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PULSED MICROCHIP LASER

The invention relates to the field of pulsed microchip

lasers.

It is known that a microchip laser is a cavity closed by
two mirrors, the cavity more particularly including an

amplifying laser medium intended to amplify a pump beam.

Microchip lasers are particular lasers wherein Fresnel's
length associated to the width of the beam in the gain zone
of the amplifying laser medium is greater than the length

of the cavity.

For example, for a size of the beam of 50 micrometres in
the gain zone of the amplifying laser medium, the length of
the cavity is smaller than Fresnel's length, that is about

7.4 millimetres.

The length of the cavity forming a microchip laser 1is

typically smaller than 20 millimetres.

With respect to other lasers, chip lasers more particularly
have the advantage of being low cost devices and make it
possible to generate short pulses, typically of the order

of a nanosecond.

Because of these constraints as regards the length of the
cavity, which is different from the other lasers, microchip
lasers have no elements inside the cavity making possible a
modification of the transversal dimension of the beam in
the cavity. Thus, microchips lasers are, for example, free
of lens, curved mirrors, polarisers or intra-cavity

modulators.
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The invention more particularly relates to a triggered

microchip laser also called "Q-switched laser".

It 1s known that there are two ways to trigger a laser,
either actively wvia the introduction of an externally
controlled modulator, or passively using a saturable

absorbing medium placed in the cavity.

A microchip laser 1s only triggered passively because of

the hereabove mentioned constraints about length.

The invention thus more particularly relates to a passively

triggered microchip laser.

It 1s known that a saturable absorbing medium 1s only
transparent beyond an intensity threshold corresponding to
the bleaching of the medium. Thus, such a medium makes it

possible to obtain short light pulses in a microchip laser.

Passively triggered microchip lasers can be either

monolithic or non-monolithic.

When they are monolithic, the amplifying laser medium and
the saturable absorbing medium form only one single
component, for example because they are united by molecular
adhesion and/or produced by epitaxial growth. The input and

output mirrors are directly placed on this component.

Such monolithic microchip lasers are for example disclosed

in the documents EP-A-0742615 or US-2-2007/0064747.

One problem met with such microchip lasers 1s that the
oscillating beam in the cavity goes through a single medium

having a substantially constant refractive index.
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Then, the beam is propagated in the microchip laser without

the natural selection of the output polarisation.

Now, 1t is advantageous to select a particular polarisation
of the beam propagating in the microchip laser to reach a
good stability and for applications of wavelength

conversion 1n non-linear media.

The technical problem solved by the invention thus consists
in supplying a passively triggered microchip laser which
enables the control of the polarisation of the laser beam

generated by the microchip laser.

This problem is solved by passively triggered microchip
laser formed by a cavity closed by an input mirror and an
output mirror, characterised in that the cavity includes
deflection means arranged to deflect a light beam between

the input mirror and the output mirror.

According to the invention, the deflection means enable a

selection of a unique polarisation direction.

As a matter of fact, the beam polarisation is preferably
transmitted when it is deflected. Then and contrarily to
the present microchip lasers, it is possible to determine a

unique polarisation direction in the microchip laser.

In addition, a selection of the polarisation state is
introduced by means of the deflection means also makes it

possible to passively filter wavelengths in the cavity.

The publication "Monoblock laser for a low-cost, eyesafe,
microlaser range finder" by Nottleton and al. discloses a
laser of the monoblock type for which the Nd:YAG amplifying

bar is separated into two parts by a cut zone at Brewster's
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angle so as to facilitate the linear polarisation in the

cavity.

This publication does not teach a pulsed microchip laser as
in the invention. On the contrary, according to this
document, the mentioned microchips lasers are monolithic or
semi-monolithic and have not a sufficient output energy
(page 2429 left column). In addition, in this document, the
emitted pulses have a pulse duration of more than 25

nanoseconds.

On the contrary, according to the invention, thanks to the
utilisation of a microchip laser, the duration of the pulse
can be smaller than 5 nanoseconds while enabling a

selection of the polarisation.

The original approach on which the invention is founded 1is
thus to have applied a non-monolithic structure, for
example of Brewster's type, as 1in the above-mentiocned
publication, to a microchip laser whereas everything pushed
to supplying monolithic microchip lasers as in the

application US-A-2007/0064747.

According to the invention, the pulsed microchip laser of
the non-monolithic type, with deflection means such as
described hereabove, makes 1t possible to obtain short
pulse duration, typically smaller than 5 nanoseconds, while

enabling a selection of polarisation.

Particular embodiments of the invention are described in

the sub-claims.

