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SYMMETRIZATION DEVICE AND LASER
DIODE SYSTEM PROVIDED WITH THE
SAME

FILED OF THE INVENTION

The present invention relates to the field of optical com-
ponents and more particularly concerns a symmetrization
device for use within a laser diode system including a laser
diode array.

BACKGROUND OF THE INVENTION

Laser diode arrays, both linear (so-called laser diode bars)
and bi-dimensional (2-D stack of laser bars) are very attrac-
tive sources of high power laser beam. Among their advan-
tages, they have a high conversion efliciency, a high reli-
ability, and they can be packaged to form small laser source
modules. High-power laser diode linear arrays are mostly
available in the form of elongated thin laser diode bars
comprising several individual laser emitters set along an axis
parallel to the semiconductor PN junction of the individual
diodes. A schematic drawing of a laser diode bar is sketched
in FIG. 1 (PRIOR ART). Common laser diode bars comprise
typically 10 to 50 individual equally spaced emitters, which
spread over a total width generally set to a 10 mm standard
width. Each individual emitter has typical dimensions of
50-200 umx1 um, and they are represented by the small
hachured rectangles in FIG. 1. As seen in FIG. 1, the
divergence angles of the beam escaping from a laser emitter
are typically 80° FW (full width at 1/e”) along the direction
perpendicular to the junction plane (arbitrarily designated
the Y axis on the enclosed drawings), also called the fast
axis, and 10° FW along the direction parallel to the junction
plane (the X axis), also called the slow axis. These laser
diode bars can routinely emit tens of Watts of CW optical
power. When even higher optical output powers are required
from the laser source, several laser diode bars can be stacked
one above the other using suitable mounting means to give
a two-dimensional laser diode array. The mounting means is
designed 1o hold the laser bars firmly in place while ensuring
proper electrical biasing and cooling of each bar. The
resulting total output power scales directly with the number
of stacked laser diode bars.

Laser diode systems are used in various applications such
as machining of materials, treatment of surfaces, illumina-
tion and pumping of solid-state lasers. These various appli-
cations have different requirements on the laser beam char-
acteristics, such as the beam’s shape and divergence. One
major difficulty in using laser diode systems is that the
unconditioned output laser beam is rarely adapted for appli-
cations of interest. Laser beam conditioning and/or reshap-
ing is therefore required in order to optimize the output laser
beam characteristics.

The characteristics of a laser beam outputted by a laser
diode are usually quantified by a value called beam product
parameters, or BPP, which represents the product of the
beam’s width by its divergence along a given axis. Typically,
the output laser beam of a laser diode bar, taken as a whole,
has BPP of 0.001 mmx1400 mrad=1.4 mmmrad along the
Y axis and a BPP of 10 mmx175 mrad=1750 mm-mrad
along the X axis. The BPP value along the Y axis is close to
the diffraction limit value. On the other hand, the large BPP
value along the X axis is indicative of a poor laser beam
quality with a M of the order of 1700 (the M? factor should
be of the order of 1 for a beam of the best possible quality).
This strong asymmetry in the BPP’s and large M? value
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precludes the efficient focalisation of the laser beam to a
small circular spot needed, for example, for injection to an
optical fibre.

In the particular case of a laser diode bar with a relatively
low fill factor (W/S ratio, see FIG. 1), several techniques
have been devised to reshape the laser beam, as for example
taught by J. Endriz, U.S. Pat. No. 5,168,401; S. Yamaguchi
et al., U.S. Pat. No. 5,513,201; K. Du et al., U.S. Pat. No.
6,324,190; Kusuyana et al., U.S. Pat. No. 6,639,727; and
Lissotschenko et al., U.S. Pat. No. 6,471,372.

