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This backward Raman converter includes a Raman medium In which the pump
laser beam interacts with This invention relates to Raman Converters and  a
Raman medium to generate Raman-shifted radia- to Raman Laser Systems
comprising such conver-   tion, a dichroic coupler positioned bemeen said
pump ters.                                        5   laser and one side of
said Raman medium for direct- ing said pump laser beam to said Raman
medium, BACKGROUND:                                       and reflection
means positioned on the other side of said Raman medium for reflecting said
Raman-shift- Raman shifting devices include a Raman scatter-  ed radiation
back into said Raman cell where it is am- ing medium, usually a high
pressure gas cell. The  io  plified by Interacting with said Raman medium
and scattering medium is chosen forconversion of the las-  the Incoming
pump laser beam. The amplified Ra- er radiation to the desired wavelength.
By using me-  man-shifted beam is coupled out of the system by thane which
has a frequency shift of 2916 cm-' it is  said dichroic coupler. possible
to convert the 1.06 micron radiation of the Neodymium:YAG laser to 1.54
micron which is an  15  BRIEF DESCRIPTION OF THE DRAWINGS "eyesafe"
wavelength. Several conversion schemes are known in the       Figure 1 is a
schematic illustration of a Raman prior art. For example In US Patent No.
3,668,420 Is-  converter according to the present Invention. sued to
Vanderslice in 1972, the Raman converter     Figure 2 is a schematic
Illustration of a preferred used includes two mirrors which form a
resonator for  20  embodiment of a Raman converter according to the the
shifted wavelength. In European Patent No.    present invention. 63205,
Bess and Ruger (1985), a single mirror Is used toform a "semiresonator.
Amore comprehensive de-  DETAILED DESCRIPTION OF THE INVENTION scription Is
given by Parazzoli et al In IEEE Journal of Quantum Electronics Vol.24
(1988) p.872. In both of  25  The following description, which refers to
certain these designs the mirrors used must be aligned with  types of
lasers, etc., Is by way of illustration only and respect to the pump source
radiation in orderto reflect  ought to be construed In a non-limitative
manner. the wavelength-shifted radiation to the region in    A more
detailed description of the invention will which the pump source radiation
is focused. This  be given now with reference to Figure 1. A Raman
alignment is critical forthe suppression of the compet-  30  converter 11
of the invention is illustrated In operation ing process of stimulated
Brillouin scattering and  with a pump laser 10, which is a Neodymium:YAG
las- must be precisely maintained thereby complicating  er producing a pump
laser beam 12 at a wavelength the mechanical construction of the converter.
of 1.06 micron. The dichroic coupler 16 consists of a In an attempt to
overcome this drawback, Brues-  glass plate with a dichrolc dielectric
coating transmit- selbach and Whirst described in their International  35
ting the pump laser beam 12 and reflecting the beam patent application WO
86/02784 a design In which the  at the Raman-shifted wavelength of 1.54
micron. mirror of the Raman semi-resonator is also the output  Raman cell
20 is a container with windows 24 and mirror of the laser source. This
design does not guar-  26, containing methane gas 22 at a high pressure.
antee however an automatic alignment of the Raman  Within said Raman cell
20, the pump laser beam in- converter since the laser beam may deviate from
the   40  teracts with molecules of the methane gas 22 to pro- normal to
the output mirror as a result of thermal ef-  duos by stimulated Raman
scattering Raman-shifted fects In the active medium or In the Q-switching
ma-  radiation 30 at a wavelength of 1.54 micron, which is terial or due to
misalignment of the laser mirrors.  reflected by reflector 33 back to the
Raman cell 20 where it is amplified by backward stimulated Raman SUMMARY OF
THE INVENTION                     45  scattering of the incoming pump laser
beam 12. The amplified Raman-shifted beam 36 is reflected by the It is an
object of this Invention to overcome the  dichroic coupler 16 as
Raman-shifted output beam above mentioned drawbacks and to provide a simple
38. Raman converter which does not need precise align-   In this Raman
converter the conversion is essen- ment of optical elements.