According to one embodiment, the cavity includes, between
the input mirror and the output mirror, a separation

medium, the deflection means including at least one
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deflection surface in contact with the separation medium so
as to deflect the 1light beam when it goes through the

deflection surface.

Preferably, the input mirror and the output mirror as well
as each deflection surface are ©plane mirrors. This
configuration has the advantage of supplying an unstable
laser cavity. On the contrary, the arrangement described in
the Nottleton and al. publications mentioned above for a
monoblock laser supplies a stable cavity because of the

presence of a concave output mirror.

The or each deflection surface can be inclined with respect

to the input mirror.

More particularly, the or each surface is inclined with
respect to the propagation direction of the laser Dbeam

according to Brewster's angle.

In addition, the medium on either side of the or each

deflection surface can have different refractive indices.

Preferably, the microchip 1laser includes an amplifying
laser medium and a saturable absorbing medium, with the
input mirror being capable of transmitting a pump beam, the
amplifying laser medium and the saturable absorbing medium
being arranged to generate a laser beam from the pump beam,
the output mirror being arranged to partially reflect the

laser beam.

According to one embodiment, the separation medium can have
a refractive index different from the refractive index of
the amplifying laser medium and the deflection surface can

have a surface of the amplifying laser medium.
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According to another embodiment, the separation medium can
have a refractive index different from the refractive index
of the saturable absorbing medium and the deflection
surface can include a surface of the saturable absorbing

medium.

In addition, the separation medium can have a refractive
index different from the refractive index of the amplifying
laser medium and the refractive index of the saturable
absorbing medium, and the deflection surfaces can include a
surface of the saturable absorbing medium and a surface of

the amplifying laser medium.

In this case, the deflection surfaces composed by the
surface of the saturable absorbing medium and the surface

of the amplifying laser medium can be parallel.

The deflection surface can be a surface of a plate
transparent to the light beam, and when the amplifying
laser medium 1is separated from the saturable absorbing
medium by the separation medium, the transparent plate can

be positioned in the separation medium.

According to one embodiment, the or each deflection surface
is inclined with respect to the input mirror and more
particularly the or each deflection surface is 1inclined
with respect to the propagation direction of the laser beam

according to Brewster's angle.

The propagation direction of the laser beam is

perpendicular to the input and output mirrors.

According to one embodiment, the cavity can include a
birefringent element arranged so as to form a Lyot-type

filter with the deflection means. The birefringent element
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can be positioned in the separation medium. This embodiment
has the advantage of enabling a modification in the
polarisation state generated thanks to the deflection
means. Thus, it makes it possible to adapt the polarisation
of the laser beam to the characteristics desired for the

beam.

According to one embodiment, the cavity may include a non-
linear medium capable of generating new frequencies within

the cavity.

In this case, the non-linear medium can be positioned
between the amplifying laser medium and the saturable
absorbing medium or between the saturable absorbing medium

and the output mirror.

According to an advantageous embodiment, the amplifying
laser medium and the saturable absorbing medium are mounted
to be movable with respect to each other. This embodiment
makes it possible to modify the characteristics of the
microchip laser as a function of the characteristics
desired for the laser beam, more particularly as regards
the number of optical modes of the beam, the emitted power

or the repetition frequency.

The invention also relates to a system 1including a
microchip laser such as described hereabove and
displacement means arranged to displace the amplifying
laser medium and the saturable absorbing means with respect

to each other.

Such a system has the advantage of enabling a simple
manufacturing of the microchip laser as a function of the

characteristics desired for the laser beam and more



10

15

20

25

DK/EP 2147487 T3

8 EP 2147 487

particularly as regards the number of optical modes of the

beam, the power emitted or the repetition frequency.

The invention also relates to a system including a
microchip laser such as previously described, an optical
pump arranged to longitudinally pump the microchip laser,
and pump displacement means arranged for displacing the
pump with respect to the microchip laser so as to modify
the characteristics of the laser beam emitted at the output

of the microchip laser.

The longitudinal pumping makes it possible to modify the
characteristics of the output beam by a simple displacement

of the pump in a plane parallel to the input mirror.

The invention also relates to a method for generating a

laser beam including steps consisting in:
- supplying a microchip laser according to anyone of the
claims;

- 1injecting a 1light beam into the microchip laser;

deflecting the light beam into the microchip laser.

