(19 DANMARK (10 DK/EP 3584632 T3

(12) Overseettelse af
europaeisk patentskrift

Patent- og
Varemeaerkestyrelsen

(51) Int.CI.: GO2F 1/35(2006.01) A 61N 5/06 (2006.01)
(45) Oversaettelsen bekendtgjort den: 2022-03-21

(80) Dato for Den Europaeiske Patentmyndigheds
bekendtgarelse om meddelelse af patentet: 2021-12-29

(86) Europaeisk ansggning nr.: 18178169.1
(86) Europaeisk indleveringsdag: 2018-06-18
(87) Den europeaeiske ansggnings publiceringsdag: 2019-12-25

(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE SI SK SM TR

(73) Patenthaver: ADVALIGHT ApS, Industriparken 22A, 2750 Ballerup, Danmark

(72) Opfinder: MORTENSEN, Jesper Liltorp, Flemager 11, 2600 Glostrup, Danmark
SEIDLER, Kasper Vikkelsg, Vemmedrupvej 125, 4632 Bjaeverskov, Danmark
THORHAUGE, Morten, Bagsvard Hovedgade 99, 8B, 2880 Bagsvard, Danmark

(74) Fuldmaegtig i Danmark: GUARDIAN IP CONSULTING I/S, Diplomvej 381, 2800 Lyngby, Danmark
(54) Benaevnelse: Medicinsk lasersystem

(56) Fremdragne publikationer:
JP-A- HO5 110 179
US-A1- 2007 160 093
US-A1- 2010 002 732
US-A1- 2012 044 959



DK/EP 3584632 T3



DK/EP 3584632 T3

DESCRIPTION

Technical Field

[0001] The present disclosure relates to a medical laser system.

Background

[0002] Medical laser systems are widely used for numerous medical applications, such as for
surgery or therapy of various diseases. Medical laser systems are also used for cosmetic
treatment of skin conditions.

[0003] Due to the increased focus on appearance today one of the central areas for cosmetic
treatments of skin conditions is related to so-called rejuvenation. Skin can be affected by a
range of biological and ageing effects, and by environmentally induced damages, such as
wrinkles, acne, sun damage, reddening, vascular disorders and scarring. Rejuvenation is the
combined area of treating these conditions in order to restore the youthful appearance of the
skin. One of the most preferred treatments for skin rejuvenation is light-based treatment, also
referred to as photo rejuvenation.

[0004] US 2011/0306955 discloses a laser system for skin treatment. This prior art laser
system comprises a first and a second laser resonator. The first laser resonator comprises at
least a first gain medium for generating a first optical field along a first optical axis; the second
laser resonator comprises at least a second gain medium for generating a second optical field
along a second optical axis. The laser system further comprises at least one nonlinear medium
for generating a third optical field along a third optical axis by a nonlinear interaction between
the first optical field and the second optical field, and at least one optical pump source for
optically pumping the first gain medium and the second gain. Moreover, this prior art laser
system comprises a first Q-switch in the first laser resonator and a second Q-switch in the
second laser resonator. The Q-switches are capable of controlling a resonance quality of the
first laser resonator and/or second laser resonator, respectively. In this way, light emission from
the first and/or second laser resonator may be controlled to provide optical pulses at the first,
second, and/or third wavelength.

[0005] In such laser system the conversion of the first and second optical fields into the third
optical field requires the pulses of the first and second optical fields to be synchronized in the
nonlinear medium. While such synchronization may be based on geometrical design and
optical parameters of individual laser cavities this is difficult to stabilize and manufacture.
Moreover, pulsing pump sources are generally not an option for solid state lasers due to long
stabilization time.
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[0006] US 7,961,772 discloses a laser system in which the pulse overlap between two or more
laser lines of the system is optimizable. To this end at least a part of the output is fed back to a
regulation system which regulates the build-up time of individual laser pulses of the first and
second optical fields by controlling the intensity output of the pump sources.

[0007] As the properties of the gain media, nonlinear media and/or pump sources may vary
over time, an efficient conversion requires careful control of the laser system. While the above
prior art laser system provides a method for controlling the temporal pulse overlap, there
remains a need for a laser system and for a control method that provide a higher degree of
robustness against drift, e.g. due to temperature variations and part degradation. In particular,
the above prior art system imposes high requirements on the hardware employed. This
increases manufacturing costs as there may often be statistical tolerances in components. For
example, the gain material figure of merit may affect pulse synchronization/timing. Moreover,
properties of the components may vary over time due to dynamic factors such as part
degradation, accidental misalignment, temperature variations, etc.

[0008] As the prior art system controls the temporal overlap by controlling the pump sources,
the output power of the system may be affected by the control of the temporal pulse overlap.
Therefore, controlling the pulse overlap may become increasingly difficult without undesired
loss of output power when the two laser resonators drift relatively far apart.

[0009] It thus remains desirable to provide a medical laser system that addresses one or more
of the above needs and/or other needs that exist in the field of medical laser systems.

[0010] US 2007/160093 discloses a frequency-tunable electromagnetic wave generator in the
terahertz band, in particular for the measurement of terahertz oscillations spectra in biological
molecules or medical terahertz imaging spectra, e.g. for identifying large molecules or
polymers such as biological substances or cancerous cells.

[0011] JP HO5 110179 discloses a light source a short wavelength and short duration pulse.

Summary

[0012] Disclosed herein are embodiments of a medical laser system. More specifically,
disclosed herein are embodiments of a dermatological laser system as defined in claim 1.

[0013] The inventors have realized that the temporal overlap between pulses of the respective
first and second optical fields can accurately be adjusted by controlling operation of the first Q-
switch based on detected properties of at least one of the optical fields. In particular, it has
turned out, that an accurate, real-time adjustment may be performed even in situations where
laser components drift considerably over time. Moreover, the adjustment does not negatively
influence the output power.
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[0014] In some embodiments, the control circuit comprises an adjustable delay circuit; wherein
the control circuit is configured to generate a trigger signal and to forward the trigger signal to
the adjustable delay circuit; wherein the adjustable delay circuit is configured to forward a
delayed version of the trigger signal, delayed by an adjustable delay relative to the trigger
signal, to the first Q-switch; and wherein the control circuit is configured to adjust the adjustable
delay responsive to the detected property. Accordingly, an efficient and stable control
mechanism is provided that allows real-time synchronization of the laser pulses even in
situations where the individual laser components experience strong drift. The trigger signal
may be, or at least be derived from, a clock signal or another suitable periodic signal.
Accordingly, the control circuit may comprise a master clock operable to generate a clock
signal. The clock signal may be forwarded to the delay circuit which forwards a delayed trigger
signal to the first Q-switch.

[0015] In some embodiments, the detected property represents an output power of the third
optical field. Accordingly, the relative timing of the pulses of the first and second optical fields
may be controlled so as to increase, in particular so as to maximize, the detected output
power. This control mechanism provides a relatively low-complex control method. The output
power may e.g. be measured by a photodetector, i.e. the sensor circuit may comprise a
photodetector. To this end, a minor portion of the third optical field may be directed towards the
photodetector, e.g. by means of a beam splitter. The sensor signal from the photodetector thus
represents the output power of the third optical field and may be fed back to the control circuit.
The control circuit may thus implement a suitable control mechanism for adjusting a relative
delay between the pulses of the first and second pulse trains so as to maximize the output
power of the generated third optical field.

[0016] In some embodiments, the detected property represents a relative timing of the laser
pulses of the first pulse train and the laser pulses of the second pulse train. For example, the
sensor circuit may comprise one or more photodetectors for detecting the pulses of the first
and second pulse trains and circuitry for detecting a time lag between the detected pulses of
the first and second pulse trains. A sensor signal representing the detected time lag may then
be fed back to the control circuit and the control circuit may adjust the delay of the trigger
signal to the first Q-switch so as to minimize the detected time lag. Consequently, the control
circuit may continuously detect the time lag and determine a corresponding delay suitable for
compensating for the detected time lag, even when currently no third optical field is created in
the nonlinear medium. This allows the control circuit to establish the correct trigger delay when
generation of the third optical field is again desired, i.e. a fast turning on of the third optical field
at optimized output power may be achieved even in situations when the required trigger delay
changes over time.

[0017] Generally, the control circuit may be configured to control the relative timing such that
the laser pulses of the first pulse train temporally overlap in the nonlinear medium with
respective laser pulses of the second pulse train, at least when generation of the third optical
field is desired, e.g. responsive to a command to turn on the third optical field and/or so as to
generate bursts of the third optical field. The degree of temporal overlap should be sufficient to
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allow the nonlinear process for generating the third optical field to occur in the nonlinear
medium, i.e. pulses of the first pulse train should coincide with respective pulses of the second
pulse train inside the nonlinear medium. While, in some embodiments, it may be most
preferable when the relative timing is such that the pulses of the first pulse train perfectly
coincide, i.e. are perfectly synchronized with, respective pulses of the second pulse train inside
the nonlinear medium, lesser degrees of temporal overlap may in some embodiments be
acceptable.

