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a first laser pumpable at a first wavelength and at a second wavelength at
which it exhibits sub- This invention relates to laser systems, and
stantially no excited state absorption; particularly to laser systems
comprising optical fi-  and a second laser pumpable at the first bre
amplifiers.                                5   wavelength whereby it is
caused to lase at the Single mode optical fibres doped with rare-  second
wavelength; the output of the second laser earth ions are known to exhibit
optical amplification  at the second wavelength, and the remnant pump in
useful regions of the spectrum when longitudi-  at the first wavelength
both being coupled to pump nally - pumped using light of a shorter
wavelength  the first laser. than that at which the fibres are caused to
lase.  10  Preferably, the first laser comprises a single This pump
wavelength corresponds to an atomic      mode optical fibre doped with rare
earth ions, for absorption of the dopant ion.                      example,
a silica based optical fibre doped with As is well known in the art, when a
laser is    erbium ions. There will therefore be no ESA at pumped with
light at the pump wavelength, the      pump wavelengths of around 650 nm
and 980 nm. ions in the laser are excited by the pump, and the   15  It has
a further absorption band at 800 nm. laser is caused to lase. Not all of
the pump light is  Preferably the second  laser comprises a converted to
the output light of the laser, the re-  fluorozirconate fibre doped with
Erbium ions and is mainder being known as the remnant pump. The
pumped by a GaA1As laser. The second laser may remnant pump is often
unusable, and so reduces    thus be pumped at around 800nm and caused to
the efficiency of the system.                 20  lase at around 980 nm. A
silica or multi component glass fibre doped      A further advantage of the
invention is that the with a few hundred parts per million of erbium ions
remnant pump is arranged to combine with the is known to show optical gain
at approximately     output of the second laser to pump the first laser.
1536 nm. Suitable absorption bands in which to     Thus the first laser may
be pumped at both around pump the amplifier occur at 540 nm, 650 nm, 800
25  980 nm and around 800 nm, thus increasing the nm and 980 nm. Some of
these pump bands are        efficiency of the system. more efficient than
others. This is due to the ex-    Alternatively, the second laser may be a
silica istance of parasitic excited state absorption (ESA)  based fibre
doped with at least two types of rare of pump photons at certain
wavelengths for exam-   earth ions. The ions may be neodymium and ytter-
ple, erbium in silica glass has no ESA at 650 nm   so  bium ions, and the
laser may be pumped at 800 and 980 nm, but has significant amounts at
around  nm.  Pump  photons  are  absorbed  by  the 800 nm. Much more
efficient performance results    neodymium ions and these excited ions then
trans- are achieved, therefore, using a pump wavelength   fer their energy
to the ytterbium ions via a non of 650 nm  or 980 nm, rather than a pump
radiative relaxation. This may lead to a population wavelength of 800 nm.
