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Description

[0001] The present invention relates to applications of
frequency converted diode laser systems. In particular
the present invention relates to high power tunable, low-
noise, frequency converted diode laser systems. The in-
vention further relates to different applications, including
but not limited to, such as use of a frequency converted
diode laser system for optical pumping of gain medium
in solid state laser oscillators and amplifiers and, spec-
troscopy applications.

BACKGROUND OF THE INVENTION

[0002] Diode lasers output radiation at one frequency
or frequency interval, further the diode laser may emit
radiation at a further frequency or frequency interval, but
that frequency, frequencies or frequency interval may not
be the desired frequency interval. Therefore there is a
need for providing a system that allow the emitted radi-
ation to be transformed to the desired frequency or fre-
quency interval. The term frequency and wavelength may
be interchanged throughout the description using the
physical relation between frequency and wavelength.
[0003] Related system and method are described in
publications such as US 5,644,584 wherein a laser sys-
tem comprising a distributed Bragg reflector or distributed
feedback tunable diode laser coupled to a quasi-phase-
matched waveguide of optically nonlinear material is dis-
closed.
[0004] OLE JENSEN ET AL: "1.5 W green light gen-
eration by single-pass second harmonic generation of a
single-frequency tapered diode laser.", OPTICS EX-
PRESS, vol. 17, no. 8, 1 April 2009 (2009-04-01), pages
6532-6539, discloses a method in accordance with the
preamble of claim 1.
[0005] US 5 218 609 A discloses a method of optically
pumping a target laser in a laser system. The laser sys-
tem of this patent document comprises a diode laser
source providing radiation at a first frequency, the diode
laser source being optically connected to an input of a
frequency converter, the frequency converter configured
to convert the radiation at the first frequency to a second,
different frequency, the target laser arranged in optical
communication with an output of the frequency converter,
the method comprising the steps of emitting radiation
(e.g. 970 nm) from the diode laser source, receiving the
radiation (e.g. 970 nm) at the frequency converter, con-
verting the radiation from the first frequency (e.g. 970
nm) to the second frequency (e.g. 485 nm) in the fre-
quency converter, and providing the radiation at the sec-
ond frequency (e.g. 485 nm) at the target laser so that
the target laser is optically pumped.
[0006] In general the output from a laser system may
have many uses, e.g. as light source in a measuring sys-
tem, a system for generating short optical pulses etc.
Present systems have several drawbacks, such as high
complexity which may result in high maintenance and

high cost.
[0007] Hence, an improved laser system would be ad-
vantageous, and in particular a more efficient laser sys-
tem which is easily cooled would be advantageous. Fur-
ther it would be advantageous to provide a laser system
having low intensity noise, as this noise type is particu-
larly disadvantageous.

OBJECT OF THE INVENTION

[0008] It is an object of the present invention to provide
a laser system having low noise properties. Especially it
is an object to provide a laser system having low intensity
noise properties. It is a further object of the present in-
vention to provide a laser system having a tuneable
wavelength. It is still a further object of the present inven-
tion to provide an alternative to the prior art.
[0009] In particular, it may be seen as an object of the
present invention to provide a laser system that solves
the above mentioned problems of the prior art.

SUMMARY OF THE INVENTION

[0010] Thus, the above described object and several
other objects are intended to be obtained in a first aspect
of the invention by providing a method for reducing in-
tensity noise of a laser apparatus as defined in claim 1.
The apparatus comprises a wavelength-stabilized ta-
pered diode laser providing radiation in a first wavelength
interval and a radiation conversion unit having an input
and an output, wherein the first wavelength interval in-
cludes near-infrared radiation, the radiation converter
configured to receive the radiation in the first wavelength
interval from the diode laser at the input, the radiation
conversion unit configured to convert the radiation in the
first wavelength interval to radiation in a second wave-
length interval and the output configured to output the
converted radiation, the second wavelength interval hav-
ing one end point outside the first wavelength interval,
and wherein the noise properties of the diode laser is
reduced by actively controlling the injection current.
[0011] It is advantageous that the noise properties of
the diode laser may be reduced by actively controlling
the injection current, e.g. optimizing the intensity noise
properties of the laser by actively controlling the supplied
current to the diode laser.
[0012] Noise may arise from several sources. Intensity
noise in a laser system occurs due to variations in the
lasers effect, i.e. the amount of light emitted. The amount
of light emitted will vary or fluctuate as a function of time.
Other types of noise arise as frequency noise or phase
noise, where the frequency or phase of the light emitted
will vary slightly. Intensity noise mainly occurs due to var-
iations, or noise, in the current supplied to the laser and
from mode-hops, i.e. where the laser will hop from emit-
ting light at one frequency to a neighboring frequency.
Near these mode-hops the laser will be more unstable
and therefor more noisy. One solution is to emit light in
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a frequency between such two mode-hop frequencies in
order to optimize noise properties of the laser system.
The noise that will originate from the current may be low-
ered by filtering the current that is supplied to the laser.
[0013] In a laser system having two, or more, separate
contacts for controlling the current to different sections
of the diode laser independently the following steps are
performed to optimize, i.e. minimize, noise:

Determine noise in emission, e.g. by using a photo-
diode,
Compare noise to threshold value,
If the noise is above the threshold value, adjusting
the current supplied to one of the contact, e.g. a first
contact, until the noise is below the threshold value,
If the noise is above the threshold value and the cur-
rent supplied to above-mentioned one contact is at
a certain lowest current threshold level adjusting the
current supplied to the other contact, e.g. the second
contact.

