
EP 0 528 006 1 Description This invention relates to dye laser amplifiers.
Dye lasers are a known type of laser In which a dye cell pumped with energy
causes a laser action from 5   the cell. The dye cell Is a vessel
containing a gaseous liquid or solid dye and is often arranged between re-
flectors forming a laser cavity. An advantage of dye lasers is that their
frequency can be readily changed. For example one of the cavity reflectors
may be a reflective grating. Varying the angle of this grating to the
cavity varies the dye laser output frequency. Output power is a function of
pumping power. The limit of output power is reached when the pumping power
is sufficient to cause a total population inversion the dye and the optical
10  design of the laser allows all of the stored energy to be extracted
from the dye. Large output powers may be achieved by increasing the size of
the laser, but this is often not desirable. Instead a relatively lower
power laser may be used and its output amplified. Laser amplifiers are
useful because they allow the maximum optical extraction to be achieved
from a laser medium. A normal laser requires feedback in order to sustain
the laser oscillations. The feedback is usually 15  provided with partially
reflective mirrors and It Is only the transmitted portion of the beam that
forms the laser beam that emerges from the device. No matter how low the
reflectivity of the exit mirror becomes, the output beam can never be 100%
since some portion Is required to provide the feedback. Alaser amplifier
has no mir- rors to provide a transmission loss, but Instead relies on
there being a laser beam present from another laser. Providing that this
beam is intense enough, it can cause all of the amplifer energy to be
extracted. 20      Laser amplifiers are also useful In other areas; for
instance, if a high power laser Is required to be built using some
components which are sensitive to laser damage, then a low power laser can
be designed and then amplified without affecting the original beam
qualities. In this way the sensitive optical components are not exposed to
damaging power levels. There are many sorts of amplifiers that are
currently used In conjunction with dye lasers but the two most 25  used
employ dye as the the gain medium. These amplifiers are flashlamp pumped
and laser pumped. Addi- tionally, laser pumping may be either transverse In
geometry (pumping beams is at some angle, usually 900, to the extracted dye
laser beams) or longitudinal In geometry (pumping beam is coaxial to the
extracted dye laser beams). A disadvantage of using amplifiers Is added
system complexity, ie additional optics, dye cells and support 30  mounts.
Both dye lasers and amplifiers are described for example In Dye Lasers,
edited by F P Schiffer, second edition, published by Springer - Verlag,
1977. One problem with existing amplifiers is that they amplify or broaden
the bandwidth, Ie the output consists of a wider range of frequencies
Typically a single longitudinal mode (SLM) dye laser has a bandwidth of
less 35  than I GHz and after amplification it Increases to much greater
than I GHz. It is highly desirable to amplify the output of a dye laser and
maintain a narrow bandwidth. As used in this specification the term light
includes electromagnetic radiation in the visible, infra red, ultra violet
and nearby wavelengths. 40   Statement of Invention. According to this
Invention a dye laser amplifier incorporates a stimulated Brillouln
scattering (SBS) me- dium with a laser dye; this improves bandwidth, beam
uniformity, and allows a plurality of amplifiers to be cas- caded to
provide a very high degree of amplification with a few components and hence
Improved reliability 45  and ruggedness. According to this Invention a dye
laseramnpliflercomprisessa dye cell, means forsupplying adye laserbeam to
be amplified, means for supplying a pumping beam, means for directing the
dye laser beam Into the dye cell, means for directing the pump beam Into
the dye cell and means for directing the amplified dye laser beam from the
amplifier, 50   Characterised In that said dye cell Is a stimulated
Brillouln scattering (SBS) dye cell, comprising a laser dye material
disolved In a SBS medium con- tained between the cell walls, such that when
the dye laser and pumping beams are focused in it, a phase conjugate
amplified dye laser beam is produced. The dye laser beam and pump beam may
be arranged to enter the SBS cell coaxially. Alternatively, the 55  pump
beam may enter the SBS cell transversely to the dye laser beam. The pump
beam may be a beam from a laser or flashlamp pump. According to a further
aspect of this invention output from the amplifier may be used as the dye
laser beam 



Input to a further dye laser amplifier. 2    EP 0 528 006 B1 In this manner
two or more amplifiers may be arranged in series to progressively amplify
the original dye laser beam. Alarge amount of amplification can be achieved
because the laser amplifier automatically corrects for distortions which
are produced in laser dye medium when pumped by strong pump beams. Strong
pump beams are necessary In order to maximise the optical gain within the
dye medium. 5      The SBS medium Is chosen to be a solvent for the
particular laser dye. For example the SBS medium may be methanol, acetone,
Isopropyl alcohol, etc either alone or as a mixture. One specific example
of a SBS mix- ture is 20% methanol, 70% n-hexane, and 10% Isopropyl
alcohol. The relative amounts of the components may be varied. The SBS
medium may also be In gaseous orsolid form. Asultable gas Is a heated dye
vapour and methane. 10  A suitable solid is an amorphous solid e.g. solgel
or polymethyimethacrylate (PMMA) containing the laser dye. The terms
stimulated Brillouln scattering and phase conjugate reflection are
described forexample In Non- linear Optical Phase Conjugation, by D M
Pepper, Optical Engineering, March/April 1982, vol 21, no 2 pages 158-182.
