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[err]  whereas we have measured the lifetime in flu- oroziroonate to be 1.1
me). This Invention relates to optical fibre amplifiers,  Preferably, the
pump means is a diode laser, in lasers and optical communications systems
inoorpor-  particular an AlGaAs laser. ating them. It relates particularly
to those based on   5  The invention also provides a laser comprising a
transitions associated with the [err] ion in a fluorozir-  resonant cavity
configured to resonate at the wave- conate optical fibre host.
length of the 3F4-3H6 transition and an optical ampli- A consequence of the
reduced phonon energies   fier within the resonant cavity, the optical
amplifier in fluorozirconate glass hosts, when compared with  being as
defined above. The resonant cavity may be silica based glasses, is that the
lifetimes of many of  10  defined by butting the ends of the fibre
amplifier the energy levels of rare earth Ions doped Into the ma-  against
dielectric mirrors, for example. trix are significantly increased. This
results In a great-  The invention further provides an optical commu- er
number of metastable levels capable of providing  nication system
comprising an optical fibre communi- an upper population reservoir for
laser emission. Cou-  cations network optically coupled into either an
opti- pled with the confinement over a long length and   15  cal amplifier
as defined above or a laser as defined good spatial overlap of the pump and
signal modes in  above. a waveguide geometry, this can lead to the realisa-
The invention further provides a method as de- tion of many new laser
sources in fibre form.      fined in claim 15 of amplifying an optical
signal, as Thulium is a particularly attractive dopant ion for  well as a
method as defined in claim 19 of generating use in a fibre laser since it
has a strong absorption   20  laser radiation. band centred at 790 nm, a
wavelength which is read-   Embodiments of the present invention will now
ilyavailablefromAiGaAs laserdlodes. Diode pumped   be described and their
principle of operation ex- [err]-doped fluorozirconate fibre lasers have
already  plained with reference to the accompanying drawings been reported
at 1.9pm (Carter J.N., Smart R.G..,  of which Hanna D.C. and Tropper A. C.:
"CW diode pumped   25   Figure 1 is a graph of the absorption loss and flu-
operation ofa [err]  thulium-doped fluorozirconate   orescence Intensity of
a [err] doped ZBLANP fibre laser", Electronics Letters, 1990,26, pp 599-601
optical fibre; and Allen R. and Esterowitz L. :"CW diode pumped 2.   Figure
2 is a partial energy level diagram for [err] [err] fiber laser",Appl.
Lett., 1989, 55, pp 721-722, re-  doped ZBLANP glass; spectively) and
laseremission has also been reported   30  Figure 3 is a graph of the
output power versus in- at 820 nm (Allain J.Y., Monerie M. and Poignant H.:
cident pump power at777 nm for 70% output cou- Tunable cw lasing around
0.82, 1.48, 1.88 and         pling at 803 nm; [err] in a thulium-doped
fluorozirconate fibre,      Figure 4 is a schematic diagram of an optical
Electronics Letters, 1989, 25, pp 1660-1662) on the   communications system
of the present invention [err] transition when pumped with a krypton ion
35  Incorporating an optical amplifier according to laser at 676.4 nm.
the present invention; and The present Invention provides an optical ampli-
Figure 5 Is a schematic diagram of a laser accord- fier comprising a
fluorozirconate optical fibre having  ing to the present Invention. its
core doped with [err] and pump means providing     Figure 1 shows both the
absorption loss and flu- optical pump power to raise the Tm3+ ions directly
to  40  orescence spectra over the range 740-850 nm corre- the upper Stark
levels of the 3F4 level.          sponding to transitions between the [err]
and [err] lev- The transition exploited by the pumping scheme  els where
the absorption measurements were taken of the present invention is the
3F4-3H6 transition which  in a bulk [err]  doped ZBLANP glass sample. The
fi- is of particular value as not only can it be pumped by  bre 50 (see
Figure 5) used In these experiments was diode lasers, but the gain also
falls within the wave-  45  of the standard ZBLANP composition, fabricated
by a length region of AlGaAs diode lasers. The prospect of  known casting
technique details of which are not in- high gain amplification and energy
storage (hence Q-  cluded here. Reference can be made, however, to an
switching capability) available at AlGaAs diode laser  article titled
"Progress in fluoride fibres for optical wavelengths suggest that this
transition may offer a  communications" by PW France, SF Carter, MW means
for greatly Increasing the versatility of diode   50   Moore and CR Day,
Electronics Letters, 1988,24, pp laser sources. The F4-3H6 transition is a
particularly  1222-1223. The fibre was doped with 1000 ppm by favourable
transition in ZBLANP glass, as the non-ra-  weight of thulium [ERR] ions
and had a core diameter diative, multiphonon decay rate out of the 3F4
level is  of [err] with a cut-off wavelength of [err] pumped at negligible
compared to the radiative rate, and further-  780 nm by a Ti:sapphIre laser
52. more the branching ratio of this transition dominates  55  The
absorption loss at the 790 nm peak is calcu- the other radiative rates at
[err] and [err]. By  lated to be 24 dB/m for the concentration in the
fibre. contrast, in fused silica non-radiative decay from the  The
fluorescence spectrum was obtained by pumping [err] level Is rapid
(typically giving a lifetime of less than  the fibre with light at 784 nm
(into the upper Stark lev- 2    
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Ti:sapphire laser, and observed In  optics 125 mW of power at 803 nm was
obtained. side light so as to avoid distortion by re-absorption.  The
scattering loss In the fibre was measured at Ions in the [err] level relax
almost totally radiatively with  1 [err] and around [err] to be a few dB/m
while the calculated branching to the [err] levels of  exact loss atthe
signal wavelength could not be easily 3%, 9% and 89% respectively. The
calculation is sim-   5   determined owing to the absorption at around 800
liar to that In Guery C., Adam J.L. and Lucas J: "Opt-  nm. The high
threshold may be an indication of a loss ical properties of [err] ions in
indium-based fluoride  in the cavity arising from eitherthe
intrinsicscattering glasse", J Luminescence, 1988, 42 pp 181-188, but  loss
of the fibre or high butt losses at the fibre/mirror carried out here with
parameters appropriate to   interfaces. ZBLANP glass. Decay giving rise to
photons at  io     This laser scheme is of particular Interest in that
around 800 nm is therefore the preferred route and  the excitation and
output wavelengths are both within the one exploited in this scheme.
the AlGaAs laser diode range. Combined with the re- For laseroperation a
standard Fabry-Perot cavity  cently demonstrated lasing a 850 nm when
pumped was formed by butting the cleaved ends 46,48 (see  by excited state
absorption of photons at 801 nm in Figure 5) of a 0.7 m long fibre 50 up to
two dielectric  15  [err] -doped ZBLANP fibres (Millar C.A., Brierley
mirrors 54, 56 and flooding the contacts with index  M.C., Hunt M.H. and
Carter S.F. 'Efficientup-conver- matching fluid 80. Pump light from a
tunable Ti:sap-  sion pumping at 810 nm of an erbium-doped fluoride phire
laser 62 was coupled into the fibre using a x10  fibre laser operating at
850 nm", submitted to Elec- microscope objective lens 64. The input mirror
54was  tronics Letters.), amplification is now available over highly
reflecting (>99%) at wavelengths greater than   20  a wide range of AlCaAs
diode laser wavelengths. The 805 nm, had a maximum transmission of 90% at
777  [err] transition in thulium can be expected to be nm, and a steep
transmission edge between 790 nm   highly efficient in a low loss fibre due
to the small and 800 nm (where transmission was 80% and 5% re-  Stokes
shift between pump and signal photons, the spectively). These figures are
quoted here for trans-  high pump quantum efficiency (since pumping Is di-
mission in air, and may be significantly degraded   25  rectly into the
upper laser level) and the good spatial when the mirror/fibre butt is in
Index matching fluid.  overlap between pump and signal modes. That, to-
Continuous laser emission was observed at 806 nm   getherwith the expected
high gain, suggest a number corresponding to the [err] transition. Lowest
of applications providing a more versatile source at threshold operation of
20 mW of pump power incident  800 nm than Is currently available with diode
lasers on the launch optics (and therefore an estimated 6   30  alone
Attractive schemes include exploiting the ener- mW launched into the single
mode fibre) was ach-   gy storage properties of the Fabry-Perot cavity to
ieved with a similar highly-reflecting mirror 56, on the  generate high
power Q-switched pulses by the inclu- output and with the pump laser 62
tuned to 777 nm  sion of an intracavity modulator, using an intracavity and
the peak transmission of the input mirror 54. Ex-  tuning element to
provide wavelength selection over citation was, therefore, into the high
energy side of the   35  the range 800-825 nm; providing high gain amplif
ica- 3F4 level, and emission from this level to the ground  tion of a low
powered pulsed diode sources; or con- [err] level, as shown in Figure 2.