[0014] The current supplied to the first contact is at the
lowest current threshold level and the current to the sec-
ond contact is to be adjusted, the current supplied to the
first contact may be raised again so that the two currents
are within a predetermined range.
[0015] The invention is particularly, but not exclusively,
advantageous for obtaining a signal having low noise.
The invention is further particularly, but not exclusively,
advantageous for obtaining a signal having low intensity
noise.
[0016] A further aspect of the present invention pro-
vides a method of optically pumping a Ti:sapphire laser
in a laser system as defined in claim 15, the laser system
comprising a laser source providing radiation at a first
frequency, the laser source being optically connected to
an input of a frequency converter, the frequency convert-
er configured to convert the radiation at the first frequency
to a second, different frequency, the target laser arranged
in optical communication with an output of the frequency
converter. The method comprising the steps of emitting
radiation from the laser source, receiving the radiation at
the frequency converter, converting the radiation from
the first frequency to the second frequency in the fre-
quency converter, providing the radiation at the second
frequency at the target laser so that the target laser is
optically pumped, and wherein the, intensity, noise prop-
erties of the diode laser is reduced by actively controlling
the injection current.
[0017] A method is provided comprising the steps of
providing an apparatus comprising a diode laser provid-
ing radiation in a first wavelength interval wherein the
first wavelength interval includes near-infrared radiation,
and a radiation conversion unit having an input and an
output, the radiation converter configured to receive the
radiation in the first wavelength interval from the diode
laser at the input, the radiation conversion unit configured
to convert the radiation in the first wavelength interval to

radiation in a second wavelength interval and the output
configured to output the converted radiation, the second
wavelength interval having one end point outside the first
wavelength interval. The method comprising the steps
of converting radiation from the diode laser in the radia-
tion converter unit, directing the wavelength converted
radiation to a desired area, and reducing the, intensity,
noise properties of the diode laser by actively controlling
the injection current.
[0018] The individual aspects of the present invention
may each be combined with any of the other aspects.
These and other aspects of the invention will be apparent
from the following description with reference to the de-
scribed embodiments.

BRIEF DESCRIPTION OF THE FIGURES

[0019] The systems and methods according to the in-
vention will now be described in more detail with regard
to the accompanying figures. The figures show one way
of implementing the present invention and is not to be
construed as being limiting to other possible embodi-
ments falling within the scope of the attached claim set.

Fig. 1 is a block-diagrammatical illustration of a
DPSS laser pumped Ti:sapphire laser,
Fig. 2 is a block-diagrammatical illustration of a diode
laser pumped Ti:sapphire laser,
Fig. 3 is a block-diagrammatical illustration of a OPS
laser system pumped Ti:sapphire laser,
Fig. 4 is a block-diagrammatical illustration of fre-
quency doubled diode laser pumped Ti:sapphire la-
ser,
Fig. 5 and 6 schematically illustrates absorption and
emission bands of Ti:sapphire,
Fig. 7 is a schematic diagram of a laser system pro-
viding spectral beam combination,
Fig. 8 is a schematic diagram of a laser system com-
bining two polarized laser beams,
Fig. 9 is a schematic block illustration of a frequency
converted incoherently combined diode laser
pumped Ti:sapphire laser system,
Fig. 10 is a schematic block diagram of a Frequency
doubled coherently combined diode laser pumped
Ti:sapphire laser system,
Fig. 11 is a schematic block diagram illustration of
use not in accordance with the invention of a laser
system for treatment,
Fig. 12 is a schematic block diagram illustration of
use of a laser system for measuring purpose,
Fig 13 is a schematic illustration of steps of a first
method, and
Fig. 14 is a schematic illustration of steps of a second
method.

DETAILED DESCRIPTION

[0020] Fig. 1 is a block-diagrammatical illustration of a
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DPSS laser pumped Ti:sapphire laser. In system for pro-
viding high-power laser light in the ultraviolet and visible
spectral region, wavelengths below 700 nm and in par-
ticular around 500 nm, diode pumped solid state (DPSS)
lasers are the common choice of lasersource. These
DPSS laser are typically based on the gain media neo-
dymum-doped yttrium iron garnet (Nd:YAG), neodym-
ium-doped yttrium ortho-vanadate (Nd:YVO4), neodym-
ium-doped yttrium lithium fluoride (Nd:YLF) or similar ma-
terials doped with either neodymium, ytterbium, thulium,
holmium, praseodymium or erbium. These DPSS laser
materials provide a wide selection of emission wave-
lengths in the visible and the near infrared spectral range.
The emission wavelengths in the visible spectral range
can be used directly, while the near infrared wavelengths
need frequency conversion to reach the visible or ultra-
violet range. This frequency conversion is typically per-
formed as second harmonic generation (SHG) or sum
frequency generation (SFG) or a combination of these.
One particularly used is the generation of green light by
SHG of aneodymium based laser. The wavelength of the
fundamental radiation provided by thesegain media is
about 1064 nm. Frequency doubling of the fundamental
radiation from these gain media results in light at about
532 nm. One laser used for the UV and visible spectral
range is the frequency doubled OPS lasers. These lasers
are based on the same concept as DPSS lasers. The
main difference is the gain material, which in the OPS
laser is a semiconductor chip while it is typically a crystal
in DPSS lasers. A system including an OPS laser is il-
lustrated in Fig. 3.
[0021] High-power, visible, laser sources are used for
a wide range of applications including pumping of other
laser sources, spectroscopy applications and not in ac-
cordance with the invention medical applications.
For the generation of ultrashort laser pulses having a
duration of less than about 100 femtoseconds (fs), tita-
nium-doped sapphire, Ti:sapphire, is the laser material
of choice. Ti:sapphire has a wide gain bandwidth extend-
ing over the spectral range 700-900 nm. The absorption
band of Ti:sapphire is also relatively wide with a band-
width extending over the spectral range 460-600 nm with
the absorption peak being at a wavelength of approxi-
mately 490 nm.
[0022] Frequency doubled DPSS lasers and OPS la-
sers suitable for pumping Ti:sapphire lasers are, howev-
er, not inexpensive and the up to about 50 % of the cost
of a Ti:sapphire laser may be attributed the pump laser.
The dimensions of the frequency doubled DPSS laser
are also quite large and comparable to the dimensions
of the Ti:sapphire laser being pumped. Usually the fre-
quency doubled DPSS laser and the Ti:sapphire laser
are operated as separate units and precise alignment is
required. This leads to relatively high complexity of the
final laser system. The complexity is further enhanced in
a laser system including a Ti:sapphire laser oscillator and
a Ti:sapphire laser amplifier. Here two frequency doubled
DPSS lasers precisely aligned are required.