These techniques share the same basic idea that each laser
beamlet, i.e. the laser beam radiated by each emitter in the
laser diode bar, is rotated by 90 degrees along the 7 axis by
the device. Either reflective (U.S. Pat. Nos. 5,168,401,
5,513,201 and 6.324,190) or refractive approaches (U.S. Pat.
Nos. 5,513,201, 6,639,727 and 6,471,372) have been
devised to produce this rotation. This is schematized in FIG.
2 (PRIOR ART), where a laser bar with five emitters is
represented. The fast axis (Y axis) of the laser beam is
collimated with a cylindrical microlens. Then, the five
beamlets pass through the device which rotates each beamlet
by 90 degrees around the Z axis. The asymmetric nature of
the BPP of each beamlet is represented by a cross-section in
the form of an elongated rectangle. The laser beam cross
section at two different planes, before and after the device,
takes the form represented in the dotted boxes of FIG. 2.
Therefore, the total (sum) BPP of the beamlets are trans-
formed so that the new values along the X and Y axes are
related to the initial values along the Y and X axes, respec-
tively, and reduce and increase, respectively, by time the
number of rotated beamlet, that is BPP(X) Zinitial BPP(Y)x
5, and BPP(Y)=initial BPP(X)/5. Furthermore, the outputted
laser beam’s brightness, given by the optical power/(BPP
(X)xBPP(Y)). will be optimized (i.e. the equality will hold
in the equation above) if no empty space is left between the
beamlets.

The major drawback of these techniques is that the
beamlets need to be well separated before entering the
rotating device, in order to minimize truncation of the
beamlet’s edges in the device. Therefore, this requirement
precludes an efficient application of these techniques to laser
diode bars with a high fill factor. In addition, it results in
non-optimal laser beam brightness since significant empty
spaces are left between the beamlets. Ideally, the beamlet
cross section should have a height equal to the separation
(pitch) between them so as to leave no empty space between
them once the rotation is performed, thereby leading to an
optimized output laser beam radiance.

For the reflective techniques, significant empty spaces
between beamlets are required to provide enough space for
the two or more reflective surfaces needed to realize the
beamlet rotation. It is also the case for the refraction-based
devices, which in practice consist of extended cylindrical
lenses disposed side by side in close contact at a 45° angle
with respect to the Y and X axes. Such an arrangement leads
to beamlet’s input/output aperture of diamond shape, such as
schematized in FIG. 3A (PRIOR ART). The beamlets,
generally having a square cross-section, experience a large
clipping by going through such an optical device. This is
exemplified in FIG. 3B (PRIOR ART), where the upper left
and bottom right corners of the square cross section are
cut-off by the diamond-shaped input/output aperture. To
minimize the beamlet clipping, the horizontal extent of the
beamlet’s cross-section needs to be limited, as schematized
in FIG. 3C (PRIOR ART). This however severely limits the
laser diode bar fill factor that can be used with such device,
therefore limiting its domain of application and interest.
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There is therefore a need for a symmetrization device
which alleviates the above-mentioned drawbacks.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the present invention,
there is provided a symmetrization device for an input light
beam having a plurality of beamlets parallely propagating
along a propagation direction, the light beam having a
cross-section plane perpendicular to the propagation direc-
tion defined by perpendicular first and second axes. Each
beamlet further has a cross-section shape in the cross-section
plane and a divergence associated with each of the first and
second axes.

The device includes a plurality of lens components dis-
posed adjacent to each other. Each of the lens components
has an input surface for receiving at least one of the beamlets
transversally thereto. The input surface has a curved profile
along the propagation direction and a contour in the cross-
section plane. Each lens component further has an output
surface for outputting the at least one beamlet, disposed in
correspondence with the input surface at a predetermined
distance therefrom. The output surface has a curved profile
in the propagation direction and a contour in the cross-
section plane.

The curved profiles of the input and output surfaces and
the predetermined distance therebetween are selected to
collectively permute the divergence associated with the first
and second axes of the at least one beamlet, and the contours
of the input and output surfaces substantially match the
cross-section shape of the at least one beamlet thereat.

In accordance with another aspect of the invention, there
is also provided a laser diode system for generating a light
beam having a propagation direction and a cross-section
plane defined by perpendicular first and second axes.

The laser diode system includes a laser diode array having
a plurality of laser diodes mounted in a parallel relationship,
each laser diode generating a beamlet propagating along the
propagation direction and having a cross-section shape in
the cross-section plane and a divergence associated with
each of the first and second axes.