[0018] Generally, in medical laser systems, e.g. in laser systems for skin treatment, there often
is a need for providing the output laser beam as short bursts. To this end the above laser
systems typically include a mechanical shutter. However, such shutters have relatively slow
reaction time and they impose limits on how short bursts/pulse trains may be emitted due to
restrictions on mechanical movement and speed. Alternative methods include electro-optical
and acousto-optical devices with or without additional optics e.g. polarization optics. These
active optical methods introduce additional lossy and costly components in the beam path and
suffer from other disadvantages. For example, electro-optical devices involve high tension
drivers while acousto-optical devices may involve poor suppression for limited excitation power.
Additionally, these devices may unintentionally affect other wavelengths delivered by the laser
system.

[0019] Accordingly, in some embodiments, the control circuit is configured to control the
relative timing so as to selectively cause generation of the third optical field, i.e. the control
circuit may be configured to be operable as an exposure control device, such as a shutter, so
as to only selectively cause generation of the third optical field, e.g. responsive to respective
exposure/shutter commands. In particular, in some embodiments, the control circuit is
configured, responsive to a first signal, to selectively control the relative timing such that the
laser pulses of the first pulse train temporally overlap in the nonlinear medium with respective
laser pulses of the second pulse train so as to cause generation of the third optical field; and
wherein the control circuit is configured, responsive to a second signal, to selectively control
the relative timing such that the laser pulses of the first pulse train do not temporally overlap in
the nonlinear medium with respective laser pulses of the second pulse train so as to prevent
generation of the third optical field. For example, the first signal may be indicative of an "open
shutter” command while the second signal may be indicative of a "close shutter" command.
Alternatively, or additionally, the first and second signals may be provided as periodic signals,
e.g. a clock signal, for controlling the intermittent/periodic creation of short bursts of pulsed
laser light.

[0020] It has turned out that this control method allows very fast reaction times and the
creation of small burst of pulsed laser output, e.g. of bursts smaller than 10 ms, such as 1 ms
or less. Accordingly, some embodiments of the medical laser system provide a temporal
control of the generated third optical field, where the temporal control is performed on a time
scale of less than 10 ms, such as 1 ms or less.

[0021] In some embodiments, in particular when the detected property represents a relative
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timing of the laser pulses of the first pulse train and the laser pulses of the second pulse train,
the control circuit may receive information about an adequate timing of pulses even during a
period where no third optical field is generated. This may be the case during a period where
the control circuit is configured to control the relative timing to be a first relative timing that
causes the laser pulses of the first pulse train to not temporally overlap in the nonlinear
medium with respective laser pulses of the second pulse train so as to prevent generation of
the third optical field. The control circuit may still determine a second relative timing that would,
if applied, cause the laser pulses of the first pulse train to temporally overlap in the nonlinear
medium with respective laser pulses of the second pulse train so as to cause generation of the
third optical field. Accordingly, responsive to a signal (e.g. an open shutter command), the
control circuit may switch the applied relative timing from the first relative timing to the
determined second relative timing so as to cause a fast turning on of the third optical field at
optimized output power. To this end, the control circuit may determine a suitable delay of the
trigger signal to the first Q-switch that causes the pulses of the first and second pulse trains to
temporally overlap in the nonlinear medium even during periods when the applied relative
delay is selected such that currently the pulses do not temporally overlap and no third optical
field is generated.

[0022] In some embodiments, the control circuit is operable as a wavelength selector. To this
end, the first optical field may have a first wavelength, the second optical field may have a
second wavelength and the third optical field may have a third wavelength different from the
first and second wavelengths. The control circuit may then be configured, e.g. responsive to a
wavelength selection command, to selectively control the relative timing so as to control a
wavelength of an output radiation of the laser system, e.g. so as to selectively include the third
optical field in an output from the laser system. In particular, when the pulses of the first and
second pulse trains temporally overlap in the nonlinear medium, the third optical field is
generated in the nonlinear medium, and the output from the nonlinear medium includes a
major amount of light of the third wavelength and lesser amounts of light of the first and
second wavelengths. Conversely, when the pulses of the first and second pulse trains do not
temporally overlap, the first and second optical fields propagate through the nonlinear medium
without generating the third optical field. Hence, the output from the nonlinear medium is then
composed of the pulse trains of the first and second optical fields, i.e. at the first and second
wavelengths. Accordingly, by selectively causing the nonlinear process for generating the third
optical field to occur, the system may switch between a laser output that includes the third
wavelength and a laser output that only includes the first and second wavelengths. It will be
appreciated that, in some embodiments, it may be possible to completely suppress generation
of the third optical field, namely by appropriate temporal misalignment of the pulses in the
nonlinear medium. However, when the temporal overlap is adjusted such that the third optical
field is generated, the output of the nonlinear medium will typically still include contributions of
the first and/or second optical field, though typically to a lesser extent. The first and second
wavelengths may be the same or they may be different from each other. In the latter case, the
medical laser system may further include one or more output selectors for selecting the first
optical field, and/or the second optical field, and/or the third optical field to be delivered to the
output port. In this way, the relevant wavelengths for skin treatment may be delivered to an
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output port of the medical laser system, while any unwanted wavelengths may be blocked.

[0023] Embodiments of the medical laser system disclosed herein allow a very fast switching
between output radiation that includes the third optical field and output radiation that only
includes the first and second optical field. If selection between the first and second optical fields
is desired, or a substantially complete suppression of the first and second optical fields is
desired, this may be achieved by output selectors, e.g. additional filters, mirrors, or other
devices e.g. shutters in the beam paths of the first and/or second optical fields. In some
embodiments, the wavelength selection by controlling the temporal pulse overlap in the
nonlinear medium reduces or even eliminates the need for additional output selectors.

[0024] Nevertheless, the laser system may include one or more output selectors. The output
selector may include one or more optical filters, e.g. a high-pass, low-pass or band-pass filer,
configured to selectively block the first or second wavelength. In particular, in some
embodiments, the medical laser system comprises one or more output selectors for selectively
blocking radiation of the first and/or second wavelength to be included in the output radiation of
the laser system; the control circuit may thus be configured to selectively activate the output
selector(s) in response to a wavelength selection command, e.g. by selectively moving the
output selector(s) into or out of the beam path of the output from the nonlinear medium and/or
otherwise moving, e.g. rotating, the output selector between an active and an inactive state.

[0025] In some embodiments, the output selector comprises a mirror selector and a plurality of
selection mirrors, the mirror selector being configured to selectively position any of the
selection mirrors so that the incident first optical field, second optical field and third optical field
are divided into reflected fields and transmitted fields, and wherein at least one of the reflected
fields or the transmitted fields is/are delivered to the output port. Thus, by using a plurality of
selection mirrors having different reflectance and/or transmittance at the first, second and third
wavelength, the wavelengths delivered to the output port may be controlled. In this way, an
output selector is achieved, which is particularly suitable for high optical peak powers. In
alternative embodiments, the output selector may comprise one or more gratings or other
devices for spatially separating the first, second, and third optical fields, individually or in
combinations.

[0026] The skilled person will appreciate that the mirror selector may be driven in a multitude
of ways, e.g. manually by a dial, by a stepper motor, by a gear.

[0027] While the selective control of the temporal pulse overlap in the nonlinear medium allows
for a fast and efficient exposure control and reduces, or even eliminates, the need for an
additional exposure control device, it will be appreciated that some embodiments of the
medical laser system disclosed herein may nevertheless comprise an exposure control device.
Examples of suitable exposure control devices are a mechanical shutter, an acousto-optical
device capable of deflecting the emitted beam onto a beam dump, an electro-optical device
capable of altering the polarization state of the beam in combination with a device capable of
passing a given polarization state onto the output port of the laser system, while being capable
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of deflecting the orthogonal polarization state onto a beam dump.

[0028] It will be appreciated that the first and second optical fields do not need to have
different wavelengths. Alternatively, or additionally to different wavelengths, the first and
second optical fields may differ from each other by one or more other parameters, e.g. by their
polarization. Generally, two optical fields may differ from each other by one or more
parameters. For example, they may have different wavelength and/or different polarization.

[0029] The medical laser system comprises a hand-held radiation delivery device defining at
least one optical output port for delivering said first and/or second and/or third optical field to
an output. In some embodiments, the medical laser system is configured to selectively deliver
said first, second and/or third optical fields by said optical output port. In particular, in some
embodiments, the medical laser system is configured to selectively deliver said first, second
and/or third optical fields to a plurality of target locations, e.g. so as to selectively deliver an
optical field of different wavelengths to different target locations. It is an advantage of
embodiments of the medical laser system described herein, that the generation of the third
optical field may be selectively suppressed while the optical delivery system is adjusted so as
to irradiate a new target location, e.g. by moving one or more optical components e.g. a mirror,
so as to direct the output of the medical laser system to a new target location within the target
area. Accordingly, irradiation of skin areas other than the desired target locations (e.g. while
moving between target locations) is avoided.

[0030] The hand-held radiation delivery device is optically connected to an output of the
nonlinear medium by a beam delivery component. In this way, the optical output from the laser
sources and the nonlinear medium may conveniently be delivered to a point of treatment on,
e.g. the skin of a patient. In some embodiments, the beam delivery component comprises at
least one of an optical waveguide, an optical fiber, an articulated arm, and/or at least a first
delivery mirror. In this way, a particularly user-friendly laser system may be achieved. In an
embodiment of the laser system, the fiber has a core diameter in the range from about 50 ym
to about 1000 um.