The invention will now be described by way of example only with reference
to the accompanying drawings 15  of which:- Figure 1      is a diagramatic
view of an SBS dye laser ampllfler, Figure 2      is a diagrammatic view of
six of the SBS amplifiers of Figure 1 connected together In series to
increase the amount of amplification; Figure 3      is a schematic block
diagram showing an arrangement of optical components in a dye laser 20
plus four amplifier embodiment; and Figures 4, 5    are modifications of
Figure 1 with different pump arrangements. As shown In Figure 1 a dye laser
amplifier comprises a dlchroic mirror 1 through which a dye laser beam 2
passes via a polarising beam splitter 3, a quarter wave plate plate 4, lens
5, on it way to a stimulated brillouin scattering (SBS) dye cell 6. A pump
laser beam 7 is incident on the mirror I and is reflected coaxially with
the 25  dye laser beam 2 into the SBS cell 8. The mirror 1 is made to
reflect at the pump laser beam wavelength. The polariser 3 transmits linear
polarised light of say vertical polarisation, and reflects horizontally
polarised light. The quarter wavelength plate 4 converts linear polarised
light to circularly polarised light and visa versa. The lens 5 focusses
light to a point within the cell 6. This cell 6 Is typically a tube 8 with
a glass front face 9 and a glass rear face 10. In one cell the walls were
30  2mm thick, the front and rearfaces 9, 10 were 22mm diameter and 1.5mm
thick, with a spacing between faces 9, 10 of 100mm. The faces 9, 10 may be
normal to the beams 2, 7, or at an angle suitable to prevent unwanted
reflections being superimposed onto the amplified beam. Inside the cell 6
is a laser dye material disolved In a mixture of 20% methonal, 70%
n-hexane, and 10% isopropyl alcohol. Suitable dyes are, eg Rhodamine 6G,
Rhodamine B, Coumarin 523, etc, typically mixed in the proportion of 10mg
dye: 1 litre solute. This proportion 35  varies accoding to the dye and
solvent used, and the Input pump power density. Advantageously dye is
flowed through the cell 6 or the dye in the cell is stirred. The cell 6 is
a SBS medium, it produces a phase conjugate beam le an Input beam with
optical distortions will be returned with those distortions temporally
reversed. Thus any optical distortions In the dye beam 2, pump beam 7, plus
any introduced by the mirror 1, polariser 3, quarter wave plate 4, lens 5
and the front face 40  9 will be reversed so that the polariser and
reflector 3 will receive from the cell 6 an optically corrected and
amplified beam. Details and an explanation of phase conjugate reflection
are given in NonlinearOptical Phase Conjugation, by D M Pepper, Optical
Engineering, March/April 1982, vol 21, No 2, pages 156-182. The dye laser
beam 2 Is typically of 570nm wavelength, 40ttJ energy in an 18nsec pulse,
and has a near transform limited bandwidth of about 64MHz. 46      The pump
laser beam 7 1s typically of 532nm wavelength, 13.5mJ energy in a 20nsec
pulse, either a single longitudinal mode (SLM) or broadband laser. The
output bandwidth of an amplified dye laser will be slightly narrower if a
SLM pump is used due to the absence of modulation broadening arising from
pump mode beating. In operation avertically polarised dye laser beam 2
passes through the mirror 1 and polariuing beam splitter 3. The quarter
waveplate 4 converts the beams to circular polarisaton and the lens
focusses Into the cell 6. 



