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LASER BEAM DIRECTING SYSTEM AND METHOD FOR ORIENTING OPTICAL
COMPONENTS OF THE LASER BEAM DIRECTING SYSTEM

[0001] The instant invention relates to a laser beam directing system and to a
method for orienting optical components of the laser beam directing system.

[0002] Telescope optics can be used in order to quickly direct a laser beam at a
target which can move in an entire hemisphere. The telescope optics can expand a
beam coming from the laser and can also focus the beam. Furthermore the laser
beam can be tracked to the target by a beam directing unit. Beam directing units of
this type typically have two axes of rotation that are moved in azimuth and elevation.
[0003] The laser beam can thus be directed in the beam directing unit by plural
deflection mirrors in a so called Coudé beam control unit from a locally fixated
primary laser to the telescope optics that move about the two axes.

[0004] In order to assure highly precise directing of the laser beam with a system
of the type described supra an exact alignment of the deflection mirrors in the Coudé
optical channel is required.

In conventional directing systems a very rigid mechanical assembly with high mass
is required in order to provide an exact orientation of the deflection mirrors even
when the directing system is in motion, thus under dynamic loads. Thus directing
systems of this type can have a high level of inertia. Furthermore an adjustment of
the beam path during operations is not possible.

[0005] Therefore there is a long felt need for an improved laser beam directing
system and a method for orienting optical components of the laser directing system
which facilitate in particular quick and exact directing of the primary laser beam even
over longer time periods.

[0006] The object is achieved by the subject matter according to the independent
claims of the invention. Advantageous embodiments of the instant invention are
described in the dependent claims.

[0007]  Subsequently features, details and advantages of a device according to
embodiments of the invention are discussed in detail.

[0008]  According to a first aspect of the invention a laser beam directing system
is provided. The laser beam directing system includes a first deflection mirror which
is connected with an elevation axis of the laser beam directing system. Furthermore

the laser beam directing system includes a primary laser which can be coupled into
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telescope optics by a first deflection mirror. Furthermore the laser beam directing
system includes a first auxiliary laser and a second auxiliary laser. The first auxiliary
laser is oriented in parallel to an azimuth axis of the laser beam directing system.
The second auxiliary laser is oriented parallel to an elevation rotation axis of the
laser beam directing system. Furthermore the laser beam directing system includes
a first detector. Thus, the first auxiliary laser, the second auxiliary laser and the first
detector are arranged and oriented in the laser beam directing system so that the
first deflection mirror is alignable by comparing the beams of the first auxiliary laser
and the second auxiliary laser impacting the first detector so that a primary laser
beam can be coupled into the telescope optics parallel to the elevation rotation axis.
[0009]  Put differently the core idea of the instant invention is to provide in addition
to the primary laser two auxiliary lasers that are fixated in place and oriented parallel
to the rotation axes of the laser beam directing system wherein the auxiliary lasers
are deflected by optical components of the laser beam directing system to a first
detector. At the first detector arriving beams impacting the first detector, in particular
the angles of incidence, the tiltings and/or the positions of incidence are compared
with one another. Subsequently the laser beam directing system can readjust the
optical components, in particular the deflection mirrors, so that the first auxiliary laser
beam coincides with the second auxiliary beam at the first detector, this means the
laser beam directing system can perform a differential measurement to determine a
deviation from the orthogonality of the beam path and it can adjust the optical
components so that orthogonality is re-established.

[0010]  After performing the adjustment using the auxiliary lasers and the first
detector, a path of the primary laser beam parallel to the rotation axes of the system
is assured. This facilitates a highly precise orientation of the laser beam. Based on
the configuration of the laser beam directing system an alignment of the first
deflection mirror can be provided with a precision of approximately 1 to 5 micro rad
relative to the two rotation axes of the laser beam directing system. Furthermore the
auxiliary lasers and the first detector facilitate a permanent readjustment of the
orientation of the first deflection mirror with the required precision. In particular the
first deflection mirror and other optical components of the laser beam directing
system can also be checked during operation of the laser beam directing system and

can be readjusted as required.
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[0011] The laser beam directing system can be used for astronomical or military
purposes, thus the laser beam directing system is configured as a two axis system
with an azimuth rotation axis and an elevation rotation axis.

[0012] The laser beam directing system includes different optical components for
routing the primary laser beam. The first deflection mirror is an optical component of
this type. Furthermore additional deflection mirrors can be provided in the laser
beam directing system. The first deflection mirror is thus moved together with the
elevation axis. Additional deflection mirrors like, for example, a second deflection
mirror, a third deflection mirror, and a fourth deflection mirror can be mounted in an
azimuth rotation yoke of the laser beam directing system. Additional optical
components of the laser beam directing system can be for example beam splitter
components or coplanar plates.

[0013]  Through the deflection mirrors the primary laser beam is coupled into
telescope optics. The telescope optics are configured to expand and to focus the
primary laser beam.

[0014] The auxiliary lasers are positioned spatially fixated in the laser beam
directing system and are respectively oriented parallel, this means collinear to the
azimuth axis and the elevation axis of the second laser beam directing system. For
example the second auxiliary laser can be fixated in the azimuth rotation yoke. The
orientation of the auxiliary lasers parallel to the rotation axes is thus performed with
high precision and before adjusting the optical components.

