tihe m&eiemmnttné@a @fthfehﬁearrﬁrmz %E@Q%qg?g'g}ntﬁﬁ)}use& \R/ged by the

o e R R M el S sl Sk doel oo e So Bk e ng
t he i mage cdpt gewgrdther¢feracmakesail ppesiblextaripdate tHehposiivrsshi tha zpay eliengt h of
the source Khicri iRfninated 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 $1 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 $1. 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 he
1.5 micrometer and the source 81 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



1.5 mcroneter and the source Si may emt around 1.08 mcroneter.

The invention is advantageously applicable to a systemof 35 treatnent by
| aser beamin which the beam FS1 emitted by the fiber 2 (or an assenbl y
of fibers) has the object of carrying out a treatnent on a renote target
(figure 1). It is also applicable to a system using several |aser sources
that can be controlled i ndependently of @one another in orientation and in
focus, 5 For exanple, it is applicable to a systemin which the |aser
sources are |located in geographically different places. Figure 7
represents an arrangenent of |ight sources applying the systemof the

opt 1 cal f] bgfgitaéri%@}g{of S s ing 858 b RIS 85t & ¢BRRE AL BEMEE ci v cui ¢
CC makes it pBEIAIR® &) control a preorientation and a prefocusing of each
fight source so that lttibalsoaapmiusblbeamss\atin ethd¥e i@ I8 SUHLERS BEE
substanti al | y..gi on f.,atarget C to be
treated. Thi s(;?r %@%ﬁﬁlgﬁgmﬁ&s&f&aﬁ%&o@?&eéﬁse "é?n"ﬁ%‘ﬁa“%ﬁ%‘is ﬂb%ﬂ}%% an IR
i magi ng sySt enWRAEPIS oY &5 paligeble ke g sysierp inSwigchldbe deserviiourcesnaraccur acy
zf thg_ or der Iotf}até@ﬁh deogeapiniaby Hitferemt plageslar d devi ation 01;] 3a. N N
ccording to the inv i as the sources to
of figure 7, also hfa@e‘g'leg%f?ﬁ??%g?‘%?g% tgﬁ%ﬁ@ﬁﬁ%%gi@ﬁ%gwwﬁqp!,y@getﬁ@nce to
figure 5. in SYREE ehide invenEorriGhalioht saLTcSI Sti $2 ui tSICComhriségaiasd 20 nakes
it t gﬁlssi_r EI e ts?ﬁma{wim c;yiﬁtaraibiefsr@'tq ftti@m@he@?mpigif@ﬂs.t he various S_OurfetS_ SI
o SN. , the tr | ntrol a, nore. precise orientation
of the be?ns em ,tteggb({/g]p%!e%\?é{r@oﬁzmguégega% S¢ih @ﬁ_ssbﬁ)e 1 control s cor di ng
to this arraRERERENOR [RedvaPrefasusiem of @act dight Isenekose thet thé aceduanywher e

spatial 'y rebaamyeniitted b tHetedsiurcatDAGY iR fialhs H}f'ectﬁé(i&m%%r%e?ﬁé fitted
ows an

in an indivi j i e, 0 rchitecture therefore al
opt i mal mduﬁ%%adﬁf?%ﬁgbkg%%gg?g %tf)eaﬁ'\%{gﬁa SEBATHA S, CaHeH PHbent i on
al so makes pPFREIQNLPER GuRRfisd Py #ie!R isaging systemsvhich hoverpaifietd ofy! &yst em

such as trbat 3 afegrees with an accuracy of the order of 500 pradians for a standard
deviation of 30,
According to the invention, 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 ornienting 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 ftime the focus and the fine pointing, which makes it possibie io



figure 5, which nmakes it possible to direct the various |ight beans toward
the 30 zone Z1 of the target C. Advant ageousl y, these pointing
systens interact with the central control circuit CC. If each of these
paths is fitted with an active imging sensor with a close wavel ength, t5
m cronmeter for exanple, it is possible to adjust in real 35 tine the focus
and the fine pointing, which nakes it popssible to sinultaneously deal with
t he probl ens of closed-lIoop control and of correction of the effects of