The invention will Dbe better understood when reading the

appended drawings wherein:

FIG. 1 shows a microchip 1laser according to a first

embodiment of the invention;

FIG. 2 shows a microchip laser according to a second

embodiment of the invention;

FIG. 3 shows a microchip laser according to a third

embodiment of the invention;
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FIG. 4 shows a microchip laser according to a fourth
embodiment of the invention;
FIG. 5 shows a microchip 1laser according to a fifth

embodiment of the i1nvention;

FIG. 6 shows a microchip laser acccrding to a sixth

embodiment of the invention;

FIG. 7 shows a microchip 1laser according to a seventh

embodiment of the invention;

FIG. 8 shows a microchip laser according to an eighth

embodiment of the invention;

FIG. 9 and FIG. 10 show other embodiments of the invention;

On the preceding figures, identical numbered references

refer to identical or similar structural characteristics.

This invention 1s as described in claim 1.

While referring to FIG. 1, a microchip laser 1 according to
the invention 1is formed by a cavity closed by an input
mirror 4 and an output mirror 5. This cavity 1s of the
unstable type and the input mirror 4 and the output mirror

5 are plane mirrors.

The input mirror 4 1is placed on the surface of an
amplifying laser medium 2. The amplifying laser medium 2
can be made of a doped material with an isotropic (Nd:YAG)

or an anisotropic (Nd:YV04) structure.

The amplifying laser medium 2 1includes a surface 9 gone
through by the beam and inclined with respect to the input

mirror. This surface 9 is a plane surface.
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A separation medium 8 separates the amplifying laser medium
2 from a saturable absorbing medium 3. The inclined surface

9 is in contact with the separation medium.

The separation medium 8 has a refractive index which 1is
different from the refractive index of the amplifying laser

medium 2 and can be air.

Because of the presence of this separation medium, the
microchip laser 1 according to the invention 1is non-

monolithic.

The saturable absorbing medium 3 can be a saturable
absorbing crystal of the chromium doped YAG type currently
noted Crid+:YAG.

The saturable absorbing medium 3 has an inclined surface 10
in contact with the separation medium 8. This inclined

surface 10 is a plane surface.

The inclined surface 10 of the saturable absorbing material
3 is substantially parallel to the inclined surface 9 of

the amplifying laser medium 2.

The output mirror 5 is placed on the output surface of the

saturable absorbing medium 3.

The input mirror 4 and the output mirror 5 are
substantially parallel and the surfaces 9 and 10 are
inclined with respect to the input mirror 4 and the output
mirror 5. Then, when a pump beam 6 is injected
substantially perpendicularly to the input mirror 4, the
surfaces 9 and 10 are inclined with respect to the

propagation direction of the beam.
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The surfaces 9 and 10 are inclined with respect to the
propagation direction of the laser beam along Brewster's
angle for the interface between the separation medium 8 and

the amplifying 2 and absorbing 3 media.

Since the Nd:YAG crystal forming the amplifying laser
medium 2 and the Cr4+:YAG crystal forming the saturable
absorbing medium 3 have substantially eqgual refractive
indices, Brewster's angles corresponding to the surfaces 9
and 10 are substantially equal, so that the surfaces 9 and

10 are really substantially parallel.

In operation, a pump beam 6 1s injected into the microchip
laser 1 through the input mirror 4. The pump beam can be
generated by a laser diode and has for example a wavelength

of 808 nanometres.

The pump beam propagates 1in the amplifying laser medium 2

in the form of a rectilinear beam 14.

The amplifying laser medium 2 of the Nd:YAG crystal type
amplifies this pump beam 6 and generates an amplified beam
to a wavelength about 1064 nanometres. The power of the
pump beam is such that it makes it possible to reach the

threshold of the laser load.

At the surface 9 of the amplifying laser medium 2, the
amplified beam thus generated is deflected, according to

the known laws of optics, by Snell's laws.

Since the surface 9 1s inclined with respect to the
propagation direction of the laser beam along Brewster's
angle, a total transmission is performed at the level of
the surface 9 for a given polarisation P of the amplified

beam incident on surface 9. The other polarisation
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directions are partially reflected in a direction which is
different from that of the beam with polarisation P. Then,
the given polarisation P of the amplified beam is selected

at the surface 9.

At the surface 10 of the saturable absorbing medium 3, the
amplified beam is again deflected. Since the surface 10 is
also inclined according to Brewster's angle, the
polarisation P is also selected and preferably transmitted
in the saturable absorbing medium 3. In addition, the beam
transmitted in the saturable absorbing medium 3 is
substantially parallel to the pump beam 6 so that the laser
pulse 7 generated at the output of the output mirror 5 has
a direction substantially parallel to that of the pump beam
6.

In a way known per se, in order to obtain such operation
characteristics, the input mirror 4 is arranged so as to
transmit the pump beam 6 and to reflect a laser beam which
is generated after amplification by the amplifying laser
medium 2. In addition, the output mirror 5 is arranged so
as to partially reflect the laser beam and to totally
reflect the remaining pump beam which would have propagated

up to the output mirror 5.