50  tially performed by backward Raman scattering with- A Raman converter
according to the Invention  In the gas 22, this scattering being enhanced
by a and a Raman laser comprising such a converter are  feedback of the
forward scattered Raman-shifted ra- defined in claims I and 9,
respectively. Claim 10 is re-  diation 30. This converter may be also
interpreted as lated to a method of Raman converting the wave-   a kind of
"semi-resonator converter, as only a single length of laser radiation.
55  reflector Is used for feedback of the Raman-shifted The advantages are
realized according to the  radiation. A preferred embodiment of the
invention 



present invention by using a backward Raman con-  comprises a
retro-reflector as reflecting means ren- verter for Raman-shifting the beam
of a pump laser.  dering the converter insensitive to possible tilting of 2
3                   EP 0 393 528 1                 4 the reflecting means
or to possible wandering of the  of roof reflectors known in the art can be
used. pump beam. In this way the mechanical construction    Additional
improvements can be applied to the of the converter is simplified.
Raman converter. Figure 2 illustrates a preferred embodiment of     As is
well known, the efficiency of Raman-shift- the invention. It is known that
for a good conversion   5   Ing devices depends strongly on the competition
be- efficiency In a compact Raman shifting device it is  tween the Raman
scattering and the Brillouin scatter- necessary to focus the pump laser
beam within the  ing processes. Depending on the type of Raman me- Raman
cell to produce there the high power density  dium used and on the
wavelength of the pump laser, needed for efficient Raman interactions. This
is at-  It may be sometimes advantageous to add between tained In the Raman
converter of the present Inven-  10  the Raman cell 20 and reflecting means
33 In Figure tion by focusing means comprising a pairof lenses 54  1 a
filter that removes the remaining radiation at the and 58 positioned one on
each side of the Raman cell  pump wavelength thereby preventing its back
reflec- 20. Alternatively, lenses 54 and 56 may respectively  tion to the
focal region 60. Such a feedback at the replace the windows 24 and 26 of
the Raman cell 20.  pump wavelength is undesirable since it may en- The
reflecting means is a corner reflector 58 consist-  15  hance the
Stimulated Brillouin scattering thereby re- ing a glass prism with three
mutually perpendicular  ducing the Raman conversion efficiency. Such an un-
faces. Three total Internal reflections of the Incident  desirable feedback
at the pump wavelength can be beam at these faces result In
retro-reflection of that  prevented by using a suitable absorber, or by a
reflec- beam. An alternative to this type of retro-reflector Is  tive
filter or by the use of dispersive elements such the hollow retro-reflector
consisting of three mirrors  20  as a grating or prism. If a reflective
filter Is positioned mounted perpendicular to each other. In operation,
between Raman cell 20 and reflecting means 33 in the pump laser beam 12
transmitted through the dl-  Figure 1, the reflection at the pump
wavelength can chroic coupler 16 is focused by lens 54 to a focal re-  be
utilized as a secondary output beam thereby pro- gion 60 within the Raman
cell 20 to produce there a  viding a dual wavelength laser system. Another
solu- high power density of the order of several Gigawatts  25  tion can be
provided by using as reflecting means 33 per square centimeter for an
efficient Raman Interac-  a reflector which selectively reflects the stokes
shift- tion to take place. It Is In this focal region 60 that the  ed
radiation at 1.54 micron but not the radiation at Raman-shifted radiation
62 Is generated. This radia-  1.06 micron. tion diverges and is collimated
by the lens 56 to col-  In another modification of the preferred embodi-
limated beam 64 that Is reflected backwards by cor-  30  ment, a phase
conjugating reflector is used as the re- ner reflector 58, and after such
reflection, is focused  flecting means 58 In Figure 2. Like the corner
reflec- by lens 56 to the focal region 60 where It Is amplified  tor, the
phase conjugating reflector provides retro-re- by backward stimulated Raman
scattering of the     flection of the Raman shifted radiation 62. Its
advan- pump laser beam 12. The amplified Raman-shifted    tage Is that, due
to a reversal of the radiation wave- beam 66 diverges and Is collimated by
lens 54 to col-  35  front, any wavefront deformation induced by the first
limated beam 68 which is reflected by the dichroic  massage of the Raman
shifted radiation through the coupler 16 resulting In Raman-shifted output
beam  focal region 60 within the Raman medium, is cancel- 69.