at nospheric turbulence in order to optimze the depositing of energy on the
target. 11IMC S L L P CLAIMS 1.A mrror for optical imging characterized

inthat it coppsj ref 4N eyl having a ref] ective face (1),
said reflecti nUpiEsly %icegfg%{rhagii’%g%gg%%feﬁ%???’ﬂ’é’pdé’\?f‘%% e54 8 ot oh
one enitting EREEGHEN &f theelierinof glneppheric debiipace de ordar tg omdinezd #E) whi ch
i's not refl ectiépesitiog of essrgy ohliectarye. 5 as conpared to the reflective
surface of the mrror, said reflective face conprising a volune diffraction
grating, which conprises a hole in said zone (z1) for the emtting end of
the light-emtting device (2) to pass through, this volunme diffraction
grating being placed perpendicularly to a beamemtted by the
light-emtting device (2), whereby upon |ight of a quasi-nonochromatic 10
character being received by the volune diffraction grating, the volune
diffraction grating diverts it toward an imagi ng system 2.The mrror for
optical imaging as clained in claim1l, 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 15 reflective face (1), the surface of said end constituting said zone
(z1) which is not reflective or less reflective as conpared to the
reflective surface of the mrror, the reflective face and the surface of
said end being in one and the sane plane and being inclined reliativeto the
axis of the emtting optical fiber or dft the assenbly of several emtting
optical fibers. 203.The mrror for optical imaging as clained in claim2,
characterized in that said reflecting device (Bl) is made of a gl ass-based
material or of synthetic material. 4. The mrror for optical imaging as
clained in claim3, characterized gpajp@t said reflecting device
conprises an assenbly of optical 25 fibers (6.1 to 6.n) which fit tightly
round the emtting optical fiber (or said assenbly of several emtting
optical fibers).1.5. AAretihodfdrasptichinf @it gichagadtenisd Of tHAM cHApidsSes a

| ncor por at MaiaG: dRtee T Rafiabye Bbb1%e BGE, o) Al ehediagieeE i s
si tuat ed 30ncarpeEtiagrafighicamiing dewcs fiaokwhish eng ewnitticly érsd isogituaedd ecti ve
or less refgeald MIcdbve pRANCH AoRel B9 WEfdER Hﬁereﬂ&:&?@?}r Ued RGiWyd Or . and
wherein the en1tt|n%bgey ce 9&)_|s an_emtting optical fiber of "dn assenbly
of several BEnFPTPRED SR i 1081 rafiestiye ifagsi eh teaemirer. i said | igdactive facsai d
vone (21) e ol Lt ot et ot T asoy ooty v o ae i gikiaRg = ¢
reflective sdrr}g'égh'ee ng’n?%'hg & 9 © ‘@ﬁ@%m}ﬁﬁﬂgc Fyjee K%CE) B fm@u%i’lhré’!ﬁce of
sai d end b@@lngw_ei ai_ffmmioargraﬁhg beingeplpcead peapehdieilagy ito @l hewrd greittatiipe to the
R e e e
of the '8mi EHarAGtespleingl reqeiead &y ée trpiumes diffiagtiof grating, the volume
diffraction grating diverts it toward an imaging system.
2. The mirror for optical imaging as claimed in claim 1,
charactetized in that the emitting device (2) is an emitting optical fiber or an
assembly of several emitting optical fibers of which one end is flush with said
15 reflective face (1), the surface of said end constituting said zone (z1) which is
not reflective or less reflective as compared to the reflective surface of the
mirror, the reflective face and the surface of said end being in one and the
same plane and being inclined relative to the axis of the emitting optical fiber
or of the assembly of several emitting optical fibers.
20 3. The mirror for optical imaging as claimed in claim 2,
characterized in that said reflecting device (B1) is made of a glass-based
material or of synthetic material.
4, The mirror for optical imaging as claimed in claim 3,
characterized in that said reflecting device comprises an assembly of optical
25 fibers (6.1 to 6.n) which fit tightly round the emitting optical fiber (or said
assembly of several emitting optical fibers).
5. A method for manufacturing a mirror that comprises a
reflecting device (M1) having a reflective face (1), said reflecting device
incorporating a light-emitting device (2) of which one emitting end is situated
30 at sald reflective face in a zone (z1) which is not reflective or less reflective
as compared to the reflective surface of the mirror, and wherein the emitting
device (2) is an emitting optical fiber or an assembly of several emitting

