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(57) Abstract: This invention relates to the stabilization of a laser source used in optoelectronics, specifically a source comprising

a semiconductor laser diode (1). Such laser sources are often used as so-called pump lasers for fiber amplifiers in the field of optical
& communication, erbium-doped fiber amplifiers being a prominent example. Such lasers are usually designed to provide a narrow
& bandwidth optical radiation with a stable power output in a given frequency band. The present invention now concerns such a laser
source using external reflector means, preferably consisting of one or more appropriately designed fiber Bragg gratings (9), providing
O very high relative feedback with an extremely narrow bandwidth, combined with a very long external cavity encompassing about
100 modes or more and an extremely low front facet (2) reflectivity of the laser diode. This stabilizes the laser source extremely well
in its operation, without the need for an active temperature stabilizing element.
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DESCRIPTION

STABILIZED LASER SOURCE WITH VERY HIGH RELATIVE
FEEDBACK AND NARROW BANDWIDTH

Field of the Invention

This invention relates to the stabilization of a laser source, specifically a semi-
conductor laser diode of the type commonly used in opto-electronics, mostly
as so-called pump lasers for fiber amplifiers in the field of optical communica-
tion. Erbium-doped fiber amplifiers are a prominent example using such laser
diodes. Usually, such laser sources are designed to provide a relatively nar-
row-bandwidth optical radiation with a stable power output in a given fre-
quency band. In particular, the invention relates to a laser using external re-
flector means providing very high relative feedback with a narrower bandwidth
compared to conventional devices and in addition extremely low noise opera-
tion, even without an active temperature stabilizing element. Another advan-
tage of the invention is the reduction of spectral distortions, in the case that
polarization maintaining fiber is used. Such a laser source can also be used
in different applications like frequency doubling systems, where effectiveness
depends critically on a narrow spectral range and where noise requirements
are stringent.

Background and Prior Art
Semiconductor laser diodes of the type mentioned above have, for example,

become important components in the technology of optical communication,
particularly because such laser diodes can be used for amplifying optical sig-

CONFIRMATION COPY
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nals immediately by optical means. This allows the design of all-optical fiber
communication systems, avoiding complicated conversions of the signals to
be transmitted. The latter improves speed as well as reliability within such
communication systems.

In one kind of optical fiber communication systems, the laser diodes are used
for pumping erbium-doped fiber amplifiers, so-called EDFAs, which have been
described in various patents and publications known to the person skilled in
the art. An example of some technical significance is 980 nm lasers with a
power output of 100 mW or more, which wavelength matches the 980 nm er-
bium absorption line and thus achieves a low-noise amplification. InGaAs la-
ser diodes have been found to serve this purpose well and are used today in
significant numbers. However, the invention is not limited to InGaAs laser
diodes, but may also be used for other types as explained below.

Generally, laser diode pump sources used in fiber amplifier applications oper-
ate in the single transversal and vertical mode for efficient coupling into single-
mode fibers and are mostly multiple longitudinal mode lasers, i.e. Fabry-Perot
(FP) lasers. Three main types of laser diodes are typically used for erbium
amplifiers, corresponding to the absorption wavelengths of erbium: InGaAsP
and multiguantum-well InGaAs lasers are used at 1480 nm; strained quantum-
well InGaAs lasers at 980 nm; and GaAlAs lasers at 820 nm.

Some fiber amplifier configurations require a defined polarization state of the
light coming from the pump laser. Hence, depending on the application, pump
sources are build with a polarization maintaining fiber to serve this particular
requirement. Alternatively and less costly, a non-polarization maintaining fiber
may be used, with similar pump source performance. -
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One of the problems occurring when using semiconductor laser diodes for the
above purpose is their wavelength and power output instability which, though
small, still affects the amplification sufficiently that there is motivation to look
for a solution to the problem.

This problem is already addressed in US patent 5 563 732 by Erdogan et al,,
entitied "Laser Pumping of Erbium Amplifier", which describes the stabilization
of a pump laser of the type described above by use of a Bragg grating in front
of the laser diode. This grating provides an "external cavity" between the front
facet of the laser diode and the grating in addition to the "laser cavity" or "ac-
tive cavity" of the laser diode. The laser's emission spectrum is stabilized by
the reflection from the grating. The grating is formed inside the guided-mode
region of the optical fiber at a certain distance from the laser diode. Such a
fiber Bragg grating is a periodic (or aperiodic) structure of refractive index
variations in or near the guided-mode portion of the optical fiber, which varia-
tions are reflecting light of a certain wavelength propagating along the fiber.
The grating's peak-reflectivities and reflection bandwidths determine the
amount of light reflected back into the laser diode.