[0015]  The first detector can be configured as beam orientation sensor or as a
camera, in particular the detector can be configured as a Hartmann-Shack sensor.
The first auxiliary laser, the second auxiliary laser and the first detector are thus
arranged in the laser beam directing system and oriented so that the first auxiliary
laser beam and the second auxiliary laser beam impact the first detector.

[0016] One of the auxiliary laser beams, for example the second auxiliary laser
beam, is thus directed by the first deflection mirror onto the detector so that a
comparison of the angles of incidence of the laser beams provides information
regarding an orientation of the first deflection mirror. The beams of the first auxiliary
laser and of the second auxiliary laser which impact the detector are evaluated, for
example, by a control unit. Furthermore, the control unit can, for example, control an
adjustment motor which adjusts the first deflection mirror so that the first auxiliary

beam and the second auxiliary beam coincide on the first detector.
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[0017]  When the optical components of the laser beam directing system are
oriented accordingly, then the path of a primary laser beam is oriented between the
individual optical components parallel to the rotation axes. Thus, the primary laser
beam is coupled in parallel to the elevation rotation axis into the telescope optics.
[0018]  According to one embodiment of the invention the first deflection mirror
has a dielectric coating. The dielectric coating is configured so that the first
deflection mirror is reflective and in particular highly reflective for the primary laser
and partially reflective for the auxiliary lasers. Thus, the first deflection mirror can
have a dielectric coating on one side or on both sides. Depending on the angle of
incidence of the auxiliary laser beams these are transmitted or reflected.

[0019] Also, additional optical components like the second deflection mirror, the
third deflection mirror, and the fourth deflection mirror can have a respective
dielectric coating. In a known embodiment of a laser beam directing system without
auxiliary lasers and detectors only metal coated mirrors can be used.

[0020]  According to another embodiment of the invention the primary laser has a
first wavelength. The first auxiliary laser has a second wavelength and the second
auxiliary laser has a third wavelength. Thus, the first wavelength differs from the
second wavelength and from the third wavelength. This means the primary laser is
operated with a different wavelength than the auxiliary lasers. Thus an alignment or
an adjustment of the optical components of the laser beam directing system can also
be performed during operations of the primary laser.

[0021] In particular the second wavelength and the third wavelength can either be
identical or different. The primary laser can be operated, for example, with a
wavelength of 1070 nm. The first auxiliary laser can be operated for example with a
wavelength of 532 nm or 635 nm. By the same token the second auxiliary laser can
be operated with a wavelength of 532 nm or 635 nm.

[0022]  According to another embodiment of the invention at least one adjustment
element is provided at the first deflection mirror. The adjustment element is
configured to adjust an inclination angle or an orientation of the first deflection mirror
in the azimuth rotation axis and in the elevation rotation axis. This means the
adjustment element is used to tilt the first deflection mirror about the azimuth axis
and about the elevation rotation axis. Put differently the adjustment element is

configured to adjust the deflection mirror about two axes in three dimensions.
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[0023] The adjustment element can be controlled, for example, by a control unit.
Thus, the adjustment element can be, for example, a piezo motor or a magnetic
adjustment element. In particular two adjustment elements can be provided at the
first deflection mirror. An adjustment element can adjust the first deflection mirror
with reference to the azimuth rotation axis and a second adjustment element can
adjust the first deflection mirror with reference to the elevation rotation axis.

[0024] Furthermore a separate adjustment element can be provided at each
optical component of the laser beam directing system. In particular adjustment
elements can be provided at the second, third, and fourth adjustment mirrors.

[0025]  According to another embodiment of the invention the first auxiliary laser is
operable simultaneously, this means in parallel with the second auxiliary laser or
time sequential with the second auxiliary laser. For example, when both auxiliary
lasers have the same wavelength it can be useful to operate the auxiliary lasers in a
time sequential manner in order to be able to associate measuring results on the first
detector with the respective auxiliary laser in a simpler manner. Thus both auxiliary
lasers have different wavelengths so that they can be operated simultaneously which
facilitates a quicker adjustment of the first deflection mirror.

[0026] According to another embodiment of the invention, the laser beam
directing system also includes a control unit. The control unit is configured to
determine a first angle of incidence of the first auxiliary laser or the first auxiliary
laser beam and a second angle of incidence of the second auxiliary laser or the
second auxiliary laser beam on the first detector. The control unit is configured to
adjust the first deflection mirror by means of the adjustment element so that the first
angle of incidence is identical to the second angle of incidence. Additionally or
alternatively the control unit can bring a detection spot of the first auxiliary laser on
the first detector in coincidence with the detection spot of the second auxiliary laser
on the first detector.