Such characteristics of the mirrors 4 and 5 can be obtained
by reflecting or sgsemi-reflecting processing of external
faces of the amplifying laser medium 2 and the saturable

absorbing means 3.

The total length of the cavity forming the microchip laser
1 is for example between 1 and 20 millimetres. Depending on
the width of the beam in the amplifying laser medium 2,
Fresnel's length associated to the width of the beam in the

gain zone of the amplifying laser medium is greater than
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the length of the cavity, 1i.e. the distance between the

input mirror 4 and the output mirror 5.

Thanks to the bevelled shape of surfaces 9 and 10, a
transversal displacement of the pump beam 6, which means in
a direction parallel to the input mirror 4, makes it
possible to modify the quantity of the amplifying laser
medium 2 and of the saturable absorbing medium 3 gone
through by the beam up to the output mirror 5. Moving the
amplifying laser medium 2 and the saturable absorbing
medium 3 with respect to one another 1in a transversal
and/or longitudinal way also makes it possible to modify

the characteristics of the emitted laser beam.

Then, it is possible, in a very simple way and without
restoring the entire microchip laser 1, to modify the
characteristics of the emitted laser Dbeam 7. The
modification of the characteristics of the output and more
particularly the repetition frequency, the pulse duration,
energy and peak power can thus be performed as 1in the
application US-A-2007/0064747. The microchip laser 1
according to the invention can thus be associated with an
optical pump capable of generating the pump beam, such
optical pump including displacement means making it
possible to move it with respect to the microchip laser,
more particularly in a direction parallel to the input

mirror 4.

However, compared to the control of the characteristics in
the above mentioned document, the microchip laser 1 further
makes 1t possible to control the polarisation of the laser

beam.
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While referring to FIG. 2, a second embodiment of the
microchip laser 1 according to the invention will now be

disclosed.

Like in the embodiment referred to in FIG. 1, the microchip
laser 1 includes an amplifying laser medium 2 having an
external surface provided with an input mirror 4
transparent to a pump beam 6. It also includes a saturable
absorbing medium 3, having an external surface provided
with an output mirror 5. The saturable absorbing medium 3
is separated from the amplifying laser medium 2 by a
separation medium 8. The separation medium 8 can be air.
The amplifying laser medium 2 can be doped crystal of the
Nd:YAG type. The saturable absorbing medium 3 can be a

saturable absorbing crystal of the Cr4+:YAG type.

The separation medium 8 thus has a refractive index which
is different from the refractive index of the amplifying

laser medium 2 and of the saturable absorbing medium 3.

The indices of the amplifying laser medium 2 and of the
saturable absorbing medium 3 are typically between 1.7 and

2.2.

In this second embodiment, the amplifying laser medium 2

has an internal surface 9 parallel to the input mirror 4.

The saturable absorbing medium 3 has an internal surface 10
inclined with respect to the propagation direction of the
laser beam according to Brewster's angle when the pump beam
6 1s 1njected substantially perpendicularly to the input

mirror.

The output mirror 5 is also inclined with respect to the

input mirror 4 so as that the deflected beam at the surface
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10 of the saturable absorbing medium is incident
perpendicularly onto the mirror 5. The inclination angle «
of the output mirror 5 with respect to the inclined surface
10 can easily be determined from Brewster's angle
corresponding to the inclination of the surface 10 with
respect to the propagation direction of the laser beam when
the laser beam is injected substantially perpendicularly to

the input mirror 4.

In operation, the pump beam 6 is injected in the cavity
substantially perpendicularly to the mirror 4 and amplifies
the laser beam. Since the surface 9 of the amplifying laser
medium 1s parallel to the mirror 4, no deflection 1is

performed at the surface 9.

The thus amplified beam then propagates in the separation
medium 8 and reaches the surface 10 inclined according to
Brewster's angle. Because of this inclination, the
amplified beam 1is deflected and arrives perpendicularly

onto the output mirror 5.

As explained 1in detail while referring to the first
embodiment, because of the deflection at the surface 10 of
the saturable absorbing medium, it is possible to select a

particular polarisation of the laser beam.

While referring to FIG. 3, a third embodiment is described
wherein this time, the internal surface 10 of the saturable
absorbing medium is parallel to the output mirror 5 and the
internal surface 9 of the saturable absorbing medium 2 is
inclined with respect to the input mirror according to
Brewster's angle. The beam is then deflected when passing
through the surface 9 of the amplifying laser medium and
then propagates according to a fixed direction up to the

output mirror 5. In this case, the output mirror is
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arranged so that the output beam 1is perpendicular to the

output mirror.