50   Likewise the pump beam 7 is reflected off the mirror I and is focussed
into the cell 6. The focussing of the two beams 2, 7 concentrates their
energy causing inversion and laser amplification of the laser dye In the
cell 6. Since the gain is available in both directions within the cell 6 a
weak dye laser beam which would normally be below the SBS threshold
intensity can now be phase conjugated by virtue of the forward
amplification. In- creasing the power density increases the lasing
Intensity. 55      Due to the narrow llnewidth requirements of the SBS
process, amplified spontaneous emission, which is broad band, is not
reflected. This allows the dye laser beam to be effectively amplified
without gaining broad band noise, which Is a severe limitation of
conventional dye laser amplifiers. Some laser energy is released forwards
to exit through the rear cell wall 10, but more Importantly a phase
conjugated beam will be emitted 3
I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~ EP 0 528 006 B1 from the SBS due cell 6 towards
the polarising beam splitter 3, and reflect off the beam splitter 3 to form
the output beam 11. Amplification of the dye laser beam 2 can occur in both
directions of travel within the SBS dye cell 6, .e. the dye laser beam 2
can be amplified In its original form and as a phase conjugate. In one
example a dye laser beam of 66w powerand 64MHz bandwidth was amplified to
155kWwith a band- 5   width of 64MHz in a single amplifier as shown In
Figure 1, an equivalent energy gain of 2350 times. Due to the ability of
the amplifier to amplify without gaining broad band noise, It can be
cascaded with furtheramplifiers to obtain large amounts of gain.
Additionally, the SBS process also acts to limit the bandwidth of the
amplifled conjugate, thereby limiting the Increase In bandwidth associated
with non-noise related broad- ening mechanisms. 10      This is shown
diagrammatically In Figure 2 where six amplifiers are cascaded to make a
Wdaisy chain" am- plifier. This amplifier comprises six SBS cells 15, 16,
17,18,19,20; three polarising beam splitters 21, 22, 23; six dlchroic
mirrors 24, 25, 26, 27, 28, 29; six quarter waveplates 30, 31, 32, 33, 34,
35; six lenses 36, 37, 38, 39,40,41; a dye beam 42; and two pump beams
43,44 all arranged as shown. Each component Is as in Figure 1. 15
Operation is as follows. A portion of the dye laser beam 42 Is reflected by
the beam splatter 21 and into the dye cell 15 where it is joined by the
pump beam 43 after reflection from the dichroic mirror 24. Amplified dye
laser light from the cell 15 forms the dye laser input to the cell 16 which
receives pump beam 4reflected from the dichroic mirror 25. Amplified (by
two times) output from the cell 16 is reflected by the beam splitter 21 to
form a dye beam for further amplification. 20      Similarly the twice
amplified dye beam 42 passes from the beam splitter 21 via the beam
splitter 22 and Into the cell 17. A portion of the pump beam 43 passes
through the dichroic mirror 24 and Is reflected by mirror 26 into the cell
17. Amplified dye laser light from cell 17 Is directed Into the call 18
where it meets a portion of pump beam 44 transmitted through the mirror 25
and reflected off mirror 27. Four times amplified dye beam light exits from
the cell 18 to be reflected off the beam splitter 22 to form the input to
the last two ampliers. 25      The dye beam 42 (now amplified four times)
passes from the beam splitter 22 and Is reflected from the beam splitter 23
into the cell 19. A portion of the pump beam 43 passes through the dichroic
mirrors 24, 26 and is reflected by mirror 28 into the cell 19. Amplified
dye laser light from cell 19 is directed Into the cell 20 where it meets a
portion of pump beam 44 transmitted through mirrors 25, 27 and reflected
off mirror 29. Six times amplified light exits from the cell 18 to be
reflected off the beam splitter 22 to form the finally amplified 30  beam
45. Further SBS cell pairs and associated optical components may be added
to give further amplification. Figure 3 Is a schematic block diagram
showing arrangement of optical components in a dye laser and four amplifier
embodiment As shown there is an optical path 50 along which lie the
following components in serial order a reflection grating 51, a positive
lens 52, a negative lens 53, a dichrolc beam splitter 54, a first coupling
35  mirror 55, an oscillator dye cell 56, a second coupling mirror 57, a
negative lens 58, a positive lens 59, a half wave plate 60, a first
polarising beam splitter 61, and a second polarising beam splitter 62. The
positive lens 52 and negative lens 53 act to provide a beam expanding
telescope to give a high mag- nification in order to maximise the resolving
power of the reflection grating 51 which Is used as a tuning ele- ment.
Additional improvements may be achieved by a pin hole aperture 97 arranged
between the two lenses 40  52, 53, and by Insertion of a low f inesse
etalon 98 between the lens 52 and grating 51. 



