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to provide pump energy at a wavelength and with an intensity sufficient to
excite ions from the ground This invention relates to lasers and to optical
am-  state to the ULL, perhaps via a more energetic level. plifiers.
With the energy levels of some ions in a particular There is growing
Interest In optical communica-   5   host, as discussed in the above
referenced applica- tion systems utilising the 850 nm communications  tion,
the wavelength and intensity of the pump exci- window provided by silica
optical fibres.         tation energy which elevates ions from the LLL can
be One known approach to providing optical sources  chosen so that it also
coincides with the energy dif- or amplifiers is to use a semiconductor
laser as the  ference between the ground state and an energy lev- source of
a pump signal for an optical fibre laser or  10  el, perhaps the ULL
itself, which results in populating amplifierwhich then emits oramplifies
an optical sig-  the ULL. This provides a much simplified arrange- nal at a
wavelength which may be the same as or dif-  ment in that a single
wavelength source can be used ferent to that of the pump. This has the
advantage of  to pump the ions to the ULL and to depopulate the LLL
providing ready access to the signal wavelength in a  to prevent
saturation. This coincidence of energy lev- manner which can take advantage
of the relative low   15  els is not always present, however. cost, high
efficiency and commercial availability of  According to the present
invention an optical am- laser diodes.
plifier comprises: Lasers and amplifiers are known which depend        a
medium incorporating lasing ions having an for their operation on lasing
transitions between up-  upper and a lower lasing level each above the
ground per and lower lasing levels of ions in a lasing medium   20  state
levels of the ions, which upper and lower lasing each of which lies above
the levels of the ions' ground  levels form a normally self-terminating
laser transi- state. If the average lifetime of ions in the upperlasing
tion; and level (ULL) is longer than the lifetime of ions in the  a pumping
means for applying excitation ener- lower lasing level (LLL) then pumping
of the laserme-  gy of a suitable wavelength and intensity to elevate dium
to populate the ULL by excitation of ions from   25  ions from the lower
lasing level to maintain a popula- their ground state, perhaps via a level
above the ULL,  tion inversion between the upper and lower lasing lev- can
be employed to maintain a population inversion  els; between the ULL and
LLLto allow lasing action to pro-  CHARACTERISED IN THAT ceed. If, however,
the lifetime of the ULL is shorter  the wavelength and Intensity of the
excitation than the LLL, the lasing transition is known as self-  30
energy is also suitable to elevate ions from the ground terminating because
the build up of ions in the LLLde-  state levels to the upper lasing level
by exciting ions stroys the population inversion between the ULL and  both
from the ground state levels to a first energy lev- LLL required for
lasing. Consequently such self-  el and from the first energy level to a
second energy terminating lasers normally only operate in pulsed  level by
excited state absorption. form, the LLL being given time to empty between
35  The present invention provides a pumping pumping pulses.
scheme in which the simple arrangement of a single The applicant's
published application WO        pump source can be used to provide,
simultaneously, 89/11744 discloses a fluoro-zirconate optical fibre
depopulation of the lower lasing level and population laser and amplifier
in which cw operation of the nor-  of the upper lasing level of a dopant
ion in which the mally self-terminating transition [err]to [err] is ach-
40  upper lasing level is at an energy greater than an en- ieved by
applying excitation energy to elevate ions  ergy level that can be directly
populated from the ions from the lower lasing level to maintain a
population in-  ground states by absorption of a single photon of the
version between the upper and lower lasing levels  pump signal. during
lasing.                                       This scheme is equally
applicable to lasers em- This use of excited state absorption (ESA) to pro-
45  ploying such amplifiers as a gain medium. vide the means of maintaining
a population inversion  The laser or amplifier may be based on a fluoro- to
produce cw lasing eliminates the need to use high  zirconate single mode
optical fibre doped with [err] dopant concentrations necessary to obtain
up-con-  pumped at around 800 nm. This provides lasing or version from the
LLL by ion-ion energy transfer. In-  gain at around 850 nm from the [err]
to [err] transi- stead, low dopant concentrations can be employed  50
tion. pumped highly efficiently by a laser for example. This  It should be
appreciated that the pumping is particularly the case if the laser medium