In the first three embodiments described in detail
hereabove, wusing the surfaces of the amplifying laser
medium 2 and/or of the saturable absorbing medium 3 as a
deflection means has the additional advantage of enabling a
selection of the polarisation while maintaining a compact
device since no deflection component, out of the amplifying
laser medium 2 and/or the saturable absorbing medium 3 is

necessary for the selection of the polarisation.

Now, a fourth embodiment of the microchip laser 1 according
to the invention will be described while referring to FIG.

4.

According to this embodiment, the input mirror 4 and the
output mirror 5 are parallel and the internal surface 9 of
the amplifying laser medium 2 and the internal surface 10
of the saturable absorbing medium are also parallel to

mirrors 4 and 5.

A separation medium 8 separates the laser amplifying medium
2 and the saturable absorbing medium 3. This separation

medium 8 can be air.

A plate 11 is positioned in this separation medium 8, which
has surfaces 12 and 13 respectively facing the amplifying

laser medium 2 and the saturable absorbing medium 3.

The surfaces 12 and 13 of the plate 11 are inclined
according to Brewster's angle for the material composing
the plate 11. The plate 11 1is, for example, made of a
material of the silica type having a thickness of the order

of a millimetre. The refractive index of the plate 11 is
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different from the refractive index of the separation
medium 8, so that it allows the deflection of the light

beam upon its passage through a surface of the plate 11.

In operation, a pump beam 6 1s 1injected substantially
perpendicularly to the input mirror 4. The laser beam is
amplified by the amplifying laser medium 2 and 1is
transmitted without any deflection in a rectilinear way in
the separation medium 8. At the input surface 12 of the
plate 11, the beam is deflected according to Snell's laws.
Tt is also deflected at the output surface 13 of the plate
11. Since the surfaces 12 and 13 are parallel, the beam
thus obtained at the plate 11 output arrives

perpendicularly onto the output mirror 5.

The deflection of the beam at the plate 11 implies a
selection of polarisation as explained above. Then, this
embodiment also makes it possible to control the
polarisation of the laser pulse 7 at the output of the

microchip laser 1.

A fifth embodiment of the microchip laser 1 will now be

described while referring to FIG. 5.

In this fifth embodiment, the output mirror 5 is no longer
obtained by the treatment of the external surface of the
saturable absorbing medium, but constitutes an optical
element separated from the saturable absorbing medium by
the separation medium 8. The output mirror 5 1is held in
position by support means (not represented in the figures).
The amplifying laser medium 2 and the saturable absorbing
medium 3 form a monolithic component, for example by

molecular adhesion.
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In the separation medium 8, i.e. between the saturable
absorbing medium 3 and the output mirror 5, a plate 11 is
positioned and inclined according to Brewster's angle with
respect to the output mirror 5 and to the input mirror 4 so
that, when the Dbeam 1is injected perpendicularly to the
input mirror 4, the plate 11 1is inclined with respect to
the propagation direction of the laser beam. Similarly, in
this arrangement the beam comes out of the microchip laser
perpendicularly to the output mirror 5. The output mirror 5
is parallel to the input mirror 4. The external surface 15
of the saturable absorbing medium 3 is parallel to the
input mirror 4. The plate 11 of this fifth embodiment has,
for example, the same characteristics as the plate 11
described while referring to FIG. 4. More particularly, the
refractive 1index of the plate 11 1is different from the
refractive index of the separation medium 8, so that it
enables the deflection of the 1light beam when it goes
through the surface of the plate 11.

In operation, further to the injection of a pump beam in
the microchip laser 1, a 1light beam 14 propagates in a
rectilinear way up to the plate 11 since the external

surface 15 is perpendicular to the light beam 14.

At the level of the plate 11, the light beam is deflected,
as described in reference to FIG. 4. The beam is first
deflected by an input surface 12 of the plate 11, the beam
propagates in the plate 11 and is again deflected by the
output surface 13 of the plate 11, so as to arrive

perpendicularly onto the output mirror 5.

The deflection of the beam at the plate 11 implies, as
explained above, a selection of the polarisation. Then,

this embodiment also makes it possible to control the
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polarisation of the laser pulse 7 at the output of the

microchip laser 1.

Now, a sixth embodiment of the microchip laser 1 will be

described while referring to FIG. 6.

In this embodiment, the amplifying laser medium is composed
of two separate parts 2A and 2B. The two parts 2A and 2B
are two doped crystals, for example a Nd:YAG crystal. A
separation medium 8, for example air, separates the two

parts 2A and 2B.

The refractive 1index of the media 22 and 2B 1s different

from the refractive index of the separation medium 8.