The dye cell 56 may be formed by eg Rhodamine B dye In methanol at a
concentration of about 1.3 x I 0-4 Molar. The cell walls may be 1 mm thick
fused quartz plates spaced about 5mm apart, and the whole cell tilted at
about 200 to reduce unwanted feedback. Other suitable dyes are Rhodamine
6G, Sulphorhodamine B, Kiton red, Rhodamine 575, Rhodamine 560, DCM, etc.
The cell 56 may be 7mm x 7mm x 32mm high x 1mm thick 45  fused quartz
material. Both the top and bottom of the dye cell have a 1 Omm long 5mm
outside diameter glass tube 95, 96 onto which a flexible pipe Is fitted to
flow dye through the cell. A dye laser 63 is formed by the components
between the reflection grating 51 the first coupling mirror 55 and the
second coupling mirror 57 which define a resonantly reflecting laser
cavity. Energy for this dye laser 63 is from a laser pump beam 64 through a
half wave plate 65, a beam splitter 66, and positive lens 67 onto 50  the
dichroic beam splitter 54. Part of the pump energy Incident on this
dichroic beam splitter 54 Is reflected off Into the dye cell where lasing
of dye occurs. Dye cell 56 light output oscillates between the first and
second coupling mirrors 56, 57, and reflection grating 51 at a wavelength
dependent upon the, adjustable, angle of the grating 51. Four dye laser
amplifiers are constructed as in Figure 1. Each comprise a SBS dye cell 69,
70, 71, 72 with 55  associated quarter wave plate 73, 74, 75, 76, positive
lens 77, 78, 79, 80. Additionally cells 69, 70 are asso- ciated with
dichroic beam splitters 81, 82, and cells 71, 72 are associated with
dichrolc mirrors 83, 84. Further components are a negative lens 85, mirror
86, and positive lens 87 all of which receive a portion of pump beam 64
transmitted through the dichroic beam splitter 54. 4    EP0528006B 1 The
dye cells 69, 70, 71, 72 are fused quartz flow-through cuvettes, 22mm
diameter, 103mm long, fitted with a flexible flow tube of 6mm diameter at
each end on the top of the cuvette. Details of othercomponents are as
follows: The reflection grating 51 may be a holographic type with 2400
lines per mm, blazed for 590nm, 30mm x 30mm x 6mm thick and used at first
order in a Littrow (TM) mount; 5   described by T W Hansch, Applied Optics,
vol 11, 1972, page 895. Positive lens 52, +150mm focal length piano-
convex, anti reflection coated for 590nm, 15mm diameter. Positive lens 53,
acting as a high power microscope objective lens, 4mm focal length, working
distance = 0.8mm, numerical aperture = 0.5. Dichrolc beam splitter 54, 94%
transmission at 532nm, 100% transmission at 590nm 450 Incidence,
P-polarisatlon, 15mm diameter, positioned at 450 to the two optic axes with
the front face centred on the Intersection of the two optic axes. 10
Coupling mirrors 55, 57, one face uncoated giving a reflectivity of about
4-6%, the other anti reflection coated, 0.58 wedged coupling mirrors, 15mm
diamter 10mm thick. Negative lens 58 -1 0mm focal length, plano-concave
lens, anti reflection coated for 590nm, 3mm diameter. Positive lens 59,
+50mm or +51mm focal length, bl-con- vex lens, anti reflection coated for
590nm, 15mm diameter. Half wave plates 60, 65 zero order, anti reflection
coated for 590nm, 15mm diameter 2-3mm thick. Polar- 15  isers 61, 62 air
spaced calcite Glan-Taylor cube polariser, anti reflection coated for
590nm, 10mm x 1 Omm x 12 mm(xyz) cemented into an optical mount. Beam
splitter66, 65% reflection at532nm, 450 angle of incidence, 25mm diameter,
6mm thick. Positive lens 67, +100mm focal length piano-convex lens, anti
reflection coated for 532nm, 15mm diameter. Quarter wave plates 73, 74, 75,
76, zero order, anti reflection coated for 590nm, 15mm diameter, 2-3mm
thick. Positive lenses 77, 78, 79, 80, either +100mm or +80mm focal length
pIano- 20  convex or bi-convex lens, anti reflection coated for 590nm, 15mm
diameter. Dichroicbeam splitter81,20% reflection at532nm, anti reflection
coated at590nm, 540anglesof incidence with respectto the surface of the
component (le 720 between the incident and relected beams),25mm diameter,
6mm thick. Dichrolc beam splitter 82, 20% reflection at 532nm, anti
reflection coated at 590nm, 3640 angles of incidence with respect to the
surface of the component (is 1080 between the Incident and relected beams),
25  25mm diameter, 6mm thick. Dichroic mirror 83, 100% reflection at 532nm,
anti reflection coated at 590nm, 540 angle of Incidence with respect to the
surface of the component (is 720 between the Incident and reflected beams),
25mm dismeter, 6mm thick. Dichroic mirror 84, 100% reflection at 532nm,
anti reflection coated at 590nm, 360 angle of Incidence with respect to the
surface of the component (is 1080 between the incident and reflected
beams), 25mm diameter, 6mm thick. Negative lens 85, -40mm focal length
bi-convex lens, anti re- 30  flectlon coated for 532nm. Mirror 86, 100%
reflectance at 532nm, 450 Incidence, 25mm diameter. Positive lens 87,
+200mm focal length piano-convex lens, anti reflectance coated for 532nm,
25mm diameter, 2mm edge thickness. 



