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ABSTRACT OF THE DISCLOSURE

The microoptical device has beam-parallelizing optics
and a deflecting mirror configuration. The device converts a
laser beam bundle, which is emitted by a laser diode strip
structure or individual diode chips and which is comprised of
a plurality of strip-shaped individual laser beams, i1nto a
rectangular or parallelogram-shaped laser beam bundle composed
of parallelized strip-shaped individual laser beams arranged
parallel next to one another. The beam-parallelizing optics
may be a cylindrical lens, and the deflecting mirror configura-
tion may be two rows of mirrors. The cylindrical lens and the
rows of mirrors are preferably produced from a semiconductor
material and they can therefore be produced cost effectively

by means of methods used in semiconductor process engineering.




10

20

CA 02173059 1999-04-16

MICROOPTICAL DEVICE
Background of the Invention

Field of the Invention

The invention relates to a microoptical device for
converting a first laser beam bundle into a second laser beam
bundle; the first laser beam which is emitted by one or more
laser diode bars or a plurality of individual laser diode
chips in the x-direction of an orthogonal reference system
and i1t comprises a plurality of individual laser beams with a

strip—~shaped cross-section.

Description of the Related Art

Such a microoptical device is disclosed, for example,

in J. R. Hobbs, "Diode pumped solid-state lasers: Offset-
plane mirrors transform laser beams", Laser Focus World, May
1994, page 47. The microoptical device described therein
comprises two highly reflecting mirrors disposed parallel to
one another at a spacing. The two mirrors are mutually offset
vertically and horizontally. The first laser beam bundle,
incident at an angle o, where 0° < a < 90°, relative to the
mirror surface normal, of a laser diode array is transformed

by means of suitable multiple total reflection between the
two mirrors into the second laser beam bundle composed of

strip-shaped individual laser beams arranged parallel next to
one another. A substantial difficulty of this mirror system

consists in that effective conversion of beam bundles requires
highly accurate adjustment of the two mirrors relative to one

another and of the pair of mirrors relative to the incident
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first laser beam bundle. Furthermore, the reflection losses
due to multiple reflection inside the mirror pair are very
high. The maximum conversion efficiency achieved is approxi-
mately 70%.

summary of the Invention

It is accordingly an object of the invention to
provide a microoptical device, which overcomes the above-
mentioned disadvantages of the heretofore-known device and
method of this general type, which is easy to adjust, and the
conversion efficiency of which lies between 90% and 100%.
Furthermore, it should be possible for such a microoptical
device to be produced cost effectively.

With the foregoing and other objects in view there
is provided, in accordance with the invention, a microoptical
device for reshaping a first laser beam bundle emitted by a
laser light source (e. g. a laser diode array, a laser light
bar, individual diode chips) into a second laser beam bundle,
the first laser beam bundle extending in an xX-direction of an
orthogonal reference system and being composed of a plurality
of individual laser beams having a strip-shaped cross-section
and diverging in a z-direction of the orthogonal reference
system. The microoptical device comprising: beam-paralleliz-
ing optics receiving the first laser beam bundle and parallel-
izing the individual laser beams to mutally parallel strip-
shaped laser beams; and a deflecting mirror configuration
receiving the mutually parallel strip-shaped laser beams and

converting the mutually parallel strip-shaped laser beams 1into

a second laser beam bundle.
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In accordance with an added feature of the invention,
the strip-shaped cross—sections of the individual laser beams
of the first laser beam bundle each extend along longitudinal
central axes lying on a single straight line extending in the
y-direction of the orthogonal reference system.

In accordance with an additional feature of the
invention, the second laser beam bundle includes a plurality
of mutually parallel individual laser beams each having a
strip-shaped, preferably identical, cross-section.

In accordance with another feature of the invention,
the beam—-parallelizing optics include a cylindrical lens and/or
a diffractive optical system.