[0023] For many applications of lasers and ultra-fast
laser in particular, low-noise operation is of high impor-
tance. In a DPSS laser, such as illustrated in Fig. 1, noise
can arise from several places. The diode laser pump
source has relaxation oscillation noise and current in-
duced noise. Due to the short recombination time in sem-
iconductors, the relaxation oscillation frequency is high,
typically in the GHz range. As the carrier lifetime of typical
solid state laser materials isrelatively long (10-1000 mi-
croseconds) the relaxation oscillation noise from the di-
ode laser has only very little influence on the DPSS laser
noise. Current induced noise in the laser diode typically
arises from the current supply to the diode laser and is
typically in the kHz range. This noise is directly trans-
ferred to the DPSS laser output. Furthermore, the DPSS
laser exhibit relaxation oscillation noise typically in the
tens of kHz range. The noise of the DPSS laser will be
transferred to the laser pumped by the DPSS laser. This
will increase the signal to noise ratio in measurement
applications.
[0024] A further limitation of DPSS lasers is the de-
mand for an actively cooled base plate or a re-circulating
chiller to remove heat from the laser head. This will add
complexity, cost and size of the final laser system.
[0025] The relatively high cost and complexity of fre-
quency doubled DPSS lasers for Ti:sapphire laser sys-
tem pumping is presently limiting the applications of
Ti:sapphire lasers to cost-insensitive applications. The
availability of smaller and less expensive pump sources
is believed to significantly expand the possible applica-
tions of the Ti:sapphire laser systems.
[0026] In biomedicine, lasers are used for a large
number of applications including diagnostics and treat-
ments of many diseases. Especially for many treatments
high power lasers are employed. Application examples
not in accordance with the invention of lasers in the visible
spectral range could be photo-coagulation of blood ves-
sels in the retina and treatment of vascular lesions. In
photo-coagulation of blood vessels in the retina, a laser,
which is strongly absorbed by blood, is incident on the
targeted blood vessel and the vessel is closed by coag-
ulation of the blood. For this treatment, lasers in the
green-yellow spectral range are typically used. For the
treatment of different vascular lesions like for instance
port wine stains or telangiectasia, a laser is absorbed in
the blood vessels in the lesions. The blood is coagulated
and the lesion is removed or reduced. Here lasers in the
green-yellow spectral range are typically used, as the
light is strongly absorbed by the hemoglobin in the blood.
Laser sources with sufficient output power and a suitable
wavelength for photocoagulation and treatment of vas-
cular lesions are limited to DPSS lasers and OPS lasers.
These have the disadvantages of being complex and ex-
pensive limiting the use of the treatment methods.
A number of further applications of high power lasers in
the UV and visible spectral range exist.
[0027] The use of semiconductor lasers as pump
source forTi:sapphire lasers, in particular the use of In-
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GaN based diode lasers and optically pumped semicon-
ductor (OPS) lasers is still complex. The use of direct
emitting semiconductor lasers as pump source for Ti:sap-
phire lasers may lead to less complex system compared
to DPSS. The use of diode lasers as pump source for
Ti:sapphire lasers was demonstrated in Opt. Lett. 34,
3334, 2009. Here a 1 W 452 nm GaN diode laser was
used as pump source providing 19 mW of continuous
wave Ti:sapphire laser power. A system having an InGaN
diode laser pumping a Ti:sapphire laser is illustrated in
Fig 2. Besides the low power efficiency, increased losses
resulted from the short pump wavelength. High power
diode lasers are typically developed as broad area diode
lasers with reduced beam quality in the lateral direction.
This reduced beam quality will lower the overlap between
the pump beam and the cavity beam of the Ti:sapphire
laser and lead to relatively low efficiency. The losses in-
duced from the short wavelength can be omitted by using
longer wavelengths in the range 480-600 nm. High power
diode lasers are not available in this wavelength range.
The use of OPS lasers will lead to high conversion effi-
ciency as the OPS laser wavelength can be tailored the
absorption band of Ti:sapphire and the OPS laser has
good beam quality. The complexity and price of OPS
lasers are, however, similar to that of frequency doubled
DPSS lasers and will limit the applications of Ti:sapphire
lasers in the same way as frequency doubled DPSS la-
sers.
[0028] The individual elements of an embodiment of
the invention may be physically, functionally and logically
implemented in any suitable way such as in a single unit,
in a plurality of units or as part of separate functional
units. The invention may be implemented in a single unit,
or be both physically and functionally distributed between
different units and processors.
[0029] Fig. 5 schematically illustrates polarised ab-
sorption cross-section Noise properties of the frequency
converted light beam can be optimized compared to the
prior art in the following ways. In the prior art noise is
generated by the following process. In a DPSS laser,
noise can arise from several places. The noise of the
diode laser pump source is mainly relaxation oscillation
noise and current induced noise. Due to the short recom-
bination time in semiconductors, the relaxation oscillation
frequency is high,typically in the GHz range. As the car-
rier lifetime of typical solid state laser materials is rela-
tively long (typically 10-1000 microseconds) the relaxa-
tion oscillation noise from the diode laser has only very
little influence on the DPSS laser noise. Current induced
noise in the laser diode typically arises from the current
supply to the diode laser and is typically in the kHz range.
This noise is directly transferred to the DPSS laser output.
Furthermore, the DPSS laser exhibit relaxation oscilla-
tion noise typically in the tens to hundreds of kHz range.
Means to minimize the noise originating both from the
pump diode laser and the relaxation oscillations exist but
adds complexity and cost to the final laser system. The
dependence between diode pump laser noise and the