[0031] In some embodiments, the hand-held radiation delivery device may be configured for
scanning the laser light in a pre-set pattern of individual target skin areas covering said
treatment area. Alternatively, the treatment area may be a single target skin area.

[0032] In alternative embodiments, the radiation delivery device is not necessarily hand-held.
Instead, the radiation delivery device may e.g. have the form of a fixture or mounting element
for attaching, mounting or fixating the radiation delivery device relative to the target area, e.g.
as a fixture to be attached or otherwise fixedly positioned relative to a patient's body.

[0033] For the purpose of the present description, the term Q-switch is intended to comprise
any device operable to modulate a quality factor of the laser resonator. It will be appreciated
that there are a variety of types of Q-switches, including e.g. active and passive Q-switches
and/or Q-switches employing a variety of technologies.
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[0034] In some embodiments, each of the first and second laser sources include a respective
laser resonator and a respective Q-switch. The first Q-switch may be of the active type and the
second Q-switch may be of the active or passive type.

[0035] In some embodiments, each of the first and second Q-switches is an active Q-switch. In
some embodiments, each of the first and second Q-switches is controlled by the control circuit,
e.g. triggered by a respective trigger signal provided by the control circuit. Thereby the first and
second laser sources may be individually Q-switched so as to be operable as individually
running pulsed laser emitters. Hence, in some embodiments, the control circuit is configured to
control operation of the first and second Q-switches so as to adjust a relative timing of the laser
pulses of the first pulse train and the laser pulses of the second pulse train responsive to the
detected property. In particular, in some embodiments, the control circuit comprises an
adjustable delay circuit; wherein the control circuit is configured to generate a trigger signal
and to forward the trigger signal to one of the first and second Q-switches and to the
adjustable delay circuit; wherein the adjustable delay circuit is configured to forward a delayed
version of the trigger signal, delayed by an adjustable delay relative to the trigger signal, to the
other one of the first and second Q-switches; and wherein the control circuit is configured to
adjust the adjustable delay responsive to the detected property. The trigger signal may be
generated by a master clock. The trigger signal may be forwarded to the first Q-switch and a
delayed trigger signal to the second Q-switch or vice versa, i.e. the trigger signal may be
forwarded to the second Q-switch and a delayed trigger signal to the first Q-switch.

[0036] In some embodiments, the second Q-switch is of the passive type. Suitable passive Q-
switches may be any type of Q-switch comprising a medium with an initial transmittance and a
final transmittance, wherein the change in transmittance is essentially caused by the optical
intensity of the optical field propagating through the Q-switch. One example of such a passive
Q-switch is a saturable absorber. In an embodiment of the medical laser system, the passive
Q-switch comprises Cr:YAG, V:YAG, and/or Cr:Forsterite. This choice of passive Q-switch
material is suitable for first and second wavelengths in the range 1000-1400 nm. Other choices
of passive Q-switch materials are readily known by the skilled person, e.g. for use at other
wavelengths. See for example: W. Koechner, "Solid-State Laser Engineering”, Sixth Edition,
Springer Inc., 2006.

[0037] A passive second Q-switch may thus be configured to provide a second pulse train of
laser pulses of a predetermined pulse repetition rate, e.g. determined by the design of the
second laser source. The second pulse train may thus be used as a clock signal based on
which the control circuit is configured to generate the trigger signal for controlling the active
first Q-switch.

[0038] Naturally, one may also envision a laser system, wherein one or both of the laser
sources comprise one or more additional Q-switches, e.g. all additional Q-switches being
passive, all being active, or some being passive and some being active.
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[0039] Yet alternatively, the second laser source may be a different type of pulsed laser source
for creating pulsed laser light, e.g. without employing a Q-switch. Generally, a pulsed laser
source to which a Q-switched laser source may be synchronized for e.g. generating a third
optical field, may be pulsed by other means than a Q-switch. Examples of such pulsed lasers
are gain switched lasers, examples of which are gain switched semiconductor lasers. Gain
switching may be achieved by e.g. modulating the drive current for a diode laser, or by
modulating the optical pump/excitation light intensity for a semiconductor disc laser.

[0040] Another example of a gain switched laser may be a crystal-based laser or a glass-
based laser gain material where the optical pump/excitation light may be intensity modulated.

[0041] In one embodiment, the second laser source to which a Q-switched laser source may
be synchronized for generating a third optical field may include multiple stages of optical pulse
generation and subsequent amplification e.g. a Master Oscillator Power Amplifier laser source.
An example of such system is a fiber power amplifier seeded by a pulsed diode laser. In
another example the power amplifier may be any other optical amplifier e.g. a crystal or glass
gain media-based amplifier or a semiconductor-based amplifier.

[0042] In such embodiments, the control circuit may generate the clock signal for both the gain
switched pulsed laser system and the Q-switched pulsed laser system. The delayed clock
signal may likewise be routed to either the gain switched pulsed laser system, or to the Q-
switched pulsed laser system, or delayed or processed clock signals may be routed to both the
gain switched and the Q-switched laser systems.

[0043] In some embodiments, the second laser source comprises a second laser resonator
and at least a second gain medium for generating the second optical field. The gain medium of
the first and/or second laser resonator may be a crystal based, and/or glass based, and/or
fiber based medium. For example, crystal-based gain materials may be in the shape of slabs,
rods, blocks, fibers or thin disks. Generally, the gain medium of the first and second laser
resonator may be configured to provide a gain at the first or second wavelength, respectively.
Furthermore, the gain media may be configured to sustain the optical power level within a
resonator of the corresponding laser source under operation.

[0044] In some embodiments, at least one of the first gain medium and/or the second gain
medium comprise(s) a rare-earth doped crystal. Both the first gain medium and the second
gain medium may comprise rare-earth doped crystals. Likewise, any additional gain media in a
resonator of the first or second laser source may comprise rare-earth doped crystals. In
alternative embodiments, the first gain medium and/or the second gain medium may be any of
the following: a crystal, a gas gain medium, a dye gain medium, a crystal gain medium, a solid
phase gain medium, or a semi-conductor laser gain medium.

[0045] In some embodiments, the rare-earth doped crystal comprises at least one Nd-doped
host material such as Nd:YAG, Nd:YAP, and/or Nd:GdVO4. In alternative embodiments, the
gain medium comprises other rare-earth or transition metal dopants, such as Er, Cr, Ho, Yb,
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Tm. Other suitable host materials may be glass or crystal materials such as KGW, YVO4, YLF,
Forsterite, LICAF, ZBLAN, or other fluoride or silica glasses. Other choices of gain media and
host materials are known to the skilled person, e.g. for use at other wavelengths. See for
example: W. Koechner, "Solid-State Laser Engineering”, Sixth Edition, Springer Inc., 2006.

[0046] In some embodiments, the first laser resonator comprises at least one additional first
gain medium and/or the second laser resonator comprises at least one additional second gain
medium. In this way, advantages of different gain media may be combined within a single laser
resonator.

[0047] Each laser source may comprise further optical components, such as a lens, a mirror,
or other passive or active optical components, e.g. for shaping the optical field. In particular,
the first laser resonator may comprise a first reflective element and a partly reflective first
output coupler. Similarly, the second laser resonator may comprise a second reflective element
and a partly reflective second output coupler. In some embodiments, the first reflective element
comprises a mirror and/or the second reflective element comprises a mirror. Thus, an efficient
laser resonator may be achieved, since a wide range of suitable mirrors are available to the
skilled person. The mirror may be flat, convex, or concave, depending on e.g. the requirement
for beam focusing, to overcome high peak powers, etc. In some embodiments, the first
reflective element and/or the second reflective element is/are a grating, such as a fiber Bragg
grating or a bulk grating.

[0048] An optical axis is here to be understood as an imaginary line that defines the path along
which light propagates through the system. The axis may be deflected by, e.g. a mirror or other
optical components. In some embodiments, the first laser resonator and the second laser
resonator are arranged to have substantially overlapping optical axes in a common section
over at least a part of a length of the first laser resonator and a part of a length of the second
laser resonator, and wherein the first output coupler and the second output coupler are
provided as a common output coupler. In this way, a compact system may be achieved, since
one or more optical components may be shared between the two laser resonators.

[0049] For instance, the first output coupler may be a first mirror having a reflectance at the
first wavelength of at least about 60%, such as at least about 65%, at least about 70%, at least
about 75%, or at least about 80%, at least about 85%, or at least about 90%, or even at least
about 95%. Similarly, the second output coupler may be a second mirror having a reflectance
at the second wavelength of at least about 60%, such as at least about 65%, at least about
70%, at least about 75%, or at least about 80%, at least about 85%, or at least about 90%, or
even at least about 95%. Similarly, a common output coupler may have such reflectance at
each of the first and second wavelengths. Such mirrors are readily created by known arts, and
may for example be obtained by coating non-absorbing, transparent substrates with multiple
layers of dielectric materials such as fluorides and oxides

[0050] The first and second optical fields have different wavelengths. One of the first and
second laser sources is adapted for lasing with a first wavelength in the range from about 1020
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nm to about 1080 nm, e.g. at 1064 nm, and the other one of the first and second laser sources
is adapted for lasing with a second wavelength in the range from about 1300 nm to about 1350
nm, e.g. 1319 nm. Light within these wavelength ranges is particularly useful in treatments of
various skin conditions. Wavelength of an optical field is throughout this document to be
understood as the vacuum wavelength of the field.