In accordance with again an added feature of the
invention, the deflecting mirror configuration includes a first
and a second row of mirrors, the first row of mirrors deflect-

ing the parallelized individual laser beams out of the

x-direction and simultaneously offsetting the parallelized
individual laser beams relative to one another 1in the
x-direction, such that longitudinal central axes defined within
the cross-sections of the parallelized individual laser beams
lie on straight lines extending parallel to one another at a
given spacing from one another, and the second row of mirrors
imaging the mutually offset parallelized individual laser
beams parallel and next to one another.

In accordance with again another feature of the
invention, the deflecting mirror configuration comprises a

single row of mirrors deflecting the parallelized individual
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laser beams out of the x-direction, offsetting the parallelized
individual laser beams relative to one another in the
z—direction, and imaging the parallelized individual laser
beams parallel and next to one another.

In accordance with a concomitant feature of the
invention, the beam-parallelizing optics and the deflecting
mirror configuration consist of a semiconductor material
which 1s transparent relative to a wavelength of the laser
light emitted by the laser light source, and the laser beams
being guided in an interior of the semiconductor material.

With the above and other objects in view there 1is
also provided, in accordance with the invention, a method ot
producing a microoptical device as outlined above. The method
comprises etching the beam-parallelizing optics and the
deflecting mirror configuration in semiconductor etching
technology.

In other words, the objects of the invention are
satisfied when a beam-parallelizing optical system parallelizes
the individual laser beams of the first laser-beam bundle,
which diverge in the z-direction of the reference system, and
in that subsequently a deflecting mirror configuration converts
the laser beam bundle composed of the parallelized strip-shaped
individual laser beams into the second laser beam bundle.

The microoptical device of the invention may consist,
for example, of a semiconductor material which 1is transparent
to the particular wavelength of the laser light emitted by the

laser diode array. The laser beam bundle can then be guided
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in the semiconductor material, as a result of which the beam
expansion (beam bleedlinqg) of'the individual laser beams and
thus also the radiation loss can be reduced. The structures
of the beam-parallelizing optical system and of the deflecting
mirror configuration can be produced by means of etching
techniques known in semiconductor process englneering. This
ensures cost effective production of the microoptical device.
In accordance with the present invention, there is
provided a microoptical device for reshaping a first laser
beam bundle emitted by a laser light source into a second
laser beam bundle, the first laser beam bundle extending in an
X-direction of an orthogonal reference system and being
composed of a plurality of individual laser beams having a
strip-shaped cross-section and diverging in a z-direction of
the orthogonal reference system, the microoptical device
comprising: beam-parallelizing optics receiving the first
laser beam bundle and parallelizing the individual laser beams
to mutually parallel strip-shaped laser beams; a deflecting
mirror configuration receiving the mutually parallel strip-
shaped laser beams and converting the mutually parallel strip-
shaped laser beams 1nto a second laser beam bundle; and said
deflecting mirror configuration having a first and a second
row of mirrors, sald first row of mirrors deflecting the
parallelized 1ndividual laser beams out of the xXx-direction and
simultaneously offsetting the parallelized individual laser
beams relative to one another in the X-direction, such that
longitudinal central axes defined within the crogss-sections of

the parallelized individual laser beams lle on strailght 1lines

- 5 -
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exXxtending parallel to one another at a given spacing from one
another, and said second row of mirrors imaging the mutually

offset parallelized individual laser beams parallel and next

to one another.

In accordance with the present invention, there 1is
further provided a method of producing a microoptical device
for converting a first laser beam bundle oriented in an x-
direction of an orthogonal reference system and being
comprised of a plurality of individual laser beams having a

10 strip-shaped cross-section and diverging in a z-direction of
the orthogonal reference system, 1into a second laser beam
bundle of parallelized individual laser beams, the
microoptical device including beam-parallelizing optics
receiving the first laser beam bundle and parallelizing the
individual laser beams to mutually parallel strip-shaped laser
peams, and a deflecting mirror configuration receiving the
mutually parallel strip-shaped laser beams and converting them
into the second laser beam bundle, the method which comprises:
etching the beam-parallelizing optiés and the deflecting

20 mirror configuration using semiconductor etching technology.