version of a low brightness, single transverse mode With this configuration
of two highly-reflecting  output. This last possibility could be realised
either by mirrors 54,56 at the signal wavelength, foran incident  using a
double-clad fibre where pump light from the pump power of 650 mW, the
maximum output power  40  diode array is launched into the Inner-cladding
and is at 806 nm was 5 mW. However, when the output mir-  then coupled into
the doped core (made to be single ror 56 was changed for a mirror with a
shifted, but  mode atthe lasing wavelength) along the length of the
similarly sharp, transmission edge (so that the cavity  fibre. now had
feedback in air of 90%, 30% and 95% at the    A thulium doped fluoride
fibre pumped as descri- pump wavelength, 805 nm and 820 nm respectively)
45  bed above can also form the basis of afibre amplifier, laser emission
was observed continuous-wave at 803  an embodiment of which Is snown in the
schematic di- nm and also pulsed (self terminating) at 823 nm, with  agram
Figure 4. threshold pump powers of 80 mW and 95 mW respec-      In Figure 4
a [err] doped fluorozinconate fibre 2 tively. The self-terminating nature
of the 823 nm laser  is coupled by splices 4 and 6 to a silica based
optical emission underthese particular conditions was unex-  50  fibre 8
and to a port 10 of a silica-based optical fibre pected since this is a
three-level transition. It may be  coupler 12, respectively.The fibre 818
usion spliced to due to a number of processes, in particular the excit-  a
silica based optical communications systems fibre ed state absorption of
pump/signal photons on the  14. [err] transition. The variation of output
power at  Port 16of the coupler 12 isfusion spliced toasil- 803 nm with
pump power is shown in Figure 3. The  55  Ica-based optical communication
systems fibre 18. A slope efficiency is 5% with respect to incident pump
route Is thereby provided for an incoming signal which power (45% with
respect to launched power) and for  is to be amplified from the fibre 18,
though the cou- a maximum power of 900 mW incident on the launch   pier
12to thefibre amplifier2 and to the systems fibre 3    
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transmission of the amplified signal.    pump power is at 777 nm. The fibre
amplifier 2 is pumped by a semiconduo- tor diode 20 coupled to port 22 of
the couplers 12 op-  13. A laser as claimed in claim 10, and in which the
erating in the region of 780 nm.                       other mirror has a
reflectivity in air of about 90%, 5      30% and 95% at 777 nm, 805 nm and
820 nm re- spectively. Claims 14. An optical communication system
comprising an 1. An optical amplifier comprising a fluorozirconate
optical fibre communications network optically optical fibre (2; 50) having
Its core doped with  10  coupled into an optical amplifier as claimed In
[err] and pump means (20; 82) to provide optical    any one of claims I to
8 or into a laser as claimed pump power to raise the [err] ions directly to
the   in any one of claims 7 to 13. upper Stark levels of the [err] level.
15. A method of amplifying an optical signal with an 2. An optical
amplifier as claimed In claim 1, In  15  optical fibre amplifier, the
method comprising: which the pump means is a diode laser (20).
coupling the signal to be amplified into the optical fibre amplifier, which
comprises a fluorozircon- 3. An optical amplifier as claimed in claim 2, in
ate optical fibre doped with [err] ions; optically which the diode laser is
an AlGaAs laser.          pumping the optical fibre to raise the [err] ions
di- 20     rectly to the upper Stark levels of the [err] level; 4. An
optical amplifier as claimed In any one of       and providing optical gain
to the optical signal as claims I to 3, in which the material of the
optical  the result of a laser transition from the 3F4 level fibre Is such
that the non-radiative, multiphonon  to the [err] level. decay rate out. of
the [err] level is negligible com- pared to the radiative rate.