Ventrudo et al. US patent 5 715 263, entitled "Fibre-grating-stabilized Diode
Laser" describes an essentially similar approach for providing a stabilized la-
ser, showing a design in which the laser light is coupled to the fiber by focus-
sing it through a fiber lens. Again, a fiber Bragg grating is provided in the fi-
ber's guided mode portion, providing a significant external cavity and reflecting
part of the incoming light back through the lens to the laser. To be precise,
this lens will usually have a finite reflectivity and additional cavities are thus
formed between this reflector and other reflecting surfaces. However, these
reflections are considered as being negligible.



10

15

20

25

30

WO 2005/104316 PCT/IB2005/001096

Now, when positioning a fiber Bragg grating at a certain distance from the la-
ser diode's front facet and when the laser diode's gain peak is not too far from
the Bragg grating's center wavelength, it is understood that the laser diode is
forced to operate within the optical bandwidth of the grating and thus is wave-
length stabilized. Additionally, low-frequency power fluctuations seem to de-
crease by the effect of induced high-frequency multi-mode operation. In this
prior art, multiple modes of the "main" or dominant cavity, which is formed be-
tween the laser's front facet and its back facet, are generated within the wave-

length range defined by the fiber Bragg grating bandwidth. In the followihg,

these modes are referenced as "laser longitudinal modes".

Though the above stabilization methods are effective, they all use active tem-
perature stabilizing elements. None of the above prior art addresses solutions
for high power (i.e. > 100 mW) laser sources, capable of stable operation
without using an active temperature stabilizing element. Such cooling ele-
ments, commonly known as thermoelectric coolers (TEC), are usually at-
tached to the heatsink of the laser diode for maintaining the laser temperature
at a constant level. The need for TEC'’s contributes significantly to the com-
plexity and cost of a laser source.

Further unaddressed is a wavelength stabilization to a narrow bandwidth, i.e.
a bandwidth which can be substantially narrower then the wavelength separa-
tion between the laser longitudinal modes.

In a paper about fiber grating lasers (FGL) by Hashizume et al., entitled "Mode
Hopping Control and Lasing Wavelength Stabilization of Fiber Grating La-
sers", published in the Furukawa Review, No. 20, 2001, the authors describe
the use of a very low front facet reflectivity of a laser diode to reduce or elimi-
nate the so-called mode hopping of a laser source. The paper describes a
theoretical investigation of the mode hopping phenomenon, using a full-width-
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half-maximum (FWHM) bandwidth of the Bragg grating of 100 pm, and a re-
flectivity of the laser diode's front facet of 0.01%. The paper also addresses
the use of relatively large distances between the laser diode and the Bragg
grating, mentioning that a distance larger than 10 cm yields a tolerable wave-
length deviation of 0.1 nm. Two approaches to control the inherent mode
hopping are shown; both rely on very precise temperature control. But neither
the question of very low noise is addressed, nor are very large distances, e.g.
of 1 m and more, between the laser diode and the Bragg grating discussed.

The apblication of grating stabilized laser diodes for frequency doubling is de-
scribed in a paper by Kozlovsky et al., entitled "Blue Light Generation by
Resonator-enhanced Frequency Doubling of an Extended-cavity Diode La-
ser", published in Applied Physics Letters, 1994. A diffraction grating is used
to force an extended cavity laser into a single-longitudinal mode oscillation. A
phase-matching bandwidth of 0.05 nm or less is described as being essential
for efficient frequency doubling with commonly used second-harmonic-
generation materials, such as potassium niobate. Again, careful tuning by
temperature and other means appears necessary to maintain the required
single mode operation, which is a prerequisite for this setup.

A less known and undiscussed problem is that of spectral distortions which
may occur when a polarization-maintaining fiber is used for typical laser-
grating configurations in fiber amplifier systems. Details are explained further
below.