The parts 2A and 2B respectively include surfaces 9A and 9B
arranged with respect to each other like the surfaces 9 and
10 of the first embodiment in reference to FIG. 1. Thus,
they are parallel and inclined with respect to the input
mirror 4. The inclination with respect to the input mirror
is such that the surfaces 9A and 9B inclined with respect
to the propagation direction of the laser beam along
Brewster's angle when the pump beam 6 is injected

perpendicularly to the input mirror.

The saturable absorbing medium 3 and the part 2A of the
amplifying laser medium form a monolithic component, for
example by molecular adhesion. The output mirror 5 1is
formed by a reflecting treatment on the external surface of

the saturable absorbing medium 3.

In operation, a pump beam 6 1s injected into the microchip
laser substantially perpendicularly to the input mirror 4.
This pumping is of the longitudinal type. The laser beam is

amplified when going through the first part of the
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amplifying laser medium 2A. In this first part 24, it
propagates 1in a rectilinear way. At the 1level of the
inclined surface 92 of the amplifying laser medium 22, the
beam 1s deflected, propagates in a rectilinear way in the
separation medium 8 and reaches the inclined surface 9B of
the amplifying laser medium 2B. When it goes through this
inclined surface 9B, the beam is also deflected so that it
propagates in the amplifying laser medium 2B in a direction
substantially identical to the direction of the pump beam
injection, thus perpendicularly to the mirror 4. In the
amplifying laser medium 2B, the beam is again amplified and
propagates in a rectilinear way. Then it goes through the
saturable absorbing medium 3 and propagates in a

rectilinear way up to the output mirror 5.

The deflection of the beam at the surfaces 9A and 9B
implies a selection of polarisation, as mentioned above.
Then, the embodiment also makes it possible to control the
polarisation of the laser pulse 7 at the output of the

microchip laser 1.

Now, a seventh embodiment of the microchip laser 1 will be

described while referring to FIG. 7.

In this embodiment, the cavity 1s composed of 6 parts. The
input mirror 4 and the output mirror 5 are positioned so as
to be substantially parallel. The amplifying laser medium 2
is separated from the input mirror 4 by a separation medium
8 and 1is inclined according to Brewster's angle with
respect to the propagation direction of the laser beam. The
saturable absorbing medium 3 and the amplifying laser
medium 2 form a monolithic component, for example by
molecular acdhesion. The face 9 and the face 10 are

substantially parallel. The saturable absorbing medium 3 is
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separated from the output mirror 5 by the separation medium

8.

In operation, a pump beam 6 is injected in the microchip
laser substantially perpendicularly to the input mirror 4.
The laser beam 1is amplified when going through the
amplifying medium 2. Then, it goes through the saturable
absorbing medium 3 1in a rectilinear way. When 1t goes
through the 1inclined surface 10, then the beam 1is also

deflected so that it is perpendicular to the mirror 5.

The deflection of the beam at the surfaces 9 and 10 implies
a selection of the polarisation, as mentioned above. Then,
this embodiment also makes it possible to control the
polarisation of the laser pulse 7 at the output of the

microchip laser 1.

Now, an eighth embodiment which 1is an alternative to the

seventh embodiment described above will now be described.

In this embodiment, the amplifying laser medium 2 1is
separated from the saturable abscrbing medium 3 by a

separation medium 8 with substantially parallel faces.

Now, alternative solutions to the previously described

embodiments will be disclosed.

As previously explained, an inclination of the surfaces 9,
9A, 9B and 10 according to Brewster's angle optimizes the
selection of polarisation but it should be understood that
other inclination are possible for the surfaces 9 and 10
while providing a certain level of selection of the beam
polarisation. In all the ©previous embodiments, the
inclination angles of the surfaces for which a light beam

is deflected can thus be different from Brewster's angle,
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so long as the surface 1is not ©perpendicular to the

propagation direction of the beam.

In addition, an amplifying laser medium 2, 2A, 2B of the
doped crystal Nd:YAG type has been described. It should be
understood that other media are to be considered such as
doped crystals Yb, Er, Yb/Er, Th or Ho. The selection of
the doping element depends on the desired wavelength and
the matrix of the amplifying laser medium. As regards this
matrix, 1t can be composed of isotropic crystals or
crystals with an isotropic orientation such as crystals of
the YAG, YV0O4 c-cut, Gdv04 c-cut, YIP c-cut, glass or

ceramic types. They also can be anisotropic crystals.

In addition, a saturable absorbing medium 3 of the Cri+:YAG
type has been described. It should be understood that other
media can be considered such as SESAM, V:YAG, LMA:Co. The
gselection of the doping element depends on the emitted

wavelength.