25   1  A method as In claim 15, wherein the material of the optical fibre
is such that the non-radiative, 5. An optical amplifier as claimed in claim
4, in      multiphonon decay rate out of the 3F4 level is neg- which the
optical fibre material is a ZBLANP com-  ligible compared to the radiative
rate. position. 30  17. Amethod as in daim 16 wherein the optical fibre 6.
An optical amplifier as claimed in any one of       material is a ZBLANP
composition. claims 1 to 5, in which the optical fibre is doped with about
1000 ppm weight of [err]             18. Amethod as in anyone of claims 15
to 17, where- in the optical fibre Is doped with about 1000ppm 7. A laser
comprising a resonant cavity defined by   35  weight of [err] reflection
means (54, 56) and configured to res- onate at the wavelength of the [err]
transition,  19. A method of generating laser radiation by optical- and an
optical amplifier within the resonant cav-  ly pumping a fluorozirconate
optical fibre doped ity, the optical amplifier being as claimed in any
with [err] ions and which is within an optical cav- one of claims I to 6.
40      ity defined by reflection means (54, 56), the opt- ical cavity
being configured to resonate at the wa- 8. Alaser as claimed in claim 7, In
which the reflec-  velength of the [err] transition, so that the tion means
comprise dielectric mirrors (54, 56).   [err] ions are raised directly to
the upper Stark levels of the 3F4 level, to produce a laser output 9. A
laser as claimed In claim 8, in which one of the   45  at the wavelength of
the [err] transition. mirrors has a reflectivity greaterthan 99% forwa-
velengths greater than 805 nm. Patontansprfche 10. A laser as claimed in
claim 9, in which said one mirror has a steep transmission edge between
50  1. OptischerVerstarker mit einer Fluorzirkonat ent- 790 nm and 800 nm
in air.                          haltenden optischen Faser (2; 50) mit
elnem mit Tm3 dotierten Kern und Pumpmitteln (20; 62), 11. A laser as
claimed in claim 9, in which both mir-  zum Vorsehen einer optischen
Pumpleistung, so rors have a reflectivity greater than 99% for wa-  daB die
Tm3+-lonen direkt zu den oberen Stark- velengths greater than 805 nm and a
steep trans-  55  Zustanden des 3F4-Niveaus gehoben werden. mission edge
between 790 nm and 800 nm In air. 2. Optischer Verstdrker nach Anspruch 1,
In dem 12. Alaseras claimed in claim 11 in which the optical  die
Pumpmlttel ein Diodenlaser (20) sind. 4    
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transmission of the amplified signal.    pump power is at 777 nm. The fibre
amplifier 2 is pumped by a semiconduc- tor diode 20 coupled to port 22 of
the couplers 12 op-  13. A laser as claimed In claim 10, and in which the
erating in the region of 780 nm.                       other mirror has a
reflectivity in air of about 90%, 5       30% and 95% at 777 nm, 805 nm and
820 nm re- spectively. Claims 14. An optical communication system
comprising an 1. An optical amplifier comprising a fluorozirconate
optical fibre communications network optically optical fibre (2; 50) having
its core doped with  io  coupled Into an optical amplifier as claimed in
[err] and pump means (20; 62) to provide optical      any one of claims I
to 6 or into a laser as claimed pump power to raise the [err] ions directly
to the   in any one of claims 7 to 13. upper Stark levels of the 3F4 level.
15. A method of amplifying an optical signal with an 2. An optical
amplifier as claimed in claim 1, In  15   optical fibre amplifier, the
method comprising: which the pump means is a diode laser (20).
coupling the signal to be amplified Into the optical fibre amplifier, which
comprises a fluorozircon- 3. An optical amplifier as claimed In claim 2, in
ate optical fibre doped with [err]; optically which the diode laser is an
AlGaAs laser.           pumping the optical fibre to raise the Tm3+ ions
di- 20      rectly to the upper Stark levels of the 3F4 level; 4. An
optical amplifier as claimed in any one of        and providing optical
gain to the optical signal as claims I to 3, in which the material of the
optical  the result of a laser transition from the 3F4 level fibre is such
that the non-radiative, multiphonon   to the [err] level. decay rate out of
the [err] level is negligible com- pared to the radiative rate.