[0051] In some embodiments, the nonlinear medium comprises at least one nonlinear crystal.
In an alternative embodiment, the nonlinear medium comprises two, three, or more nonlinear
crystals. In this way, problems such as back-conversion of the first optical field back into the
first optical field and/or second optical field may be mitigated. In alternative embodiments, the
nonlinear medium comprises a highly nonlinear fiber.

[0052] In some embodiments, the nonlinear crystal is chosen from LBO, BBO, KTP, BiBO
periodically poled (PP) LN, or LT. These choices of nonlinear crystals are suitable for
generation of light in the visible range, e.g. yellow light from infrared light.

[0053] The nonlinear interaction may be a sum-frequency-generation (SFG). Accordingly, in
some embodiments, the nonlinear medium is configured to generate the third optical field by
sum frequency generation from the first optical field and the second optical field. In this way,
the third optical field may conveniently be generated from the first and second optical fields.
Furthermore, this choice of nonlinear process may alleviate difficulties in obtaining laser light at
shorter wavelengths, e.g. within the visible range, by generating this light from light at longer
wavelengths, e.g. in the infrared range. In some embodiments, the third wavelength is between
570 nm and 620 nm, e.g. 589 nm

[0054] In some embodiments, the medical laser system comprises at least one optical pump
source for optically pumping the first gain medium and/or the second gain medium. In some
embodiments, the medical laser system comprises at least one first optical pump source for
pumping the first gain medium and at least one second optical pump source for pumping the
second gain medium. In this way, a simple system may be achieved, wherein control of the
optical power in the first optical field and the second optical field may be individually controlled
by adjusting the power of the first pump source or the second pump source, respectively.

[0055] In some embodiments, the first gain medium is pumped substantially along the first
optical axis and/or the second gain medium is pumped substantially along the second optical
axis. End-pumping the gain media in this way is generally more pump efficient than pumping,
e.g. normal to the optical axis. In alternative embodiments, the first gain medium and/or the
second gain medium is side-pumped.

[0056] In some embodiments, the pump source comprises one or more laser diodes. Such
diodes are both inexpensive, mechanically robust, and are practically maintenance free. In
particular, in some embodiments, the one or more laser diodes of a pump source emit(s) laser
light with a wavelength in the range from about 800 nm to about 900 nm, such as from about
805 nm to about 815 nm or from about 880 nm to about 890 nm, or even about 808 nm or
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about 885 nm.

[0057] Embodiments of the medical laser system disclosed herein are particularly, though not
exclusively, suitable as a dermatological laser system, e.g. for cosmetic skin treatment.
Accordingly, in some embodiments, the medical laser system is configured for cosmetic skin
treatment, such as for the purely cosmetic treatment of wrinkles or fine lines in skin, removal of
freckles, etc. In some embodiments, the cosmetic treatment is photo rejuvenation of skin. To
this end, in some embodiments, the medical laser system is configured for irradiating a user-
selectable target skin area with laser light having one, two, three or more distinct wavelengths
simultaneously or in succession via a hand-held radiation delivery device. By delivering more
than one wavelength simultaneously or in rapid succession, an improved treatment may be
achieved.

[0058] In some embodiments, the medical laser system is configured to irradiate the target
skin area by one or more bursts of pulsed laser light, each burst comprising a pulse train of
laser pulses, the laser light having one or more wavelength components suitable for heating
constituents in the skin.

[0059] In some embodiments, the third wavelength is chosen from the range from about 510
nm to about 600 nm. In some embodiments one or both of the first and second wavelengths
are chosen from the range from about 1020 nm to about 1080 nm and/or from the range from
about 1300 nm to about 1350 nm. In other embodiments, other wavelengths may be used.

[0060] In some embodiments, the third wavelength is chosen from the range from about 570
nm to about 600 nm, one of the first and second wavelengths is chosen from the range from
about 1020 nm to about 1080 nm, and the other one of the first and second wavelengths is
chosen from the range from about 1300 nm to about 1350 nm, such as about 589 nm, about
1064 nm, and about 1319 nm, respectively, or such as about 593 nm, about 1064 nm, and
about 1341 nm, respectively, or even such as about 598 nm, about 1079 nm, and about 1341
nm. These wavelengths may be used separately in treatment of various skin problems and
have different ways of interacting with the skin layers due to different absorption/penetration of
the wavelengths into the layers. For instance, light with wavelengths in the range from about
570 nm to about 600 nm may be used for treatment of minor vessels, red discoloration of skin,
hyper-pigmentation, and to stimulate collagen growth. Light with wavelengths of about 1064
nm or about 1079 nm has a very good penetration due to the low absorption in melanin,
hemoglobin and water and may be used to stimulate collagen growth and treat deeper lying
vessels. Light with wavelengths of about 1319 nm or 1350 nm has a good penetration, but
higher absorption in water and fatty tissue than, e.g. 1064 nm or 1079 nm light, and may be
used to improve skin elasticity and to stimulate collagen growth. A laser system capable of
rapidly switching between multiple wavelengths allows reduction of the treatment time.

[0061] In some embodiments, the first and second wavelengths are the same and the first and
second optical fields have different polarization states, e.g. vertical and horizontal. For
example, in some embodiments, the first and second wavelengths are in the range of about
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1020 nm to about 1080 nm, such as 1064 nm. The third wavelength may be between about
510 nm and about 540 nm, such as 532 nm.

[0062] In some embodiments, the medical laser system is operable to feed more than two
optical fields into at least one nonlinear medium, e.g. a first, a second and a fourth optical field.
The fourth optical field may have a fourth wavelength which may be the same wavelength as
one or both of the first and second wavelengths or a wavelength different from the first and
second wavelengths. The fourth optical field may be in the form of a fourth pulse train of laser
pulses along a fourth optical axis.

[0063] To this end the laser system may include a further laser source, e.g. including a laser
resonator, a further gain medium and a further Q-switch, as described in connection with the
first or second laser source. The further laser source may be pumped by a further pump
source. The further Q-switch may be controlled by the control signal. To this end, the control
signal may control operation of the further Q-switch by a further adjustable delay.

[0064] The control circuit may thus be configured to control the relative timing of the pulses of
the first, second and fourth pulse train (and optionally of yet further pulse trains). When the
laser pulses of the first and fourth pulse trains temporally overlap in the at least one nonlinear
medium, a fifth optical field may be generated by a nonlinear interaction between the first and
the fourth optical fields. Similarly, alternatively or additionally, when the laser pulses of the
second and fourth pulse trains temporally overlap in the at least one nonlinear medium, a sixth
optical field may be generated by a nonlinear interaction between the second and the fourth
optical fields. Accordingly, the control circuit may selectively control which optical field(s) is/are
included in the output radiation of the laser system by controlling relative delays between the
respective pulse trains.

[0065] In one embodiment, the at least one nonlinear medium comprises:

e a first nonlinear medium operable to generate the third optical field from the first and
second optical fields; and

« a second nonlinear medium operable to generate the fifth optical field from the first and
second optical fields;

[0066] The first and second nonlinear media may be arranged such that the first, second and
fourth optical fields are fed through the first nonlinear medium and then through the second
nonlinear medium, together with any third optical field generated by the first nonlinear medium.
When the laser pulses of the first and second optical fields overlap in the first nonlinear
medium, the output radiation includes the third optical field. VWWhen the laser pulses of the first
and the fourth optical fields overlap in the second nonlinear medium, the output radiation
includes the fifths optical field. In this example, the relative timing of the second and fourth
pulse trains may be configured such that they do not overlap in the first or second nonlinear
media. However, in other examples, their relative timing may also be adjustable so as to cause
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their laser pulses to selectively overlap in at least one of the nonlinear media.

[0067] Generally, embodiments of the medical laser system disclosed herein provide an
improved treatment, while advantages such as compactness, ease of use, and/or economic
benefits of the laser system are maintained.

[0068] The medical laser system is configured to irradiate the target skin area in bursts of
pulsed laser light, each burst having a duration in a range from about 0.5 ms to about 1000
ms, such as from about 0.5 ms to about 900 ms, such as from about 0.5 ms to about 800 ms,
such as from about 0.5 ms to about 600 ms, such as from about 0.5 ms to about 400 ms, such
as from about 0.5 ms to about 300 ms, such as from about 10 ms to about 200 ms, or even
from about 20 ms to about 100 ms, or from about 10 ms to about 40 ms, or from about 0.5 ms
to about 40 ms, such as from about 1 ms to about 20 ms, such as from about 0.5 ms to about
4 ms. The burst repetition rate may vary considerably and may in some embodiments be
selected in the range from 0.1 Hz to 20 Hz, such as from 0.1 Hz to 10 Hz, such as from 0.1 Hz
to 5 Hz. In some embodiments, even lower or higher repetition rates may be desirable. In
some embodiments, the pulse repetition rate between the individual pulses of a burst may be
selected in the range from 1 kHz to 100 kHz, e.g. from 5 kHz to 30 kHz, such as from 10 kHz to
20 kHz. It will be appreciated that the choice of pulse repetition rate may depend on the
components of the laser system. The pulse repetition rate may be the same for all optical
fields. However, in some embodiments the pulse repetition rate may vary from field to field
and/or over time.