[0027] According to another embodiment of the invention the laser beam
directing system includes a first beam splitter component. The first beam splitter
component is configured to decouple a first portion of the first auxiliary laser beam at
a right angle onto the first detector and to let a second portion of the first auxiliary
laser beam pass through. Furthermore the first beam splitter component is
configured to decouple a first portion of the second auxiliary laser beam at a right

angle onto the first detector.
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[0028] The beam splitter component also designated as beam splitter cube can
have a diagonal mirror surface and can be arranged in a direct beam path of the first
auxiliary laser. Through the diagonal mirror surface, a few percent of the first
auxiliary laser beam can be coupled out onto the first detector. The second auxiliary
laser beam can be deflected by the first deflection mirror to the first beam splitter
component. At the diagonal mirror surface of the beam splitter component the
second auxiliary laser beam or a portion of the second auxiliary laser beam can be
deflected at a right angle which is 90 degrees relative to the first detector.

[0029] Furthermore the laser beam directing system can include a second
detector and a second beam splitter component. The second beam splitter
component can thus be configured similar to the first beam splitter component and
can be arranged in a direct beam path of the second auxiliary laser. Thus, the
second beam splitter component can decouple a first portion of the second auxiliary
laser beam at a right angle onto the second detector and can let a second
component of the second auxiliary laser beam pass through. Furthermore the
second beam splitter component can be configured to couple a first portion of the
first auxiliary laser beam at a right angle onto the second detector. Thus, an
additional comparison measurement can be performed to check the orientation of
the first deflection mirror.

[0030] According to another embodiment of the invention the laser beam directing
system furthermore includes a coplanar plate. The first coplanar plate is arranged
physically fixated in the azimuth rotation axis of the laser beam directing system. In
particular the first coplanar plate can be fixated at the azimuth rotation yoke. Thus,
the first coplanar plate is configured partially reflecting for the first auxiliary laser and
for the second auxiliary laser. This means the first coplanar plate reflects a first
portion of a radiation of the first auxiliary laser and a first portion of the radiation of
the second auxiliary laser. Furthermore, an orientation of the first auxiliary laser
parallel to the azimuth axis of the laser beam directing system is adjustable by
means of the first coplanar plate, the first beam splitter component and the first
detector.

[0031] In particular the first coplanar plate is fixated at the azimuth rotation yoke
so that the first coplanar plate is precisely orthogonal to the azimuth rotation axis.
The first auxiliary laser is oriented orthogonal to the first coplanar plate. The

orientation can be controlled by the first beam splitter component and by the first
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detector. The beam of the first auxiliary laser impacts the first beam splitter
component, wherein a first portion of the radiation orthogonal to the first detector is
coupled out and a second portion of the radiation is transmitted. The transmitted
portion is reflected back into itself by the first coplanar plate and also coupled out by
the first beam splitter component onto the first detector. Using the first detector, a
tilting of the received beams relative to one another can be determined.
Subsequently the first auxiliary laser can be adjusted so that the tilting of the two
beams is identical.

[0032] Furthermore, a second coplanar plate can be provided in the laser beam
directing system. The second coplanar plate can be arranged spatially fixated in the
elevation axis. Thus, the second coplanar plate can be firmly connected with the
support of the telescope optics. Furthermore the second coplanar plate can be
oriented exactly orthogonal to the elevation rotation axis. The second auxiliary laser
is oriented orthogonal to the second coplanar plate. The orientation can be checked
analogously to the procedure described supra by a second beam splitter component
and a second detector.

[0033]  According to another embodiment of the invention, the laser beam
directing system includes a first aperture. The first aperture is configured close to
the first coplanar plate. When the first aperture is closed the first auxiliary laser
beam is not routed to the deflection mirrors of the system so that only the second
auxiliary laser beam can be evaluated for example by a second detector. This can
be useful, for example, when adjusting the second, the third, and fourth deflection
mirrors. In front of the second coplanar plate, a second orifice can be provided. This
second orifice can prevent a deflection of the second auxiliary laser beam by
deflection mirrors.

[0034]  According to another embodiment of the invention, the laser beam
directing system furthermore includes a second detector. The second detector is
arranged in the laser beam directing system so that the first deflection mirror is
alignable by comparing the beams of the first auxiliary laser and the second auxiliary
laser impacting the second detector so that a primary laser beam can be coupled
into the telescope optics parallel to the elevation rotation axis. The second detector
can be used for controlling the measurement with the first detector. Furthermore, a

more precise alignment of the first deflection mirror can be obtained by adjusting the
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first deflection mirror based on measurements of the first detector and the second
detector.

[0035] According to another embodiment of the invention the laser beam directing
system furthermore includes a second deflection mirror, a third deflection mirror and
a fourth deflection mirror. The second deflection mirror and the third deflection
mirror and the fourth deflection mirror are mounted at an azimuth rotation yoke of the
laser beam directing system. The first auxiliary laser, the second auxiliary laser, and
the first detector are arranged in the laser beam directing system so that the second
deflection mirror, the third deflection mirror, and the fourth deflection mirror are
alignable by comparing the beams of the first auxiliary laser and the second auxiliary
laser impacting the first detector so that a primary laser beam extends parallel to the
azimuth rotation axis and parallel to the elevation rotation axis in the laser beam
directing system.