comprises  scheme of the present invention is applicable gener- a doped
optical fibre as the waveguiding properties of  ally to dopant ions having
suitable energy levels in a the fibre means high power densities can be
main-  given host and is not restricted to any particular com- tained
overlarge interaction lengths. This is also ther-  55  bination of host and
dopant ion. It may also find ap- mally efficient as the fibre core has.a
high surface-to-  plication to bulk optic devices or other waveguide volume
ratio.                                     such as planar waveguldes. This
arrangement requires the pump means also     The present invention will now
be described, by 2    
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only, the reference for the accompa-  necessary optical pump power at about
800 nm for nying drawings of which                          such an [err]
doped ZBLAN fibre laser, in particular a Figure 1 Is an energy level
diagram for erbium in  semiconductor laser. a ZBLAN optical fibre showing
the relevant laser,  Figure 3 shows the lasing characteristic of the
fluorescence, and ESAtransitions;         5   laser of Figure 2 When the
pump laser 10 was tuned Figure 2 is a schematic diagram of a laseraccord-
to 801 nm. The lasing threshold is high because of the ing to the present
invention;                 low Q of the cavity, but the slope efficiency is
also Figure 3 is a graph showing the laser character-  high at 38%. This is
surprisingly efficient for a multi- istic of the laser of Figure 2;
photon excitation process. Figure 4 is a graph of the excitation spectrum
for  10 Figure 4 plots the variation of the relative output the laser as
Figure 2;                        power of the laser against the pump
wavelength for a Figure 5 is a schematic diagram of an amplifier  constant
launched pump power of 396 mW (approx. according to the present Invention;
and       threshold). The excitation spectrum has a width atthe Figure 6 is
a graph of the evolution of gain in the  half-power points of 9 nm. This
tuning curve follows amplifier of Figure 5.                    15  the
bleaching of the ground state transition. The ESA Referring to Figure 1
there is shown the energy  absorption process is therefore strong close to
the level diagram (without an indication of the broadened  peak of the
ground-state absorption. Detuning the nature of the bands) of trivalent
erbium in afluoro-zir-  pump laser 10to 792 nmallowed the population of the
conate host. The laser to be described with reference  [err]level to build
up to the extent that lasing on the to Figure 2 utilises the ([err]
to[err]), transition at  20  3-level transition ([err] to [err]) at 980 nm
occurred. around 850 nm wavelength. The lower lasing level     Figure 5
shows schematically an experimental [err] has a lifetime of about 11 [err]
which normally  arrangement used to verify the amplification proper- makes
this lasing transition self-terminating.   ties of the device in which 3
metre length of ZBLAN Pumping at 801 nm provides depopulation of the  fibre
20 doped with 500 [err] of erbium has reflec- [err] level by ESA to the
[err] level as well as popu-  25  tion suppressed fibre ends 22 and 24. A
pump laser lation of the [err] level by atwo stage process, namely  26
provides optical pump power at 801 nm which is excitation to the[err] level
from the ground state [err]  coupled into the fibre and 22via a dichroic
beam split- level followed by ESA to the [err] level.          ter 28 and
lens 30. A signal source at 850 nm is also The pumping scheme provides
population of the  Introduced into end 22 of the fibre 20 via the beams-
[err]level even though it is ata higherenergy than the   30  plitter 28 and
lens 30. The power of the amplified 850 [err] level, the highest energy
level that can be directly  nm signal exiting fibre end 24 is measured by a
de- populated from the ground state level by pumping at  tector 32 onto
which the signal is focused by lens 34. this wavelength.
Figure 6 shows the evolution of gain at 850 nm The laser of Figure 2
comprises an experimental  with pump power at 801 nm in the device of
Figure 5. arrangement to determine the operating characteris-  35  The Q of
the cavity of Figure 2 would require a single tics of an erbium doped,
ZBLAN fibre 2 laser pumped  pass gain to reach a threshold of 7 dB,
requiring 200 according to the scheme of the present invention. The  mW of
pump power. This is confirmed from the lasing laser 2 is a 3 metre length
of ZBAN fibre, doped with  characteristic of Figure 3. 500 ppm/wt of erbium
In a Fabry-Perot cavity with a 93% reflecting mirror4 at one end and a
cleaved fibre  40 end 6 at the other, giving about 4% reflectivity. The
Claims fibre had a V-value of 4.5 at the pump wavelength. An 8%
beamsplitter 8 at the input allowed extraction of  1. An optical amplifier
comprising: a fixed proportion of the lasing light from which the     a
medium (20) incorporating lasing ions output power could be determined.