Operation to generate and amplify a dye laser beam is as follows. The pump
beam 64 is generated by a second harmonic from a Nd:YAG laser, or similar
laser (not shown) to give a beam of light typically at 532nm, 35  25OmJ,
20nsec duration. A portion, about 2.1 %, of this pump beam 64 is
transmitted through the beam splitters 66, 54 into the dye laser 63 and
into the dye cell 56 causing a lasing action. Typically the dye laser light
Is at 590nm. Typically about 65% and 29% remainder of the pump beam 64
energy Is reflected off each of the beam splitter 66 and mirror 86
respectively to form pump energy for the amplifiers. Output from the dye
laser 63 is via the lenses 58, 59, half wave plate 60, first polarising
beam splitter 61 40  and then Intothe SBS dye cell 69. Simultaneously a
portion, about 20%, of the remaining pump beam 64 energy from the mirror 86
is reflected by the dichroic beam splitter 81 Into the SBS cell 69. As
described above with reference to Figure 1, amplified dye laser light is
emitted back from the SBS cell 69 and is directed via the dichroic beam
splitter81, quarterwave plate 73, polarising beam splitter61, quarterwave
plate 74,and dichroic beam splitter 82 Into the SBS cell 70. Pump beam
energy for the SBS cell 70 Is from the beam splitter 66 and 45  dichroic
beam splitter 82. Twice amplified dye laser beam is directed from the SBS
cell 70 via dichroic beam splitter 82, quarterwave plate 74, polarlsing
beam splitters 61, 62, quarter wave plate 75, and dichroic mirror 83 into
the SBS cell 71. Pump energy for this SBS cell 83 Is from the dichroic beam
splitter 81 and dichrolc mirror 83. Amplified, three times, dye laser light
is directed from the SBS cell 71 via dichroic mirror 83, quarter wave plate
75, polarising 50  beam splitter 62, quarter wave plate 76, and dichroic
mirror 84 into the SBS cell 72. Pump beam energy for this SBS cell 72 Is
from the dichroic beam splitter 82 and dichroic mirror 84. Amplified, four
times, dye laser light is directed from the SBS cell 72 via the dichroic
mirror 84, quarter wave plate 76, and polarising beam splitter 62 along the
optical path 50 to form the finally amplified dye laser beam. Typically
this finally amplified dye laser beam is 120mJ in 17nsec pulse width, 5
64MHz bandwidth, ap- 56  proximately transform limited. Further
amplification may be achieved using additional SBS cells. An advantage of
the arrangement shown In Figure 3 is the relatively few components used to
provide gen- eration and a four stage amplification of a variable
wavelength dye laser beam; eg a 120,000 times ampilfi- 5    EP 0 528 006 B1
cation, from about 1pJ to 120mJ. In one known priorart
laseramplifier(Virsatile high powersingle longitudinal mode pulsed dye
laser, F Bos, Applied Optics, vol 20, No 10, pages 1886-1890, 15 May 1981),
only 114 times amplification was achieved with a similar number of
components. The reduced number of components used In the present Invention
provides a system that is relatively easy to set up and align, and once
aligned is robust 5   and insensitive to vibration. Figure 4 Is a
modification of Figure 1 where a pump beam 91 enters a dye cell 6
transversely through a cylindrical lens 92. As in Figure 1 a dye laser beam
2 passes through a polarising beam splitter 3, a quarter wave plate 4, a
lens 5 and Into an SBS dye cell 6. This cell 6 Is moved from that of Figure
1 so that the beam 2 enters off axis to allow maximum volume for
inter-action with the pump beam. 10      Figure 5 is another modification
of Figure 1 where a pump beam, is provided by a flash lamp source 93
surrounded by reflector 94. Other components are as Figure 4. The cell 6 is
arranged co-axially with the dye laser beam 2. The flashlamp 93 may be
lineartubes, coaxial i.e. an annularsurrounding the cell 6 with orwithout
triaxial or quadaxial adaptations, or helical. Flash lamp pulses are short,
typically around 1 i s. 15 Claims 1. A dye laser amplifier comprising a dye
cell (6), means for supplying a dye laser beam (2) to be amplified, means
for supplying a pumping beam (7), means (5) for directing the dye laser
beam into the dye cell, 20      means (1,5) for directing the pump beam