[0069] The medical laser system is configured to deliver a total radiant exposure of the target

area in a range of about 15 J/cm? to about 150 J/cm? for each distinct wavelength. In some
embodiments, the medical laser system is configured to deliver a total radiant exposure of the

target area in a range of about 5 J/cm? to about 100 J/cm? per distinct wavelength, for

example in the range from about 5 J/cm? to about 50 J/cm? for each distinct wavelength.

[0070] In some embodiments, the hand-held radiation delivery device is configured to scan the
beam in a scanning pattern of individual target skin areas covering a treatment area. The
scanning pattern may be pre-set or selectable among a number of pre-programmed patterns,
or even be directly programmable, e.g. by a user of the laser system. In some embodiments,
the scanning pattern is a rectangular pattern of individual target skin areas "spots”, with a
pattern consisting of 3 to 15 spots in each direction, such as for example a 5x5 pattern, or for
example a 6x6 pattern, or for example a 7x7 pattern, or for example a pattern with variable
spot density in the range of 3-t0-15 by 3-to-15 spots.

[0071] In some embodiments, the individual target skin areas of said scanning pattern are
addressed with alternating wavelengths, e.g. such that two neighboring target skin areas being
irradiated with different wavelengths when irradiated in a direct sequence immediately after
each other. Avoiding exposure on two neighboring target skin areas in sequence, or at least
avoiding exposure with the same wavelength, reduces risk for general damages to the
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treatment area. In some embodiments, a dwell time at said individual target skin area positions
is in the range from about 0.5 ms to about 100 ms, such as between 0.5 ms and 10 ms, e.g.
between 0.5 ms and 4 ms.

[0072] In some embodiments, the scanned treatment area substantially forms a rectangle with
an extent along each side in the range from about 3 mm to about 10 mm, such as for example
a 3 mm-by-3 mm area, or for example a 5 mm-by-5 mm area, or for example a 5 mm-by-10
mm area, or even for example a 10 mm-by-10 mm area.

[0073] A size, such as a diameter or a greatest extent of the target skin area is selected to be
in the range from about 0.8 mm to about 5.0 mm, such as about 1.0 mm, such as about 2.0
mm, such as about 3.0 mm, or even such as about 4.0 mm. The size of the target skin area
may be defined by the spot size on the skin of the laser light, i.e. the irradiated spot on the
skin.

[0074] As embodiments of the medical laser system described herein facilitate a fast switching
of the third optical field, they are particularly useful for a real-time automatic control the output
of the medical laser system, e.g. based on measurements of the target area and/or the laser
output. To this end, the laser system may include a sensor operable to detect or monitor an
effect of the laser output on the target area. The control circuit may then be configured to
control generation of the third optical field (in particular by adjusting the adjustable delay)
responsive to the detected or monitored effect. Examples of the effect may be a temperature,
a light intensity, or the like. In some embodiments, the sensor includes a camera configured to
capture images of the target area during treatment, and the medical laser system may be
configured to process one or more images captured by the camera so as to determine an
effect of the laser output on the target area.

Brief description of the drawings

[0075] The above and other aspects will be apparent and elucidated from the embodiments
described in the following with reference to the drawing in which:

FIG. 1
schematically illustrates an embodiment of a medical laser system.
FIG. 2
schematically illustrates another embodiment of a medical laser system.
FIG. 3
schematically illustrates yet another embodiment of a medical laser system.
FIG. 4
schematically illustrates the control of the relative timing of laser pulses in the nonlinear
medium.
FIG. 5
schematically illustrates yet another embodiment of a medical laser system.
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FIG. 6

schematically illustrates yet another embodiment of a medical laser system.
FIG. 7

illustrates operation of the embodiment of FIG. 6.

Detailed description

[0076] FIG. 1 schematically illustrates an embodiment of a medical laser system. The medical
laser system, generally designated by reference numeral 100, comprises a first laser source
120 and a second laser source 170. Both the first laser source 120 and the second laser
source 170 may be provided in the form of respective cavities or other resonators 128 and
178, respectively, for creating first and second optical fields, respectively.

[0077] The first laser source 120 includes a first gain medium 121 of an Neodynium (Nd)
doped host material such as Nd:YAG, capable of emitting light at the first wavelength of 1064
nm. The first gain medium 121 is located on the first optical axis. The laser resonator of the
first laser source 120 is bounded on one side by a first reflective element 122, such as a
mirror. The resonator 128 of the first laser source is bounded on a second side by a partly
reflective first output coupler 123 that is partly reflective to the first optical field so as to couple
out parts of the circulating laser field. The first output coupler is partially reflective at the first
wavelength of 1064 nm. For example, in certain embodiments the reflectance for light with a
wavelength of about 1064 nm is at least about 60%, such as at least about 65% or at least
about 70%, or even at least about 75% or at least about 80%. Such an output coupler may be
provided as a mirror that is readily created by known arts, and is for example accomplished by
coating non-absorbing, transparent substrates with multiple layers of dielectric materials such
as fluorides and oxides. The first laser source outputs the first optical field 125 at the first
wavelength along a first optical axis.

[0078] Similarly, the second laser source 170 includes a second gain medium 171 on the
second optical axis 117, comprising a Nd doped host material such as Nd:YAG, capable of
emitting light at a second wavelength of 1319 nm. The resonator 178 of the second laser
source 170 is bounded by a second reflective element 172 and a by partly reflective second
output coupler 173 that is partly reflecting to the second optical field so as to couple out parts
of the circulating laser field from the resonator of the second laser source. The second output
coupler is partially reflective at the second wavelength of 1319 nm. For example, in certain
embodiments, the reflectance of the second output coupler at about 1319 nm is at least about
85%, such as at least about 90%, or even at least about 95%. The second laser source outputs
the second optical field 175 at the second wavelength along a second optical axis.

[0079] While shown as completely separate cavities in FIG. 1, the resonators of first laser
source 120 and the second laser source 170 may share a part of the cavity referred to as the
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common section. Within the common section, the first optical axis and the second optical axis
may substantially be coinciding or parallel.

[0080] Other examples of suitable gain materials include Nd:YAP capable of lasing at about
1079 nm or at about 1341 nm, Nd:GdVO4 capable of lasing at about 1064 nm or at about
1341 nm, or Yb:YAG emitting at about 1030 nm. Yet further examples include crystal hosts
such as YAG, forsterite, YAP, YVO4, LICAF and KGW doped with active rare-earth or transition
metal ions such as Nd, Er, Yb, Cr, and Ho. Optionally the host may be a silica glass, or fluoride
glass. The first gain medium 121 and the second gain medium 171 are not required to be of
the same kind, such as the first gain medium 121 being of Nd:YAG emitting at 1064 nm and
the second gain medium being of Nd:YAP 171 emitting at 1341 nm. Other combinations may
be suitable for particular uses to which the laser system 100 is being employed and will be
readily apparent to those skilled in the art given the benefit of this disclosure.

[0081] The medical laser system comprises a first Q-switch 124 coupled to the first gain
medium 121. When activated, the first active Q-switch alters the quality factor (Q) of resonance
for the first gain medium at the first wavelength. The first Q-switch may be an acousto-optical
modulator. The laser system further includes a first driver 131, e.g. an RF-generator, or an
electro-optical modulator controlled by a high-voltage generator. The first driver is operable to
activate the Q-switch in response to a received trigger signal.

[0082] Similarly, the medical laser system comprises a second Q-switch 174 coupled to the
second gain medium 171. When activated, the second active Q-switch alters the quality factor
(Q) of resonance for the second gain medium at the second wavelength. The second Q-switch
may be an acousto-optical modulator. The laser system further includes a second driver 132,
e.g. an RF-generator, or an electro-optical modulator controlled by a high-voltage generator.
The second driver is operable to activate the Q-switch in response to a received trigger signal.

[0083] Alternatively, one of the Q-switches may be of passive type, comprising e.g. Cr:YAG,
V:YAG and/or Cr:Forsterite.

[0084] The first optical field and the second optical field are combined to have substantially
common optical axes. This may be accomplished by utilizing a beam combiner 142, such as a
dichroic mirror which is essentially transparent for the first or the second wavelength while
essentially reflecting for the other wavelength. For example, the mirror is essentially
transparent for light with a wavelength of about 1064 nm, while reflectance for light with a
wavelength of about 1319 nm is at least about 95%, such as at least about 99%. In this fashion
the two beams may be overlaid. Another example of a beam combiner is a dispersing prism.
Other examples of beam combiners are reflection gratings and transmission gratings.

[0085] The laser system comprises a nonlinear medium 140 for sum frequency generation
conversion of the first optical field and the second optical field into the third optical field. The
nonlinear medium receives the combined first and second optical fields from the beam
combiner 142. The nonlinear medium 140 for sum frequency generation is here implemented
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by an LBO crystal. The LBO may be arranged for non-critical phase matching. A typical length
of the LBO crystal is in the range from about 10 mm to about 50 mm, such as in the range
from about 15 mm to about 25 mm, or even about 20 mm.