Almost all of the  45  having an upper and a lower lasing level each pump
energy coupled into the fibre from a Ti:sapphire  above the ground state
levels of the ions, which pumping laser 10 was absorbed. The output from
the   upper and lower lasing levels form a normally laser 10 passing to the
fibre 2 via the beamsplitter 8  self-terminating laser transition; and was
coupled to the fibre 2 by means of a lens 12.         a pumping means (26)
for applying excita- The remnant pump light, the lasing light and any  50
tion energy of a suitable wavelength and intensity spontaneous emission
were separated using a blazed  to elevate ions from the lowerlasing level
to main- grating 14 at the output, and the optical power at the  tain a
population Inversion between the upper lasing and pump wavelengths was
measured in a sin-   and lower lasing levels; gle order by a pairof
detectors 16 and 18, respective-    CHARACTERISED IN THAT ly. The output
power of the laser was then calibrated  55  the wavelength and intensity of
the excita- knowing the losses of the bulk optics and the beams-  tion
energy is also suitable to elevate ions from plitter ratio.
the ground state levels to the upper lasing level Other pump sources may be
used to provide the    by exciting ions both from the ground state levels 3
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S    * way of example only, the reference for the accompa-  necessary
optical pump power at about 800 nm for nying drawings of which
such an [err] doped ZBLAN fibre laser, in particular a Figure 1 Is an
energy level diagram for erbium in  semiconductor laser. a ZBLAN optical
fibre showing the relevant laser,  Figure 3 shows the lasing characteristic
of the fluorescence, and ESA transitions;         5   laser of Figure 2
when the pump laser 10 was tuned Figure 2 is a schematic diagram of a laser
accord-  to 801 nm. The lasing threshold is high because of the ing to the
present invention;                   low Q of the cavity, but the slope
efficiency is also Figure 3 is a graph showing the laser character-  high
at 38%. This is surprisingly efficient for a multi- istic of the laser of
Figure 2;                 photon excitation process. Figure 4 Is a graph of
the excitation spectrum for  10  Figure 4 plots the variation of the
relative output the laser as Figure 2;                          power of
the laser against the pump wavelength for a Figure 5 is a schematic diagram
of an amplifier  constant launched pump power of 396 mW (approx. according
to the present invention; and         threshold). The excitation spectrum
has a width at the Figure 6 is a graph of the evolution of gain in the
half-power points of 9 nm. This tuning curve follows amplifier of Figure 5.
15  the bleaching of the ground state transition. The ESA Referring to
Figure 1 there is shown the energy  absorption process is therefore strong
dose to the level diagram (without an indication of the broadened  peak of
the ground-state absorption. Detuning the nature of the bands) of trivalent
erbium in a fluoro-zir-  pump laser 10 to 792 nm allowed the population of
the conate host. The laser to be described with reference  [err]level to
build up to the extent that lasing on the to Figure 2 utillses the ([err]
to [err]) transition at  20  3-level transition ([err] to [err]) at 980 nm
occurred. around 850 nm wavelength. The lower lasing level       Figure 5
shows schematically an experimental [err] has a lifetime of about 11 ms
which normally  arrangement used to verify the amplification proper- makes
this lasing transition self-terminating.     ties of the device in which 3
metre length of ZBLAN Pumping at 801 nm provides depopulation of the  fibre
20 doped with 500 ppm/wt of erbium has reflec- [err] level by ESA to the
[err] level as well as popu-  25  tion suppressed fibre ends 22 and 24. A
pump laser lation of the [err] level by a two stage process, namely  26
provides optical pump power at 801 nm which is excitation to the [err]level
from the ground state [err]  coupled into thefibre and 22via a dichroic
beamsplit- level followed by ESA to the[err] level.           ter 28 and
lens 30. A signal source at 850 nm is also The pumping scheme provides
population of the  introduced into end 22 of the fibre 20 via the beams-
[err] level even though it is ata higherenergythan the   30  plitter28 and
lens 30. The power of the amplified 850 [err] level, the highest energy
level that can be directly  nm signal exiting fibre end 24 is measured by a
de- populated from the ground state level by pumping at  tector 32 onto
which the signal is focused by lens 34. this wavelength.