A beam conditioning assembly is further provided for
conditioning the plurality of beamlets, the beam condition-
ing assembly including a symmetrization device. The sym-
metrization device includes a plurality of lens components
disposed adjacent to each other. Each of the lens components
has an input surface for receiving one of the beamlets
transversally thereto. The input surface has a curved profile
along the propagation direction of the beamlet, and a contour
in the cross-section plane thereof. Each of the lens compo-
nents also has an output surface for outputting the at least
one beamlet, disposed in correspondence with the input
surface at a predetermined distance therefrom. The output
surface has a curved profile in the propagation direction of
the at least one beamlet, and a contour in the cross-section
plane thereof.

The curved profiles of the input and output surfaces and
the predetermined distance therebetween are selected to
collectively permute the divergence associated with the first
and second axes, and the contours of the input and output
surfaces generally match the cross-section shape of the at
least one beamlet thereat.

Further features and advantages of the present invention
will be better understood upon reading of preferred embodi-
ments thereof with reference to the appended drawings.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 (PRIOR ART) is a perspective schematized view
of a laser diode bar according to prior art.

FIG. 2 (PRIOR ART) is a perspective schematized view
of a laser diode system according to prior art.

FIG. 3A (PRIOR ART) is a front view of a prior art
symmetrization device showing the opening shape of the
lens components; FIG. 3B (PRIOR ART) superposes the
beamlets shape over the device of FIG. 3A; and FIG. 3C
(PRIOR ART) illustrates a prior art method of minimizing
beamlet clipping for the device of FIG. 3A.

FIG. 4Ais a schematized front view of a device according
to a preferred embodiment of the present invention; FIG. 4B
is a rear view of the device of FIG. 4A; and FIG. 4C is a
perspective view in transparency of the device of FIG. 4A.

FIGS. 5A and 5B are respectively side and top views of
a laser diode system including a linear laser diode array
according to a first embodiment of the invention.

FIGS. 6A and 6B are respectively side and top views of
a laser diode system including a bi-dimensional laser diode
array according to a second embodiment of the invention.

FIGS. 7A and 7B are respectively front and rear views of
a device according to another embodiment of the present
invention compensating for the “smile” effect of laser
diodes.

DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

The present invention proposes an original design for a
laser beam symmetrization device that avoids the limitations
of the prior art mentioned above. In accordance with the
principle of the present invention, the symmetrization device
is provided with appropriate input/output apertures.

Referring to FIGS. 4A to 4C, there is shown a preferred
embodiment of the symmetrization device 10 according to
the present invention. The device 10 is understood to be
destined for use with a laser diode array or any other device
generating an input light beam having a plurality of parallel
beamlets. Each beamlet has a propagation direction (7)
parallel to the other beamlets, and a cross-section in a plane
perpendicular to the propagation direction. On the illustrated
embodiments of the present invention, the cross-section
plane is defined by first and second perpendicular axes (X)
and (Y), which in practice generally and respectively cor-
respond to the slow and fast axes of the laser diodes. The
beamlets therefore have a different divergence associated
with each of the axes (X) and (Y). Each beamlet also has a
predetermined shape in the cross-section plane, which varies
as a function of the position considered along the propaga-
tion direction, and is determined by the shape of the indi-
vidual emitters generating these beamlets, the divergence
along both axes (X) and (Y) and the beam-shaping compo-
nents disposed in the beamlets’ path. It is of course under-
stood that the designations (X), (Y) and (Z) are used herein
simply as a convenient frame of reference and are in no way
indicative of a preferred orientation of the device.

The device 10 includes a plurality of lens components 12
disposed adjacent to each other. Each of the lens components
has an input surface 14 which receives one or a few of the
beamlets transversally thereto, and an output surface 16 for
outputting the same. In the illustrated embodiments and
description below, each lens component is associated with a
single beamlet, but it is however understood that the inven-
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tion could equally be applied to a case where a number of
neighbouring beamlets are incident on a single lens com-
ponent.

Along the propagation direction, the input and output
surfaces 14 and 16 have curved profiles which are selected,
along with the distance therebetween, to collectively per-
mute the divergence associated with the first and second
axes. Preferably, this is achieved by lens having a cylindrical
profile inclined at about 45° with respect to the first and
second axes. The present invention is however not limited to
such an embodiment and any surface profiles apt to appro-
priately modify the beamlet could be used. The input and
output surface profiles may also be designed to additionally
correct the laser beam or phase front aberrations as war-
ranted by a particular application.