35  inversion between the two ytterbium ion levels, the Unfortunately,
there is a scarcity of pump la-  system lasing at 980 nm. sers available
which are capable of pumping in the    The invention will now be described
by way of 650 nm band. In addition, the 650 nm band is not   example only
with reference to the following draw- as quantum efficient as the 980 nm,
but there is  ings in which: also a shortage of radiation sources capable
of  40  Figure 1 is a schematic diagram  of a laser producing an output at
around 980 nm. As a result    system made in accordance with the invention;
optical fibre amplifiers are generally pumped at     Figure 2 shows the
energy levels of an erbium around 800 nm  by, for example, high-power
doped fluorozirconate fibre laser and an erbium GaAlAs laser diodes, even
though this pump band      doped silica based fibre laser. does not give
the most efficient performance re-  45  Figure 3 is a schematic diagram of
a silica sults.                                               based fibre
laser doped with neodymium and US-A-4589118 describes a method of optical
ytterbium ions. pumping of an erbium laser in which a flash lamp
Referring to Figure 1, an embodiment of laser generates  radiation  at
respectively  different  system  according to the present invention com-
wavelengths which side pump the erbium laser and   50  prises a first laser
1 which comprises a silica based a separate neodymium laser respectively,
the out-  optical fibre which has been doped with erbium put power from the
neodymium laser is supplied as  ions, and a second laser 2 which comprises
a an end pump to the erbium laser.                   fluorozirconate fibre
which has been doped with It is an object of the invention to provide a
erbium ions. A GaAIAs laser 3 is used to pump the laser system in which a
laser may be pumped at a   55  laser 2 at a first wavelength [err] of
800nm. This wavelength which has substantially no ESA.         causes the
laser 2 to lase at a second wavelength According to the present invention,
there is    X2 of 980nm. This output [err] together with the provided, a
laser system comprising;               remnant pump Xi is injected into a
laser 1 and 
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laser 1 to lase at an output [err] of           the second wavelength;
approximately 1540nm.                                       the output of
the second laser (2) at the In another example of the system of Figure 1,
second wavelength, and the remnant pump at laser 2 comprised an erbium
doped fluoride fibre       the first wavelength both being coupled to which
had a [err] core diameter and a numerical   5     pump the first laser (1).
aperture of 0.22. It was doped with 267 parts per million erbium ions, and
was 35cm long. It was a    2. A system according to claim 1 wherein the
first standard Fabry-Perot cavity with 95%  reflectors.       laser is a
single mode optical fibre doped with The pump 3 was an argon laser which
pumped the          rare-earth ions. laser 2 at 488 nm although pumping at
800 nm   10 would have produced better results. The laser 2     3. A system
according to claim 2 wherein the first operated at 988 nm wavelength. In
this example,         laser is a silica based optical fibre doped with
better results could be achieved by using a single      erbium ions. mode
fluoride fibre for laser 2. Referring to figure 2, the energy levels
involved   15  4. A system according to any of the preceding in the system
of figure 1 are illustrated. It can be    claims wherein the second laser
comprises a seen that laser 2 is pumped by pump 3 at 800 nm.
fluorozirconate based laser doped with erbium This excites the erbium ions
to the 41912 level. The    ions. ions then undergo a non-radiative decay to
the [err] level, and from there undergo a radiative   20  5. A system
according to Claim 4 wherein the transition to the [err] level producing
light at 980     second laser is a single mode fibre. nm. The output at 980
nm from this radiative decay is coupled with the pump remnant at 800nm to
6. A system according to claim 1, 2 or 3 wherein pump the laser 1 at both
980nm and 800nm. Non          the second laser is a silica based fibre
doped radiative decay occurs from both the [err] level and   25  with both
neodymium and ytterbium ions. the [err] level to the [err] level. From