In accordance with the present invention, there is
further provided a microoptical device in combination with a
laser light source emitting a first laser beam bundle in an x-
direction of an orthogonal reference system, the first 1aser
peam bundle being a plurality of individual laser beams having
a strip-shaped crosgss-section and diverging in a z-direction of
the orthogonal reference system, the microoptical device,

comprisling: beam parallelizing optics receiving the first

...Sa_
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laser beam bundle and parallelizing the individual laser beams
to mutually parallel strip-shaped laser beams; and a
deflecting mirror configuration receiving the mutually
parallel strip-shaped laser beams and converting the mutually
parallel strip-shaped laser beams 1nto a second laser beam
bundle; and said deflecting mirror configuration having a
first and a second row of mirrors, said first row of mirrors
deflecting the parallelized individual laser beams out of the
X-direction and simultaneously offsetting the parallelized
individual laser beams relative to one another in the X-
direction, such that longitudinal central axes defined within
the cross-sections of the parallelized individual laser beams
lie on straight lines extending parallel to one another at a
given spacing from one another, and said second row of mirrors
imaging the mutually offset parallelized individual laser
beams parallel and next to one another.

Other features which are considered as character-
istic for the invention are set forth in the appended claims.

Although the 1invention 1s illustrated and described
herein as embodied in a microoptical device, 1t 1is
nevertheless not intended to be limited to the details shown,
since various modifications and structural changes may be made
therein without departing from the spirit of the invention and
within the gcope and range of equivalents of the claims.

The construction of the invention, however, together

with additional obijects and advantages thereof will be best

understood from the following description of the specific
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embodiment when read in connection with the accompanvying

drawings.

Brief Description of the Drawings

Flg. 1 1s a diagrammatic perspective view of a first

eXxemplary embodiment of a microoptical device according to the

invention;

Fig. 2 1s a diagrammatic perspective view of a

segment of a laser diode bar;

Fig. 3 1s a perspective view of a deflecting mirror
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configuration of a second embodiment of the invention:

Fig. 4 1s a diagrammatic view of a beam bundle
conversion by means of a microoptical device in accordance
with the first or second exemplary embodiment;

Fig. 5 1s a diagrammatic perspective view of a
deflecting mirror configuration of a third exemplary embodi-
ment;

Fig. 6 1s a perspective view of a fourth exemplary
embodiment; and

Fig. 7 is a view similar to Fig. 4 of a beam bundle
conversion with the third and fourth embodiments.

Description of the Preferred Embodiments

Referring now to the figures of the drawings in
detail, the exemplary embodiments described herein serve the
purpose of converting a laser beam bundle 8 which is emitted
by a laser diode bar 6 as shown in Fig. 2. The laser diode
bar 6 is a diode array which comprises seven individual laser
diodes 7. The pn junctions of the individual laser diodes 7
are arranged parallel to the x-y plane of an orthogonal
reference system 5 (cartesian coordinate system). Each
individual laser diode 7 emits one individual laser beam 9 of
width Ay. The beams have only a very weak divergence parallel
to the pn junction of the individual laser diode and a strong
divergence perpendicular to the pn junction. However, for the
sake of simplicity it will be assumed below that the individual
laser diodes 7 emit individual laser beams 9 which are

divergent only in a direction perpendicular to the pn junctions

20365-3576
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Of the individual laser diodes 7 and they are (idealized and)
parallel to the pn junctions.

Instead of the laser diode bar 6, it is, of course,
also possible in all the exemplary embodiments to use a
plurality of laser diode bars or a number of individual laser
diode chips.