25  16. A method as in claim 15, wherein the material of the optical fibre
Is such that the non-radiative, 5. An optical amplifier as claimed In claim
4, in      multiphonon decay rate out of the 3F41 level Is neg- which the
optical fibre material is a ZBLANP com-  ligible compared to the radiative
rate. position. 30   17. A method as in claim 16, wherein the optical fibre
6. An optical amplifier as claimed In any one of        material is a
ZBLANP composition. claims 1 to 5, In which the optical fibre is doped with
about 1000 ppm weight of [err]             18. A method as in any one of
claims 15 to 17, where- in the optical fibre is doped with about 1000ppm 7.
A laser comprising a resonant cavity defined by  35  weight of [err]
reflection means (54, 56) and configured to res- onate at the wavelength of
the [err] transition,  19. A method of generating laser radiation by
optical- and an optical amplifier within the resonant cav-  ly pumping a
fluorozirconate optical fibre doped ity, the optical amplifier being as
claimed in any  with [err] ions and which is within an optical cav- one of
claims I to 6.                       40      ity defined by reflection
means (54, 56), the opt- Ical cavity being configured to resonate at the
wa- 8. A laser as claimed in claim 7, in which the reflec-  velength of the
[err] transition, so that the tion means comprise dielectric mirrors (54,
56);    [err] ions are raised directly to the upper Stark levels of the 3F4
level, to produce a laser output 9. A laser as claimed in claim 8, in which
one of the   45  at the wavelength of the [err] transition. mirrors has a
reflectivity greaterthan 99% forwa- velengths greater than 805 nm.
Patentanspr0che 10. A laser as claimed in claim 9, in which said one mirror
has a steep transmission edge between   so  1. Optischer Verstarker mit
ener Fluorzirkonat ent- 790 nm and 800 nm In air.
haltenden optischen Faser (2; 50) mit einem mit Tm3 dotierten Kern und
Pumpmitteln (20; 82), 11. A laser as claimed in claim 9, in which both mir-
zum Vorsehen eaner optischen Pumpleistung, so rors have a reflectivity
greater than 99% for wa-   dall die Tm3+-lonen direkt zu den oberen Stark-
velengths greater than 805 nm and a steep trans-  55  Zustinden des
3F4-Niveaus gehoben warden. mission edge between 790 nm and 800 nm in air.
2. Optischer Verstarker nach Anspruch 1, In dem 12. Alaser as claimed in
claim 11, In which the optical  die Pumpmittel sin Diodenlaser (20) sind. 4
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Verstarker nach Anapruch 2, in dem      das mit einem Laser gekoppelt ist,
watcher wie in der Diodenlaser en AIGaAs-Laser ist.
irgendeinem der Ansprfche 7 bis 13 bean- sprucht, ausgebildet let 4.
Optischer Verstarker nach Irgendeinem der An- sprtiche I bis 3, in dem das
Material der opti-   5   1C. Verfahren zum Verstirken eines optischen Si-
schen Faser derart Ist, daB die nicht-Strahlungs  gnals mit einem
Verstarker, der optische Fasern Multiphonon-Abklingrato aus dam 3F4Niveau
aufwest, wobei das Verfahren folgende Schritto vernachllssaigbar let,
verglichen zu der Strah-   enthalt Koppeln des zu verstarkenden Signals in
lungsrate.                                        einem Verstirker, der
optische Fasern aufweist, 10     wobel der Verstarker eine Fluorzirkonat
enthal- 5. Optischer Verstarker nach Anspruch 4, in dam      tende optische
Faser aufwoist, die mit Tm3+-Io des Material der optischen Faser elne
ZBLANP-     nen dotlert let, optisches Pumpen der optischen Zusammensetzung
ist.                              Faserzum Anheben derTmr*-lonen direkt zu
den oberen Stark-Zustinden des 3FrNiveaus und 6. OptIscher Verstirker nach
irgendeinem der An-  15  Vorsehen einer optischen Verstarkung des opti-
sprflche I bis 5, in dem der optische Verstirker  schen Signals als das
Ergebnis eines Laserrlber- mit ungefahr 1000 Gewichts-ppm von Tmr3+ do-
gangs von dem 3F4-Niveau zu dem 3H rNiveau. tiert ist. 16. Verfahren nach
Anspruch 15, in dam das Material 7. Laser mit einem Resonanzhohlraum, der
durch  20   der optischen Faser derart ist, daS die nicht-
Reflektionsmittel (54, 56) gebildet ist und zum   Strahlungs
Multiphonon-Abklingrate aus dem Schwingen bei elner Wellenlinge des Fr3Hr
'F4-Nlveau vernachlassigbar ist, verglichen zu Obergangs konfigurlert ist,
und mit einem opti-   der Strahlungsrate. schen VerstArker innerhalb des
Resonanzhohl- raums, wobei der optische Verstirker wie in ir-  25  17.