there, radia- tive decay producing amplification of the pump
Patentansprfche input to around 1540 nm occurs to the 4115/2 level. An
advantage of the system is that wavelength    1. Lasersystem, das aufweist:
X2, when efficiently converted from wavelength Xi,  30  einen ersten Laser
(1), der bei einer ersten may provide improved gain coefficients (in terms
of     Wellenignge und bei einer zweiten Wellenlin- dB/mW) than would have
been otherwise obtained          ge pumpbar ist, bei denen dieser im
wesentli- by pumping laser 1 at solely wavelength [err]             chen
keine Absorption im angeregten Zustand The radiative transition of laser 2
can be seen      (ESA) zeigt; to be 4111[err] In other hosts, such as
silica,  35  und einen zweiten Laser (2), der bei der ersten this
transition may not be radiative, strong phonon     Wellenlrnge pumpbar ist,
wodurch dieser ver- coupling producing fast non-radiative decays from
anlalt wird, bei der zweiten Wellenldnge einen the [err] level to the [err]
level.                   Laserbetrieb auszuf~hren; Referring to Figure 3,
an alternative embodi-       wobei sowohl die Ausgabe des zweiten Lasers
ment of laser 2 is schematically illustrated. The   40  (2) bei der zweiten
Wellenlgnge als auch die laser 2 comprises a silica based fibre containing
Restpumpstrahlung bei der ersten Wellenlange both neodymium ions and
ytterbium ions. The laser       gekoppelt sind, um den ersten Laser (1) zu
2 is pumped at 800nm. Pump photons are ab-              pumpen. sorbed by
the neodymium ions, and these excited ions then transfer their energy to
the ytterbium ions   45  2. System nach Anspruch 1, wobei der erste La- via
a non radiative relaxation. A population inver-     ser eine optische
Ein-Moden-Faser ist, die mit sion is established between the two ytterbium
lev-      lonen der Seltenen Erden dotiert ist. els and the laser is caused
to lase. 3. System nach Anspruch 2, wobei der erste La- Claims
50       ser eine optische Faser basierend auf Silizium- oxid ist, die mit
Erbium-lonen dotiert ist. 1. A laser system comprising: a first laser (1)
pumpable at a first        4. System nach einem der vorhergehenden An-
wavelength and at a second wavelength at            sprache, wobei der
zweite Laser ein Laser 



which it exhibits substantially no excited state  55  basierend auf
Fluor-Zirkonat ist, der mit Erbi- absorption;
um-lonen dotiert ist. and a second laser (2) pumpable at the first
wavelength whereby it is caused to lase at 3    3                 EP 0 358
401 B1                     4  |l c            M causes the laser 1 to lase
at an output X3 of          the second wavelength; approximately 1540nm.
the output of the second laser (2) at the In another example of the system
of Figure 1,       second wavelength, and the remnant pump at laser 2
comprised an erbium doped fluoride fibre       the first wavelength both
being coupled to which had a [err] core diameter and a numerical   5
pump the first laser (1). aperture of 0.22. It was doped with 267 parts per
million erbium ions, and was 35cm long. It was a    2. A system according
to claim 1 wherein the first standard Fabry-Perot cavity with 95%
reflectors.      laser is a single mode optical fibre doped with The pump 3
was an argon laser which pumped the         rare-earth ions. laser 2 at 488
nm although pumping at 800 nm   10 would have produced better results. The
laser 2     3. A system according to claim 2 wherein the first operated at
988 nm wavelength. In this example,        laser is a silica based optical
fibre doped with better results could be achieved by using a single
erbium ions. mode fluoride fibre for laser 2. Referring to figure 2, the
energy levels involved   15  4. A system according to any of the preceding
in the system of figure 1 are illustrated. It can be   claims wherein the
second laser comprises a seen that laser 2 is pumped by pump 3 at 800 nm.
fluorozirconate based laser doped with erbium This excites the erbium ions
to the [err] level. The     ions. ions then undergo a non-radiative decay
to the [err] level, and from there undergo a radiative   20  5. A system
according to Claim 4 wherein the transition to the [err] level producing
light at 980   second laser is a single mode fibre. nm. The output at 980
nm from this radiative decay is coupled with the pump remnant at 800nm to