noise of the DPSS laser are well described in C. C. Harb
et al. (JOSA B, 14, 11, 2936, 1997). Here it is shown that
the DPSS laser crystal clearly adds noise to the laser
process. In the system according to the present inven-
tion, noise has been found to mainly originate from the
diode laser source. Current induced noise may be sup-
pressed by noise filters on the current supply. Relaxation
oscillation noise will be present in the laser output. For
the applications described here, the relaxation oscillation
frequency is much higher than the cut-off frequency of
the solid state laser materials to be pumped by the laser
system and will thus not influence the final laser system
noise performance. Low frequency noise to the final laser
system will be caused by low-frequency power fluctua-
tions caused by thermal variations in the laser mount.
The cooling system for the laser mount is of high impor-
tance for these low-frequency thermal variations. In an
ultrafast laser system, e.g. femtosecond Ti:sapphire la-
ser system, variations in the pump power will lead to var-
iations in the obtained spectrum and thus the pulse width.
For many applications, it is of paramount importance that
the pulse width is constant. Due to the high efficiency of
near infrared diode lasers and the highly localized heat
source, it is possible to efficiently cool the diode laser in
this invention by purely passive means while maintaining
the high degree of power stability required from the final
laser system. In summary, the overall noise properties
of the complete laser system are improved by the present
invention, as one noisy component has been eliminated.
[0030] Fig. 4 schematically illustrates an apparatus
comprising a diode laser 10 providing radiation in a first
wavelength interval. The apparatus comprises a radia-
tion conversion unit 12 having an input and an output.
The radiation converter unit 12 configured to receive the
radiation in the first wavelength interval from the diode
laser 10 at the input. The radiation conversion unit 12
configured to convert the radiation in the first wavelength
interval to radiation in a second wavelength interval and
the output configured to output the converted radiation,
the second wavelength interval having one end point out-
side the first wavelength interval. A small part of the op-
tical signal may be extracted after the frequency convert-
er, e.g. by using an optical splitter, and this optical signal
may then be used for monitoring the operation of the
system, e.g. determining optical effect, noise properties,
and/or as a reference beam or signal.
[0031] The output of the converter unit 12 is optically
coupled to a laser cavity 14. The laser cavity is preferably
a Ti:sapphire laser cavity. In a presently preferred em-
bodiment the first wavelength interval includes near-in-
frared radiation. The first wavelength interval may de-
pend on the type of laser chosen for the radiation source.
[0032] Fig 7 schematically illustrates spectral beam
combining. In Spectral beam combining (SBC) light at
different wavelengths are combined. In Fig. 7 two beams
from two lasers, 16 and 18, are combined in an element,
20, it could be a grating, prism or the like. This combina-
tion may be performed with a high efficiency, more that
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90% efficiency. The result provides two frequencies
which allow for sum frequency generation, SFG, which
is just as efficient as frequency doubling. Using two lasers
having the wavelengths L1 and L2 the resulting SFG
beam will have a wavelength being L3=1/(1/L1+1/L2). In
principle it is possible to combine more than two beams
and still achieve efficient frequency conversion, but this
require more from the non-linear crystal.
[0033] Fig. 8 schematically illustrates polarization cou-
pling, where two polarized beams, 22 and 24, are com-
bined. A polarized beam splitter 26 (PBS) is used. The
resulting beam will comprise both polarizations. The light
may have same or different frequencies, and subsequent
frequency doubling or sum frequency generation is pos-
sible in order to achieve the desired wavelength. The
combination of two beams may be very efficient, >90%,
but coupling more than two beams may result in lower
efficiency.
[0034] In an embodiment the diode laser includes a
wavelength-stabilized tapered diode laser.
[0035] Advantageously the noise properties of the di-
ode laser may be adjusted by actively controlling the in-
jection current. This allows the noise in the output of the
laser system to be adjusted to a desired level. Usually
the level should be as low as possible. Controlling the
injection current surprisingly allows easy adjustment of
the noise level and a relatively low noise level may be
achieved.
[0036] In an embodiment the diode laser provides ra-
diation in a single-frequency output. Some diode lasers
may provide radiation output at multiple frequencies, but
single-frequency outputs are preferred.
[0037] Actively controlling the injection current pro-
vides a multitude of advantageous possibilities, e.g. the
beam quality of the diode laser may be optimized by ac-
tive control of the injection current and/or the spectral line
width of the diode laser may be optimized by active con-
trol of the injection current.
[0038] In an embodiment the wavelength stabilization
of the diode laser is performed by using an external cav-
ity. In an embodiment wavelength stabilization of the di-
ode laser may be performed using monolithically inte-
grated structures.
[0039] Preferably the diode laser provides an output
of more than 1 watt. The diode laser may provide any
power level such as 2 watt, 3 watt, 4 watt, 5 watt or any
other suitable value.
[0040] In an embodiment the diode laser may have two
or more electrical contacts for the injection current. This
is contemplated to allow easy control of the injection cur-
rent and ensure safe contact to the diode laser. In an
embodiment the active control of the injection current is
performed using two separate contacts for controlling the
current to different sections of the diode laser independ-
ently. If more than two contacts are present the active
control of the injection current may be performed using
only two of the separate contacts to operate the laser in
a regime where the intensity noise is optimal.