led after a second pass along the same path. In this In operation, even a
weak reflected Raman-shift-  way an undistorted output beam Is obtained
even in ed radiation 62 is sufficient to enhance backward Ra-  40  cases
where the Raman medium induces optical dis- man scattering in the focal
region. As a result, most  tortions due to Its heating for example. Various
types of the Raman scattering Is In the backward direction.  of
phase-conjugating reflectors are known in the prior In this way the pump
laser beam 12 is attenuated be-  art. In such devices a phase-conjugated
beam is pro- fore reaching the focal point, thereby enabling opera-  duced
by a nonlinearoptical Interaction of the incident tion of the converter at
higher energies before the oc-  45  beam with the phase-conjugating
material. Stimulat- currence of electrical breakdown in the focal region
ed Brillouin scattering (SBS) is one of the nonlinear 60. For some
applications this may be a significant  Interactions known In the prior art
to produce phase advantage compared with the prior art designs.
conjugation of laser beams. This type of phase con- The advantage of using
a corner reflector as re-  jugation can be easily combined with the
converter fleeting means is that it does not need exact align-  5o
described In Figure 2. This can be done for example 



ment and Irrespective of Its orientation It reflects the  by replacing
window 26 with a short focus concave collimated beam 64 back on itself so
that it is focused  mirror which focuses the Raman-shifted radiation 62
exactly to the focal region 60 for an additional inter-  Into a small focal
point within the gas from which action. As was verified experimentally this
insensitiv-  stimulated Brillouln backscattering provides the ity to
misalignment results In a significant Improve-  55   phase-conjugate
reflection. ment in the energy stability of the Raman shifted out-  A Raman
converter was built in accordance with put beam. According to the
Invention, reflecting   Figure 2. The pump laser used was a Q-switched
means such as a mirror, a porro prism or other types  Nd:YAG laser
producing 120 milliJoules per pulse of 3    5                   EP 0 393
528 B1                6 16 nsec of 1.06 micron radiation. Using high
pressure  radiation at said second wavelength and not at methane as the
Raman medium, a corner reflector as    said first wavelength. the
reflecting means and a dlchroic mirror as the di- chroic coupler, a Raman
shifted output beam was   7. A Raman converter according to claim 1,
wherein generated with 40 milliJoules per pulse.      5       said
reflecting means is the only feedback ele- The Invention provides a Raman
converter that Is  ment used. insensitive to optical misalignment or to
wandering of the pump laser beam.                              8. ARaman
converter according to claim 1, wherein said dichroic coupler is a mirror
substantially re- 10     flecting at one of the said first and second wave-
Claims                                                lengths and
substantially transmitting the other wavelength. 1. A Raman converter for
converting a laser beam (12) atafirstwavelength, generated in aseparate  9.
A Raman laser system comprising a Raman con- laser module (10), Into a
Raman-shifted beam   15  verter according to any one of the preceding (38)
at a second wavelength, said Raman conver-   claims, and a pump laser for
producing said laser ter (11) being external to said laser module and
radiation. comprising a sequence of a dichroic coupler (16), a Raman medium
(22) and reflecting means (33)  10. A method of Raman converting the
wavelength of positioned optically aligned after the laser mod-  20  laser
radiation which comprises: ule, so that the laser beam passes first through
a. generating laser radiation at a first wave- the dichroic coupler, which
directs the laser beam   length, into the Raman medium, thus scattering
Raman         b. directing said laser radiation via a dichroic shifted
radiation in a forward and a backward di-    coupler Into a Raman medium,
both being ex- rection, said reflecting means returning the for-  25
ternal to said laser radiation sources, ward scattered radiation (30) to
the Raman me-       c. converting in said Raman medium, by dium, thus
Increasing the Intensity of the back-     stimulated Raman scattering, the
energy of ward scattered Raman-shifted radiation (36),         said laser
radiation to Raman-shifted radia- which Is coupled out by the dichroic
coupler.        tion at a second wavelength scattered sub- 30
stantially in the forward and backward direc- 2. A Raman converter
according to claim 1, wherein      tions relative to said laser beam, the
reflecting means are retro-reflecting means      d. reflecting the forward
scattered Raman- or phase-conjugating means.