Referring now more specifically to Fig. 1, the first
exemplary embodiment of a microoptical device according to the
invention is constructed on a baseplate 1. The baseplate 1
consists, for example, of a Mo/Cu alloy. Any other material
is suitable as well which is a good conductor of heat and
which has a coefficient of thermal expansion that is matched
to the coefficients of thermal expansion of the other
components of the microoptical device. The top surface of the
baseplate 1 is divided by a vertical step 2 into two regions 3
and 4. The two regions 3 and 4 are parallel to the x-y plane
of the orthogonal reference system 5. The laser diode bar 6
is fastened to the higher area 3, for example by means of solder
or glue, in such a way that the laser light exit face 10 of the
laser diode bar 6 terminates in alignment with the perpendicular
face of the step 2. The individual laser beams 9 are thus
emitted in the x-direction.

A plano-convex cylindrical lens 11 is fastened to the
lower region 4 and adjoins the laser light exit face 10 with
its curved surface. However, the lens 11 can also be disposed
at a slight spacing from the light exit face 10 in such a way

that the curved surface and the light exit surface 10 are

20365-3576
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opposite one another. The cylindrical lens 11 is produced,
for example, from glass, plastic or from a semiconductor
material which is transparent to the particular wavelength of
the laser light of the individual laser diodes. Semiconductor
materials are particularly suitable for this application
because of their superior refractive index. For example, SiC
can be used for optical wavelengths A > 400 nm, GaP for X >
500 nm, GaAs for A > 900 nm, and Si for A > 1100 nm. The
cylindrical lens 11l parallelizes (aligns) the individual lasér
beams 9, which diverge strongly in the z-direction of the
reference system 5. Thus, a laser beam bundle 31 comprising
seven parallelized individual laser beams 12 having the same
strip-shaped cross—-section exits from the cvlindrical lens 1l.
The longitudinal central axes of the cross-sections of the
individual laser beams 12 lie on a single straight line
parallel to the y-axis of the reference system 5. In Fig. 1,
the parallelized individual laser beams 12 arranged at the
edge are represented by their beam axes.

Instead of the cylindrical lens 11, it is also
possikle to use a diffractive optical system or a comkinaticn
of a cylindrical lens and a diffractive optical system.

A row 14 of mirrors (mirror array 1l1l4) formed of
seven individual mirrors 13 is fastened to the region 4 in the
beam propagation direction (x-direction) downstream of the
cylindrical lens 11. The row is produced, for example, from

metal or from a semiconductor material, and the mirror surfaces

are coated and/or polished; coated with a reflection enhancing
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material such as, for example, aluminum or 5i0,/Si by means of
vapor deposition or sputtering. The mirror surface normals of
the individual mirrors 13 form an angle of 45° with the beam
axes of the parallelized individual laser beams 12 and they
extend parallel to the x-z plane of the reference system 5.
With respect to its neighbouring individual mirrors 13, each
individual mirror 13 is displaced parallel to the x-direction
by Az+e, with the result that the row 14 of mirrors has a
step-shaped structure. Az is the beam height in the
z-direction and, given precisely orthogonal projection of the
individual laser beams 12, € i1s the spacing (see Fig. 4)
between the strip-shaped individual laser beams 12 after the
conversion of the laser beam bundle 31 into the laser beam
bundle 17. The width and length of the mirror surfaces of the
individual mirrors 13 is Ay+8, or at least Az/cos45°
(Az/coszrmr). Ay is the width of an individual laser beam 9
after exiting from the laser diode 6, and ¢ is the spacing
between two individual laser beams 9. The parallelized
individual laser beams 12 are deflected by 90° in the
z—-direction by the row 14 of mirrors and simultaneously offset
with respect to one another in the x-direction in such a way that
no two individual laser beams 12 lie with the longitudinal
central axis of their cross-section on a common straight line.
A further row 15 of mirrors with seven individual mirrors 16
is disposed above the row 14 of mirrors. The row 15 of mirrors
is, for example, identically produced with the row 14 of
mirrors. The mirror surface normals of the individual mirrors