Verfahren nachAnspruch 18, in dem das Material gendeinem der Ansprniche I
bis 6 beansprucht,     der  optischen   Faser  eine   ZBLANP- ausgebildet
ist.                                  Zusammensetzung 1st 8. Laser nach
Anspruch 7, in dem die Reflektion-  18. Verfahren nach irgendeinem der
AnsprOche 15 smittbl elektrische Splegel (54, 56) enthaltbn.  30  bis 17,
in dem die optische Faser mit ungefahr 1000 Gewichts-ppm von TmO dotiert
ist. 9. Laser nach Anspruch 8, in dem einer der Spiegel fOr Wellenlingen
gro~er als 805 nm ein Reflekt-  19. Verfahren zum Erzeugen von
Laserstrahlung lonsvermdgen grdler els 99% aufweist.             durch
optisches Pumpen aener Fluorzirkonat ant- 35      haltenden optischen
Faser, die mit Tnr-lonen 10. Laser nach Anspruch 9, in dem einer der
Spiegel  dotiert ist und welche innerhalb eines optischen eine steile
Obertragungsflanke zwischen 790 nm    Hohiraums angeordnet ist, der durch
Reflektion- und 800 nm in Luft aufweist.                      smittel (54,
56) gebildet let, wobel der optische Hohiraum derart aufgebaut ist, daS er
bei der 11. Laser nach Anspruch 9, in dem beide Spiegel ffr  40
Wellenlinge des 3FrS3HeObergangs schwingt, Wellenlangen grofer als 805 nm
ein Reflektlon-    so dae die Tm3r-lonen direkt zu den oberen sverm8gen
grdler ale 99% aufwebsen und sine       Stark-Zustinden des 3F4-Niveaus
gehoben war- steile Obertragungsflanke zwischen 790 nm und     den, zum
Verursachen eines Laserausgangs bei 800 nm in Luft aufweisen.
der Wellenlange des 3F473HrlObergangs. 45 12. Laser nach Anspruch 11, in
dem die optische Pumplelstung 777 nm betragt.
Revendicatlons 13. LasernachAnspruch 10, indemderandereSpie-     1.
Amplificateuroptique oomprenant une fibre opti- gel In Luftoin
Reflektionsverm8gen von ungefahr  5o  quo A fluozirconate (2, 50) ayant son
coeur dop6 90%, 30% und 95% bei 777 nm, 805 nm und 820       par du Tn3+ et
un moyen de pompe (20, 62) pour nm aufweist.
procurer une puissance de pompage optique de fagon a elever les Ions de
Tm3+ directement aux 14. Optisches Obertragungssystem mit einam opti-
niveaux de Stark sup6rieurs du niveau 3F4. sche Fasern enthaltenden
Obertragungsnetz-  ss werk, das optisch miteinem optischen Verstirker  2.
Amplificateur optique selon la revendication 1, gokoppelt let, wolcherwie
in irgendelnem derAn-   dens lequel le moyen de pompe est un laseri dlo-
sprOche I bis 6 beansprucht, ausgebildet ist oder  de (20). 5    9
EP 0 547 133 SI                 10   I I!III   111111 Nl Jiill    II li 3.