into the dye cell and means (3,5) for directing the amplified dye laser
beam (11) from the amplifier, Characterised in that said dye cell Is a
stimulated Brillouln scattering (SBS) dye cell, comprising a laser dye
material disolved in a SBS medium contained between the cell walls, such
that when the dye laser and pumping beams are focused in it, a 25
phase conjugate amplified dye laser beam is produced. 2. The amplifier of
claim 1 wherein the dye laser beam and pump beam are arranged to enter the
SBS cell 



coaxially. 30  3. The amplifier of claim I wherein the pump beam Is
arranged to enter the SBS cell transversely to the dye laser beam. 4. The
amplifier of claim I wherein the pump beam is a beam from a laser.   A 5.
The amplifier of claim 1 wherein the pump beam is a beam from a flashlamp
pump. 35 6. The amplifier of claim I comprising a plurality of dye
laserampliflers cascaded together so that the output of a first amplifier
is used as the dye laser beam input to the following dye laser amplifier.
7.  The amplif ler of claim I wherein the means forsupplying a dye laser
beam to be amplified and the means 40      for supplying a pumping beam are
separate lasers. 8. The amplifier of claim 1 wherein the means for
supplying a dye laser beam to be amplified is provided by a dye laser
pumped by a laser that is also the means for supplying a pumping beam. 9.
The amplifier of claim I wherein the SBS cell comprises a SBS medium that
is a solvent for the laser dye material. 10. The amplifier of claim 5
wherein the SBS medium is one selected from one or more of.- methanol,
acetone, isopropyl alcohol, ethanol, n-hexane. 50  11. The amplifier of
claim 6 wherein the SBS medium Is a mixture of 15-25% of methanol, 65-75%
of n-hex- ane. and 5-15% of isopropyl mixed to give substantially 100%
mixture of methanol, n-hexane, and iso- propyl. 66   Patentanspruche 1.
Farbstofflaser-Verstarker, der eine Farbstoffzelle (6), Vorrichtung fOrdie
Erzeugung eines zu verstarken- 6    EP 0 528 006 B1 cation, from about 11LJ
to 120mJ; In one known priorart laser ampilfier(Versatile high powersingle
longitudinal mode pulsed dye laser, F Boa, Applied Optics, vol 20, No 10,
pages 1888-1890, 15 May 1981), only 114 times amplification was achieved
with a similar number of components. The reduced number of components used
In the present invention provides a system that Is relatively easy to set
up and align, and once aligned is robust 5   and insensitive to vibration.
Figure 4 is a modification of Figure 1 where a pump beam 91 enters a dye
cell 6 transversely through a cylindrical lens 92. As In Figure 1 a dye
laser beam 2 passes through a polarising beam splitter 3, a quarter wave
plate 4, a lens 5 and Into an SBS dye cell 6. This cell 6 is moved from
that of Figure 1 so that the beam 2 enters off axis to allow maximum volume
for Inter-action with the pump beam. 10      Figure 5 Is another
modification of Figure 1 where a pump beam, is provided by a flash lamp
source 93 surrounded by reflector 94. Other components are as Figure 4. The
cell 8 Is arranged co-axially with the dye laser beam 2. The flashlamp 93
may be lineartubes, coaxial L.e. an annularsurrounding the cell 8 with
orwithout triaxial or quadaxial adaptations, or helical. Flash lamp pulses
are short, typically around I us. 15 Claims 1. Adye laser amplifier
comprising a dye cell (6), means for supplying a dye laser beam (2) to be
amplified, means for supplying a pumping beam (7), means (5) for directing
the dye laser beam Into the dye cell, 20      means (1,5) for directing the
pump beam Into the dye cell and means (3,5) for directing the amplified dye
laser beam (11) from the amplifier, Characterised in that said dye cell Is
a stimulated Brillouin scattering (SBS) dye cell, comprising a laser dye
material disolved In a SBS medium contained between the cell walls, such
that when the dye laser and pumping beams are focused in it, a 25
phase conjugate amplified dye laser beam is produced. 2. The amplifier of
claim 1 wherein the dye laser beam and pump beam are arranged to enter the
SBS cell coaxially. 30  3. The amplif ier of claim 1 wherein the pump beam
Is arranged to enter the SBS cell transversely to the dye laser beam. 4.