As an example of such adaptation or correction, the input
surface of a given device 10 may be disposed offset with
each other with respect to the Y axis. This feature provides
away to compensate for a common defect in laser diode bars
known as the “smile”. The smile consists in a misalighment
of the bar’s individual emitters. In a perfect case, they are
aligned on a straight line. In non-perfect cases, the bar’s
emitters are aligned along a more or less pronounced curved
segment, related to difficulties in the bar fabrication proce-
dure. This smile causes problems if straight (cylindrical)
optic is used, as it is generally the case. The smile can be
compensated, with the present invention, by offsetting the
surface profile, and therefore the optical power, defined by
each input and output surfaces 14 and 16 in such a way to
counterweight the offset (smile) in the bar’s emitter align-
ment. Such an embodiment is shown in FIGS. 7A and 7B.

Extensions or contractions of the pitch of the lens com-
ponents of the device, compared to the laser diode bar
emitter’s pitch, may also be used to optimize the output
beamlet separation and, therefore, the output laser beam
radiance.

In the cross-section plane, the contours of the input and
output surfaces substantially match the cross-section shape
of the at least one beamlet thereat. The input surface 14 of
the lens components 12 is better seen in FIG. 4A, and the
output surface 16 in FIG. 4B. In the top part of each
drawings, individual lens components are shown separated
to better illustrate the concept of the present invention, but
in the actual finished device, they are adjacent as shown in
the bottom part of these drawings.

In the example illustrated in FIG. 4A, the incoming
beamlet at the input surface has a square-shaped contour.
The input surface 14 is therefore shaped as a square-shaped
section of an inclined cylindrical lens. As a result, the
incoming beamlet is entirely received at the input surface 14
of the device, without any clipping, and no empty space is
necessary between neighbouring lens components 12.
Because of the curved profile of the input surfaces, the shape
of each beamlet is modified as it enters the device and
propagates therein. It therefore has the shape of a diamond
when it reaches the output surface 16. This output surface is
therefore given the same diamond shape, as illustrated in
FIG. 4B. Each beamlet is in this manner outputted without
any clipping at the output surface either. The combined
effect of the curved profiles of the input and output surfaces
is to modify the divergence of the beamlet in such a way that
the divergence associated with the first and second axes are
permuted with respect to their values in the input beamlet.
As a result, the diamond shaped output beamlet will evolve
as dictated by this new divergence characteristic.

Although the illustrated embodiment shows square and
diamond-shaped input and output surfaces, it is understood
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that the present invention could be easily adapted to match
bearmlets of rectangular or any other cross-section. However,
proper matching of the input output apertures with the
transformation characteristic (surface profiles) of the device
is required to avoid leaving empty space between cross-
section of the output beamlets that reduced the output beam
brightness, as known from prior art.

The tri-dimensional aspect of the device according to the
present embodiment is shown in FIG. 4C. It is however
understood that the invention is not limited to such a
monolithic embodiment and that the symmetrization device
could for example be the combination of aligned input and
output lens blocks, or other complicated systems having
appropriate input and output surfaces shapes as explained
above.

The ability to adapt the transformation device input/
output apertures and the surface profiles within these aper-
tures permits to fully optimize the performance of the
device. However, this leads to discontinuities in the surface
profile between adjacent beamlet input/output apertures.
Such non-continuous surface profile is difficult to fabricate.
To alleviate this difficulty and reduce the fabrication cost, a
fabrication technique based on the replication of a master
form can be used.

First, the master form of the device surface profile is
patterned into a photoresist film. This can be done by various
means, such as, for example, by a suitable exposure of the
photoresist film with a direct laser writing apparatus or by
exposure through a grey scale mask with appropriate vari-
able transmission regions, followed by standard develop-
ment procedures of the exposed photoresist film. After-
wards, the master form is transferred to a suitable optical
material, for example by UV-embossing in organo-ceramic
compound or injection molding in thermoplastics. The sur-
face profile of the input and output apertures can be molded
on either side of a substrate or on independent substrates that
would be assembled together at later time.

Therefore, the design and production complexity is
restricted to the fabrication of the master form. The device
itself will benefit from the low cost and mass production
capability of the replication technique.