[0086] The laser system comprises a first pump source 110 for optically pumping the resonator
of first laser source, and a second pump source 160 for optically pumping the resonator of the
second laser source. The pump sources may, for instance, be fiber-coupled laser diodes.
Typical pump wavelengths may be about 808 nm or about 885 nm.

[0087] The laser system further comprises a control circuit 130 for controlling the various
components of the laser system. In particular, the control circuit is operable to control
operation of the pump sources and to generate a trigger signal for triggering the Q-switches.
The control circuit may at least in part be implemented by a suitable microprocessor, as a
phase-locked loop component, an FPGA, and CPLD and/or the like. The control circuit may be
implemented as a single functional block or as multiple functional blocks. In particular, the
control circuit creates a trigger signal 134 which is forwarded to the first driver 131 via an
adjustable delay circuit 133 and to the second driver 132. Of course, alternatively, the delay
circuit may be positioned in the signal path of the trigger signal from the control signal to the
second driver. Yet alternatively both trigger signals may be delayed by respective adjustable
delays. The drivers 131 and 132 control the respective Q-switches to alternately increase and
decrease the quality factor of the respective gain media. Accordingly, each laser source
outputs a sequence (or train) of short laser pulses. The respective pulse trains reach the
nonlinear medium 140.

[0088] The control circuit 130 may control the adjustable delay 133 such that the laser pulses
from the first laser source reach the nonlinear medium at the same time as corresponding
laser pulses from the second laser source, i.e. such that the laser pulses from the first laser
source coincide (or at least overlap temporally) with respective pulses from the second laser
source in the nonlinear medium. Accordingly, the laser pulses from the first and second laser
source can interact in the non-linear medium so as to generate laser pulses of the third optical
field. Accordingly, the control circuit 130 can control the adjustable delay 133 such that the
laser light 141 output by the non-linear medium 140 includes light of the third optical field
resulting from the nonlinear process. The amount of light of the third optical field depends on
the operation conditions of the nonlinear medium as on the amount of temporal overlap of the
incoming pulses from the first and second laser sources. In any event, the output 141 from the
non-linear medium may also include a certain amount of light at the first and/or second
wavelength.

[0089] Alternatively, the control circuit 130 may control the adjustable delay 133 such that, in
the nonlinear medium, the pulses from the first laser source coincide with gaps (pauses)
between pulses from the second laser sources, i.e. such that the pulses from the first and
second laser sources do not overlap temporally in the nonlinear medium. Accordingly, with
such a setting of the adjustable delay, no efficient interaction between the first and second
optical fields can occur in the nonlinear medium and the output 141 from the nonlinear medium
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will only include respective pulse trains at the first and second wavelengths.

[0090] If desired, the first and/or second wavelengths may be filtered out from the output 141
from the nonlinear medium, e.g. by an output selector as described below. This may be done
permanently or selectively, e.g. responsive to a wavelength selection signal.

[0091] The control circuit 130 may thus control the relative timing of the pulses from the first
and second laser source by adjusting the adjustable delay 133. As the appropriate delay that
causes the pulses from the first and second laser sources to coincide may change over time,
e.g. due to drift or other instabilities of the various components of the laser system, the control
circuit should preferably continuously or at least intermittently adapt the adjustable delay. To
this end, the control circuit may receive a signal indicative of relative timing of the pulses in the
non-linear medium and adapt the adjustable delay based on the received signal.

[0092] To this end, the embodiment of FIG. 1 includes a beam splitter 136 which receives the
output 135 from the nonlinear medium 140 and which directs a minor portion of the output 141
at the third wavelength (or otherwise a minor portion of the third optical field output by the
nonlinear medium) towards a photodetector 135. The output from the photodetector is fed to
the control circuit 130 as a signal 137 that is indicative of the intensity of the third optical field,
i.e. indicative of the efficiency of the nonlinear process in the nonlinear medium. The control
circuit may thus adjust the delay 133 so as to maximize the detected intensity of the third
optical field. It will be appreciated that the laser system may be configured such that the
photodetector 135 receives and detects the first and/or second wavelength and the control
circuit may then be configured to adjust the delay 133 so as to minimize the content of the first
and/or second wavelength in the output 141 from the nonlinear medium 140.

[0093] As will be described in greater detail below, the control circuit may also operate as an
exposure control device, as the control circuit may selectively desynchronize the pulses from
the first and second laser sources so as to prevent the third optical field from being generated
in the nonlinear medium. Accordingly, the control device may be operable to selectively turn
the third optical field on and off. In some embodiments, the control circuit 130 may thus
selectively control generation of the third optical field so as to generate short bursts of laser
light at the third wavelength, e.g. burst including a pulse train of one or more pulses. In this
manner, very short bursts of light may be created, in particular bursts shorter than 10 ms and
even bursts of 1 ms or less. Moreover, the control circuit 130 may turn the third optical field on
or off responsive to a corresponding command, e.g. responsive to an operator of the system
initiating operation at the third wavelength.

[0094] FIG. 2 schematically illustrates another embodiment of a medical laser system. The
medical laser system of FIG. 2 is similar to the embodiment shown in FIG. 1 in that it
comprises a first pump source 110, a second pump source 160, a first laser source 120, a
second laser source 170, a beam combiner 142, a nonlinear medium 140, drivers 131 and 132
for driving respective Q-switches 124 and 174 of the first and second laser sources,
respectively, an adjustable delay circuit 133 and a control circuit 130, all as described in
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connection with FIG. 1.

[0095] In particular, as was described in detail with reference to FIG. 1, the control circuit 130
controls the adjustable delay 133 so as to control the relative timing of the laser pulses from
the first laser source and the second laser source. Specifically, the control circuit may be
operable to selectively turn generation of the third optical field on or off. To this end the control
circuit receives a signal 137 based on which the control circuit determines the appropriate
delay setting that causes the pulses from the first laser source to temporally overlap with
corresponding pulses from the second laser source.

[0096] In the present embodiment, the signal 137 is created based on measured outputs of
the respective first and second laser sources. To this end, the medical laser system of the
present embodiment comprises a first beam splitter 226 that directs a minor portion of the first
optical field 125 towards a first photodetector 235. Similarly, the medical laser system of the
present embodiment comprises a second beam splitter 276 that directs a minor portion of the
second optical field 175 towards a second photodetector 236. The photodetectors 235 and 236
forward their respective detection signals to a pulse detection circuit 238. The pulse detection
circuit detects the laser pulses of the pulse trains of the first and second optical fields,
respectively, and determines the time lag between the respective pulses. The pulse detection
circuit then forwards a signal 137 to the control circuit 130 indicative of the detected time lag.
When the control circuit 130 is to cause generation of the third optical field, the control circuit
may thus select the adjustable delay 133 such that the time lag is minimized.

[0097] It is an advantage of this embodiment that the signal 137 indicative of the time lag can
be produced independently of the generation of the third optical field and, in particular, even
when the time lag is currently such that no third optical field is created in the optical medium.
Accordingly, the control circuit 130 may determine an accurate value of the optimal delay for
creation of the third optical field even during time periods when the third optical field is turned
off, i.e. during periods where the control circuit controls the adjustable delay 133 such that no
third optical field is created, e.g. during periods where the operator has selected treatment with
only one or both of the first and second wavelengths rather than the third wavelength. This
embodiment thus allows a fast switching on of the third optical field even in situations when the
corresponding optimal delay for the generation of the third optical field has changed during the
off period, e.g. due to thermal drift or the like.

[0098] FIG. 3 schematically illustrates yet another embodiment of a medical laser system. The
medical laser system of FIG. 3 corresponds to the embodiment shown in FIG. 2 in that it
comprises a first pump source 110, a second pump source 160, a first laser source 120, a
second laser source 170, a beam combiner 142, a nonlinear medium 140, drivers 131 and 132
for driving respective Q-switches 124 and 174 of the first and second laser sources,
respectively, an adjustable delay circuit 133, first and second beam splitters 226, 276, first and
second photodetectors 235 and 236, a pulse detection circuit 238 and a control circuit 130, all
as described in connection with FIG. 2.
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[0099] The embodiment of FIG. 3 differs from the embodiment of FIG. 2 in that the medical
laser system of FIG. 3 further comprises an output selector 380 positioned in the beam path of
the output 141 from the nonlinear medium 140. The output selector 380 is operatively coupled
to the control circuit 130 such that the control circuit controls operation of the output selector
380.

[0100] The output selector 380 may be implemented as a mirror selector holding a number of
selection mirrors. The mirror selector is configured, responsive to a control signal from control
circuit 130 to position a chosen selection mirror to intersect the first optical axis, second optical
axis and third optical axis. The mirror selector may comprise a wheel with slots around the
circumference, into which the selection mirrors are mounted. Alternatively, it may comprise a
linear stage with slots, into which the selection mirrors are mounted. Yet alternatively, it may
comprise an axle with radially mounted arms or vanes appropriate for holding mirrors. The
mirror selector may comprise an electrical stepper motor, a linear motor, or an electrical motor.
To assist exact positioning of the mirror selector a disc with slots in combination with means for
optically reading the disc position to establish the mirror selector position may e.g. be used.
Optionally an electronic counter may be used for reading the mirror selector position. Other
examples of mirror selectors are readily apparent to those skilled in the art given the benefit of
this disclosure.