16 form an angle of 45° with the beam axes of the individual
...9_.
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laser beams 12, which are deflected by 90° in the z-direction,
and extend parallel to the y-z plane of the reference system
5. With respect to its neighbouring individual mirrors 16,
each individual mirror 16 is displaced parallel to the
y—=direction by Ay+d§d with the result that the row 15 of mirrors
has a step-shaped structure. The width and length of the
mirror surfaces of the individual mirrors 16 is Az+e oOr

(Ay+8) /cos45°. The individual mirrors 13, 16 are arranged
relative to one another such that the center points of the
mirror surfaces of in each case two individual mirrors 13, 16
are situated exactly above one another in the z-direction.

The row 15 of mirrors deflects the individual laser beams 12,
deflected in the z-direction by the row 14 of mirrors, by 90°
in the y~direction, and images the individual laser beams 12
parallel next to one another as shown in Fig. 4.

The deflecting mirror array, represented diagrammatic-
cally in Fig. 3 (second exemplary embodiment of the micro-
optical device according to the invention), likewise comprises
two rows 18, 21 of mirrors respectively composed of seven
individual mirrors 19, 20. The arrangement and size of the
individual mirrors 19, 20 as well as the arrangement of the
remaining components of the microoptical device are identical
to the first exemplary embodiment. The difference with regard
to the mirror arrays 14 and 15 lies in the fact that the
individual laser beams 12 downstream of the cylindrical lens 11
are guided not in air but in a medium which 1is transparent tO

the wavelength of the laser light emitted by the individual

- 10 -
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laser diodes. 1In this exemplary embodiment, the boundary
surfaces between the optically transparent medium and air or
another bounding medium thus form the mirror surfaces of the
individual mirrors 19, 20. The individual mirrors 19, 20 are
formed, for example, from cutouts from a single cuboid
consisting of the transparent medium. Apart from glass and
plastic, it is also possible, for example, to use SiC for an
optical wavelength A > 400 nm, GaP for A > 550 nm, GaAs for
A > 900 nm, and Si for A > 1100 nm. The advantage of these
semiconductor materials consists in that because of their
high refractive index there is no need to coat the mirror
surfaces of the individual mirrors 19, 20. When glass is used,
the mirror surfaces can be coated with aluminum or with
another suitable material, for example, in order to improve
the reflective properties. Vapor deposition, sputtering, or
another method known from semiconductor process engineering
and from surface optics can be applied as the coating method.
In the case of second exemplary embodiment, the
parallel individual beams 12 enter the row 18 of mirrors
through a light entry surface 22 and they are deflected at the
individual mirrors 19 by 90° in the z-direction. They are
simultaneously offset with respect to one another in the
x-direction. The individual laser beams 12 are subsequently
deflected by 90° in the y-direction by the individual mirrors

20, and they exit from the mirror array 21 through a light

exit surface 23.

- 11 -
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Fig. 4 diagrams the conversion of the laser beam
bundle 31 by means of the deflecting mirror configuration in
accordance with the first and second exemplary embodiments.
The laser beam bundle 31 composed of seven parallelized
individual laser beams 12 is converted into a rectangular laser
beam bundle 17 composed of seven parallelized individual laser
beams 12 arranged parallel next to one another at a spacing e.

A simplification of the first and second embodiments
described above can be achieved by replacing the row 14 or the
row 18 of mirrors by a single relatively large mirror. This
mirror must be fitted such that its mirror surface normal
encloses an angle of 45° with the x-yv plane of the reference
system 5, and an angle y > 0° with the x~z plane. The width
Oof the oblique mirror is (length of the laser diode bar 6)
*cosy and the height of the obligue mirror is at least
Az/cos45°. The structure of the mirror arrays 15 or 21 remains
unchanged. The width of the individual mirrors 16 or 20,
however, is defined by (Ay+6)*tanﬁ.