optical fibers of which one end is flush with said reflective face (1), the



several emtting optical fibers in said reflecting device (81, 6.1 to 6.n),
machi ni ng of said reflecting device to obtain a transverse face relative to
the emtting optical fiber (or to the assenbly of several emtting
10optical fibers), reflective treatment of said transverse face to produce
said reflective face, trarkdr ssi on of an ener gy‘optifcal beam
by said emtting optical fiber (or of the assenbly of emtting optical
fibers) to damage the reflective 15 treatnent in the zone (VI) of the
reflective face corresponding to the emtting zone of the emtting optical
fiber (or of the assenbly of emitting optical fibers). 6. The

met hod as cdiataBedof Bakdl @hdNcBnsFBAGERY 1208 |41) thtg t af ol pstal 1ing
said emtting optical fiber (or th% assezr%rﬁlg}éégg Bﬁnﬁ%tr{bggréﬁ%?f\%a?} %%fi bers)
in said reff g‘é?"%aa&ﬂ”&%afﬁg tedpi edesie sYae ffHge mirfor, the reflediveet hod
as cl ai ned fave @nalithe surfabarcdcber ertdeiny Inhavdie bR the @RNRS plafstadd b&iggi N sai d
reflecting. i.Ce. .S r ] al | ] id emtring optical fiber
(or the asssg%ey rggascg(réna‘{ott?q%daxgéjpﬁ % é'?‘?trtt)@bscqu%af ﬁ{aﬁr %Oﬁ\@@egﬁé&w %i bers
and ther® bﬁ%@@iﬁ”ﬁéingt@fmgfé?ﬁst@ﬁjém@hﬂdmmﬁm% the foffagimgstepst em

appl yi ng the mirror agsialAidieds e thWopgcﬁlﬁérﬁ?ﬁo%ghé,as%@ﬁ{byto?ri zed

in that said emtting optical fiber, or sa senb of emtting optical
fibers, is S@&%faéﬁga{%‘%a ‘g)ﬁ‘F?’a‘Jépet"? anbaiefeflleciyig dewan ((%SZ@)T toba)first zone
Sout co (B1) emtt) g IOt ot e narey (Eeptaiih LRSS BET, |

sour ce j ing. li eam iich is designed to

i 11 uninat e)resjgfnlaé %%?g%%%'ﬁt%?g%@%ﬁ%r@r?%fgevéﬁsﬁ s ¥ rSeverar g ik at er

t han saidd Pptical fibers, (Z1) and enconpassing this first zone,

and in that the_imgj Vst [SIolaanl g :qa ( [i dt rd said
reflective face for m}ﬁ%oﬁﬁﬁfiﬁtt mr r%fgéiﬁngr%g%gé%gs%%eg) @E&{i@cer 3% ve the
light refl E&fleslv®iaceai d target to this first mirror (M). 13 9. The

| aser imaging syst enyragsmisaioress am eﬁb@y_’fb&écé}Waﬂ?b?rsiaﬁfgrﬁétﬂn%b?tﬁcélt
conpri ses %g / @agblfnrﬁ O%SI Ef@%lly aiseen}glnﬁem Eu?t %drgetto\/\gen sgl d ee ect:t! ng
optical fi hd't'HE FHSP KL eRtingetPicR! diherdrtociaiage dhe geflectivie
i magi ngsoptréataterdsis émbkyne (2Htdfrige aefeqtive fabé Coriespbhding TBgke @iting sour ce
zone of the emiting optical fiber (or of the assembly of emitting optical
fibers). -

6. The method as claimed in claim 5, characterized in that the
step of installing said emitting optical fiber (or the assembly of emitting optical

20 fibers) in said reflecting device is carried out by molding.