Amplificateur optique selon la revendication 2,   que des revendicatlons 7
A 13. 



dans lequel le laser a diode est un lasera AIGaAs. 15. Procede pour
amplifier un signal optique avec un 4. Ampllficateur optique solon I'une
quelconque      amplificatbur A fibre optique, le procede consis- des
revendicatlons 1 a 3, dans lequel le mat6riau   5  tant a: coupler le
signal A amplifier vers l'ampli- __     de la fibre optique eat tel quo le
taux de decrols-  ficateur A fibre optique qui comprend une fibre sancoe
non rayonnante de multiphonon hors du ni-  optique au fluozirconate dope
avec des ions de veau 3F4, est negligeable compare au taux de      Tm3+,
pompsr optiquement la fibre optique pour rayonnement.
elever les lons de Tmr+ directement aux niveaux 10     do Stark superisurs
du nlveau 3F4 et procurer un 5. Amplificateur optique selon la
revendication 4,   gain optique au signal optique en tantque rhsultat dans
lequel le materiau de fibre optique eat uno  d'une transition laser du
niveau 3F4 au niveau composition do ZBLANP.                            3H5.
6. Amplificateur optique solon l'une quelconque    5  16& Procedb solon la
revendication 15, dans lequel le des revendications I A 5, dans loquel la
fibre op-  materlau de la fibre optique est tel que le taux de tique est
dop6e avec environ 1 000 ppm en poids   decroissance non rayonnant de
multiphonon de TmT.                                           hors du
niveau 3F4 oat nhgligeable compare au taux rayonnant. 7. Laser comprenant
une cavite rssonnant dbfinie  20 par des moyensde reflexion (54, 56)
etconfigure  17. Procedeselon la revendication 16, dans lequel le de fagon
a resonner A la longueur donde de la     materlau de flbre optique est une
composition de transition de 3F4 a 3H6 et un amplificatour optique  ZBLANP.
A l'int6rieur de la cavit6 resonnante, I'ampllfica- tour optique etant tel
quo revendique selon l'une   25  18. Procede selon 'une quelconque des
revendica- quelconque des revendications I A 6.              tions 15 a 17,
dans lequel la fibre optique est do- p6e avec environ 1 000 ppm en poids de
Tm3*. 8. Laser solon la revendication 7, dans loquel les moyens de
r6flexion comprennent des miroirs    19. Procede de generation de
rayonnement laser par dielectriques 54, 56.                     30
pompage optique d'une fibre optique au fluozir- conato dope avec des ions
de Tm3+ et laquelle oet 9. Laser solon la revendication 8, dans lequel l'un
A l'interieur d'une cavite optique definie par des des miroirs a une
reflectivite supefieure a 99 %  moyens de reflexion (54, 56), la cavite
optique pour des longueurs d'onde superloures A 805 nm.   Mont configuree
de fagon A resonner A la lon- 35      guour d'onde de la transition do 3F4
A 3H6, de fa- 10. Laser selon la revendication 9, dans lequel ledit  gon a
ce que les ions de Tm3+ solent 6leves direo- un miroirdispose d'un front de
transmission raide  toment aux niveaux de Stark superieurs du ni- sntre 790
nm et 800 nm dana l'air.                veau 3F4 de fagon A produire une
sortle laser A la longueur d'onde do la transition de 3F4 a 3Ha. 11. Laser
solon la revendicatin 9, dana lequel les  40 deux miroirs ont une
reflectivite superleure A 99 % pour les longusurs d'onds superieures A 805
nm at un front do transmission raide entre 790 nm et 800 nm dane l'air. 45
12. Laser solon la revendication 11, dans loquel la puissance de pompage
optique oat A 777 nm. 13. Laser solon la revendication 10 et dans loquel
'autre miroira une reflectivite dans l'alrd'environ   6o 90 %, 30 % et 95 %
A 777 nm, 805 nm et 820 nm respectivement. 14. Systeme de communications
optiques compre- nant un reseau de communications A fibres opti-  55 ques
couple optiquement vers un amplificateur optique salon I'une quelconque des
revendica- tions 1 a 8 ou vers un laser solon l'une quelcon- 6    