[0036] The advantages and embodiments recited in combination with the
adjustment of the first deflection mirror apply analogously for the adjustment of the
second, the third, and the fourth deflection mirrors. For example, the orientation of
these deflection mirrors can also be controlled or checked using the second detector.
[0037]  According to another embodiment of the invention the laser beam directing
system includes a third detector. Furthermore, the first deflection mirror includes a
beam splitter element on a back side. The beam splitter element is configured so
that a portion of the beams of the first and the second auxiliary laser transmitted
through the first deflection mirror is deflected onto the third detector. The deflection
can thus be performed at an angle of 30°. Thus, for example, an optical diffraction
grating can in integrated on a backside of the first deflection mirror. The values
determined at the third detector provide another control option for the angular
position of the first deflection mirror.

[0038] According to a second aspect of the invention a method for orienting
optical components, in particular, deflection mirrors of a laser beam directing system
described supra is introduced. The method includes the following steps: operating a
first auxiliary laser which is aligned in parallel with an azimuth rotation axis of the
laser beam directing system; operating a second auxiliary laser which is aligned
parallel to an elevation rotation axis of the laser beam directing system; determining
a first angle of incidence and/or an incidence position of the first auxiliary laser beam

on a first detector; determining a second angle of incidence and/or an incidence
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position of the second auxiliary laser beam on the first detector; and adjusting the
optical components of the laser beam directing system so that the first angle of
incidence is identical with the second angle of incidence.

[0039] Thus, for example, the first deflection mirror can be adjusted so that a
primary laser beam can be coupled into the telescope optics parallel to the elevation
rotation axis.

[0040] According to another embodiment of the invention adjusting or readjusting
the optical components is performed dynamically, this means the optical components
can be aligned or readjusted during operation of the laser beam directing system
and, in particular, during operation of the primary laser. Alternatively or additionally,
the optical components can be aligned in a static manner before starting up the laser
beam directing system.

[0041]  According to another embodiment of the invention the method further
includes aligning the first auxiliary laser parallel to the azimuth rotation axis of the
laser beam directing system and aligning the second auxiliary laser parallel to the
elevation rotation axis of the laser beam directing system. These steps can be
performed advantageously before adjusting or aligning the optical components of the
laser beam directing system.

Additional features and advantages of the instant invention are evident to a person
skilled in the art from a subsequent description of advantageous embodiments
which, however, do not limit the scope of the invention and are to be interpreted with
reference to the appended drawing figure.

[0042] Embodiments of the invention are subsequently described with reference
to the drawing figures, wherein:

[0043] FIG. 1 illustrates a schematic of a laser beam directing system according
to the invention;

[0044]  FIG. 2illustrates a cross section of laser beam directing system according
to an embodiment of the invention; and

[0045] FIG. 3 illustrates a flow chart of a method for orienting optical components
of a laser beam directing system according to an embodiment of the invention.
[0046] All figures are mere representations of devices according to the
invention or their components according to embodiments of the invention. In

particular distances and size relationships in the figures are not represented
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according to scale. In different figures equivalent elements are provided with
identical reference numerals.

[0047] FIG. lillustrates a laser beam directing system for quickly directing a
primary laser beam at a target which can move in an entire hemisphere. The
primary laser beam is introduced by mirrors that are not visible in FIG. 1 into the
Coudé optical channel. In the Coudé optical channel 11 the primary laser beam is
routed by a fourth deflection mirror 29, a third deflection mirror 27 and a second
deflection mirror 25 to telescope optics 12. The primary laser beam is coupled into
the telescope optics 12 by a first deflection mirror 23 which is not visible in FIG. 1. In
the telescope optics 12, the primary laser beam is expanded and focused.

[0048]  Using the laser beam directing system 1, the primary laser can be track a
moving target. For this purpose the laser beam directing system 1 includes an
azimuth rotation yoke 3 which is supported in an azimuth bearing 5 and rotatable
about an azimuth axis by means of an azimuth motor 9. Furthermore the laser beam
directing system 1 includes an elevation support 7 at which the telescope optics 12
are rotatable about an elevation axis by means of an elevation motor 10.

[0049] A precise adjustment of the deflection mirrors 23, 25, 27, 29 is required in
order to provide a highly precise alignment of the primary laser beam with the target.
It is particularly advantageous when the primary laser beam extends parallel to the
rotation axes of the laser beam directing system 1. The highly precise alignment is
provided through the configuration of the laser beam directing system 1 with auxiliary
lasers 19, 21 and detectors 15, 17. This will be described in more detail with
reference to FIG. 2. Thus the configuration of the laser beam directing system 1
according to the invention facilitates a dynamic readjustment of the deflection mirrors
23, 25, 27 and 29 so that a precise laser directing is also provided over longer time
periods and for a moving laser directing system 1, thus under dynamic loads. Thus,
the deflection mirrors 23, 25, 27 and 29 can be aligned with a precision of a few
micro rad relative to the two rotation axes of the laser beam directing system 1.
[0050] FIG. 2 illustrates a cross section of a so called Altazimuth beam directing
unit with an axis of the telescope optics 12 which axis is aligned parallel to the
azimuth axis. The primary laser beam of the primary laser 13 is coupled in parallel
to the azimuth axis into the directing unit or in the laser beam directing system by a
mirror 47 that is fixated in position. The primary laser beam is coupled into the optical

axis of the telescope optics by the deflection mirrors mounted in the azimuth rotation
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yoke 3 or in the Coudé optical channel 11, namely the second deflection mirror 25,
the third deflection mirror 27 and the fourth deflection mirror 29 within the laser beam
directing system 1 parallel to the elevation axis by the first deflection mirror 23 which
is moved together with the elevation axis.