In addition, inclined surfaces 9, 927, 9B and 10 are
disclosed and they are bevelled. This form for the surfaces
has the advantage of being easily obtainable by cutting
crystals. However, other forms are possible for these
surfaces and more particularly non linearly cut surfaces,
so long as the laser beam can be deflected at the surfaces,
i.e. they are not ©perpendicular to the ©propagation

direction of the light beam.

In addition, in the embodiment described while referring to
FIG. 1, optical components can be positioned in the
separation medium 8 since the amplifying laser medium 2 and
the saturable absorbing medium 3 are separated by the

separation medium 8.
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More particularly, FIG. 9 illustrates an embodiment of the
invention wherein the microchip laser 1 of FIG. 1 has been
modified by adding a birefringent element 16 to form a Lyot
type filter between the amplifying laser medium 2 and the

saturable absorbing medium 3.

It is known that a Lyot type filter is a frequency filter
composed of a birefringent element, i.e. the index of which
depends on the field polarisation, and of a polariser. For
example, this filter makes 1t ©possible to select a
wavelength band. The tuning of the filter 1is obtained by
turning the Dbirefringent element with respect to the
polariser. According to the invention, the described
deflection means, for example the inclined surfaces of the
amplifying laser medium 2 or the saturable absorbing medium
3, enable a selection of the polarisation so that they can
perform a function of polarisation of a Lyot type filter.
Thus, in FIG. 9, the surface 9 1in contact with the
separation medium 8 enabling a selection of the
polarisation, and the birefringent element 16, form a Lyot

type filter.

Thus, an incident wave propagating in the birefringent
medium of the Lyot type filter, with a direction of its
polarisation that is not parallel to a neutral axis of such
birefringent element, will be decomposed into two
radiations propagating on each axis. The optical path
difference Dbetween such two radiations results in a
modification of the polarisation state. This difference in
path depends on the wavelength, +the thickness of the

material and the difference in the indices of the axes.

In addition, as illustrated in FIG. 10, the separation

medium 8 can also contain a non-linear crystal 17 making it
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possible to generate new frequencies within the microchip
laser cavity. This non-linear crystal 17 can be a freguency
doubler or a crystal generating frequencies by a Raman

effect.

In all the previously described embodiments, the microchip
laser 1 can be manufactured in a simple way by displacing
the amplifying laser medium 2 with respect to the saturable
absorbing medium 3 or by displacing the saturable absorbing

medium 3 with respect to the amplifying laser medium 2.

When the input and the output mirrors 4 and 5 are directly
positioned respectively on the amplifying laser medium 2
and the saturable absorbing medium 3, a displacement of the
amplifying laser medium 2 with respect to the saturable
absorbing medium 3 causes a variation in the length of the
cavity, which enables more particularly to modify the

number of longitudinal modes propagating in the cavity.

In all the previocusly described embodiments, the input
mirror 4 and the output mirror 5 are plane mirrors and all
the deflection surfaces, more particularly the surfaces 9,
10, 11, 12, 13, 92 and 9B are plane surfaces. This makes it

possible to supply an unstable type microchip laser.
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PULSERENDE MIKROCHIPLASER
Patentkrav

1. Passivt udlgst mikrochiplaser (1) dannet af en kavitet, der er lukket af et inputspejl (4) og
et outputspejl (5), hvilken kavitet inkluderer afbgjningsmidler (9, 10, 11, 12, 13, 9A, 9B)
arrangeret, sa de afbgjer en lysstrile (14) mellem inputspejlet (4) og outputspejlet (5), hvori
kaviteten inkluderer, mellem inputspejlet (4) og outputspejlet (5), et separationsmedium (8),
som er luft, og afbgjningsmidlerne inkluderer mindst én afbgjningsflade (9, 10, 11, 12, 13,
9A, 9B) i kontakt med separationsmediet, sdledes at lysstralen afbgjes, nir den gér igennem
afbgjningsfladen, hvilken passivt udlgste mikrochiplaser (1) inkluderer et forsteerkende
lasermedium (2) og et matbart absorberende medium (3), kendetegnet ved, at inputspejlet
(4) og outputspejlet (5) samt afbgjningsfladen eller hver atbgjningsflade (9, 10, 11, 12, 13,
9A, 9B) er planspejle, og inputspejlet (4) er i stand til at udsende en pumpestréle, og det
forsteerkende lasermedium (2) og det maetbare absorberende medium (3) er arrangeret, sa der
genereres en laserstrale fra pumpestrdlen, og outputspejlet (5) er arrangeret, sd det delvist
reflekterer laserstralen, og kavitetens leengde er mellem 1 og 20 millimeter, og Fresnel-
leengden, der er tilknyttet lysstralens bredde (14) i det forsterkende lasermediums

forstzerkningszone (2), er l&ngere end kavitetens leengde.