The main object of this invention is to devise a reliable laser source which
emits light in an emission spectrum significantly smaller than the longitudinal
laser mode separation and, at the same time, does not exhibit spectral distor-
tions in polarization-maintaining fibers, and further yields substantially reduced
mode-hopping noise.
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Contrary to the known pump laser stabilization schemes as described in ear-
lier patent applications EP 1 087 479 and GB 303271.1, incorporated herein
by reference, the present invention uses a dominant, very long cavity together
with a narrow grating reflector bandwidth which arrangement ieads to a de-
sired distribution of the modes. This long cavity is formed between the grating
reflector and the laser back facet, whereby the reflectivities of the reflectors in-
between are considered to be very small and thus negligible.

However, slight residual reflections act as small pertubations to the dominant
mode field, influencing - and sometimes deteriorating - the performance of
the laser source. In particular, residual reflections from the fiber lens add to
reflections from the front-facet coating of the laser chip. The fiber-tip reflectiv-
ity can be taken into account by defining a modified front-facet reflectivity, R,
in which the combined effect of both reflectors is incorporated. In the follow-
ing, with respect to this invention the term front-facet reflectivity or Rr denotes
the combined front-facet reflectivity as defined here.

A further object is to provide a stable output without the need for an active
temperature stabilizing element, especially for pump lasers in optical fiber
communication systems.

A specific object is to avoid the above-mentioned detrimental mode hopping
noise and spectral distortions in high power laser sources, i.e. laser sources
with output powers of more than 100 mW, and still provide a stable output of
such high power laser sources.

A further specific object is to provide an efficient laser source with an emission
bandwidth of preferably less than 0.05 nm, without compromising low noise
performance, i.e. for optimum phase matching in frequency doubling systems.
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A further object is to allow maximum flexibility for choosing the laser source's
parameters without running into stability problems.

A still further object is to avoid any further complexity and keep the number of
additional components of the laser source within a laser pumped optical ampli-
fier to a minimum.

Summary of the Invention

To achieve the above objects, i.e. to obtain a stabilized laser pump source for
applications requiring a narrow bandwidth, the present invention provides a
novel laser source with at least one main external reflector providing a very
long cavity and establishing a very high relative feedback, whereby this reflec-
tor has an extremely narrow reflectivity bandwidth at a given operating wave-
length.

All additional reflectors in the path of the long cavity between the laser back
facet and the main reflector are chosen to be as small as possible, e.g. the
anti-reflection coatings on the laser diode and the fiber lens. The reflectivity of
the main reflector is optimized by design for achieving a very high relative
feedback.

In particular, the reflectivity bandwidth of the reflector, defined by the full-
width-half-maximum (FWHM) bandwidth, is designed to be no greater than
about 100 pm, preferably no greater than 50 pm.

Further, the long cavity is in the range of more than 0.5 m, preferably 2 m, so
that in the order of 100 modes fit into the cavity at the operating wavelength.
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Even further, a (combined) front-facet reflectivity of less than 0.5 %, a diode-
to-fiber coupling efficiency of about 75 %, and a relative feedback higher than
1, preferably higher than 30, are typical for a design according to the inven-

tion.

Also, such a desigh may allow the laser source to operate within the laser di-
ode's locking range without the need for an active temperature stabilizing ele-

ment.

In a preferred embodiment of the invention, the external reflector is a fiber
Bragg grating having a uniform reflection characteristic, said grating being in-
tegrated in the optical fiber used for guiding the laser beam. This simplifies
the manufacture and avoids the need for extra parts or components. Alterna-
tively, other types of reflectors can be used, e.g. discrete optical interference
filters.

In another embodiment of the invention, the shape of the reflection character-
istic of the fiber Bragg grating can be linear, flat-top, or the shape resulting
from a chirped and/or apodized filter design. This has the advantage of addi-
tional design flexibility. Moreover, an apodized grating may avoid lasing at a
side-band maximum of the reflection characteristic instead of lasing at the
Bragg wavelength.

In yet another embodiment, an electronic dither imposed by modulating the
laser diode's injection current can be applied in addition and with respect to all
previously mentioned embodiments. This would result in the advantage of
further improved power stability.
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Brief Description of the Drawings

Preferred embodiments of the invention are described below with reference to

the following schematic drawings. The drawings are provided to illustrate the

invention and are not necessarily to scale.