7. The method as claimed in claim 5, characterized in that the
step of installing in said reflecting device is carried out by installing said
emitting optical fiber (or the assembly of emitting optical fibers) within an
assembly of fibers and then by securing the fibers together.

25 8. A laser imaging system applying the mirror as claimed in any
one of claims 2 to 4, characterized in that said emitting optical fiber, or said
assembly of emitting optical fibers, is designed to emit a treatment light beam
(FS1) to a first zone (£1) of a target (C1), in that the system comprises:

- an imaging fight source (E1) emitting an imaging light beam

30 (FE1) which is designed to illuminate said target in a second zone (Z2) with a
surface area greater than said first zone (Z1) and encompassing this first
zone,

- and in that the imaging system comprises a camera {CA)
oriented toward said reflective face forming a first mirror (M1) and designed

35 toreceive the light reflected by said target to this first mirror (M1).



5 point and which is self-centered, while preserving the output face of
said fiber with respect to a polluting deposit characteristic\ﬁgnthe nmet hod
enpl oyed by | ocalized evaporation of the netal film 181*%%3 | aser

| magi ng systemas clained in claim9, characterized in that the inmaging
optical assenbly conprises one or a pl /hlity of |enses 10 making it
possible to performthe function of beam enl argenent dependi ng on the

i nt ended application. 11. The laser inmaging systemas clainmed in
one of clainms 8 to 10, characterized in that it also conprises:

at | east one second mrror (M) receiving said treatnent beam 15
reflecting it fad theThigsesemabingl $ystemais Reaitnee ihidlgim BoBRarleébrizegai d

sai d 1ot Bohet of RrirsBRCah il S s T e o
control thenittirgnpaticalfiber andetheemoner as al@meakiraoheimdtdlaimso? tant, ithage
received b o AN p3:Tol t S lmed in
claim11, é{rﬁtg?g}gf ggrl‘k!zag(?@ i@ﬁ%}bﬁé? rei]agmgo%%rquz\gﬁgh?ﬁ%b%q@%ow %B%Oqjdre%i ghed
to refl et PONSGIvhighgeee(feentaragd Whikhpresereingdae ouémttaee steaddibet rror
ghMZ)i or fﬁmt\he!!’&@byt Ecﬁalrpi)‘libﬁﬁg dbpoéib@hé&:?dl@@sﬁé 1 @fe. Hé@ndd;[ gh'{p!cgy%‘a%h hyed from
e target,_ s ontral. system ing it possible to contro e
orientati Omocgﬁﬁgq]l(éga?éﬁalﬁanrﬂ?ﬁq%ﬁéﬁ% 7cg\'%f unction of the 25 image received by
the canmera (CA) 10n offtterlaser immging sy pless ids| daintedait uisim therbesssriadd t he

b i the. ' 13, .The. | i pagi t
v ot red ot (A8 RGP EBAc BIseRon) Volyorists dfe o S RUARY PR ror
(M) reBei NakYa RePassite tp asiojedtiver bimctine afi beam enargentavit)degeedingf | ect i ng

it to the gamms miéleld agPichtibhe | aser imaging systemas clainmed in any one
of clains 8 to ;‘Li cﬂﬁrgcter.i zed in that said treatnment fight beam (FS1) is
at a first wavel &ngt A1BrASHRYEY RRIEMAGIRIMeghinOnSREPRgNS it TBeam

(FE1) is athamacterized in that it also comprises;

- at least one second mirror (M2) receiving said treatment beam,

15 reflecting it for the purpose of illuminating the first zone (Z1), said second
mirror making it poéséble to orient said illuminating beam toward said first
zone of the target,

- a control system making it possible to control the orientation of
the second mirror as a function of an image received by the camera (CA).

20 12.  The laser imaging system as claimed in claim 11, characterized
in that it comprises a third mirror (M3) designed to reflect to said target (C1)
the light received from the second mirror (M2), or conversely to reflect to the
second mirror the light received from the target, said control system making it
possible to control the orientation of this third mirror as a function of the

25 image received by the camera (CA) in order to make it possible fo adjust the
focus of the beam received from the second mirror (M2).