2. Mikrochiplaser ifglge et af de foregaende krav, hvori afbgjningsfladen eller hver
afbgjningsflade helder i forhold til inputspejlet.

3. Mikrochiplaser ifglge det foregdende krav, hvori fladen eller hver flade halder i forhold til

laserstraleudbredelsens retning ifglge Brewsters vinkel.

4. Mikrochiplaser ifglge et af krav 1 til 3, hvori medierne pa hver side af afbgjningsfladen
eller hver afbgjningsflade har forskellige refraktionsindekser.

5. Mikrochiplaser ifglge det foregdende krav, hvori separationsmediet har et
refraktionsindeks, der er forskelligt fra det forsteerkende lasermediums refraktionsindeks, og

hvori atbgjningsfladen inkluderer en flade af det forsteerkende lasermedium.

6. Mikrochiplaser ifglge krav 4, hvori separationsmediet har et refraktionsindeks, der er
forskelligt fra det matbare absorberende mediums refraktionsindeks, og hvori

afbgjningsfladen inkluderer en flade af det matbare absorberende medium.
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7. Mikrochiplaser ifglge et af krav 5 eller 6, hvori separationsmediet har et refraktionsindeks,
der er forskelligt fra det forsteerkende lasermediums refraktionsindeks og det matbare
absorberende mediums refraktionsindeks, og hvori afbgjningsfladerne inkluderer en flade af

det matbare absorberende medium og en flade af det forsteerkende lasermedium.

8. Mikrochiplaser ifglge det foregaende krav, hvori afbgjningsfladerne, der udggres af fladen
af det matbare absorberende medium og fladen af det forsterkende lasermedium, er

parallelle.

9. Mikrochiplaser ifglge et af krav 1 til 8, hvori afbgjningsfladen er en flade at en transparent

plade for lysstréle.

10. Mikrochiplaser ifglge det foregdende krav, hvori det forsterkende lasermedium er
separeret fra det matbare absorberende medium af separationsmediet, og den transparente

plade er anbragt i separationsmediet.

11. Mikrochiplaser ifglge et af krav 1 til 10, hvori afbgjningsfladen eller hver atbgjningsflade
heelder i forhold til inputspejlet.

12. Mikrochiplaser ifplge det foregdende krav, hvori afbgjningsfladen eller hver

afbgjningsflade haelder i forhold til laserstralens udbredelsesretning i Brewsters vinkel.

13. Mikrochiplaser ifglge et af de foregaende krav, hvori inputspejlet og outputspejlet er
parallelle.

14. Mikrochiplaser ifglge et hvilket som helst af de foregaende krav, hvori kaviteten
inkluderer et dobbeltstrilebrydende element (16) arrangeret, saledes at det sammen med

afbgjningsmidlet danner et Lyot-type filter.

15. Mikrochiplaser ifglge det foregaende krav, hvori det dobbeltstralebrydende element (16)

er anbragt i separationsmediet (8).

16. Mikrochiplaser ifglge et hvilket som helst af de foregdende krav, hvori kaviteten
inkluderer et non-linert medium, der er i stand til at generere nye frekvenser inden 1

kaviteten.

17. Mikrochiplaser ifglge det foregaende krav, hvori det non-line®re medium er anbragt

mellem det forsterkende lasermedium og det meatbare absorberende medium.
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18. Mikrochiplaser ifplge krav 16, hvori det non-linezre medium er anbragt mellem det

matbare absorberende medium og outputspejlet.

19. Mikrochiplaser ifglge et hvilket som helst af de foregaende krav, hvori det forsteerkende
lasermedium og det metbare absorberende medium er monteret, sa de er bevagelige i forhold

til hinanden.

20. System, der inkluderer en mikrochiplaser ifglge et af krav 1 til 19 og forskydningsmidler
arrangeret, sa det forsteerkende lasermedium og det maetbare absorberende medium forskydes

i forhold til hinanden.

21. System, der inkluderer en mikrochiplaser ifglge et af krav 1 til 19, en optisk pumpe
arrangeret, sa den pumper mikrochiplaseren i lengderetningen, og midler til forskydning af
pumpen arrangeret, si pumpen forskydes i forhold til mikrochiplaseren med henblik pa at

modificere kendetegnene ved den laserstrale, der udsendes i mikrochiplaserens output.
22. Fremgangsmade til generering af en laserstrdle, der inkluderer trin omfattende:

- tilvejebringelse af en mikrochiplaser ifglge et hvilket som helst af de foregaende krav;
- injektion af en lysstrale ind i mikrochiplaseren;

- deviation af lysstralen ind i mikrochiplaseren.
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