[0101] It will be appreciated that the complexity of the output selector, e.g. the number of
mirrors and different selectable positions, is simplified when the third optical field can be turned
on and off by the control circuit adjusting the relative timing of the laser pulses in the nonlinear
medium. Moreover, the selective inclusion of the third wavelength in the output of the laser
system may be performed very fast by embodiments of the laser system disclosed herein.

[0102] For example, the selection mirrors may be chosen as to enable control of which of the
optical fields emitted from the laser system is/are available at an output port. For instance, the
optical fields transmitted through the selection mirrors are routed to the output port, while the
optical fields reflected are passed to a beam dump. Alternatively, the reflected optical fields are
routed to the output port of the laser system while the transmitted optical fields are passed to
the beam dump. In another alternative both the reflected and transmitted optical fields are
used as output from the laser system 100, e.g. the reflected optical field being output from a
primary output port, and the reflected optical field being output from a secondary output port.

[0103] In an example, where the transmitted fields are used as output from the laser system a
first selection mirror may have a transmittance at the third wavelength (e.g. a wavelength of
about 589 nm) of at least about 90%, such as at least about 95%, or even about 99.5%, and
may have a reflectance at the first wavelength (e.g. a wavelength of about 1064 nm) of at least
about 50%, such as at least about 75%, such as at least about 90%, or even at least about
99%. Finally, the first selection mirror may have a reflectance at the second wavelength (e.g. a
wavelength of about 1319 nm) of at least about 50%, such as at least about 75%, such as at
least about 90%, or even at least about 99%.
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[0104] A second selection mirror may have a transmittance at the third and first wavelengths of
at least about 90%, such as at least about 95%, or even about 99.5%, and may have a
reflectance at the second wavelength of at least about 50%, such as at least about 75%, such
as at least about 90%, or even at least about 99%.

[0105] Finally, a third selection mirror may have a transmittance at the third and second
wavelengths of at least about 90%, such as at least about 95%, or even about 99.5%, and may
have a reflectance at the first wavelength of at least about 50%, such as at least about 75%,
such as at least about 90%, or even at least about 99%.

[0106] It will be appreciated that an output selector 380 may also be implemented in the
medical laser system of FIG. 1 e.g. upstream or downstream of the beam splitter 136 of FIG.
1.

[0107] It will further be appreciated that embodiments of the laser system may include
additional or alternative components. For example, the medical laser system may include a
hand-held radiation deliver device, e.g. as described in connection with FIG. 5 below. Some
examples of a medical laser system may include a mechanical or other type of shutter or
exposure control element. It will further be understood that some embodiments of the medical
laser system may include further optical elements such as lenses, beam redirecting elements,
filters, etc. all conventional in the art.

[0108] FIG. 4 schematically illustrates the control of the relative timing of laser pulses in the
nonlinear medium in the embodiments shown in any one of FIGs. 1-3.

[0109] In particular, FIG. 4 A) shows an example of a pulse train from the second laser source,
FIG. 4 B) shows an example of a pulse train from the first laser source and FIG. 4 C) shows an
example of a corresponding pulse train of laser pulses of the third optical field generated by
the nonlinear medium. As can be seen from FIG. 4 A), the pulses emitted by the second laser
source are substantially equidistant in time, as controlled by a master trigger signal to the
second driver driving the second Q-switch. Similarly, FIG. 4 B) illustrates that, during periods
where the adjustable delay is kept constant, the pulses emitted by the first laser source are
also substantially equidistant, as controlled by the delayed master trigger signal to the first
driver driving the first Q-switch. The relative timing between the pulses from the first and
second laser sources is controlled by the magnitude of the adjustable delay.

[0110] Specifically, in the example of FIG. 4, during an initial period 410, the relative timing is
selected such that the pulses from the first and second laser source due not coincide (and do
not even overlap) in time. Accordingly, as there are no coinciding first and second optical fields
in the nonlinear medium, they cannot interact with each other in the nonlinear medium.
Consequently, no laser light of the third optical field is created during period 410, as illustrated
in FIG. 4 C).

[0111] At point 411, the adjustable delay is changed, in this example, reduced. The change in
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the adjustable delay is selected such that, during the subsequent period 402, the pulses from
the first and second laser source do indeed coincide (or at least substantially overlap in time).
Accordingly, the nonlinear interaction between the first and second optical fields can take place
in the nonlinear medium, resulting in the generation of corresponding laser pulses of the third
optical field, as illustrated in FIG. 4 C).

[0112] At subsequent point 412, the adjustable delay is changed again (in this example
increased), so as to again cause the laser pulses from the first and second laser source to not
temporally overlap in the nonlinear medium. Hence, during the subsequent period 403, no
laser pulses of the third optical field are generated, as illustrated in FIG. 4 c).

[0113] As is apparent from FIG. 4, by selectively adjusting the delay between the laser pulses
from the first and second laser sources, respectively, the third optical field can be selectively
turned on or off. Accordingly, the control circuit can alternately (e.g. periodically) turn the third
optical field on and off so as to cause the generation of short bursts of pulsed laser light of the
third optical field, e.g. as illustrated by the burst of three pulses shown in FIG. 4 C). However, it
will be appreciated that the bursts may include fewer or more pulses. Also, it will be
appreciated that the third optical field may be completely turned off (or on) during an extended
period, e.g. responsive to an operator input.

[0114] FIG. 5 schematically illustrates yet another embodiment of a medical laser system. The
system comprises a laser source 100, e.g. as described in connection with any of FIGs. 1-3.
The laser system further comprises an optical fiber 502 or other beam delivery device and a
hand-held radiation delivery device 503. The optical fiber 502 has a radiation-receiving end
that is coupled to an output port of the laser source and configured to receive radiation from
the laser source. The optical fiber has a radiation delivery end that is coupled to the hand-held
delivery device. The hand-held delivery device thus receives laser light from the laser source
via the optical fiber and irradiates a user-selectable target area 504 with the received laser
light.

[0115] FIG. 6 schematically illustrates yet another embodiment of a medical laser system. The
medical laser system, generally designated by reference numeral 600, comprises a first laser
source 120, a second laser source 170 and a third laser source 680, e.g. each as described in
connection with FIG. 1. Each laser source may be pumped by a corresponding pump source
(not explicitly shown in FIG. 6) and each laser source is configured to emit respective first,
second and fourth optical fields, 125, 175 and 685, respectively, each in the form of a
respective pulse train. The pulse timing of the pulse trains is controlled by a control circuit 130,
e.g. by controlling respective delays of trigger signals to Q-switches in laser resonator of the
respective laser sources, all as described in connection with one or more of the previous
embodiments.

[0116] In the present example, the first optical field 125 is horizontally polarized and has a
wavelength of 1064 nm, the second optical field 175 has a wavelength of 1319 nm, and the
fourth optical field 685 is vertically polarized and has a wavelength of 1064 nm.
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[0117] All optical fields are directed into a first nonlinear medium 140A, e.g. by means of
suitable mirrors and beam combiners. The output of the first nonlinear medium, including a
third optical field 641A, if present, generated by the first nonlinear medium is directed into a
second nonlinear medium 140B. The output of the second nonlinear medium, including a fifth
optical field 641B, if present, generated by the second nonlinear medium is provided as an
output from the system, optionally with one of more components being selected by a suitable
selector. While shown as separate blocks in FIG. 6, it will be appreciated that, in some
embodiments, the first nonlinear medium and the second nonlinear medium may be embodied
as a single component, e.g. a single periodically poled material. Accordingly, in some
embodiments, the first nonlinear medium and the second nonlinear medium may be integrated
in a single nonlinear medium.

[0118] FIG. 7 illustrates operation of the embodiment of FIG. 6. In particular, FIG. 7 A) shows
an example of a pulse train 125 from the first laser source, FIG. 7 B) shows an example of a
pulse train from 175 the second laser source and FIG. 7 C) shows an example of a
corresponding pulse train 685 from the third laser source 680. As can be seen from FIGs. 7 A)-
B), the pulses emitted by the first and second laser sources are substantially equidistant in
time, but their relative time is such that they do not overlap in time, i.e. such that they do not
interact with each other in the nonlinear media.

[0119] Similarly, FIG. 7 C) illustrates that, during periods where the pulse timing of pulse train
685 is kept constant, the pulses emitted by the third laser source are also substantially
equidistant. The timing of the pulses from the third resonator is adjusted such that they
selectively are either aligned with the pulses 125 (during periods 601 and 603) or with the
pulses 175 (during period 602). When the pulses 685 are aligned with pulses 125, they interact
in nonlinear medium 140A so as to generate light at 589 nm. When the pulses 685 are aligned
with pulses 175, these interact instead in nonlinear medium 175 so as to generate light at 532
nm.

[0120] Hence, by controlling the relative timing of the pulses 685, the system may be
controlled to switch between outputting light at two different wavelengths.