The amplifier of claim 1 wherein the pump beam is a beam from a laser. 5.
The amplifier of claim 1 wherein the pump beam is a beam from a flashlamp
pump. 



35 6. The amplifier of claim I comprising a plurality of dye laser
amplifiers cascaded together so that the output of a first amplifier is
used as the dye laser beam Input to the following dye laser amplifier. 7.
The amplifierof claim I wherein the means for supplying a dye laser beam to
be amplified and the means 40      for supplying a pumping beam are
separate lasers. S.  The amplifier of claim 1 wherein the means for
supplying a dye laser beam to be amplified is provided by a dye laser
pumped by a laser that Is also the means for supplying a pumping beam. A
9. The amplifier of claim 1 wherein the SBS cell comprises a SBS medium
that Is a solvent for the laser dye material. 10. The amplifier of claim 5
wherein the SBS medium is one selected from one or more of:- methanol,
acetone, isopropyl alcohol, ethanol, n-hexane. 60  11. The amplifier of
claim 6 wherein the SBS medium is a mixture of 15-25% of methanol, 85-75%
of n-hex- ane. and 5-15% of Isopropyl mixed to give substantially 100%
mixture of methanol, n-hexane, and Iso- propyl. 5S   Patentanspriche 1.
Farbstofflaser-Verstairker, der eine Farbstoffzelle (6), Vorrichtung fOr
die Erzeugung sines zu verstarken- 6                 _ _ _ _ _ _ _ _ _ _ _
_ _ _ _ _ _    EP 0 528 006 B1 den Farbstofflaserstrahla (2), Vorrichtung
fOr die Erzeugung sines Pumpstrahis (7), Vorrichtung (5) fOr Ablenkung des
Farbstofflaserstrahls in die Farbstoffzelle, Vorrichtungen (1, 5) fOr
Ablenkung des Pump- strahia in die Farbstoffzelle und Vorrichtungen (3,5)
fOrAblenkung des verstarkten Farbstofflaserstrahis (11) aus dem Verstarker
umfaBt, 5       dadurch gekennzeichnet, dail die besagte Farbstoffzelle
sine Stimullerte-Brillouln-Streuung-Farbstoffzelle (SBS) ist, in der slch
Laser- Farbstoffmaterial befindet, das in einem SBS-Medium gelost ist, das
sich zwischen den Zellwanden be- findet so daB, wenn der Farbstofflaser und
der Pumpstrahl darin fokussiert sind, sin phasenkonjugierter verstarkter
Farbstofflaserstrahl erzeugt wird. 10 2.  Verstarker nach Anspruch 1, bel
dem Farbstofflaserstrahl und Pumpenstrahl so angeordnet sind, daB sie
koaxial in die SBS-Zelle koaxial eintreten. 3.  Verstarker nach Anspruch 1,
be! dem der Pumpstrahl so angeordnet ist, dael er in die SBS-Zelle trans-
15       versal zu dem Farbstofflaserstrahl elntritt. 4.  Verstarker nach
Anspruch 1, bel dem der Pumpstrahl ein Laserstrahl ist. 5.  Verstarker nach
Anspruch 1, bei dam der Pumpstrahl sin Strahl einer Pumpblitzlampe ot. 20
6.  Verstarker nach Anspruch 1, dereine Viekzahl von
Farbstofflaserverstarkern umfalt, die miteinander eine Kette bilden, so dal
der Ausgang eines ersten Verstarkers verwendet wird ala
Farbstofflasereingangs- strahl fOr den folgenden Farbstofflaserverstarker.
7.  Verstarker nach Anspruch 1, bel dem die Vorrichtung zur Erzeugung eines
Farbstofflaserstrahis, der ver- 25       starkt werden soll, und die
Vorrichtung far die Erzeugung eines Pumpstrahls separate Laser sind. 8.