Figure 6 shows the evolution of gain at 850 nm The laser of Figure 2
comprises an experimental  with pump power at 801 nm in the device of
Figure 5. arrangement to determine the operating characteris-  35   The Q
of the cavity of Figure 2 would require a single tics of an erbium doped,
ZBLAN fibre 2 laser pumped  pass gain to reach a threshold of 7 dB,
requiring 200 according to the scheme of the present invention. The  mW of
pump power. This is confirmed from the lasing laser 2 is a 3 metre length
of ZBLAN fibre, doped with  characteristic of Figure 3. 500 ppm/wt of
erbium in a Fabry-Perot cavity with a 93% reflecting mirror 4 at one end
and a cleaved fibre  40. end 6 at the other, giving about 4% reflectivity.
The  Claims fibre had a V-value of 4.5 at the pump wavelength. An 8%
beamsplitter 8 at the input allowed extraction of  1. An optical amplifier
comprising: a fixed proportion of the lasing light from which the       a
medium (20) incorporating lasing ions output power could be determined.
Almost all of the   45  having an upper and a lower lasing level each pump
energy coupled into the fibre from a Ti:sapphire  above the ground state
levels of the ions, which pumping laser 10 was absorbed. The output from
the     upper and lower lasing levels form a normally laser 10 passing to
the fibre 2 via the beamsplitter 8  self-terminating laser transition; and
was coupled to the fibre 2 by means of a lens 12.           a pumping means
(26) for applying excita- The remnant pump light, the lasing light and any
50  tion energy of a suitable wavelength and intensity spontaneous emission
were separated using a blazed     to elevate ions from the lowerlasing
level to main- grating 14 at the output, and the optical power at the  tain
a population inversion between the upper lasing and pump wavelengths was
measured in a sin-     and lower lasing levels; gle order by a pair of
detectors 16 and 18, respective-     CHARACTERISED IN THAT ly. The output
power of the laser was then calibrated  55   the wavelength and intensity
of the excita- knowing the losses of the bulk optics and the beams-  tion
energy is also suitable to elevate ions from pltter ratio.
the ground state levels to the upper lasing level Other pump sources may be
used to provide the      by exciting ions both from the ground state levels
3    
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* to a first energy level and from the first energy  which the pumping
means (10) is a semiconduc- level to a second energy level by excited state
ab-  tor laser. sorption. 13. A method of amplifying an optical signal, the
2. An amplifier as claimed In claim 1 in which the   5  method including
the step of: medium is an optical fibre wavegulde.
providing optical energy to optically pump a medium incorporating lasing
ions having an up- 3. An amplifier as claimed in claim 2 in which the
per and a lower lasing level, each level being waveguide is of a
fluoro-zirconate glass and the   above the ground state levels of the ions,
which dopant is[err].                             10      upper and lower
lasing levels form a normally self-terminating laser transition, the pump
energy 4. An amplifier as claimed in claim 2 in which the     being of
suitable wavelength and intensity both to waveguide is a ZBLAN fibre doped
with approxi-     elevate ions from the lower lasing level to main- mately
500 ppm/wt [err].                             tain a population inversion
between the upper 15      and lower lasing levels, and to elevate ions from
5. An amplifier as claimed in claim 3 or 4 in which    the ground state
levels to the upper lasing level the pump wavelength is about 801 nm.