[0051] A first auxiliary laser 19 and a second auxiliary laser 21 are used as tools
for adjusting the deflection mirrors 23, 25, 27 and 29. The beam of the first auxiliary
laser 19 is radiated into the laser beam directing system 1 collinear with the azimuth
rotation axis and the beam of the second auxiliary laser 21 collinear with the
elevation rotation axis. The wavelengths of the auxiliary lasers 19, 21 differ from the
wavelength of the primary laser 13 to be directed. The wavelength of the first
auxiliary laser can be for example 532 nm, the wavelength of the second auxiliary
laser can be for example 635 nm and the wavelength of the primary laser can be for
example 1070 nm.

[0052] The optical components, in particular the first deflection mirror 23, the
second deflection mirror 25, the fourth deflection mirror 29 and the fixated mirror 47
can be configured as coplanar plates. The material of the coplanar plates can thus
be transparent for the wavelengths of the auxiliary lasers 19, 21. The front sides of
these mirrors, this means the sides of the mirrors that are oriented towards the
primary laser beam can be coated so that they are highly reflective for the primary
laser radiation and partially reflective for the radiation of the auxiliary lasers. The
third deflection mirror 27 can be coated with metal.

[0053]  Afirst coplanar plate 35 is arranged in the azimuth rotation axis
perpendicular thereto and fixated at the azimuth rotation yoke 3. The material of the
first coplanar plate 35 is transparent for the wavelengths of the auxiliary lasers 19,
21. Furthermore the surface of the first coplanar plate 35 is provided with a coating
that is partially reflective for the auxiliary laser radiation. A first aperture 39 is
arranged in front of the first coplanar plate 35 in particular between the first auxiliary
laser 19 and the first coplanar plate 35. The first aperture 39 is thus configured to
prevent a transmission and also a reflection of the first auxiliary laser beam at the
first coplanar plate 35 in a closed condition of the first aperture 39. The first aperture
39 can be opened and closed at will.

[0054] Inthe same way a second coplanar plate 37 is arranged in the elevation
rotation axis perpendicular thereto and fixated at the support 7 of the telescope

optics 12. The second coplanar plate 37 is thus configured as a planar mirror. A
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second aperture 41 is arranged in front of the second coplanar plate 37. The second
aperture 41 prevents a reflection of the first and the second auxiliary laser beam at
the second coplanar plate 37 in a closed condition of the second aperture 41. Thus,
the second aperture 41 can be opened and closed at will.

[0055]  The first auxiliary laser 19 is mounted fixated in place. The second
auxiliary laser 21 is fixated in the azimuth yoke 3. Initially an alignment of the
auxiliary lasers 19, 21 parallel to the axes can be checked and adjusted as required
before starting the primary laser 13 or the laser beam directing system 1.

[0056]  For this purpose the first auxiliary laser 19 is aligned to the first coplanar
plate 35 while transmitting through the spatially fixated mirror 47 and the fourth
deflection mirror 29 with the first aperture 39 open. In order to check the alignment a
first beam splitter component 31 and the first detector 15 are used wherein the first
beam splitter component is arranged downstream of the first auxiliary laser 19 and
configured as a beam splitter cube.

[0057]  The first beam splitter component 31 is thus provided so that its diagonal
mirror surface couples out a few percent of the beam of the first auxiliary laser 19 at
a right angle onto the first detector 15. The transmitted beam of the first auxiliary
laser 19 is reflected back into itself by the first coplanar plate 35 and also coupled
out onto the first detector 15 by the diagonal mirror surface and a mirrored surface of
the first beam splitter component 31. The first detector 15 is configured, for
example, as a Hartmann-Shack sensor. Thus, the first detector 15 can determine
the respective tilting of the two received beams. The alignment or angular
adjustment of the first auxiliary laser 19 can now be provided so that the tilting of the
two beams received at the first detector 15 is identical.

[0058] The second auxiliary laser 21 can be aligned similar to the first auxiliary
laser 19. The beam of the second auxiliary laser 21 is aligned perpendicular to the
second coplanar plate 37 while transmitting through the second deflection mirror 25
and the first deflection mirror 23 with the second aperture 41 open. In order to check
alignment a second beam splitter component 33 arranged after the second auxiliary
laser 21 in its beam path and the second detector 17 are used.