[0041] The radiation conversion unit may be construct-
ed in several ways; in one embodiment the radiation con-
version unit includes a non-linear optical material. The
non-linear optical material is contemplated to allow a con-
version of the wavelength or frequency of the signal, ei-
ther up or down conversion. The conversion may be a
frequency doubling, but other factors may be implement-
ed, such as frequency conversion by 0.5, 2.0, 2.5 or the
like. Preferably any other conversion than frequency dou-
bling is performed using sum or difference generating.
[0042] In specific embodiments the non-linear optical
material may be a periodically poled crystal and/or a bi-
refringent crystal and/or a waveguide and/or a photonic
crystal and/or non-linear fibre or any combinations there-
of.
[0043] In an embodiment the radiation conversion unit
includes an external resonant cavity wherein the non-
linear material is positioned.
[0044] In an advantageous embodiment the system
comprises a passive cooling system configured to cool
the diode laser. This is surprisingly enough in most con-
figurations to cool the laser. In most other laser systems,
active cooling is required. The use of passive cooling is
less complex and usually more reliable than active cool-
ing. Further active cooling requires power and complex
components that are more expensive.
[0045] In an embodiment the laser system comprises
two diode lasers arranged as to output two polarized out-
put beams. Specifically the two polarized output beams
may be of different polarizations. More preferably the ap-
paratus outputs a beam being a combination of two po-
larized output beams. In an embodiment the two polar-
ized output beams have different wavelengths. This may
be used in embodiments wherein the two polarized out-
put beams are combined coherently or incoherently. In
an embodiment the laser system comprises more than
two diode lasers, e.g. three, four, five, or more diode la-
ser. Fig. 9 schematically illustrates a system where the
optical signal from two or more diode laser sources 28,
arranged either as individual diode lasers or an array of
lasers, are combined incoherently 30. The combined sig-
nal is frequency converted at 32, before it is used for
pumping the Ti:sapphire laser cavity 34. A small part of
the optical signal may be extracted after the frequency
converter, e.g. by using an optical splitter, and this optical
signal may then be used for monitoring the operation of
the system, e.g. determining optical effect, noise prop-
erties, and/or as a reference beam or signal.
[0046] Fig. 10 illustrates a system similar to that of Fig.
9, but here a coherent combiner 36 is used and the fre-
quency converter is a frequency doubler. As with the sys-
tem of Fig. 9 a small part of the optical signal may be
extracted after the frequency converter, e.g. by using an
optical splitter, and this optical signal may then be used
for monitoring the operation of the system, e.g. determin-
ing optical effect, noise properties, and/or as a reference
beam or signal.
[0047] As mentioned elsewhere in an embodiment the
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radiation conversion unit doubles the frequency of the
radiation from the diode laser.
[0048] In an embodiment the radiation conversion unit
generates radiation by sum frequency mixing of the ra-
diation in the first spectral region. This may also be useful
when combining two or more beams.
[0049] The radiation conversion unit may generate ra-
diation by difference frequency mixing of the radiation in
the first spectral region.
[0050] In an embodiment the system may further com-
prise a modulator unit configured to modulate the radia-
tion from the diode laser. This surprisingly allows en-
hanced modulation of the light or radiation emitted by the
system. This is not possible when employing solid state
lasers.
[0051] In an embodiment the diode laser is modulated
directly by injecting modulation current to the diode laser.
This is surprisingly advantageous as it still allow obtaining
low noise properties of the laser system.
[0052] In an embodiment the diode laser is a broad-
area diode laser and/or a single-mode diode laser. The
choice of diode laser may depend on the choice of con-
verter unit and desired wavelength.
[0053] In an embodiment the diode laser is constituted
by an array of diode lasers. This may allow raising the
power output from the system by combining output of
several diode lasers. Further the individual diode lasers
may have different wavelength outputs, alternatively the
individual diode lasers may have similar or identical
wavelength outputs.
[0054] In an embodiment the laser system may further
comprise a wavelength selection device. This may allow
selecting a wavelength from the emitted radiation. In an
embodiment the wavelength selection device is an opti-
cal band-pass filter, an optical low-pass filter, an optical
high-pass filter, a diffraction grating, a volume Bragg grat-
ing, a fiber Bragg grating, a prism or an interference filter,
or any combination thereof.
[0055] In an embodiment the output is coupled to an
optical fibre. The optical fibre may be used for guiding
the emitted radiation to a desired area, as described else-
where in this description.
[0056] In an embodiment the second wavelength in-
terval is 300 nm to 600 nm, such as 330 nm to 550 nm,
such as 400 nm to 450 nm, such as 300 nm to 330 nm,
such as 330 nm to 400 nm, such as 400 nm to 450 nm,
such as 450 nm to 500 nm, such as 500 nm to 550 nm,
such as 550 nm to 600 nm.
[0057] In an embodiment the second wavelength in-
terval is 1500 nm to 6000 nm, such as 1500 nm to 2000
nm, such as 2000 nm to 2500 nm, such 2500 nm to 3000
nm, such as 3000 nm to 3500 nm, such as 3500 nm to
4000 nm, such as 4000 nm to 4500 nm, such as 4500
nm to 5000 nm, such as 5000 to 5500 nm, such as 5500
nm to 6000nm, such as 1700 nm to 5700 n, such as 2000
nm to 5000 nm, such as 3000 nm to 4000 nm.
[0058] In an embodiment the system comprises a laser
configured to receive radiation at the second wavelength