by exciting Ions from the ground state levels to a first energy level and
from the first energy level 6. An amplifier as claimed in any preceding
claim in  to a second energy level by excited state absorp- which the
pumping means is a semiconductor  20     tion. laser. 14. A method of
producing laser emission, the meth- 7. A laser comprising:
od including the step of providing optical energy a resonant cavity (2,4,6)
including a me-    to optically pump lasing ions of a medium in a res- dium
(2) incorporating lasing ions having an up-  25  onant cavity, the lasing
ions having an upper and per and a lower lasing level each above the
a lower lasing level each above the ground state ground state levels of the
ions, which upper and   levels of the ions, which upper and lower lasing
lower lasing levels form  a normally self-         levelsform a
normallyself-terminating lasertran- terminating laser transition; and
sition, the pump energy being of suitable wave- a pumping means (10) for
applying excita-  30  length and intensity both to elevate ions from the
tion energy of a suitable wavelength and intensity  lower lasing level to
maintain a population inver- to elevate ions from the lower lasing level to
main-  sion between the upper and lower lasing levels, tain a population
inversion between the upper      and to elevate ions from the ground state
levels and lower lasing levels;                           to the upper
lasing level by exciting ions from the CHARACTERISED IN THAT
35       ground state levels to a first energy level and the wavelength and
intensity of the excita-  from the first energy level to a second energy
lev- tion energy Is also suitable to elevate ions from  el by excited state
absorption. the ground state levels to the upper lasing level by exciting
ions both from the ground state levels  15  A method as in claim 13 or
claim 14, in which the to a first energy level and from the first energy
40  medium is an optical fibre wavegulde. level to a second energy level by
excited state ab- sorption.                                       16 A
method as in claim 15, In which the waveguide comprises a fluorozirconate
glass doped with 8. Alaseras claimed in claim 7 in which the medium
[err]. Is an optical fibre waveguide (2).         45 17. A method as in
claim 16, in which the waveguide 9. A laser as claimed in claim 8 In which
the wave-   is a ZBLAN fibre doped with approximately guide (2) is of a
fluoro-zirconate glass and the do-  500ppm/wt [err]. pant is Err. 50  18.
Amethod as in either one of claims 16 to 17, in 10. A laser as claimed in
claim 9 in which the wave-   which the wavelength of the optical pump
energy guide is a ZBLAN fibre doped with approximately    is about 800nm.
500 ppm/wt [err]. 19. Amethodasinanyoneofclaims13to18, where- 11. A laser
as claimed In claim 9 or 10 in which the  55  in the optical pump energy is
provided by a sem- pump wavelength is about 801 nm.
iconductor laser. 12. A laser as claimed In any preceding claim In 4    
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* Patentanspruche                                     dadurch
gekennzeichnet, dal die WellenlAnge und Intensitit der Anregungs- 1.
Optischer Verstarker mit                          energie such dazu
geeignet sind, lonen aus den elnem Medium (20), das laseraktive lonen ent-
Grundzustandsniveaus in das obere Laserni- halt, die ein oberes und ein
unteres, jewells ober-   5  veau anzuzuheben, indem lonen sowohl aus den
halb der Grundzustandsniveaus der lonen lie-     Grundzustandsniveaus in
ein erstes Energieni- gendes, Laserniveau haben, wobel das obere       veau
als such durch Absorption Im angeregtbn und das untere Laserniveau elnen
normalerwel-    Zustand aus dam ersten Energieniveau in sin se
selbstl8schenden Laseribergang bilden; und    zweltes Energleniveau
angeregt werden. einer Pumpvorrichtung (26) zur Einstrahlung von  io
Anregungsenergie geeigneter Wellenlinge und   8. Laser nach Anspruch 7, bei
dam das Medium sin Intensitit, so dal lonen aus dam unteren Laser-
Lichtweilenleiter (2) ist. niveau angehoben werden und eine Besetzungs-
umkehr zwischen dem oberen und dam unteren    9. Laser nach Anspruch 8, bei
dem der Wellenleiter Laserniveau aufrechterhalten wird,       15      (2)
aus elnem Fluorzirconatglas besteht und der dadurch gekennzeichnet, daB
Dotlerstoff EP ist. die Wellenlange und Intbnsitit der Anregungs- energie
such dazu geeignet sind, lonen aus den  10. Laser nach Anspruch 9, bei dem
der Wellenleiter Grundzustandsniveaus in das obere Lasernl-       eine mit
elnem Gewichtsantell von ungefihr 500 veau anzuheben, indem lonen sowohl
aus den  20   ppm mit Er3l dotierte ZBLAN-Faser ist. K>
Grundzustandsniveaus in ein erstee Energieni- veau ale such durch
Absorption im angeregten  11. Laser nach Anspruch 9 oder 10, bei dam die
Zustand aus dem ersten Energleniveau in ain       Pumpwellenlinge ungefihr
801 nm betrigt. zweites Energieniveau angeregt werden. 25  12. Laser nach
einern der vorangehenden AnsprOi- 2. Verstarker nach Anspruch 1, bei dem
das Medi-     che, bei dam die Pumpvorrichtung (10) ein Halb- um ein
Lichtwellenleiter bst                     leibtrlaser tst. 3. Verstarker
nach Anspruch 2, bel dam derWellen-  13. Verfahren zum Verstirken aines
optischen Si- leiter aus einem Fluorzlrconatglas besteht und  30  gnals,
wobei bei dam Verfahren der Dotierstoff EP ist.