6. A system according to claim 1, 2 or 3 wherein pump the laser 1 at both
980nm and 800nm. Non          the second laser is a silica based fibre
doped radiative decay occurs from both the 419,2 level and   25  with both
neodymium and ytterbium ions. the [err] level to the 41a3/2 level. From
there, radia- tive decay producing amplification of the pump
PatentansprUche input to around 1540 nm occurs to the [err] level. An
advantage of the system is that wavelength   1. Lasersystem, das aufweist:
[err] when efficiently converted from wavelength [err]  30  einen ersten
Laser (1), der bei einer ersten may provide improved gain coefficients (in
terms of    Wellenlange und bei einer zweiten Wellenlan- dB/mW) than would
have been otherwise obtained         ge pumpbar ist, bei denen dieser im
wesentli- by pumping laser 1 at solely wavelength [err]            chen
keine Absorption im angeregten Zustand The radiative transition of laser 2
can be seen     (ESA) zeigt; to be 4111,[err]. In other hosts, such as
silica,  35  und einen zweiten Laser (2), der bei der ersten this
transition may not be radiative, strong phonon    Wellenlange pumpbar ist,
wodurch dieser ver- coupling producing fast non-radiative decays from
anlalt wird, bei der zweiten Wellenlange einen the 4111,2 level to the
[err] level.                  Laserbetrieb auszufuhren; Referring to Figure
3, an alternative embodi-       wobei sowohl die Ausgabe des zweiten Lasers
ment of laser 2 is schematically illustrated. The   40  (2) bei der zweiten
Welfenlange als auch die laser 2 comprises a silica based fibre containing
Restpumpstrahlung bei der ersten Wellenlange both neodymium ions and
ytterbium ions. The laser      gekoppelt sind, um den ersten Laser (1) zu 2
is pumped at 800nm. Pump photons are ab-             pumpen. sorbed by the
neodymium ions, and these excited ions then transfer their energy to the
ytterbium ions  45  2. System nach Anspruch 1, wobei der erste La- via a
non radiative relaxation. A population inver-    ser eine optische
Ein-Moden-Faser ist, die mit sion is established between the two ytterbium
lev-      lonen der Seltenen Erden dotiert ist. els and the laser is caused
to lase. 3. System nach Anspruch 2, wobei der erste La- Claims
50      ser eine optische Faser basierend auf Silizium- 



oxid ist, die mit Erbium-lonen dotiert ist. 1. A laser system comprising: a
first laser (1) pumpable at a first        4. System nach einem der
vorhergehenden An- wavelength and at a second wavelength at
sprUche, wobei der zweite Laser ein Laser which it exhibits substantially
no excited state  55  basierend auf Fluor-Zirkonat ist, der mit Erbi-
absorption;                                         um-lonen dotiert ist.
and a second laser (2) pumpable at the first wavelength whereby it is
caused.to lase at 3    5                 EP 0 358 401 B1
6 5. System  nach Anspruch 4, wobei der zweite Laser eine Ein-Moden-Faser
ist. 6. System nach Anspruch 1, 2 oder 3, wobei der zweite Laser eine Faser
basierend auf Silizium-   5 oxid ist, die mit sowohl Neodym- als auch mit
Ytterbium-lonen dotiert ist. Revendlications 10 1. Un systeme a laser
comprenant: un premier laser (1) pompable a une pre- mibre longueur d'onde
et a une deuxibme lon- gueur d'onde A laquelle il ne presente sensi-
blement aucune absorption a l'tat excit6;   1S et un deuxieme laser
pompable (2) a la premibre longueur d'onde, ce qui l'amene a produire un
effet laser a la deuxibme longueur d'onde; la sortie du deuxibme laser (2)
a la deuxib-  20 me longueur d'onde et la pompe restante a la premiere
longueur d'onde 6tant I'une et I'autre couplees afin de pomper le premier
laser (1). 2. Un systbme selon la revendication 1 dans le-  25 quel le
premier laser est une fibre optique monomode dopee a l'aide d'ions des
terres rares. 3. Un systbme selon la revendication 2 dans le-  3o quel le
premier laser est une fibre optique a base de silice dop6e A I'aide d'ions
d'erbium. 4. Un systeme selon l'une quelconque des reven- dications
precedentes dans lequel le deuxieme   35 laser comprend un laser a base de
fluorozirco- nate doped  I'aide d'ions d'erbium. 5. Un systeme selon la
revendication 4 dans le- quel le deuxieme laser est une fibre monomo-   40
de. 6. Un systeme selon la revendication 1, 2 ou 3 dans lequel le deuxibme
laser est une fibre a base de silice dop6e a la fois par des ions de   45
neodyme et d'ytterbium. so 55 4    