shifted radiation back Into said Raman me- dium thereby enhancing the
backward scat- 3. ARaman converter according to claim 1, wherein  35
tering of Raman-shifted radiation, focusing means are provided for focusing
the las-    e. coupling out, by said dichroic coupler, the er radiation to
a focal region within said Raman     backward scattered Raman-shifted
radiation. medium, optical means being disposed between said Raman medium
and said reflection means    11. A method according to claim 10, where the
said for collimating the Raman-shifted radiation scat-  40  laser radiation
directed to said Raman medium is tered forward from said focal region to
acollimat-  focused to a focal region therein, and where the ed beam and
for focusing said collimated beam     reflected forward scattered
Raman-shifted radi- after its reflection by the reflection means, to said
ation is focused again to said focal region. focal region. 



45  12. A method according to claim 11, where said fo- 4. A Raman converter
according to aim 1, wherein     cusing is performed by two lenses or lens
sys- the first wavelength Is about 1.06 micron, and the  tem, one at each
side of the Raman medium. second wavelength Is about 1.54 micron and where
said gas is methane.                     13. A method according to claim
11, where the Ra- 50      man-shifted radiation Is reflected by a retro-re-
5. A Raman converter according to claim 1, wherein   flector, by a
phase-conjugating reflector, or by a a filter Is provided between said
Raman medium    roof reflector. and said reflection means to avoid return
of laser radiation at said first wavelength to said Raman  14. A method
according to claim 11, where the Ra- medium.
55      man medium Is a gas suitable for Raman scatter- ing. 6. A Raman
converter according to claim 1, wherein said reflection means selectively
reflects laser 4    5                ,  EP 0393 528 B1                 6 16
nsec of 1.06 micron radiation. Using high pressure  radiation at said
second wavelength and not at methane as the Raman medium, a corner
reflector as    said first wavelength. the reflecting means and a dichroic
mirror as the di- chroic coupler, a Raman shifted output beam was    7. A
Raman converter according to claim 1, wherein generated with 40 milliJoules
per pulse.      5       said reflecting means is the only feedback ele- The
Invention provides a Raman converter that is   ment used. insensitive to
optical misalignment or to wandering of the pump laser beam.
8. ARaman converter according to claim 1, wherein said dichroic coupler is
a mirror substantially re- 10     flecting at one of the said first and
second wave- Claims                                                lengths
and substantially transmitting the other wavelength. 1. A Raman converter
for converting a laser beam (12) atafirstwavelength, generated in a
separate  9. A Raman laser system comprising a Raman con- laser module
(10), Into a Raman-shifted beam   15  verter according to any one of the
preceding (38) at a second wavelength, said Raman conver-    claims, and a
pump laserfor producing said laser ter (11) being external to said laser
module and   radiation. comprising a sequence of a dichroic coupler (16), a
Raman medium (22) and reflecting means (33)  10. Amethod of Raman
converting thewavelength of positioned optically aligned after the laser
mod-  20  laser radiation which comprises: ule, so that the laser beam
passes first through      a. generating laser radiation at a first wave-
the dichroic coupler, which directs the laser beam    length, into the
Raman medium, thus scattering Raman          b. directing said laser
radiation via a dichroic shifted radiation in a forward and a backward di-
coupler Into a Raman medium, both being ex- rection, said reflecting means
returning the for-  25  ternal to said laser radiation sources, ward
scattered radiation (30) to the Raman me-        c. converting in said
Raman medium, by dium, thus increasing the intensity of the back-
stimulated Raman scattering, the energy of ward scattered Raman-shifted
radiation (36),          said laser radiation to Raman-shifted radia- which
is coupled out by the dichroic coupler.        tion at a second wavelength
scattered sub- 30        stantially In the forward and backward direc- 2. A
Raman converter according to claim 1, wherein       tions relative to said
laser beam, the reflecting means are retro-reflecting means       d.
reflecting the forward scattered Raman- or phase-conjugating means.