optlsche Energie zur VerfOgung gestellt wird, um aen Medium optisch zu
pumpen, das laseraktive 4. Verstirker nach Anspruch 2, bel dam derWellen-
lonen mit einem oberen und einem unteren La- leiter eine ZBLAN-Faser 1st,
die mit einem Ge-   serniveau enthalt, von denen sich jades Niveau
wichtsanteil von ungefihr 500 ppm mit Er$+ do-  35  oberhalb der
Grundzustandsniveaus der lonen tiert ist.
befindet und die oberen und unteren Laserni- veaus ainen normalerweise
selbstl8schenden 5. Verstfirker nach Anspruch 3 oder 4, bei dam die
Laserflbergang bilden, wobel die Wallenlinge Pumpwellenlinge ungefihr 801
nm betrigt.         und Intensltit der Pumpenergie dazu geeignet 40
sind, sowohl lonen aus dam unteren Laserniveau 6. Verstirker nach einem der
vorangehenden An-       anzuheben, damit sine Besetzungsumkehr zwi-
sprriche, bei dam die Pumpvorrichtung ain Halb-  schen dam oberen und dam
unteren Laserniveau leiterlaser ist.
aufrechterhalten wird, als auch lonen aus den Grundzustandsniveaus In das
obere Laserni- 7. Laser mit                                 45      veau
anzuheben, indem lonen aus den Grundzu- sinem Resonanzhohiraum (2,4, 6),
derein Medi-    standsniveaus in ain erstes Energieniveau und um (2)
enthalt, das laseraktive lonen enthalt, die  durch Absorption Im angeregten
Zustand aus sin oberes und sin unteres, jeweils oberhalb der  dam ersten
Energieniveau In sin zweites Ener- Grundzustandsniveaus der lonen
liegendes, La-    gieniveau angeregt warden. serniveau haben, wobei das
obere und das unte-  so re Laserniveau ainen normalerweise selbstlo-  14.
Verfahren zum Erzeugen von Laseremission, schenden Laserubergang bilden;
und               wobei bei dam Verfahren optische Energie zur ainer
Pumpvorrichtung (10) zum Ausstrahlen von   VerfOgung gestelit wird, um
Iaseraktive lonen ei- Anregungsenergie geeigneter Wellenlinge und      nes
Mediums in einem Resonanzhohlraum op- Intensitit, so dal lonen aus dam
unteren Laser-  55  tisch zu pumpen, wobei die laseraktiven lonen niveau
angehoben warden und sine Besetzungs-     ein oberes und ein untbres,
jeweils oberhalb der umkehr zwischen dem oberen und dam unteren
Grundzustandsniveaus der lonen liegendes, La- Laserniveau aufrechterhalten
wird,               serniveau haben und das obere und das untere 5    9
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Laserniveau  einen  normalerweise selbstlo-        excitation des ions  la
tlos A partir des niveaux schenden  Laserribergang  bilden, und  die
de l'6tat de base jusqu'A un premier niveau Pumpenergie von geeigneter
Wellenlange und         d'6nergie et A partir du premier niveau d'6nergie
Intensitat ist, so dall sowohl lonen aus dem unte-  jusqu'A un second
niveau d'6nergie par absor- ren Laserniveau angehoben warden und eine Be-
5  ption de l'etat excite. setzungsumkehr zwischen dem oberen und dem
unteren Laserniveau aufrechterhalten wird als   2. Amplificateur salon la
revendication 1, dans le- auch lonen aus den Grundzustandsniveaus in
quel le milieu eat un guide d'ondes A fibre opti- das obere Laserniveau
angehoben werden, in-        que. dem lonen aus den Grundzustandsniveaus in
ein  io erstes Energieniveau und durch Absorption im    3. Amplificateur
selon la revendication 2, dans le- angeregten Zustand aus dem ersten
Energieni-       quel le guide d'ondes eat un verre A base defluo- veau in
ein zweites Energieniveau angeregt wer-    rozirconate, et la substance
dopante eat du Err. den. 15  4. Amplificateur selon Ia revendication 3 ou
4, dans 15. Verfahren nach Anspruch 13 oder Anspruch 14,      lequel la
longueur d'onde de pompage eat egale bel dem das Medium emn