13.  The laser imaging system as claimed in claim 12, characterized
in that it comprises a fourth mirror (M4) receiving the light received from the
first mirror (M1) and reflecting it to the camera (CA).

30 14.  The laser imaging system as claimed in any one of claims 8 to
13, 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
wavelength or range of wavelengths, the system also comprising a spectral

35 filter (F1) situated between the first mirror (M1) and the camera (CA) and



second wavel ength or range of wavel engths different fromthe first

wavel ength or range of wavel engths, the system al so conprising a spectral
35 filter (Fl1) situated between the first mrror (ML) and the camera (CA)
and 14M 03 L LP allow ng the transm ssion of the second vvavc?l ength or

range of wavel engths only to the canmera4 15. A system't'oriiP
controlling several |ight sources applying the imging systemas clainmed in
any one of claims 8 to 14, characterized in that 5 it conprises at |east
two | aser sources (Si to SN) and in that each | aser source conprises an

i ndependent pointing system the systemalso conprising a central control

i it h t t f h
Caser sour oML e arRRSeidh Br e SONAP uel Beri Ot Bt ¥ BlERBonsr o 7.
char act eri zBdy10thexcamgrasai d emitting optical fiber, or said assenbly of

emit1ing opli cal 14 beAssydtenfivs! anaoNiAgeTjerd thﬁﬁ@tm&eé Sl b S

to a first zone g‘mgg PN e System C
i magi ng | i g4 ef"&?? i ”éﬁ”?rﬁf&f@fa‘q gghtwbé’a%ﬁaﬁam)?d\mﬂ@ﬂf is
desi gnedst ait |cbh1;mnsaat£ ieabtl twarlgsdr sasuraes qGUNth BNeahddn that Bagh Iasayur f ace

area great n r nco ing.this first zone,
and in thasg%*ggl %%ﬁupﬂséé Eb r?ibgae%;égéég Bgmﬁ n’ga,((? qB?I ENFIER tBWRrd said
refl ective GoeRrisieg rﬁ ﬁgnﬁalr p@strofm:mmtr (Cc{s)n)mahdgdreaacgméxﬂe tto ¢eetteil ket he
light refl erg],qq\g)yygéz{hg df%raggqageq stolﬂdc% first mrror (M). 20 17. The nethod
in that an imaging_optical assenbly

as clainmed in cI ;Z‘a caract ize 95n
metead @ﬁl@@”@ﬁt'ﬂ@d’ly PNBHeEF Claims thie Ai ehevactetined i magi ng

is situated bet

opti cal 1{aSSzeltﬂdt)SaQ:f eaifitting oatipdiider, shéL8 a‘s§eHb%/ b}”@r@:ﬁt;ﬁé obﬁ@al?@%%ce?s poi nt
and whi ch 'éjse E,If tcent red tWhI Ig B{Eser @&g face of said fiber
with respedfsihed Bﬁmhﬁ*ﬁ%‘”’m P r)tgtai FSB OPﬁéZ@SOfn%ttfH@é’f

enpl oyed byCﬂbmratheﬁéhleeyStﬁmad)mpnsmf the netal film 18.The nethod as

lainmed in claim 17, that,t bl
compri ses oneor 2 pf RIS I6AF Solibe! B IR Al Faftihy SRbL BRER « he
function off %@M!@hﬂ%dg@h@@ﬁﬂ tadipsniapisysaid tam@tﬁmaa@@eddmpb.(zﬁ; ivith .a

15 surface area greater than said first zone (Z1) and encompassing this first
zone,

- and in that the imaging system comprises a camera (CA)
oriented toward said reflective face forming a first mirror (M1) and designed
to receive the light reflected by said target to this first mirror (M1).

20 17. The method as claimed in claim 18, characterized in that an
imaging optical assembly is situated between said emitting optical fiber and
the mirror, the imaging optical assembly creating a pupil, which is the image
of the source point and which is self-centered, while preserving the output
face of said fiber with respect to a poliuting deposit characteristic of the

25 method employed by localized evaporation of the metal film.