shifted radiation back into said Raman me- dium thereby enhancing the
backward scat- 3. A Raman converter according to claim 1, wherein  35
tering of Raman-shifted radiation, focusing means are provided forfocusing
the las-      e. coupling out, by said dichroic coupler, the er radiation
to a focal region within said Raman      backward scattered Raman-shifted
radiation. medium, optical means being disposed between 



said Raman medium and said reflection means    11. A method according to
claim 10, where the said for collimating the Raman-shifted radiation scat-
40  laser radiation directed to said Raman medium is tered forward from
said focal region to a collimat-  focused to a focal region therein, and
where the ed beam and for focusing said collimated beam     reflected
forward scattered Raman-shifted radi- after its reflection by the
reflection means, to said  ation is focused again to said focal region.
focal region. 45 12. A method according to claim 11, where said fo- 4. A
Raman converter according to claim 1, wherein    cusing Is performed by two
lenses or lens sys- the first wavelength Is about 1.06 micron, and the
tem, one at each side of the Raman medium. second wavelength is about 1.54
micron and where said gas is methane.                      13. A method
according to claim 11, where the Ra- 50      man-shifted radiation is
reflected by a retro-re- 5. A Raman converter according to claim 1, wherein
flector, by a phase-conjugating reflector, or by a a filter Is provided
between said Raman medium    roof reflector. and said reflection means to
avoid return of laser radiation at said first wavelength to said Raman  14.
A method according to claim 11, where the Ra- medium.
55       man medium Is a gas suitable for Raman scatter- ing. 6. A Raman
converter according to claim 1, wherein said reflection means selectively
reflects laser 4    7                   EP 0 393 528B1                 8
Patentansprfiche                                   7. Ramankonverter gemAB
Anspruch 1, worin das Reflexionsmittel das einzige verwendete Riick- 1.
Ramankonverter zum Umwandeln eines Laser-          kopplungselement lst.
bOndels (12) mit einer ersten Wellenlange, das In einem separaten
Lasermodul (10) erzeugt Wird, in   5   8. Ramankonverter gemiG Anspruch 1,
wofn der eln rmanversohobenes Bandel (38) miteinerzwel-     dichroitische
Koppler eln Spiegel let, der im we- ten Wellenifnger, wobel der
Ramankonverter         sentlichen bel einer von der ersten und zweiten (11)
auBerhalb des Lasermoduls Istund eine Auf-    Wellenlinge refiektiert und
die andere Wellen- einanderfolge von elnem dichroitischen Koppler     lAnge
Im wesentlichen durchISt. (16), einem Ramanmedium (22) und reflektieren-
10 den Mittein (33) umfaSt, die optisch fluchtend  9. Ramanlasersystem,
umfassend elnen Raman- nach dem Lasermodul positioniert sind, so daB
konverter gemAB irgendeinem der vorhergehen- das LaserbOndel zunichat durch
den dichrolti-      den Anspriche und einen Pumplaserzum Erzeu- schen
Koppler hindurchgeht, welcher das Laser-     gen der Laserstrahlung. bOndel
In das Ramanmedium richtet, so daB   15 demgemaP ramanver-schobene
Strahlung in ei-     10. Verfahren des Ramankonvertierens der Wellen- ner
Vorwsrts- und einer Rfckwlrtsrichtung ge-     lAnge von Laserstrahlung,
welches umfalt: streut wird, wobel das reflektierende Mittel die      a.
Erzeugen von Laserstrahlung mit einer er- vorwsrtagestreute Strahlung  (30)
zu dem              sten Wellenlinge, Ramanmedium zur(Ickschicit, so daB
demge-  20         b. Richten der Laserstrahlung Ober einen di- msB die
Intensitst der rOckwlrtagestreuten            chroktischen Koppler in eln
Ramanmedium, raman-verachobenen Strahlung (36), welche             wobel
beide auBerhalb der Laserstrahlungs- durch den dichroitischen Koppler
ausgekoppelt         quellen sind, wird, erh8ht wird.
c. Umwandeln der Energie der Laserstrah- 25        lung in dem Ramanmedium
durch stimulierte 2. Ramankonverter gemAB Anspruch 1, worin die
Ramanstreuung in ramanverschobene Strah- reflektierenden Mittel
retroreflektierende Mittel     lung miteinerzweitenWellenisnge, die im we-
oder phasenkonjugierende Mittel sind.                 sentlichen In der
Vorwarts- und Rackwsrts- richtung relativ zu dem Laserbiindel gestreut 3.