Lichtwellenleiter tat       A environ 800 nm. 16. Verfahren nach Anspruch
15, be! dem der Wel-   5. Amplificateur selon i'une quelconque des reven-
lenlelter  sus  einem   mit ErP  dotierten   20    dications precedentes,
dana lequel lea moyens Fluorzirconatglas besteht.
de pompage sont un laser A semiconducteurs. 17. Verfahren nach Anspruch 16,
bel dem der Wel-   6. Laser comprenant: lenleiter eine mit einem
Gewichtsantbil von unge-        une cavite resonnante (2,4,6) comprenant
fAhr 500 ppm mit Ert dotierte ZBLAN-Faser tat.  25  un milieu (2) contenant
des ions de production de l'effet laser possedant un niveau superieur et un
18. Verfahren nach Anspruch 16 oder 17, bet dem die    niveau inferieur de
production de i'effet laser, qui Wellenlange der optischen Pumpenergie
unge-        sont situes chacun au-dessus des niveaux d'etat fahr 800 nm
betrAgt.                               de base des Ions, lesquels niveaux
superieur et 30     infirleur de production de l'effet laser forment 19.
Verfahren nach einem der Ansprflche 13 bis 18,     une transition
laserseterminantnormalementde bei dem die optische Pumpenergie durch einen
facon automatique; et Halbleiterlaser zur Verfrlgung gestellt wird.
des moyens de pompage (10) servant a appliquer une energle d'excitation
possedant une 35     longueur d'onde et une intenset6 appropri6es
Revendications                                         pour Mever lea tons
a partir du niveau inferieurde production de l'effet laser pour maintenir
une in- 1. Amplificateur optique comprenant:                   version de
population entre lea niveaux superieur un miiieu (20) contenant des ions de
pro-     et inferieur de production de i'effet laser, duction de l'effet
laser possedant un niveau au-  40     caracterise en ce qua perieur et un
niveau Inferieur de production de         la longueur d'onde et l'intensit6
de l'ener- I'effet laser, qui sont situes chacun au-dessus    gbe
d'excitation conviennent bgalement pour ele- des niveaux d'etat de base des
ions, lesquels nl-  ver lea Ions des niveaux de l'etat de base au ni- veaux
sup6rieur et inferieur de production de l'ef-  veau suphrieur de production
de l'effet laser par fet laserforment une transition laser se terminant  45
excitation des ions A la Tois a partir des niveaux normalement de facon
automatique; et               de l'etat de base jusqu'a un premier niveau
des moyens de pompage (26) servant A          d'energie et A partir du
premier niveau d'energbe appliquerunee nergie d'excitation possedantune
jusqu'a un second niveau d'energie par absor- longueur d'onde et une
intensite appropriees       ption de NWtatexcitA. pour lever les ions A
partirdu niveau Inferieurde   5o production de I'effet laser pour maintenir
une in-  7. Laser selon la revendication 7, selon loquel le mi- version de
population entre les niveaux superieur  lieu eat un guide d'ondes A fibre
optique (2). et inferieur de production de l'effet laser, caracterise en ce
qua                     8. Laser selon la revendication 8, dans lequel le
gui- la longueur d'onde et l'intensite de l'ener-  6S  de d'ondes (2) eat
un verre a base de fluoro-zir- gie d'excitation conviennent egalement pour
ele-   conate et la substance dopante eat du ErP. ver lea ions des niveaux
de N'Wtat de base au ni- veau superieur de production de l'effet laser par
9.. Laser selon la revendication 9, dana lequel le gui- 6    11
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de d'ondes est une fibre ZBLAN dopee avec ap-     niveau d'6nergie jusqu'A
un second niveau proximativement 500 ppm/poids de Er3*.