interval. This may be advantageous as the second wave-
length interval may be at the absorption band of the laser.
[0059] In an embodiment the laser includes a Ti:sap-
phire laser and the second wavelength interval includes
the peak absorption of Ti:sapphire. This is advantageous
as the Ti:sapphire laser may be optically pumped to gen-
erate ultra short pulses, as described elsewhere in the
present description.
[0060] Fig. 13 is a schematic block diagram illustrating
steps of a method 42 of optically pumping a target laser
in a laser system, the laser system comprising a laser
source providing radiation at a first frequency, the laser
source being optically connected to an input of a frequen-
cy converter, the frequency converter configured to con-
vert the radiation at the first frequency to a second, dif-
ferent frequency, the target laser arranged in optical com-
munication with an output of the frequency converter, the
method comprising the steps of emitting 44 radiation from
the laser source, receiving 46 the radiation at the fre-
quency converter, converting 48 the radiation from the
first frequency to the second frequency in the frequency
converter, providing 50 the radiation at the second fre-
quency at the target laser so that the target laser is op-
tically pumped.
[0061] The method may further include the second fre-
quency being within the absorption band of the target
laser. This is advantageous in that as much radiation as
possible may be absorbed in the target laser. The second
frequency may overlap less than 100% with the absorp-
tion band of the target laser. In an embodiment the target
laser is a Ti:sapphire laser.
[0062] Fig. 14 schematically illustrates the steps of a
method 52 comprising the steps of providing an appara-
tus 54 comprising a diode laser providing radiation in a
first wavelength interval, and a radiation conversion unit
having an input and an output, the radiation converter
configured to receive the radiation in the first wavelength
interval from the diode laser at the input, the radiation
conversion unit configured to convert the radiation in the
first wavelength interval to radiation in a second wave-
length interval and the output configured to output the
converted radiation, the second wavelength interval hav-
ing one end point outside the first wavelength interval,
converting 56 radiation from the diode laser in the radi-
ation converter unit, and directing 58 the wavelength con-
verted radiation to a desired area.
[0063] In an example not in accordance with the inven-
tion, the desired area is on a person or animal. For in-
stance the desired area may be at a skin-region of a
person or animal. In Fig. 11 this is illustrated as the hand
38 of a person. In Fig. 11 the system has been simplified
to illustrate only a NIR diode laser source and a frequency
converter. For therapeutic purposes it has been found
that light in the yellow spectral region and/or green spec-
tral region are especially advantageous. In the system in
Fig. 11 a small part of the optical signal may be extracted
after the frequency converter, e.g. by using an optical
splitter, and this optical signal may then be used for mon-
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itoring the operation of the system, e.g. determining op-
tical effect, noise properties, and/or as a reference beam
or signal.
[0064] In an example not in accordance with the inven-
tion the apparatus is used for treating vascular diseases
and/or eye diseases.
[0065] In an example not in accordance with the inven-
tion the apparatus is used for fluorescence diagnostics.
This may be an advantageous use as the noise properties
of the laser system are very suitable for performing flu-
orescence diagnostics.
[0066] In an embodiment the apparatus is used for
spectroscopy. When performing spectroscopy it is of
great advantage that the signal comprises a low amount
of noise. Fig. 12 schematically illustrates an embodiment
where the signal from a NIR diode laser source is fre-
quency converted before traveling through a sample and
being detected at the detector. In the embodiment in Fig.
12 a small part of the optical signal may be extracted
after the frequency converter, e.g. by using an optical
splitter, and this optical signal may then be used for mon-
itoring the operation of the system, e.g. determining op-
tical effect, noise properties, and/or as a reference beam
or signal.
[0067] In an embodiment the apparatus emits light in
the blue and/or ultraviolet spectral region. This may be
especially useful for special applications, such as the ap-
plications mention throughout this description.
[0068] In an example not in accordance with the inven-
tion the apparatus is used for flow cytometry. This is an
advantageous application as the low noise in the optical
signal provides an improved detection in the measuring
system.
[0069] Although the present invention has been de-
scribed in connection with the specified embodiments, it
should not be construed as being in any way limited to
the presented examples. The scope of the present in-
vention is to be interpreted in the light of the accompa-
nying claim set. In the context of the claims, the terms
"comprising" or "comprises" do not exclude other possi-
ble elements or steps. Also, the mentioning of references
such as "a" or "an" etc. should not be construed as ex-
cluding a plurality. The use of reference signs in the
claims with respect to elements indicated in the figures
shall also not be construed as limiting the scope of the
invention. Furthermore, individual features mentioned in
different claims, may possibly be advantageously com-
bined, and the mentioning of these features in different
claims does not exclude that a combination of features
is not possible and advantageous.

Claims

1. A method for reducing intensity noise of a laser ap-
paratus, the apparatus comprising:

- a wavelength-stabilized tapered diode laser

(10) providing radiation in a first wavelength in-
terval, the diode laser comprising two separate
contacts for controlling injection currents to dif-
ferent sections of the diode laser independently;
- a radiation conversion unit (12) having an input
and an output, the radiation conversion unit be-
ing configured to receive the radiation in the first
wavelength interval from the diode laser at the
input and to convert the radiation in the first
wavelength interval to radiation in a second
wavelength interval, and the output being con-
figured to output the converted radiation, the
second wavelength interval having one end
point outside the first wavelength interval,

characterized in that the method comprises active-
ly controlling an injection current to the diode laser
so as to reduce the intensity noise properties of the
diode laser by performing the following steps:

- determining intensity noise in the emitted radi-
ation,
- comparing the determined noise to a threshold
value,
- if the determined noise is above the threshold
value, adjusting the injection current supplied to
a first one of the contacts until the noise is below
the threshold value,
- if the determined noise is above the threshold
value and the injection current supplied to the
first contact is at a lowest current threshold level,
adjusting the injection current supplied to the
second contact.

2. The method according to claim 1, further comprising
optimizing the beam quality of the diode laser by ac-
tive control of the injection current.

3. The method according to any one of the claims 1-2,
further comprising optimizing the spectral line width
of the diode laser by active control of the injection
current.

4. The method according to any one of the claims 1-3,
wherein adjusting the injection current supplied to
the second contact further comprises, raising the in-
jection current supplied to the first contact so that
the two injection currents are within a predetermined
range.

5. The method according to any of the claims 1-4,
wherein the diode laser provides radiation in a single-
frequency output.

6. The method according to any of the claims 1-5,
wherein the diode laser provides an output of more
than 1 watt.
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7. The method according to any of the claims 1-6,
wherein the radiation conversion unit includes a non-
linear optical material.

8. The method according to claim 7, wherein the non-
linear optical material is a periodically poled crystal
and/or a birefringent crystal and/or a waveguide
and/or a photonic crystal and/or non-linear fibre or
any combinations thereof.

9. The method according to any of the claims 7 or 8,
wherein the radiation conversion unit includes an ex-
ternal resonant cavity wherein the non-linear mate-
rial is positioned.

10. The method according to any of the claims 1-9,
wherein the apparatus further comprises a passive
cooling system configured to cool the diode laser.

11. The method according to any of the claims 1-10,
wherein the apparatus further comprises two diode
lasers outputting two polarized output beams.

12. The method according to claim 11, wherein the two
polarized output beams have different polarizations.

13. The method according to claim 11 or 12, wherein the
apparatus outputs a beam being a combination of
two polarized output beams.

14. The method according to any of the claims 12-13
wherein the two polarized output beams have differ-
ent wavelengths.

15. A method of optically pumping a Ti:sapphire laser
(14) in a laser system, the laser system comprising
a tapered diode laser source (10) providing radiation
at a first frequency, the diode laser comprising two
separate contacts for controlling injection currents
to different sections of the diode laser independently,
the diode laser source being optically connected to
an input of a frequency converter (12), the frequency
converter being configured to convert the radiation
at the first frequency to a second, different frequency
within an absorption band of the Ti:sapphire laser,
the Ti:sapphire laser being arranged in optical com-
munication with an output of the frequency converter,
the method comprising the steps of:

- emitting radiation from the diode laser source,
- receiving the radiation at the frequency con-
verter,
- converting the radiation from the first frequency
to the second frequency in the frequency con-
verter,
- providing the radiation at the second frequency
at the target laser so that the target laser is op-
tically pumped, and

wherein the method further comprises actively con-
trolling the injection currents of the diode laser so as
to reduce intensity noise properties of the diode laser
by performing the steps of the method of claim 1.