Verstarker nach Anspruch 1, bel dem die Vorichtung fOr die Erzeugung eines
zu verstarkenden Farb- stofflaserstrahis ein
Laser-gepumpterFarbstofflaserlst, dergleichfalls die Vorrichtung fOrdie
Erzeugung elnes Pumpstrahis darstellt. 30 9.  Verstarker nach Anspruch 1,
bel dem die SBS-Zelle ein SBS-Medium umfalt, das ein Lisungsmittel far den
Laser-Farbstoff darstellt. 10. Verstarker nach Anspruch 5, bel dem das
SBS-Medium einem oder mehreren von: Methanol, Aceton, Isopropylalkohol,
Ethanol, n-Hexan entspricht. 11. Verstarker nach Anspruch 6, bel dem das
SBS-Medlum eine Mischung aus 15-25 % Methanol, 65-75 % n-Hexan und 5-15 %
Isopropyl st, so gemischt daB sich Im wesentlichen eine 100 %-Mischung aus
Me- thanol, n-Hexan und Isopropyl ergibt. 40 Revendlcatlons 



1.  Amplificateur laser a colorant, comprenant une cellule A colorant (6),
un dispositif destin6 A transmettre un falsceau (2) de laser A colorant A
amplifier, un dispositif destin6 a transmettre un faisceau de pompage (7),
un dispositif (5) destIn6 A diriger le faisceau laser A colorant dans la
cellule A colorant, un dispositif (1, 5) destine A diriger le falsceau de
pompage dans la cellule A colorant, et un dispositif (3, 5) destin6 A
diriger le faisceau laser a colorant ampliflI (11) provenant de
l'amplilficateur, caracterisb en ce que la cellule A colorant eat une
cellule A colorant A diffusion simulee de Brillouin (SBS), comprenant une
matlere de colorant laser d ssoute dans un milieu SBS contenu entre les
parols 5D       de la cellule afin que, lorsque lea faleceaux de pompage et
du lasera colorant sontfocallads A lintdrieur, un faisceau du laser A
colorant ampllfld et conjugud en phase solt produit. 2.  Amplificateur
selon la revendicatlon 1, dane lequel Is faisceau laser A colorant et le
faisceau de pompage sont destinds A penetrer coaxialement dans la cellule
SBS. 55 3.  Amplificateur selon la revendicatlon 1, dans lequel le faisceau
de pompage est destind A penetrer dans la cellule SBS en direction
transversale au falsceau laser A colorant. 7 I al 111111 11111
1111111111111111 * C   L   H   S *    EP 0 528 006 B1 4. Amplificateur
solon la revendlcation 1, dans lequel le falscoau de pompage eat un
faisceau provenant d'un laser. 5. Amplificateur solon Is revendlcation 1,
dans lequel le falsceau de pompage eat un faisceau provenant 6       d'une
pompe a lampe A eclairs. 6. Amplificateur solon la revendication 1,
comprenant plusleurs amplilficateurs lasers A colorants mont6s en cascade
les uns avec les autresde maniere quo lasortie d'un
premleramplificateursolt utilisee comme entree de faisceau laser A colorant
d'un amplilficatour laser A colorant sulvant. 10  7. Amplificateur solon la
revendicathon 1, dans loquel Is dispositif destin6 A transmettre le
faisceau laser A colorant A amplifier ot le dispositif destine A
transmettre un faiscoau de pompage sont des lasers s6pares. 8.
Amplificateur solon la revendication 1, dana loque le dispositif destine A
transmettre Is faisceau laser A colorant A amplifier provient d'un lasera
colorant pompe par un laser qui constitue aussl le dispositif des- 5
Atin a transmettre un faisceau de pompage. 0. Amplificateur solon la
revendlcatlon 1, dans loquel la cellule SBS comprend un milieu SBS qui est
un sol- vant pour la matiere colorants du laser. 2o  10. Amplificateur
solon la revendication 5, dans lequel le milieu SBS est cholsl parmi un ou
plusleurs milieux comprenant Is methanol, I'acetone, I'alcool
Isopropylique, I'ethanol et le n-hexane. 11. Amplificateur salon la
revendlcatlon 6, dans lequel le milieu SBS est un m6lange de 15 A 25 % de
me- thanol, 65A 75 %de n-hexane et5A 15% d'alcool isopropylique, melang6s
afin qu'ils donnentun melange 25      de 100 % pratiquement de methanol, de
n-hexane et d'alcool isopropylique. 30 35 40 45 50 55 8 C 11111111111111111