This is even the case of transformation devices permitting
compensation of the laser diode bar’s smile. In that case, few
master forms designed to compensate smile’s value around
the usual one can be made and used for the fabrication of few
models of the rotating device. Selection of the specific
model offering the best match, for a particular laser diode
bar, is part of the assembly procedure, this selection being
based on an optical, mechanical or other measurement or
characterization of the laser diode bar.

In accordance with another aspect of the invention, there
is also provided a laser diode system 20 integrating a
symmetrization device as explained above. An example of
such a system is shown in FIGS. 5A and 5B. The system 20
first includes a laser diode array 22, which includes a
plurality of parallely mounted laser diodes 24. In the illus-
trated embodiment, the array 22 is a linear laser diode bar as
is well known in the art. Each diode 24 generates a beamlet
along the propagation direction Z.

Laser diodes in laser arrays are generally shaped as a thin
rectangle with its longer side extending along the X axis,
which corresponds to the slow axis of the semiconductor
junction. The initial shape of the beam therefore matches the
shape of the diode, with typical dimensions of about 50-200
umx1 pm. As explained above, the divergence angle of the
generated beamlets along the fast axis (Y) is of about 80°
FW, much greater than along the slow axis (X) where it is
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of about 10° FW. As a result, the cross-sectional shape of the
beamlet will change as it propagates along the propagation
direction, since its length along the Y axis will increase
much faster than along the X axis, so that a gradually
“thicker” rectangle is obtained. To decrease the beam diver-
gence, it is known to place a cylindrical lens 26 at a short
distance from the diode array in order to collimate the
beamlet along the Y axis. The effect of this collimation is to
greatly decrease the divergence along this axis, to values of
the order of 0.3°, better than along the X axis.

To properly focus the beam from the entire laser diode
array 22 on a waveguide such as optical fiber 28, the Beam
Product Parameter (BPP) resulting from the sum of all
beamlets needs to be optimized in both the X and Y
directions. The initial BPP(Y), in the Y direction, depends
only on the individual beamlet’s length and divergence
along the Y axis. The initial BBP(X) depends on the indi-
vidual beamlet’s length and divergence along the X axis, but
will additionally be multiplied by the number of diodes
(beamlets) in the X direction. It is therefore advantageous to
decrease the divergence along the X axis, to correspondingly
decrease the BPP therealong in order to obtain similar values
for BPP(X) and BPP(Y). This transformation is achieved
with a symmetrization device 10 as explained above, which
will permute the divergence along the X axis with the
smaller divergence along the Y axis.

The cylindrical lens 26 and symmetrization device 10 are
preferably disposed in the path of the beamlets so that the
cross-section of these beamlets at the input face of the
symmetrization device 10 is generally square-shaped, and
the input surfaces of the device 10 are given a square-shaped
contour matching the shape of these beamlets. As explained
above, this optimizes the brightness of the resulting signal as
no empty spaces will be created by the transformation of the
beamlets in the symmetrization device.

Further appropriate optical components 30 may be pro-
vided along the path of the beamlet to condition the light
beam as needed for particular applications. The cylindrical
lens 26, symmetrization device 10 and additional optical
components 30 therefore form together a beam conditioning
assembly 32.

The examples discussed above showed applications of the
present invention for the laser beam transformation of a
single laser diode bar. Nevertheless, the present invention is
not restricted to such applications and can also be beneficial
for the transformation of the laser beam of 2-D array of laser
diode bar, as shown in FIGS. 6A and 6B. For such an
embodiment, a stack of symmetrization devices 10 as
explained above may be provided, each associated with one
laser diode bar of the array. In this case, proper arrangement
of the bar’s pitch within the array, the focal length fast axis
collimating microlenses, as well as the other lenses need to
be carefully selected in order to achieve adequate laser beam
transformation and optimization of its brightness.

Of course, numerous modifications could be made to the
embodiments above without departing from the scope of the
present invention as defined in the appended claims.