Referring now more specifically to Fig. 5, the third
exemplary embodiment of the microoptical device according to
the invention has a single row 24 of mirrors instead of two
rows of mirrors each deflecting by 90°. The row 24 of mirrors
represented in Fig. 5 comprises seven 1individual mirrors 25
whose mirror surface normals are at an angle of 45° to the x-z
plane of the reference system 5 and an angle of a > 0° to the
X-yv plane. The center points of the mirror surfaces of the

individual mirrors 25 lie on a single straight line extending

- 12 -

20365=3576




10

20

2173059

parallel to the y-axis of the reference system 5, and at a
spacing of Ay+§ from one another. The length of the individual
mirrors 25 is at least Ay/cos45°, and the width is at least
Az/coso. The angle o is selected such that, after reflection
at the corresponding individual mirror 25, each parallelized
individual laser beam 12 is guided away via a single mirror 30
disposed downstream in the +y-direction. In order to set the
spacing n (Fig. 7) between the imaged individual laser beams
29 as small as possible, the width of the individual mirrors
25 and the angle a are to be selected to be as small as
possible. The minimum size of the angle o depends on the
spacing between the individual laser diodes and the width of
the individual mirrors 25.

The fourth exemplarvy embodiment represented in Fiag. 6
1s identical in principle to the third exemplary embodiment.
The difference is found in the fact that the row 26 of mirrors
with the individual mirrors 27 is constructed such that the
individual laser beams 12 are guided not in air but in a light-
conducting medium. The medium is transparent to the wavelength
of the laser light emitted by the individual laser diodes. The
row 26 of mirrors can be produced, for example, from the
materials already mentioned in the context of the second
exemplary embodiment. The individual mirrors 27 are formed,
for example, from wedge-shaped cutouts from a cuboid consisting
of the medium which is transparent to the particular laser
light. For the purpose of improving their reflective

properties, the mirror surfaces are coated and/or polished, for
- 13 -
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example, coated with aluminum or Sioz/Si (possibly alternating
layers, that is to say SiO2 and Si in alternation). The row
26 of mirrors is coupled to the cylindrical lens 11 by means
of a coupling plate 28 which likewise consists of material
which 1is transparent to the wavelength of the laser light.

The row 26 of mirrors and the coupling plate 28 can, however,
also comprise a single part. Instead of the coupling plate 28
1t 1s also possible to arrange between the row 26 of mirrors
and the laser diode bar a plate in which the cylindrical lens
11 and/or further lenses are inserted or constructed. This
plate can consist of a semiconductor material. The lens(es)
can be produced by means of conventional semiconductor
processes.

Fig. 7 diagrams the conversion of the laser beam
bundle 31 with the deflecting mirror configuration of the
third and fourth embodiments. The laser beam bundle 31,
composed of seven parallelized strip-shaped individual laser
beams 12, is converted into a parallelogram-shaped laser beam
bundle 30 composed of seven parallelized strip-shaped
individual laser beams 29 arranged parallel next to one
another at a spacing of n.

It may be pointed out again at this junctﬁfe that
the individual laser beams 9 parallel to the pn-junction of
the individual laser diodes 7 are not, as presumed in the
foregoing specific description, exactly parallel, but they are
weakly divergent. The mirror dimensions must therefore be

appropriately matched. The minimum dimensions specified above
- 14 -
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are changed towards larger values. The same applies if the
individual laser beams 12 are not exactly parallelized but are
weakly divergent. The calculation is then always determined
by the values of Ay and Az at the mirror surfaces of those
mirrors which are farthest removed in the beam direction from
the light exit surface 10.