Fig. 1

Fig. 2

Figs. 3a, 3b

Figs. 4a, 4b

Figs. 5a, 5b

shows a schematic illustration of a stabilized laser source with
a laser diode and a fiber guide with integrated Bragg grating;

represents schematically the reflection spectrum of a fiber
Bragg grating reflector with multiple modes of the long cavity;

shows a spectrum with distortions for fiber grating bandwidth
wider than 1 nm (3a), and a spectrum with eliminated distor-
tions for an FBG bandwidth of 20 pm (3b), using a polariza-
tion-maintaining fiber;

show graphs of the typical sawtooth-like power vs. current
curve for a laser source with still excessive combined reflectiv-
ity of the anti-reflection coatings on laser diode's front facet
and fiber lens; and

show graphs of the improved, smoother power vs. current
curve for a laser source with substantially reduced distortions
resuting from other reflectors than the laser diode’s back facet

and main reflector.
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Detailed Description

Fig. 1 shows the basic layout of a first and preferred embodiment according to
the invention. A semiconductor laser diode 1, e.g. a high-power laser diode
operating at a wavelength of approximately 980 nm, generates a laser beam 4
that is emitted predominantly from the front facet 2. At the back facet 3 with a
reflectivity Ry, a low intensity laser light beam 5 with a power Py, is also emit-
ted, which beam is detected by a monitoring photodiode 6. As known in the
art, the monitoring photodiode 6 converts the received light to a back facet
monitoring (BFM) current for controlling the laser diode's injection current in a
feed-back loop.

The laser beam 4 exiting the laser diode's front facet 2 is coupled into a suit-
able guide means 8, preferably an optical fiber, via a fiber lens 7 which fo-
cuses the laser beam 4 into the input end of the optical fiber 8. Within the fi-
ber 8, an optical reflector 9, e.g. a fiber Bragg grating (FBG), is provided. The
FBG may be fabricated by exposure to UV radiation having a periodic intensity
along a piece of the optical fiber, as described e.g. by Raman Kashyap in “Fi-
ber Bragg Gratings”, Academic Press, 1999. A stabilized fiber exit beam 10
leaves the optical fiber 8 and is fed into a fiber amplifier, e.g. an erbium-doped
fiber amplifier, or, into a device for second-harmonic-generation, not shown
here.

In the following, the operation principle of a stabilized laser source using an
external reflector, e.g. an FBG, is presented. As mentioned above, in a high-
power semiconductor laser diode, the back facet 3 is coated with a highly re-
flective filter having a reflectivity Ry, at the design wavelength, whereas the
front facet 2 is coated with a low-reflectivity filter in the form of an anti-
reflection coating, having a reflectivity Rs at the design wavelength. However,
most of the laser light is emitted from the front facet 2 and is coupled into the
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optical fiber 8 via the fiber lens 7. The power coupling efficiency nc defines
the proportion of light coupled into the optical fiber. Typical values of ap-
proximately 0.7 are achieved with mass production means, whereas a value of
up to 0.9 may be achieved in a controlled laboratory environment. The laser
light further propagates within the optical fiber towards the FBG which has a
reflectivity Rrsg at the design wavelength. The partial reflection of the laser
light by the FBG into the laser diode thus creates feedback.

The feedback strength, also called the relative feedback reg, can be defined
as

B = 7]02 RFBG (1 -RF)Z/ Rr z'ﬂoz RFBG/ Re for RF<<1,

which reduces approximately to the ratio of the FBG’s reflectivity (including the
power coupling efficiency squared) and the laser’s front facet reflectivity Rr if
the latter is much smaller than one. The term nc® may be considered a con-

stant k for a given arrangement and defined materials.

According to the invention, a laser source with a Rr of the laser diode's front
facet 2 lower than 0.1 % is wavelength-stabilized by an FBG or other external
reflector with a very narrow bandwidth. The reflectivity of this external reflec-
tor is Regg. Further, the distance between the laser diode's back facet 3 and
the external reflector 9, e.g. an FBG, is very large, much larger than 10 cm,
and tailored in such a way that multiple modes of the main cavity formed be-
tween reflectors 3 and 9, fit into this bandwidth as shown in Fig. 2.