[0121] Embodiments of the laser control described herein can be implemented by means of
hardware comprising several distinct elements, and/or at least in part by means of a suitably
programmed microprocessor. In the apparatus claims enumerating several means, several of
these means can be embodied by one and the same element, component or item of hardware.
The mere fact that certain measures are recited in mutually different dependent claims or
described in different embodiments does not indicate that a combination of these measures
cannot be used to advantage.

[0122] It should be emphasized that the term "comprises/comprising" when used in this
specification is taken to specify the presence of stated features, elements, steps or
components but does not preclude the presence or addition of one or more other features,
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elements, steps, components or groups thereof.
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Medicinsk lasersystem

Patentkrav

1. Dermatologisk lasersystem (100), som omfatter:

en farste laserkilde (120), der omfatter en ferste laserresonator (128), mindst
et farste forsteerkningsmedium (121) til generering af et farste optisk felt (125)
langs en farste optisk akse; og mindst en farste Q-switch (124), som er konfi-
gureret til at styre en resonanskvalitet af den ferste laserresonator,;

et styrekredslab (130), som er konfigureret til at styre den farste Q-switch for
at bevirke, at den farste laserresonator genererer det farste optiske felt som et
ferste impulstog af laserimpulser;

en anden laserkilde (170) til generering af et andet optisk felt (175) som et
andet impulstog af laserimpulser langs en anden optisk akse;

mindst et ikke-linezert medium (140) til generering af et tredje optisk felt (141)
langs en tredje optisk akse ved en ikke-lineeer interaktion mellem det farste
optiske felt og det andet optiske felt;

en sensor (135, 235, 236), som er konfigureret til at detektere en egenskab af
mindst et af de optiske felter;

hvor styrekredslabet er konfigureret til at styre en virkemade af den ferste Q-
switch for at justere en relativ timing af laserimpulserne af det farste impulstog
og laserimpulserne af det andet impulstog som reaktion pa den detekterede
egenskab; hvor det ferste optiske felt har en ferste balgeleengde, det andet
optiske felt har en anden balgeleengde, og det tredje optiske felt har en tredje
balgeleengde, som er forskellig fra den farste og anden balgeleengde;

hvor styrekredslgbet som reaktion pa en belgeleengdeselektionskommando
eller som reaktion pa den detekterede egenskab er konfigureret til selektivt at
styre den relative timing for at styre en balgelaengde af en outputstraling fra
lasersystemet for at skifte mellem et ferste laseroutput, som indbefatter den
tredje belgeleengde, og et andet laseroutput, som kun indbefatter den ferste
og anden bglgeleengde;

hvor det farste og andet optiske felt, nar impulserne af det ferste og andet
impulstog ikke overlapper tidsmeaessigt, propagerer gennem det ikke-linesere
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medium, uden at det tredje optiske felt genereres, saledes at outputtet fra det
ikke-lineeere medium bestar af det farste og andet optiske felt; og

hvor det tredje optiske felt, nar impulserne af det ferste og andet impulstog
tidsmaessigt overlapper i det ikke-linesere medium, er genereret deri.

2. Dermatologisk lasersystem ifalge et hvilket som helst af de foregaende krav;
hvor styrekredslagbet omfatter et justerbart forsinkelseskredslab (133); hvor
styrekredslgbet er konfigureret til at generere et udl@sningssignal (134) og til
at videresende udl@gsningssignalet til det justerbare forsinkelseskredslab; hvor
det justerbare forsinkelseskredslab er konfigureret til at videresende en forsin-
ket version af udl@sningssignalet, som er forsinket med en justerbar forsin-
kelse i forhold til udl@sningssignalet, til den ferste Q-switch; og hvor styre-
kredslebet er konfigureret til at justere den justerbare forsinkelse som reaktion
pa den detekterede egenskab.

3. Dermatologisk lasersystem ifalge et hvilket som helst af de foregaende krav;
hvor den detekterede egenskab repraesenterer en outputeffekt af det tredje
optiske felt.

4. Dermatologisk lasersystem ifalge et hvilket som helst af kravene 1 til 2; hvor
den detekterede egenskab repreesenterer en relativ timing af laserimpulserne
af det fgrste impulstog og laserimpulserne af det andet impulstog.

5. Dermatologisk lasersystem ifalge et hvilket som helst af de foregaende krav;
hvor styrekredslabet er konfigureret til at styre den relative timing, saledes at
laserimpulserne af det ferste impulstog tidsmeessigt overlapper i det ikke-line-
gere medium med respektive laserimpulser af det andet impulstog.

6. Dermatologisk lasersystem ifalge et hvilket som helst af de foregaende krav;
hvor styrekredslabet er konfigureret til at styre den relative timing for selektivt
at forarsage en generering af det tredje optiske felt.
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7. Dermatologisk lasersystem ifalge krav 6; hvor styrekredslgbet som reaktion
pa et farste signal er konfigureret til selektivt at styre den relative timing, sale-
des at laserimpulserne af det ferste impulstog tidsmeessigt overlapper i det
ikke-linegere medium med respektive laserimpulser af det andet impulstog for
at forarsage en generering af det tredje optiske felt; og hvor styrekredslabet
som reaktion pa et andet signal er konfigureret til selektivt at styre den relative
timing, saledes at laserimpulserne af det ferste impulstog ikke tidsmaessigt
overlapper i det ikke-lineaere medium med respektive laserimpulser af det an-
det impulstog for at forhindre en generering af det tredje optiske felt.

8. Dermatologisk lasersystem ifglge et hvilket som helst af kravene 6 til 7, nar
afheengigt af krav 4; hvor styrekredslgbet er konfigureret til at bestemme en
anden relativ timing, som bevirker, at laserimpulserne af det fgrste impulstog
tidsmaessigt overlapper i det ikke-linesere medium med respektive laserimpul-
ser af det andet impulstog for at forarsage en generering af det tredje optiske
felt; i en periode, hvor styrekredslabet er konfigureret til at styre den relative
timing til at blive en ferste relativ timing, som bevirker, at laserimpulserne af
det farste impulstog ikke tidsmaessigt overlapper i det ikke-linesere medium
med respektive laserimpulser af det andet impulstog for at forhindre en gene-
rering af det tredje optiske felt; og hvor styrekredslebet som reaktion pa et
farste signal er konfigureret til at skifte den relative timing fra den ferste relative
timing til den bestemte anden relative timing.

9. Dermatologisk lasersystem ifalge et hvilket som helst af kravene 6 til 8, om-
fattende en outputselektor (380) til selektivt at blokere straling af den ferste
og/eller anden balgeleengde, som skal inkluderes i outputstralingen fra laser-
systemet; og hvor styrekredslabet er konfigureret til selektivt at aktivere
outputselektoren som reaktion pa en bglgeleengdeselektionskommando.

10. Dermatologisk lasersystem ifglge et hvilket som helst af de foregaende
krav; hvor det dermatologiske lasersystem er konfigureret til at bestréle et mal-
hudomrade (504) i udbrud af pulserende laserlys, hvor hvert udbrud har en
varighed i et omrade fra ca. 0,5 ms til ca. 1000 ms; hvor malhudomradet har
et spotsted i omradet fra ca. 0,8 mm til ca. 5,0 mm; og hvor det dermatologiske
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lasersystem er konfigureret til at afgive en total stralingseksponering af malhu-
domradet i et omrade fra ca. 15 J/lem? til ca. 150 J/cm? for hver enkelt belge-
lzengde.

11. Dermatologisk lasersystem ifglge et hvilket som helst af de foregaende
krav; hvor den farste balgelaengde er inden for omradet fra 1020-1080 nm, og
den anden balgelaengde er inden for omradet fra 1300-1350 nm.

12. Dermatologisk lasersystem ifglge et hvilket som helst af de foregaende
krav; omfattende en handholdt strélingsafgivelsesindretning, som definerer
mindst en optisk outputport til afgivelse af det tredje optiske felt til et output.

13. Dermatologisk lasersystem ifalge krav 12; hvor det dermatologiske laser-
system er konfigureret til selektivt at afgive det farste, andet og/eller tredje op-
tiske felt via den optiske outputport.

14. Dermatologisk lasersystem ifalge et hvilket som helst af kravene 12 til 13;
hvor det dermatologiske lasersystem er konfigureret til selektivt at afgive det
forste, andet og/eller tredje optiske felt til en flerhed af mallokationer.

15. Dermatologisk lasersystem ifalge krav 14; hvor det dermatologiske laser-
system er konfigureret til selektivt at afgive et optisk felt med forskellige balge-
laengder til forskellige mallokationer.

16. Dermatologisk lasersystem ifglge et hvilket som helst af de foregaende
krav; hvor det dermatologiske lasersystem kan anvendes til at forsyne mindst
et ikke-linezert medium med mere end to optiske felter, hvor hvert optisk felt
definerer et respektivt impulstog af laserimpulser.

17. Dermatologisk lasersystem ifglge et hvilket som helst af de foregaende
krav; hvor styrekredslebet er konfigureret til at styre en relativ timing af laser-
impulser af de respektive impulstog inde i det mindst ene ikke-lineaere medium
for selektivt at forarsage en generering af et eller flere af det tredje og af yder-
ligere optiske felter.
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