[0059] The second beam splitter component 33 is configured similar to the first
beam splitter component 31 and configured so that its diagonal mirror surface
couples a few percent of the beam of the second auxiliary laser 21 out at a right

angle onto the second detector 17. The portion of the second auxiliary laser beam
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transmitted through the second beam splitter component 33 is reflected back into its
self by the second coplanar plate 37 and also coupled out onto the second detector
17 through a diagonal mirror surface and a mirrored surface of the second beam
splitter component 33. The second detector 17 can thus be also configured as a
Hartmann-Shack sensor. Using the second detector 17 the tilts of the two received
beams can be determined. The alignment or angular adjustment of the second
auxiliary laser 21 can now be performed so that the tilting of the two beams received
at the second detector 17 is identical.

[0060] The described adjustment of the first auxiliary laser 19 and the second
auxiliary laser 21 assures that the first auxiliary laser 19 is aligned with very high
precision parallel to the azimuth rotation axis and the second auxiliary laser 21 is
aligned with very high precision parallel to the elevation rotation axis. Using the
laser beams of the auxiliary laser 19, 21 thus adjusted an adjustment of the
deflection mirrors 23, 25, 27 and 29 can be performed thereafter.

[0061] For example, the first deflection mirror 23 can be adjusted or aligned by
means of the auxiliary lasers 19, 21 as follows: the first deflection mirror 23 is
adjusted so that the beam of the second auxiliary laser 21 reflected by the second
coplanar plate 37 and the first deflection mirror 23 impacts the first detector 15 at the
same angle as the beam of the first auxiliary laser 19 coupled out by the first beam
splitter component 31. For control purposes the first deflection mirror 23 can be
additionally simultaneously aligned so that the beam of the first auxiliary laser 19
reflected by the first reflection mirror 23 and the second coplanar plate 37 impacts
the second detector 17 at the same angle as the beam of the second auxiliary laser
21 that is coupled out by the second beam splitter component 33.

[0062]  Also the additional deflection mirrors 25, 27, 29 can be controlled and
adjusted similar to the first deflection mirror 23. In particular the deflection mirrors
25, 27, 29 can be iteratively adjusted so that the beam of the first auxiliary laser
reflected by the fourth mirror 29, the third deflection mirror 27, the second deflection
mirror 25, the second coplanar plate 37 and the second beam splitter component 33
centrally impacts the second detector 17. Thus, the deflection mirrors 25, 27, 29 are
furthermore iteratively readjusted so that the beam of the first auxiliary laser 19
impacts the second detector 17 at the same angle as the beam of the second

auxiliary laser 21 reflected by the second beam splitter component 33.



10

15

20

25

30

14

[0063]  For control purposes and in order to improve precision of alignment the
deflection mirrors 25, 27, 29 can be furthermore adjusted so that the beam of the
second auxiliary laser 21 reflected by the second coplanar plate 33, the second
deflection mirror 25, the third deflection mirror 27, the fourth deflection mirror 29 and
the first beam splitter component 31 centrally impacts the first detector 15. Thus the
deflection mirrors 25, 27, 29 are furthermore iteratively readjusted so that the beam
of the auxiliary laser 21 impacts the first detector 15 at the same angle as the beam
of the first auxiliary laser 19 reflected by the first beam splitter component 21.

[0064] If required for differentiating the individual auxiliary lasers 19, 21, the
auxiliary lasers 19, 21 can be turned on and off in a time sequential manner and the
coplanar plates 35, 37 can be covered by the apertures 39, 41.

[0065] The adjustment can be performed in a static manner before starting up the
primary laser 13 or the laser beam directing system 1. Alternatively the adjustment
can be performed during operation of the laser beam directing system and in
particular of the primary laser 13. Thus, deviations of the alignment that are caused
by operational dynamic forces can be measured and corrected. The optical
compensation of the deviations can be provided by motor driven adjustment
elements 43. Thus two respective adjustment elements 43 can be provided at each
deflection mirror 23, 25, 27, 29 wherein the adjustment elements are configured for
example as piezo elements.

[0066] The adjustment elements 43 can be connected with a control unit 45. The
control unit 45 can be furthermore connected with the first detector 15 and the
second detector 17. Based on the data read out at the detectors 15, 17 the control
unit 45 can control the control elements 43 and can readjust the deflection mirrors
23, 25, 27 in this manner.

[0067] An additional control of an angular position of the first deflection mirror 23
can be provided during operations of the laser beam directing system 1 when an
additional beam splitter element is provided on a backside of the deflection mirror 23,
wherein the additional beam splitter element causes a partial deflection of the
transmitted beams of the first auxiliary laser 19 and/or the second auxiliary laser 21
at a slant angle of for example 30°. This can be provided for example by an optical
diffraction grating integrated on a back side of the first deflection mirror 23.

[0068] An angle of beams of the first auxiliary laser 19 and/or the second auxiliary

laser 21 deflected in this manner can be measured by the third detector 39 provided
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in the wall of the telescope optics 12. A suitable correction of an angular deviation
can be performed using the measuring data of the first detector 15 and the second
detector 17 using the adjustment elements 43 at the deflection mirrors 23, 25, 27,
29.

[0069] FIG. 3 illustrates a flow chart of an embodiment of a method for aligning
optical components, in particular, the deflection mirrors 23, 25, 27, 29 of the laser
beam directing system 1. The method can be supplemented at will by additional
steps which were recited, for example, with respect to FIG. 2.