Fig. 2 shows schematically the formation of the desired multimode band spec-
trum, consisting of external cavity modes selected by the envelope function
provided by the external reflector 9, e.g. an FBG, with a very narrow band-
width. Other unwanted spectral components, resulting from cavities formed
between other reflectors are not shown.
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With a very high reflector reflectivity Rrea, as compared to the reflectivity Rr of
the laser diode's front facet 2, the modes of the "very long cavity" between the
external reflector 9 and the back facet 3 of the laser diode 1 become dominant
over the modes within the laser diode's cavity, i.e. between the laser diode's
front facet 2 and its back facet 3. This differentiates the design according to
the present invention from known EDFA-pump-laser stabilization schemes as
disclosed in EP 1 087 479 and GB 303271.1, assigned to the assignee of the
present invention.

Reflections from the laser diode's front facet coating might still generate a
weak laser longitudinal mode field, which then produces unwanted distortions
to the mode field generated by the very long cavity. However, with proper
choice of the applicable parameters, the distortions may be averaged out by
the multi-mode nature of the very long cavity and mode-hopping noise is suc-
cessfully suppressed, at least in a frequency range relevant to the discussed
applications (< 2 MHz). Of particular importance in the preferred embodiment
is the reduction of the laser front reflectivity to below 0.1 % and that a long
external cavity of 2 m enables the onset of more than 100 (long cavity) modes
within a small FBG bandwidth of 20 pm. This is a clear improvement also
over any so-called fiber grating laser systems (FGL systems), as described in
the Furukawa paper mentioned above, as well as over any other single mode
selection scheme.

Further, using a polarization maintaining (PM) fiber in typical pump laser grat-
ing configurations, i.e. configurations wherein the FBG usually has a typical
bandwidth of 1 nm, can introduce spectral distortions. Here an alignment of
the fiber axes relative to transverse-electric-polarized (TE-polarized) laser
output with a precision of the order of 5° is necessary to obtain a well-defined
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and stable spectrum. If the fiber axes are misaligned, spectral distortions, in
the sense of spectral holes, and instabilities can occur.

Fig. 3a shows an example of such a spectrum, when a grating bandwidth
wider than 1 nm is used. The spectrum shows multiple peaks, and, moreover,
its shape can vary with changing external conditions and time. The shape of
this spectrum can be explained by the fast variation of the effective feedback
with wavelength, the reason of which is the built-in high birefringence of a po-
larization-maintaining fiber. In a typical fiber of this type, a phase variation on
the order of m occurs within a wavelength interval of 0.5 nm if the FBG is sepa-
rated by 2 m from the laser. The effective feedback varies with the same pe-
riodicity. Since modes having a phase shift close to a multiple of x (0, =, 2,
3w, ..) experience a higher effective feedback than modes having a phase shift
close to w/2, 3x/2, 51/2, ..., the former will oscillate preferentially, whereas the
latter will be suppressed despite the fact that their wavelength is located within
the reflection band of the FBG. Such spectral distortion can be eliminated by
using FBGs of narrow bandwidth, much smaller than the wavelength interval
required to acquire a x phase shift in the fiber.

In Fig. 3b, the spectrum of the same device as in Fig. 3a is shown, however
now stabilized by an FBG having a bandwidth of less than 0.05 nm. This
spectrum is stable in shape and time. Therefore, the use of such narrow
bandwidth FBGs is an advantage whenever the FBG is written into a polariza-
tion-maintaining fiber, as the tolerances for the alignment of the axes can be
relaxed to 15-20°.

To avoid any confusion, it should be noted that the observed phenomenon is
not related to commonly known polarization noise or birefringence noise is-
sues.
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According to the invention, these spectral distortions can be eliminated by us-
ing a reflector 9, e.g. an FBG, with an FWHM bandwidth being small com-
pared to the period of the modulated feedback. In other words, with an
FWHM bandwidth of 0.1 nm or less, the spectral instabilities can be substan-
tially eliminated.

In addition, such a narrow bandwidih of the reflector 9 allows for a higher den-
sity of pump wavelengths in pump multiplexing schemes, and also is an ad-

vantage in frequency doubling applications.

Typical parameters for a fabricated structure according to the invention are:
« 20 pm for the grating FWHM bandwidth;
« 2 m Bragg grating distance, which means that about 100 modes fit into
the external cavity into a grating bandwidth of 20 pm;
« < 0.1% reflectivity Rr of the laser front facet coating;
« arelative feedback of 10, at least higher than 1;
« 75 % typical laser diode-to-fiber coupling efficiency.