Patentansprüche

1. Ein Verfahren zur Reduzierung des Intensitätsrau-
schens eines Lasergeräts, wobei das Gerät folgen-
des umfasst:

- einen wellenlängen-stabilisierten Trapez-Dio-
denlaser (10) mit Strahlungen in einem ersten
Wellenlängen-Intervall, wobei der Diodenlaser
zwei separate Kontakte zur unabhängigen Steu-
erung der Einspeiseströme verschiedener Be-
reiche des Diodenlasers umfasst;
- eine Strahlungskonversionseinheit (12) mit ei-
nem Input und einem Output, wobei die Strah-
lungskonversionseinheit konfiguriert ist, um die
Strahlung im ersten Wellenlängenintervall vom
Diodenlaser am Input zu empfangen und um die
Strahlung im ersten Wellenlängenintervall in ei-
ne Strahlung im zweiten Wellenlängenintervall
zu konvertieren, wobei das zweite Wellenlän-
genintervall einen Endpunkt außerhalb des ers-
ten Wellenlängenintervalls besitzt,

dadurch gekennzeichnet, dass das Verfahren die
aktive Steuerung eines Einspeisestroms an den Di-
odenlaser umfasst, um die Intensitätsrausch-Eigen-
schaften des Diodenlasers zu reduzieren, indem fol-
gende Schritte durchgeführt werden:

- Determinierung des Intensitätsrauschens der
ausgesendeten Strahlung,
- Vergleich des determinierten Rauschens mit
einem Schwellenwert,
- wenn sich das determinierte Rauschen über
dem Schwellenwert befindet, Einstellung des an
den ersten der Kontakte gelieferten Einspeise-
stroms, bis das Rauschen unter dem Schwel-
lenwert liegt,
- wenn sich das determinierte Rauschen über
dem Schwellenwert befindet, und der an den
ersten der Kontakte gelieferte Einspeisestrom
sich auf dem niedrigsten aktuellen Schwellen-
niveau befindet, Einstellung des an den zweiten
der Kontakte gelieferten Einspeisestroms.

2. Das Verfahren gemäß Anspruch 1, die darüber hin-
aus die Optimierung der Strahlenqualität des Dio-
denlasers durch aktive Steuerung des Einspeise-
stroms umfasst.

3. Das Verfahren gemäß einem der Ansprüche 1-2, das
darüber hinaus die Optimierung der Spektrallinien-
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breite des Diodenlasers durch aktive Steuerung des
Einspeisestroms umfasst.

4. Das Verfahren gemäß einem der Ansprüche 1-3, wo-
bei die Einstellung des an den zweiten Kontakt ge-
lieferten Einspeisestroms darüber hinaus die Erhö-
hung des dem ersten Kontakt gelieferten Einspeise-
stroms umfasst, sodass die beiden Einspeiseströme
sich innerhalb einer vorgegebenen Spanne befin-
den.

5. Das Verfahren gemäß einem der Ansprüche 1-4, wo-
bei der Diodenlaser Strahlungen in einem Single-
Frequency-Output bereitstellt.

6. Das Verfahren gemäß einem der Ansprüche 1-5, wo-
bei der Diodenlaser ein Output von mehr als 1 Watt
liefert.

7. Das Verfahren gemäß einem der Ansprüche 1-6, wo-
bei die Strahlenkonversionseinheit ein nicht-lineares
optisches Material umfasst.

8. Das Verfahren gemäß Anspruch 7, wobei das nicht-
lineare optische Material ein periodisch gepoltes
Kristall und/oder ein doppeltbrechendes Kristall
und/oder ein Wellenleiter und/oder ein photonisches
Kristall und/oder eine nicht-lineare Faser oder eine
Kombination daraus ist.

9. Das Verfahren gemäß einem der Ansprüche 7 oder
8, wo die Strahlungskonversionseinheit einen exter-
nen Resonatorhohlraum umfasst, in dem das opti-
sche Material angeordnet ist.

10. Das Verfahren gemäß einem der Ansprüche 1-9, wo-
bei das Gerät darüber hinaus ein passives Kühlsys-
tem umfasst, das konfiguriert ist, um den Diodenla-
ser zu kühlen.

11. Das Verfahren gemäß einem der Ansprüche 1-10,
wobei das Gerät darüber hinaus zwei Diodenlaser
umfasst, die zwei polarisierte Ausgangsstrahlen
aussenden.

12. Das Verfahren gemäß Anspruch 11, wobei die zwei
polarisierten Ausgangsstrahlen verschiedene Pola-
risierungen aufweisen.

13. Das Verfahren gemäß einem der Ansprüche 11 oder
12, wobei das Gerät einen Strahl aussendet, der eine
Kombination aus zwei polarisierten Output-Strahlen
ist.

14. Das Verfahren gemäß einem der Ansprüche 12-13,
wobei die beiden polarisierten Output-Strahlen ver-
schiedene Wellenlängen haben.

15. Ein Verfahren zum optischen Pumpen eines Ti:Sa-
phir-Lasers (14) in einem Laser-System, wobei das
Lasersystem einen Trapez-Diodenlaser (10) um-
fasst, der eine Strahlung in einer ersten Frequenz
bereitstellt, wobei der Diodenlaser zwei separate
Kontakte zur unabhängigen Steuerung der Einspei-
seströme verschiedener Bereiche des Diodenlasers
umfasst, wobei die Diodenlaserquelle optisch mit ei-
nem Input eines Frequenzwandlers (12) verbunden
ist, wobei der Frequenzwandler so konfiguriert ist,
um die Strahlung in der ersten Frequenz in eine zwei-
te, unterschiedliche Frequenz innerhalb eines Ab-
sorptionsbands des Ti-Saphir-Lasers umzuwan-
deln, und wobei der Ti-Saphir-Laser in optischer
Kommunikation mit einem Output des Fre-
quenzwandlers angeordnet ist und das Verfahren
folgende Schritte umfasst:

- Emission einer Strahlung aus der Diodenlaser-
quelle,
- Empfang der Strahlung am Frequenzwandler,
- Konversion der Strahlung im Frequenzwandler
von der ersten Frequenz in die zweite Frequenz,
- Bereitstellung der Strahlung in der zweiten Fre-
quenz am Ziellaser, sodass der Ziellaser optisch
gepumpt wird, und

wobei das Verfahren darüber hinaus die aktive Steu-
erung der Einspeiseströme des Diodenlasers um-
fasst, sodass die Intensitätsrauscheigenschaften
des Diodenlasers reduziert werden, indem die
Schritte des Verfahrens gemäß Anspruch 1 durch-
geführt werden.