[0070] Inafirst step SO1, the first auxiliary laser 19 as described in conjunction
with FIG. 2 is aligned in parallel with the azimuth rotation axis of the laser beam
directing system 1. Furthermore, the second auxiliary laser 21 is aligned in step S03
in parallel with the elevation rotation axis of the laser beam directing system 1.
Subsequently the auxiliary lasers 19, 21 are radiated into the laser beam directing
system in parallel to the axes. This is performed in steps S05 and SO07.

[0071] In step SO9 a first angle of incidence of the first auxiliary laser beam on a
first detector 15 is determined. In step S11 a second angle of incidence of the
second auxiliary laser beam on the first detector 15 is determined. Subsequently the
optical components 23, 25, 27, 29 like, for example, the first deflection mirror 23 are
adjusted in step S13 so that the first angle of incidence coincides with the second
angle of incidence.

[0072] The steps of the method can thus be partially performed in an alternating
sequence or in parallel with one another. For example the first auxiliary laser 19 and
the second auxiliary laser 21 can be operated simultaneously. This means the steps
S05 and S07 can be performed in parallel with one another. Furthermore the steps
S09 and S11 can be performed in parallel with one another or sequentially.

[0073] Itis appreciated that features of the embodiments and aspects of the
device also are applicable for embodiments of the method and vice versa.
Furthermore features can be freely combined with one another unless explicitly
stated to the contrary.

[0074] Inclosing it is appreciated that terms like “comprising” or similar do not
exclude additional elements or steps from being provided. Furthermore it is
appreciated that the term “a” does not exclude a plurality. Furthermore features

described in a context with various embodiments can be combined with one another
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at will. Itis furthermore appreciated that the reference numerals in the patent claims

shall not limit the scope of the patent claims.
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REFERENCE NUMERALS AND DESIGNATIONS

[0075] 1 laser beam directing system

[0076] 3 azimuth rotation yoke

[0077] 5 azimuth axis support

[0078] 7 elevation axis support

[0079] 9 azimuth motor

[0080] 10 elevation motor

[oo81] 11 Coudé optical channel

[0082] 12 telescope optics

[0083] 13 primary laser

[0084] 15 first detector (D1)

[0085] 17 second detector (D2)

[0086] 19 first auxiliary laser (L1)

[0087] 21 second auxiliary laser (L2)

[0088] 23 first deflection mirror (S4)

[0089] 25 second deflection mirror (S3)

[0090] 27 third deflection mirror (S2)

[0091] 29 fourth deflection mirror (S1)

[0092] 31 first beam splitter component (SW1)
[0093] 33 second beam splitter component (SW2)
[0094] 35 first coplanar plate (PP1)

[0095] 37 second coplanar plate (PP2)

[0096] 39 first aperture (B1)

[0100] 41 second aperture (B2)

[0101] 43 adjustment element

[0102] 45 control unit

[0103] 47 mirror (S5) spatially fixated

[0104] 49 third detector

[0105] SO1 aligning the first auxiliary laser parallel to the azimuth rotation

axis of the laser beam directing system

[0106] SO3 aligning the second auxiliary laser parallel to the elevation
rotation axis of the laser beam directing system

[0107] S05 operating the first auxiliary laser

[0108] SO7 operating the second auxiliary laser
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[0109] S09 determining a first angle of incidence of the first auxiliary laser
beam on a first detector

[0110] S11 determining a second angle of incidence of the second auxiliary
laser beam on the first detector

[0111] S13 adjusting the optical components of the laser directing system

so that the first angle of incidence coincides with the second angle of incidence.
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PATENT CLAIMS

1. Alaser beam directing system (1), comprising:

a first deflection mirror (23) which is connected with an elevation axis of the
laser beam directing system (1);

a primary laser (13) which is coupleable into telescope optics (12) by a first
deflection mirror (23);

a first auxiliary laser (19) that is oriented in parallel to an azimuth rotation axis
of the laser beam directing system (1), wherein the first deflection mirror (23) has a
dielectric coating, the dielectric coating being configured so that the first deflection
mirror (23) is reflective for the primary laser (13) and partially reflecting for the
auxiliary lasers (19, 21);

a second auxiliary laser (21) that is oriented parallel to an elevation rotation
axis of the laser beam directing system (1); and

a coplanar plate (37), the coplanar plate (37) being spatially fixated in the
elevation axis and the second auxiliary laser (21) being oriented orthogonal to the
coplanar plate (37), the first deflection mirror (23) being arranged between the
second auxiliary laser (21) and the coplanar plate (37); a first detector (15),

wherein the first auxiliary laser (19), the second auxiliary laser (21) and the
first detector (15) are arranged and oriented in the laser beam directing system (1)
so that the first deflection mirror (23) is alignable by comparing the beams of the first
auxiliary laser (19) and the second auxiliary laser (21) impacting the first detector
(15) so that a primary laser beam (13) is coupleable into the telescope optics (12)
parallel to the elevation rotation axis

a control unit (45),

wherein the control unit (45) is configured to determine a first angle of
incidence of the first auxiliary laser beam (19) and a second angle of incidence of the
second auxiliary laser beam (21) on the first detector (15), and

wherein the control unit (45) is configured to adjust the first deflection mirror
(23) so that the first angle of incidence is identical to the second angle of incidence.