Two devices have been investigated with the parameters above. A noise re-
duction from 0.15 dB to less than 0.035 dB was achieved at a measurement
bandwidth of less than 2 MHz, as can be seen from the Figs. 4a, 4b and 5a,

5b, described in the following.

The noise, commonly specified for pump lasers as power variation (Pvar in

dB) is defined as B, = —10log( Pav —(I;“*‘X wp"““)) at a temperature and fixed
AV

drive current. The measurement is done in the frequency range of less than

2 MHz over a sampling time of 5 seconds, during which the maximum, mini-

mum, and average powers denoted as Pmax, Pmin and Pay, respectively, are

recorded. This procedure is repeated for each operating current step.
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Figs. 4a/b shows a rippled power-versus-current curve of a device which ex-
hibits strong mode hopping effects, similar to those in the Furukawa paper.
Strong noise spikes can be seen in Fig. 4b. The sawtooth-shaped power-
versus-current curve is produced by unwanted longitudinal laser cavity modes
cycling through the FBG envelope with increasing current, revealing that the
lasers front facet reflectivity is still higher than 0.1 %.

Figs. 5a/b demonstrate the improvement obtained with laser front facet reflec-
tivities lower than 0.1 %. A much smoother power-versus-current curve is
seen in Fig. 5a. Fig. 5b reveals that mode hopping noise is substantially sup-
pressed with considerably reduced ripples present in the power-versus-current

characteristic.

Some modifications of the above described embodiments may be adopted
from the devices described in earlier patent applications EP 1 087 479 and GB
303271.1, mentioned above and incorporated herein by reference. One use-
ful modification is to employ an apodized grating, as already mentioned

above.

A further meaningful modification is to provide a plurality of gratings, of which
at least one should be integrated within the guide means. This has the advan-
tage of further reduced low-frequency power fluctuations, as described in pat-
ent application WO 01/22544 Af.

If a predetermined filter function is required, the grating or gratings may be
structured to exhibit the required or useful non-uniform reflection characteris-
tic. Thus, if filter functions of flat-top shape or linear shape are beneficial for
specific applications, these may be generated by appropriately modifying the
grating or gratings, as described in EP 1 087 479.
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Similarly, the grating may be executed as a chirped grating resulting in a pre-
selected chirped filter function shape, as mentioned above.

Where suppressed side-band maxima, e.g. for non-temperature stabilized op-
eration, are required, the grating may be structured as apodized grating result-
ing in the required filter function. The performance improvement with apo-
dized gratings are described in EP 1 087 479.

Naturally, several of the functional modifications of the grating or gratings may
be combined so that, e.g. at least one of the gratings may be chirped and
apodized, resulting in a preselected chirped filter function shape with sup-
pressed side-band maxima.

A different modification is the use of an electronic dither, preferably generated
by superimposing a suitably dithered current on the injection current of the
laser diode. Such a dither generally improves the power stability of the laser
source.

Particularly preferred for the laser source according to the invention is the
well-known InGaAs quantum well laser diode.

The person skilled in the art may further include means for directing the laser
beam into an optical fiber, in particular beam collimating or focusing means
attached to or integrated into said optical fiber. A preferred use of a laser
source according to the invention is - as already mentioned - in EDFA ap-
plications. In this application, the narrower bandwidth, compared to state-of-
the-art designs, allows for a higher density for pump wavelength multiplexing
to provide more power to the EDFA, and at the same time yields improved
power stability.
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Another use of a laser source according to the invention is in frequency dou-
bling devices. Such devices, however of a different design, are described in
the above-mentioned Kozlovsky paper "Blue Light Generation by Resonator-
enhanced Frequency Doubling of an Extended-cavity Diode Laser".

In such a device according to the present invention, the generated radiation is
fed into an independently controlied cavity with a second harmonic generation
(SHG) crystal. Such nonlinear materials have a narrow acceptance band-
width, which suits the narrow bandwidth generated by the invented laser
source. Thus, the narrow-bandwidth laser source according to the invention,
together with an SHG crystal, may be used as a robust replacement of air-
cooled argon-ion lasers at 488 nm for biomedical applications. As well known
to the person skilled in the art, such argon-ion lasers are bulky devices, con-
sume substantial amounts of power, and have a typical lifetime of only about
5000 hours, so that a blue laser source according to the invention compares
very favourably. In addition, it appears easier to satisfy the stringent noise
requirements usually connected with biomedical applications like DNA se-
guencing and cytometry.