Guiding the individual laser beams 9, 12, 29 in an
optical medium has the advantage that their expansion can be
prevented. In an advantageous way, it is possible in the case
of the second and fourth exemplary embodiments for the light
exit surface 10 of the cylindrical lens 11 to adjoin directly
at the light entry surface 22 or 32 of the mirror array 18 and
the coupling plate 28. The number of optical interfaces
(boundary conditions), which cause reflection losses, can
thereby be minimized in the microoptical device. It should
also be understood that the rows or row of mirrors and the
cylindrical lens can be produced from one part. The mirror
configurations described above and the cylindrical lens
distinguish themselves in that they can be produced inexpensive-
ly and with cost effective methods.

Plano-convex cylindrical lenses composed of semi-
conductor materials can be produced, for example, on a wafer
with otherwise conventional etching processes. The wafer 1is
then cut into individual lenses of suitable length and width.

The mirror arrays can be produced, for example, from
Si, GaP, GaAs, SiC, metal or glass by means of etching methods

known in semiconductor process engineering. However, it 1s
- 15 -
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also equally possible to use injection-melding, molding and
casting methods for plastic, glass or metal. The so-called
LIGA method, for example, can be used to produce the molds.
The mirror structures can also be produced by means of
mechanical methods such as, for example, the microprecision
diamond turning method. Juxtaposing structured glass discs by
means of anodic bonding, soldering or bonding is also possible.
In the case of plastics, the mirror structure can be produced
by mechanical working or as a shaped injection-molded part.
Finally, it is understood that, although the deflect-
ing mirror configurations described herein are laid out for
seven individual laser beams, the microoptical device according
to the invention can be used for any desired number of

individual laser beams. All that is required is to correctly

match the number of individual mirrors.

- 16 -
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A microoptical device for reshaping a first laser
beam bundle emitted by a laser light source into a second
laser beam bundle, the first laser beam bundle extending in an
X-direction of an orthogonal reference system and being
composed of a plurality of individual laser beams having a
strip-shaped cross-section and diverging in a zZ-direction of
the orthogonal reference system, the microoptical device
comprising:

beam-parallelizing optics receliving the first 1laser
beam bundle and parallelizing the individual laser beams to
mutually parallel strip-shaped laser beanms;

a deflecting mirror configuration recelving the
mutually parallel strip-shaped laser beams and converting the
mutually parallel strip-shaped laser beams 1nto a second laser
beam bundle; and

sald deflecting mirror configuration having a first
and a second row of mirrors, sald first row of mirrors
deflecting the parallelized individual laser beams out of the
x-direction and simultaneously offsetting the parallelized
individual laser beams relative to one another in the x-
direction, such that longitudinal central axes defined within
the crogss-sections of the parallelized individual laser beams

lie on straight lines extending parallel to one another at a

glven spacing from one another, and said second row of mirrors
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imaging the mutually offset parallelized individual laser

beams parallel and next to one another.

2. The microoptical device according to claim 1,

wherein saild laser light source 1is at least one laser diode

bar.

3. The microoptical device according to claim 1,

wherein sald laser light source 1s a plurality of individual

laser diode chips.

4, The microoptical device according to claim 1,
wherein the gtrip-shaped cross-gsections of the individual
laser beams 0f the first laser beam bundle each extend along
longitudinal central axes lying on a single straight line

extending in the y~-direction of the orthogonal reference

system.

5. The microoptical device according to claim 1,
whereln the second laser beam bundle includes a pluralilty of
mutually parallel individual laser beams each having a strip-

shaped cross-section.

6. The microoptical device according to claim 5,
Wwherein each of the mutually parallel individual strip-shaped
laser beams of the second laser beam bundle have a

substantially i1identical cross-section.
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7. The microoptical device according to claim 1,
wherein each of the mutually parallel strip-shaped laser beams

have a substantially identical cross-section.

8. The microoptical device according to claim 1,
whereln sald beam-parallelizing optics include a cylindrical

lens.

9. The microoptical device according to claim 8,
wherein sald beam-parallelizing optics include a diffractive

optical system.

10. The microoptical device according to claim 1,
whereln sald beam-parallelizing optics include a diffractive

optical system.