d'6nergie au moyen d'une absorption d'etats ex- 



cites. 10. Laser selon la revendication 9 ou 10, dane lequel la longuour
d'onde de pompage est 6gale a envi-   5   14. Procede selon la
revendicatlon 13 ou 14, selon le- ron 801 nm.
quol le milieu est un guide d'ondes A fibre opti- que. 11. Laser selon
l'une quelconque des revendications prec6dentbs, dans loquel les moyens de
pompa-  15. Proc6d6 selon la revendication 15, selon lequel le ge (10) sont
un laser A semiconducteurs.  10      guide d'ondes comprend un verre en
fluorozirco- nate dop6 par du Err. 12. Procede pour amplifier un signal
optique, le pro- ced6 incluant l'tMape consistant A:            16. Proc6d6
selon la revendication 16, selon lequel le appliquer une 6nergie optique
pour rMali-   guide d'ondes estunefibre ZBLAN dop6e par en- ser le pompage
optique d'un milieu contenant  15  viron 500 ppm/poids Er3+. des ions laser
possbdant un niveau sup6rieur at un niveau inferleur de production de
l'effet laser,  17. Procedeselon l'une ou l'autre des revendications chaque
niveau etantsitu6 au-dessus des niveaux    16 A 17, selon loquel la
longueurdonde de l'ener- des etats de base des ions, lesquels niveaux su-
gie de pompage optique est egale A environ 800 perieur et inferleur de
protection de l'effet laser  20  nm. forment une transition laser so
terminant nonma- lement de fagon automatique, I'energie de pom-  18.
Procede selon l'une quelconque des revendica- page possedant une longueur
d'onde et une in-     tions 13 A 18, dane lequel l'energie de pompage
tbnsit appropriees a Ia fois pour Mlover lee Ions  optique oet delivr6e par
un laser A semiconduc- A partir du niveau infeineur de production de l'ef-
25  tours. fet laser pour maintenir une Inversion de popula- tion entre les
niveaux sup6rleur et inferieur de production de l'effet laser, elever les
ions A partir des niveaux d'6tat de base Jusqu'au niveau supe- riour de
production de l'effet laser par excitation   30 d'ions A partir des niveaux
d'6tat de base jusqu'a un premier niveau d'energie A partir du premier
niveau d'bnergbe jusqu'a un second niveau d'6nergie au moyen d'une
absorption d6tats ex- cIths.                                    35 13.
Procede de production d'6mission laser, le proce- de incluant l'6tape
consistant A appliquer une 6nergie optique pour r6allser Is pompage optique
d'ions de production de l'effet laser dans un mi-  40 lieu situ6 dans une
cavite raisonnable, les ions de production de l'effet laser poss6dant Is
niveau sup6rieur et le niveau inferleur de production de l'effet laser,
situ6s chacun au-dessus des ni- veaux d'etats de base des ions, lesquels
niveaux  45 superlour at inferieur de production de l'effet la- serforment
une transition laser s'arrftant norma- lement de fagon automatique,
I'energle de porn- page possedant une longueur d'onde et une in- tbnsite
appropri6es A la fois pour elever les ions  5o A partir du niveau inf6rieur
de production de l'ef- fet laser pour maintonir une inversion de popula-
tion entre les niveaux superieur et inferiour de production de l'effet
laser, Nlever les Ions A partir des niveaux d'etat de base jusqu'au niveau
sup6-  55 rieur de production de l'effet laser par excitation d'ions A
partir des niveaux d'etat de base Jusqu'A un premier nlveau d'6nergie A
partir du premier 7    