The invention claimed is:

1. A symmetrization device for an input light beam having
a plurality of beamlets parallely propagating along a propa-
gation direction, said light beam having a cross-section
plane perpendicular to said propagation direction defined by
perpendicular first and second axes, each beamlet further
having a cross-section shape in said cross-section plane and
a divergence associated with each of said first and second
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axes, the device comprising a plurality of lens components
disposed adjacent to each other, each of said lens compo-
nents comprising:

an input surface for receiving at least one of said beamlets
transversally thereto, the input surface having a curved
profile along the propagation direction and a contour in
the cross-section plane; and

an output surface for outputting said at least one beamlet,
disposed in correspondence with the input surface at a
predetermined distance therefrom, the output surface
having a curved profile in the propagation direction and
a contour in the cross-section plane;

wherein the curved profiles of the input and output surfaces
and the predetermined distance therebetween are selected to
collectively permute the divergence associated with the first
and second axes of said at least one beamlet, and the
contours of the input and output surfaces substantially match
the cross-section shape of said at least one beamlet thereat.
2. The symmetrization device according to claim 1,
wherein the curved profile of the input and output surfaces
of each said lens component is a cylindrical profile inclined
at about 45° with respect to the first and second axes.
3. The symmetrization device according to claim 2,
wherein the contour of each said input surface is rectangular-
shaped.
4. The symmetrization device according to claim 2,
wherein the contour of each said input surface is square-
shaped.
5. The symmetrization device according to claim 3,
wherein the contour of each said output surface is diamond-
shaped.
6. The symmetrization device according to claim 1,
wherein the input and output surfaces of at least one of said
lens components are offset with respect to respective input
and output surfaces of neighbouring lens components along
one of said first and second axes.
7. Alaser diode system for generating a light beam having
a propagation direction and a cross-section plane defined by
perpendicular first and second axes, the laser diode system
comprising;
a laser diode array comprising a plurality of laser diodes
mounted in a parallel relationship, each laser diode
generating a beamlet propagating along said propaga-
tion direction and having a cross-section shape in said
cross-section plane and a divergence associated with
each of said first and second axes; and
a beam conditioning assembly for conditioning said plu-
rality of beamlets, said beam conditioning assembly
comprising a symmetrization device, said symmetriza-
tion device comprising a plurality of lens components
disposed adjacent to each other, each of said lens
components comprising;
an input surface for receiving one of said beamlets
transversally thereto, the input surface having a
curved profile along the propagation direction of said
beamlet, and a contour in the cross-section plane
thereof; and

an output surface for outputting said beamlet, disposed
in correspondence with the input surface at a prede-
termined distance therefrom, the output surface hav-
ing a curved profile in the propagation direction of
said beamlet, and a contour in the cross-section plane
thereof;,

wherein the curved profiles of the input and output
surfaces and the predetermined distance therebetween
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are selected to collectively permute the divergence
associated with the first and second axes, and the
contours of the input and output surfaces generally
match the cross-section shape of said beamlet thereat.

10

of the laser diodes are offset with respect to each other
to compensate for the offset of said at least two of the
laser diodes.

13. The laser diode system according to claim 7, wherein

8. The laser diode system according to claim 7, wherein 5 said laser array is linear.

the curved profile of the input and output surfaces of each
said lens component of the symmetrization device is a
cylindrical profile inclined at about 45° with respect to the
first and second axes.

9. The laser diode system according to claim 8, wherein 10

the contour of each said input surface of the symmetrization
device 1s rectangular-shaped.

10. The laser diode system according to claim 8, wherein
the contour of each said input surface of the symmetrization
device is square-shaped.

11. The laser diode system according to claim 9, wherein
the contour of each said output surface of the symmetriza-
tion device is diamond-shaped.

12. The laser diode system according to claim 7, wherein:

14. The laser diode system according to claim 13,
wherein:
the laser diodes of said laser diode array define a curved
shape along the one of said first and second axes; and
the input and output surfaces of the lens components of
said symmetrization device are positioned to respec-
tively define a curved shape along said one of the first
and second axes to compensate for said curved shape of
the laser diode array.
15. The laser diode system according to claim 7, wherein
said laser array is bi-dimensional.
16. The laser diode system according to claim 7, wherein
said beam conditioning assembly further comprises a colli-
mation component disposed between the laser diode array

at least two of the laser diodes of said array are offset with 20 and the symmetrization device for collimating said beamlet

respect to each other; and
the respective input and output surfaces of the lens
components receiving beamlets from said at least two

along one of said first and second axes.
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