11, A microoptical device for reshaping a first laser
beam bundle emitted by a laser light source into a second
laser pbeam bundle, the first laser beam bundle extending in an
X-direction of an orthogonal reference system and being
composed of a plurality of individual laser beams having a
strip-shaped cross-section and diverging in a z-direction of
the orthogonal reference system, the microoptical device
comprising:

. beam-parallelizing optics receliving the first laser
beam bundle and parallelizing the individual laser beams to

mutually parallel strip-shaped laser beams:; and
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a single row of mirrors each having a mirror surface
normal enclosing an angle of 45° with an x-z plane of the
orthogonal reference system and an angle a > 0° to an xX-y
plane of the orthogonal reference system for deflecting the
parallelized individual laser beams out of the x-direction,
offsetting the parallelized individual laser beams relative to
one another 1in the 2z-direction, and imaging the parallelized
individual laser beams parallel and next to one another for

converting the mutually parallel strip-shaped laser beams into

a second laser beam bundle.

12. The microoptical device according to claim 1,
wherein salid beam-parallelizing optics and said deflecting
mirror configuration consist of a semiconductor material which
1s transparent relative to a wavelength of the laser light
emitted by saild laser light source, and said laser beams being

guided in an interior of said semiconductor material.

13. A method of producing a microoptical device for
converting a first laser beam bundle oriented in an x-
direction of an orthogonal reference system and being
comprised of a plurality of individual laser beams having a
strip-shaped cross-section and diverging in a z-direction of
the orthogonal reference system, into a second laser beam
bundle of parallelized individual laser beams, the
microoptical device including beam-parallelizing optics
recelving the first laser beam bundle and parallelizing the

individual laser beams to mutually parallel strip-shaped laser

- 20 -
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beams, and a deflecting mirror configuration receiving the

mutually parallel strip-shaped laser beams and converting them

into the second laser beam bundle, the method which comprises:
etching the beam parallelizing optics and the

deflecting mirror configuration using semi-conductor etching

technology.

14. A microoptical device in combination with a laser
l1ight source emitting a first laser beam bundle in an x-
direction of an orthogonal reference system, the first laser
peam bundle being a plurality of 1nd1v1duél laser beams having
a strip-shaped cross-section and diverging in a z-direction of
the orthogonal reference system, the microoptical device,
comprising:

beam parallelizing optics receiving the first laser
beam bundle and parallelizing the individual laser beams to
mutually parallel strip-shaped laser beams; and

a deflecting mirror configuration receiving the
mutually parallel strip-shaped laser beams and converting the
mutually parallel strip-shaped laser beams into a second laser
beam bundle; and said deflecting mirror configuration having a
first and a second row of mirrors, said first row of mirrors
deflecting the parallelized individual laser beams out of the
X-dlrection and simultaneously offsetting the parallelized
individual laser beams relative to one another in the x-

direction, such that longitudinal central axes defined within
the cross-sections of the parallelized individual laser beams

lie on straight lines extending parallel to one another at a

- 21 -
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gilven spaclng from one another, and said second row of mirrors

imaging the mutually offset parallelized individual laser

beams parallel and next to one another.

15, The microoptical device according to claim 1,
whereln the individual laser beams have a given width ay, a
given helght in the z-direction Az, and a given distance 6
petween each of the individual laser beams, and wherein said
first row of saild mirrors are formed of a plurality of mirrors
each having a mirror surface with a length L and a width W,
sald length L of said mirror surface defined by one of L= Ay +
6 and L 2 Az/co0s45°, and said width of said mirror defined by

one of W = Ay + 6 and W = az/cos4d5°.

16. The microoptical device according to claim 11,
wherein the individual laser beams have a given width Ay, and
wherein sald single row of said mirrors are formed of a
plurality of mirrors each having a mirror surface with a

length L and said length L of said mirror surface is L 2

AY/C0845°.
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