In principle, any of the various embodiments described above will look similar
or even identical to the schematic structure shown in Fig. 1, and a person
skilled in the art should have no problem to determine and vary the technical
details, in particular the spatial arrangement. As clearly described, the impor-
tant aspects of the invention are the unusual selection of various dimensions
contrary to the state-of-the-art. These unusual dimensions provide the de-
sired improved function of the present invention.
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CLAIMS

1.

A high power laser source for generating a stable multimode exit beam at

a desired wavelength, said laser source comprising a laser diode and guide

means for conducting a laser beam, said laser diode including a low reflectiv-

ity front facet and a high reflectivity back facet, and said guide means includ-

ing at least one external reflector, wherein

2.

said external reflector forms a dominant long cavity with said back facet of
said laser diode,
said external reflector has a very narrow bandwidth defined by the full-
width-half-maximum (FWHM) bandwidth and a peak reflectivity Rrea
centered at the desired wavelength of said exit beam,
said long cavity is of sufficient length to encompass several tens of
modes at said desired wavelength,
said front facet has a reflectivity Rr smaller than said reflectivity Rrsg and
said reflectivities Rrsg and R being selected to achieve a predetermined
relative feedback

res = N° * Rraa / Rr,

n being the coupling efficiency to said guide means.

The laser source according to claim 1, wherein

the full-width-half-maximum (FWHM) bandwidth of the external reflector is less

than 0.1 nm, preferably less than 50 pm.

3.

The laser source according to claim 1, wherein

the relative feedback rrs is higher than 1, preferably higher than 10.

4.

The laser source according to claim 1, wherein

the long cavity has a length of at least 0.5 m, preferably about 2 m.
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5. The laser source according to claim 1, wherein
the reflectivity Rr of the laser's front facet is equal or less than 0.5%.

6. The laser source according to claim 1, wherein
the factor n, the coupling efficiency, is between about 0.5 and 0.9, preferably
between about 0.65 and 0.85.

7. The laser source according to one of the preceding claims, wherein

the laser source is uncooled.

8. The laser source according to one of the preceding claims, wherein
the guide means includes a waveguide consisting of or comprising silicon ni-
tride (SisNy), silica (SiO,), or silicon (Si).

9. The laser source according to one of the preceding claims, wherein
the external reflector is a grating, in particular a fiber Bragg grating, integrated

within the guide means.

10. The laser source according to claim 9, wherein
the grating is an apodized grating.

11. The laser source according to claim 9, wherein
two or more gratings are provided, at least one of them integrated within the
guide means.

12. The laser source according to claim 9, wherein

the grating exhibits a non-uniform reflection characteristic resulting in a
predetermined filter function, in particular a filter function with a linear shape or
a flat-top shape.
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13. The laser source according to claim 9, wherein
the grating is a chirped grating resulting in a preselected chirped filter function

shape.

14. The laser source according to claim 9, wherein
the grating is an apodized grating resulting in a filter function with suppressed

side-band maxima.

15. The laser source according to claim 11, wherein
at least one of the gratings is a chirped and apodized grating resulting in a
preselected chirped filter function with suppressed side-band maxima.

16. The laser source according to claim 1, wherein
an electronic dither is superimposed on an injection current of the laser diode
for improving the power stability of the laser exit beam.

17. The laser source according to claim 1, wherein
the laser is a semiconductor diode laser, in particular an InGaAs quantum well
diode laser.

18. The laser source according to claim 1, wherein
the laser guide means comprises a polarization-maintaining or a non-
polarization-maintaining optical fiber.

19. The laser source according to claim 1, wherein

the guide means includes means for directing the laser beam into an optical
fiber, in particular beam collimating or focusing means attached to or‘inte-
grated into said optical fiber.
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20. Use of a laser source according to any of the preceding claims as
pump laser for a fiber amplifier, in particular an erbium-doped fiber amplifier.

21. Use of a laser source according to any of the preceding claims for a
frequency doubling system, in particular a blue laser system.

22. A fiber amplifier for optical communication purposes, in particular an er-
bium-doped fiber amplifier, including
a laser source as pump laser according to at least one of the claims 1 to 19.

23. A blue laser system with a frequency doubling arrangement, including
a laser source according to at least one of the claims 1 to 19.
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