Ramankonverter gema1 Anspruch 1, worln fo-  9o        Ist, kussierende
Mittel zum Fokussieren der Laser-         d. Reflektieren der
vorwArtagestreuten ra- strahlung zu einem Fokalbereich Innerhalb des
manverachobenen Strahlung zurOck in das 



Ramanmediums vorgesehen sind, wobei'opti-             Ramanmedium, so daB
dadurch die R~ck- ache Mittel zwlschen dem Ramanmedlum und
wartsstreuung der ramanverschobenen Strah- den Reflexionsmittein zum
Kollimleren der von   35   lung erh8ht wird, dem  Fokalberelch nach
vorwarts gestreuten            e. Auskoppein der rackwgrtsgestreuten ra-
ramanverschobenen Strahlung zu einem Paral-           manverschobenen
Strahlung durch den di- elsitrahlenbfindel und zum Fokussieren des Par-
chroitischen Koppler. alleistrahlenbflndels nach seiner Reflexion durch die
Reflexionsmittel zu dem Fokalbereich ange-  4o  11. Verfahren gemni
Anspruch 10, worin die zu dem ordnet sind.
Raman-medium gerichtete Laserstrahlung auf ei- nen Fokalberelch
darinfokussiertwird, und worin die 4. Ramankonverter gemiB Anspruch 1,
worin die         reflektierte vorwartagestreute ramanverscho- erste
Wellenlinge etwa 1,06 Mikron ist und die     bene Strahlung wieder auf den
Fokalbereich fo- zweiteWellenlange etwa 1,54 Mlkron lot, und das  45
kussiert wird. Gas Methan ist. 12. Verfahren gemAiB Anspruch 11, worin das
Fokus- 5. Ramankonverter gemiB Anspruch 1, worn ein          seren durch
zwei Linsen oder Unsensystem, elne Filterzwischen dem Ramanmedium und dem
Re-         bzw. eines auf Jeder Seite des Ramanmediums, flexionsmittel zum
Vermeiden eines ZurOck-  50     ausgefrlhrt wird. schickens der
Laserstrahlung mitder ersten Wel- lenlange zu dem Ramanmedlum vorgesehen
ist.     13. Verfahren gemAiB  Anspruch  11, worin die ramanverschobene
Strahlung mittels elnes Retro- 6. Ramankonverter gemaiB Anspruch 1, worin
die        Reflektors, mitteis eines phasenkonjugierenden Reflexionsmittel
selektiv Laserstrahlung mit der  55  Reflektors oder mittels eines
Dachreflektors re- zweiten Wellenlange und nicht mit der ersten
flektiert wird. Wellenlange reflektleren. 14. Verfahren gemaB Anspruch 11,
worin das 5    9                  EP 0 393 528 B1                 10
Ramanmedium sin far Ramanstreuung gesigne-        dens lequel
lesdits.moyens de rhflexion refle- tes Gas let.
chissent selectivement Is rayonnement laser ayant laditb deuxibme longueur
d'onde et non la- dite premiere longueur d'onde. _.   Revendlcatlons
5 7. Convertisseur Raman suivant la revendication 1, 1. Convertissour Raman
pour convertIr un falsceau    dans lequel lesdits moyens de reflexion
consti- laser (12) d'une premibre longueur d'onde, en-    tuent le soul
element de reactlon utilise. gendre dana un module laser separe (10), en un
faisceau decaIl par effet Raman (38) d'une   10  8. Convertisseur Raman
sulvant la revendication 1, deuxieme longueur d'onde, ledit convertisseur
dans lequel leditcoupleurdichroTque eat un miroir Raman (11) etant
extdrleur audit module laser et  qul eat sensiblement r6fldechlssant a une
desdites comprenant une sequence formee d'un coupleur      premeire et
deuxieme longueurs d'onde ot qui dichroTque (16), d'un milieu Raman (22) et
de    transmet sensiblement l'autre longueur d'onde. moyens de rtflexion
(33) positionnes en aligne-  15 ment optique apres le module laser, de
sorts que  9. Systeme de laser Raman comprenant un conver- le falsceau
laser traverse d'abord le coupleur di-  tisseur Raman suivant une
quelconque des re- chroTque, qui dirige le faisceau laser dane ie ml-
vendications precedentes, et un laser A pompe lieu Raman, dispersant ainsi