18.  The method as claimed in claim 17, characterized in that the
imaging optical assembly comprises one or a plurality of lenses making it
possible to perform the function of beam enlargement depending on the

intended application.
30 18, The method as claimed in one of claims 16 to 18, characterized

in that it also employs:

- at least one second mirror (M2) receiving said treatment beam,
reflecting it for the purpose of illuminating the first zone (Z1), said second
mirror making it possible to orient said illuminating beam toward said first

35 zone of the target,



3019. The nmethod as clained in one of clains 16 to 18, characterized in that
it also enploys: at |east one second mrror (M) receiving said treatnent
beam reflecting it for the purpose of illumnating the first zone (Z1),
sai d second mrror making it possible to orient said #tkunknating beam
toward said first 35 zone of the targetqig 15 a control system
making it possible to control the orientation of the second mrror as a
function of an image received by the canera (CA). 20. The net hod as
claimed in claim19, characterized in that it enploys a third mrror (M)
designed to reflect to said target (C) the light 5 received fromthe

second mrror (M), o r f e second mrror the |ight
received fromthe tar ée‘%%qes{)gf’g&(%ﬁqn%%g[n%s@?%%ﬁ{tbﬁ%rtk(?ﬁanﬁ?'oﬂpqgs@‘fe&t%nqnooﬁont rol
t he ori ent atheoseahdimirgras @ &natiepnef aadmageurceived tyf thettanerad€A)jecei ved by
the canera (CA) bp or | $laipesp ikl 8ai ] : «t he
beam recei ved fr%ﬂi t gﬁgeﬁgwg&kg? %l?! (% “5) %‘ﬁ.%e%?%%ﬁzégqﬂﬁg%wd in
claim 20, cRAPRYSH tDiEd MiFrof %(E)iﬁ{%&?&dog% reflach dp tspidhitangst (Cikhe gl vi ng
the i g?téA ; miue@dfwﬁmometmohﬁrmtrroﬂ(mzq,lr of N&%v@@élyr ®f feieti fcwth:etséc@nbge
caner a . . et | in an ne cl ai ns to
21, charact §TYed§ ri%t%ﬁar;ggg%gg F&g“aﬁ%ﬁ?%%qg “ge%ﬂ#rﬁisﬁy)s%@ kg ity o
wavel engt h passivlertangentsd! thevetientgtion of sthied thirdhgningr | agg lat funetiom (FEhE i s at
a second ; : i e . £ Lr
wavel engt Vﬁa@?‘igﬁ“’gﬁ% i\% %ﬁ%@?ﬁ@ﬁ@é@%t{ gsmmaﬁeoﬁ?c?%ﬂgst}o%dj %étstgreect ral
filter (Fl)f%P%QB%i@jb%%m\Kéﬁ@iV? o e serandgninaiMAnd t he canera (CA) and
al | owi ngot he trapsni sph@mefhotihgs sasierd Wavehiangd h cebrdda@Rofn Wayel engt hs
only to the 2‘01 caner a. . @}% A net hod lf r con,trgl | i ng%s%,ver al |ight
sources appTYPRYS thi@URE: REEP &M% 'EPREEY eafﬂj“tc{ﬁﬁe'éffg drom fdke {gstipirres.
charact eri z(&tfl)iamct refieciing grnptheysaraerd €25t two | aser sources (Si to SN) and

in that h | j i Nt t th
ot hod al co. enplayi n i JaceRRt Aoy Canerol bttt (EHeER: Tt Hoseibi e

to control th‘llﬁéacii@ﬂmqg igthey seshiteaimenidioht hsam §ovit)cie.at a first wavelength

16 or range of wavelengths, said imaging light beam (FE1) is at a second
wavelength or range of wavelengths different from the first 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

20 camera. _

23. A method for controlling several light sources applying the
method as claimed in any one of claims 16 to 22, characterized in that it
employs at least two laser sources (S1 to SN) and in that each laser source
comprises an independent pointing system, the method aiso employing a

25 central control circuit (CC) making it possible to control the pointing systems
of each laser source.