Revendications

1. Procédé de réduction du bruit d’intensité d’un appa-
reil à laser, l’appareil comprenant :

- un laser à diode conique stabilisé en longueur
d’onde (10) fournissant un rayonnement dans
un premier intervalle de longueurs d’onde, le la-
ser à diode comprenant deux contacts séparés
pour commander des courants d’injection à dif-
férents sections du laser à diode
indépendamment ;
- une unité de conversion de rayonnement (12)
ayant une entrée et une sortie, l’unité de con-
version de rayonnement étant configurée pour
recevoir le rayonnement du premier intervalle
de longueur d’onde du laser à diode à l’entrée
et convertir le rayonnement du premier intervalle
de longueurs d’onde à un second intervalle de
longueurs d’onde, et la sortie étant configurée
pour délivrer le rayonnement converti, le second
intervalle de longueurs d’onde ayant un point
terminal en dehors du premier intervalle de lon-
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gueurs d’onde,

caractérisé en ce que le procédé comprend la com-
mande active d’un courant d’injection au laser à dio-
de de manière à réduire les propriétés de bruit d’in-
tensité du laser à diode en effectuant les étapes con-
sistant à :

- déterminer le bruit d’intensité dans le rayonne-
ment émis,
- comparer le bruit déterminé à une valeur de
seuil,
- si le bruit déterminé se situe au-dessus de la
valeur de seuil, ajuster le courant d’injection
fourni à un premier des contacts jusqu’à ce que
le bruit se situe en dessous de la valeur de seuil,
- si le bruit déterminé se situe au-dessus de la
valeur de seuil et que le courant d’injection fourni
au premier contact se situe à un niveau de seuil
de courant le plus bas, ajuster le courant d’in-
jection fourni au second contact.

2. Procédé selon la revendication 1, comprenant en
outre l’optimisation de la qualité du faisceau du laser
à diode par une commande active du courant d’in-
jection.

3. Procédé selon l’une quelconque des revendications
1 à 2, comprenant en outre l’optimisation de la lar-
geur de ligne spectrale du laser à diode par une com-
mande active du courant d’injection.

4. Procédé selon l’une quelconque des revendications
1 à 3, dans lequel l’ajustement du courant d’injection
fourni au second contact comprend en outre l’aug-
mentation du courant d’injection fourni au premier
contact de sorte que les deux courants d’injection
se situent dans une plage prédéterminée.

5. Procédé selon l’une quelconque des revendications
1 à 4, dans lequel le laser à diode fournit un rayon-
nement dans une sortie à fréquence unique.

6. Procédé selon l’une quelconque des revendications
1 à 5, dans lequel le laser à diode fournit une sortie
de plus de 1 watt.

7. Procédé selon l’une quelconque des revendications
1 à 6, dans lequel l’unité de conversion de rayonne-
ment comprend un matériau optique non linéaire.

8. Procédé selon la revendication 7, dans lequel le ma-
tériau optique non linéaire est un cristal périodique-
ment polarisé et/ou un cristal biréfringent et/ou un
guide d’ondes et/ou un cristal photonique et/ou une
fibre non linéaire ou des combinaisons quelconques
de ceux-ci.

9. Procédé selon l’une quelconque des revendications
7 ou 8, dans lequel l’unité de conversion de rayon-
nement comprend une cavité résonante externe,
dans laquelle le matériau non linéaire est positionné.

10. Procédé selon l’une quelconque des revendications
1 à 9, dans lequel l’appareil comprend en outre un
système de refroidissement passif configuré pour re-
froidir le laser à diode.

11. Procédé selon l’une quelconque des revendications
1 à 10, dans lequel l’appareil comprend en outre
deux lasers à diode délivrant deux faisceaux de sor-
tie polarisés.

12. Procédé selon la revendication 11, dans lequel les
deux faisceaux de sortie polarisés ont différentes po-
larisations.

13. Procédé selon la revendication 11 ou 12, dans lequel
l’appareil délivre un faisceau qui est une combinai-
son de deux faisceaux de sortie polarisés.

14. Procédé selon l’une quelconque des revendications
12 à 13, dans lequel les deux faisceaux de sortie
polarisés ont différentes longueurs d’onde.

15. Procédé de pompage optique d’un laser de Ti:saphir
(14) dans un système de laser, le système de laser
comprenant une source de laser à diode conique
(10) fournissant un rayonnement à une première fré-
quence, le laser à diode comprenant deux contacts
séparés pour commander des courants d’injection à
différentes sections du laser à diode indépendam-
ment, la source de laser à diode étant connectée
optiquement à une entrée d’un convertisseur de fré-
quence (12), le convertisseur de fréquence étant
configuré pour convertir le rayonnement à la premiè-
re fréquence en une seconde fréquence différente
dans une bande d’absorption du laser de Ti:saphir,
le laser de Ti:saphir étant aménagé en communica-
tion optique avec une sortie du convertisseur de fré-
quence, le procédé comprenant les étapes consis-
tant à :

- émettre un rayonnement depuis la source de
laser à diode,
- recevoir le rayonnement sur le convertisseur
de fréquence,
- convertir le rayonnement de la première fré-
quence à la seconde fréquence dans le conver-
tisseur de fréquence,
- fournir le rayonnement à la seconde fréquence
au laser cible de sorte que le laser cible soit pom-
pé optiquement et

dans lequel le procédé comprend en outre la com-
mande des courants d’injection du laser à diode de
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manière à réduire les propriétés de bruit d’intensité
du laser à diode en effectuant les étapes du procédé
de la revendication 1.
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