le rayonnement de-   pour produire ledit rayonnement laser. cale par effet
Raman vers l'avant et vers l'arribre,  20 lesdits moyens de reflexion
renvoyant Is rayon-  10. Methode de conversion Raman de Ia longueur nement
diaperse vers l'avant (30),vers le milieu  d'onde d'un rayonnement laser,
qui comprend: Raman, augmentant ainsi l'lntensit: du rayonne-     (a). !s
generation d'un rayonnement laser A ment decale par effet Raman et disperse
vers        une premeire longueur d'onde, I'arrimre (36), qul eat capte A
la sortie par le cou-  25  (b) !a direction dudit rayonnement laserpar
pleur dichrorque.                                   I'lntermedialrs d'un
coupleurdichrobque, dans 



S                                         un milieu Raman, ces deux
elements etant 2. Convertisseur Raman sulvant la revendication 1,
extdrieurs auxdltes sources de rayonnement dens lequel lea moyens de
reflexion sont des         laser, moyens rdtro-rdflIchissants ou des moyens
de   30    (c) la conversion dana ledit milleu Raman, par conjugaison de
phase.                               dispersion Raman stimul6e, de
l'energie dudit rayonnement laser en rayonnement decale 3. Convertisseur
Raman suivant la revendicatlon 1,      par effet Raman A une deuxieme
longueur dans lequel des moyens de focallsatlon sont pre-     d'onde et
disperse sensiblement dans lea dl- vus pour concentrer le rayonnement laser
vers  3S5  rectionsavantetarridreparrapportauditfals- une reglon focale A
l'interieur du dit milieu Ra-   ceau laser, man, des moyens optiques etant
disposes entre        (d) la reflexion du rayonnement decaie par ef- ledit
milieu Raman et lesdits moyens de rdflexion   fet Raman et dispersa vers
I'avant, en retour pour collimator le rayonnement dscale par effet     dans
ledit milieu Raman afin de renftrcer la Raman, disperse vers I'avant a
partir de ladite re-  40  dispersion vers 1' arriere du rayonnement de-
gion hocale, en un faisceau collimate et pour fo-    cale par effet Raman,
et caliserledit faisceau collimate, apres sa reflexion  (e) le couplage de
sortie, par ledit coupleur dI- par les moyensnde rdflexion, vers ladite
riglon fo-  chrolque, du rayonnement decaie par offet cale.
Raman et disperse vers l'arriere. 45 4. Convertisseur Raman suivant la
revendlcatlon 1,  11. Methode suivant la revendication 10, dens la- dans
lequel la premiere longueur d'onde eat de    quell. ledit rayonnement
dirige vers ledit milieu 1,06 prm environ et la deuxilme longuour donde
Raman east focallse A une region focale dens ce est de 1,54 prn environ, et
ledit gaz eat du metha-  dernier, et dans laquelle le rayonnement decals
ne.                                       50      par effet Raman dispersd
vers 'avant et reflechi est focalise a nouveau a la ditb region focale. S.
Convertisseur Raman suivant la revendication 1, dans loquel un filtre est
prevu entre ledit milieu  12. Mdthode suivant la revendication 11 dans
laquel- Raman etlesdits moyens de reflexion, poureviter   le laditb
focalisatlon eat effectuee par deux len- Is retour du rayonnement laser
ayant ladite pre-  S5  tilles ou un systeme de lentilles, une de chaque
miere longueur d'onde vers ledit milieu Raman.    cOtA du milieu Raman. 6.
Convertisseur Raman suivant la revendicatlon 1,  1. Methodesulvantla
revendication 11, dens laquel- 6    11                  EP0393528B1
12 1016e rayonnement dcald par effet Raman est rt- flechi par un
rdtro-rdflectour, par un rdflecteur A conjugalson de phase ou par un
riflecteurde tolt _,.   14. Mhthodesuivantlarevendication11,danslaquel-   5
le le milieu Raman eat un gaz convenant pour une dispersion par effet
Raman. 10 16 20 25 30 35 40 45 50 55 7    