2. The laser beam directing system (1) according to claim 1,
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wherein the primary laser (13) has a first wavelength,

wherein the first auxiliary laser (19) has a second wavelength,

wherein the second auxiliary laser (21) has a third wavelength, and

wherein the first wavelength differs from the second wavelength and from the
third wavelength.

3. The laser beam directing system (1) according to one of the claims 1 or 2,
wherein an adjustment element (43) is provided at the first deflection mirror
(23), and
wherein the adjustment element (43) is configured to adjust an inclination
angle or an orientation of the first deflection mirror (23) in the azimuth rotation axis

and in the elevation rotation axis.

4. The laser beam directing system according to claim 3, wherein the adjustment

element (43) is configured as a piezomotor.

5. The laser beam directing system according to one of the claims 1 through 4,
wherein the first auxiliary laser (19) is operable simultaneously or time

sequentially with the second auxiliary laser (21).

6. The laser beam directing system according to one of the claims 1 through 5,
further comprising:

a first beam splitter component (31),

wherein the first beam splitter component (31) is configured to decouple a first
portion of the first auxiliary laser beam (19) at a right angle onto the first detector (15)
and to let a second portion of the first auxiliary laser beam pass through, and

wherein the first beam splitter component (31) is configured to decouple a first
portion of the second auxiliary laser beam (21) at a right angle onto the first detector
(15).

7. The laser beam directing system (1) according to claim 6, further comprising:
a first coplanar plate (35) which is arranged physically fixated in the azimuth

rotation axis of the laser beam directing system (1),
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wherein the first coplanar plate (35) is configured partially reflecting for the
first auxiliary laser (19) and for the second auxiliary laser (21), and

wherein an orientation of the first auxiliary laser (19) parallel to the azimuth
rotation axis of the laser beam directing system (1) is adjustable by the first coplanar
plate (35), the first beam splitter component (31) and the first detector (15).

8. The laser beam directing system according to claim 7, further comprising:

a first aperture (39),

wherein the first aperture (39) is configured to close the first coplanar plate
(35).

9. The laser beam directing system according to one of the claims 1 through 8
further comprising:

a second detector (17),

wherein the second detector (17) is arranged in the laser beam directing
system (1) so that the first deflection mirror (23) is alignable by comparing the beams
of the first auxiliary laser (19) and the second auxiliary laser (21) impacting the
second detector (17) so that a primary laser beam (13) is coupleable into the

telescope optics (12) parallel to the elevation rotation axis.

10. The laser beam directing system (1) according to one of the claims 1 through
9, further comprising:

a second deflection mirror (25) , a third deflection mirror (27) and a fourth
deflection mirror (29),

wherein the second deflection mirror (25), the third deflection mirror (27) and
the fourth deflection mirror (29) are mounted at an azimuth rotation yoke (3) of the
laser beam directing system (1), and

wherein the first auxiliary laser(19), the second auxiliary laser (21) and the
first detector (15) are arranged in the laser beam directing system (1) so that the
second deflection mirror (25), the third deflection mirror (27) and the fourth deflection
mirror (29) are alignable by comparing the beams of the first auxiliary laser (19) and

the second auxiliary laser (21) impacting the first detector (15) so that a primary laser
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beam (13) extends parallel to the azimuth rotation axis and parallel to the elevation

rotation axis in the laser beam directing system (1).

11. A method for orienting optical components (23, 25, 27, 29) of a laser beam
directing system (1) according to one of the claims 1 through 10, comprising the
steps of:

operating (S05) a first auxiliary laser (19) which is aligned in parallel with an
azimuth rotation axis of the laser beam directing system (1) such that a first auxiliary
laser beam of the first auxiliary laser (19) impacts a first detector (15);

operating (S07) a second auxiliary laser (21) which is aligned parallel to an
elevation rotation axis of the laser beam directing system (1) such that a second
auxiliary laser beam of the second auxiliary laser (21) passes through the first
deflection mirror (23), is reflected by a coplanar plate (37) and by the first deflection
mirror (23) and impacts the first detector (15);

determining (S09) a first angle of incidence of the first auxiliary laser beam
(19) on the first detector (15);

determining (S11) a second angle of incidence of the second auxiliary laser
beam on the first detector (15); and

adjusting (S13) the first deflection mirror (23) of the laser beam directing
system (1) so that the first angle of incidence is identical with the second angle of

incidence.

12. The method according to claim 11, wherein adjusting or readjusting the first

deflection mirror (23) is performed dynamically.

13. The method according to one of the claims 11 and 12, further comprising the
steps of:

aligning (S01) the first auxiliary laser (19) parallel to the azimuth rotation axis
of the laser beam directing system (1); and

aligning (S03) the second auxiliary laser (21) parallel to the elevation rotation

axis of the laser beam directing system (1).
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