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(57) Abstract: Semiconductor laser device with mirror protection includes transversally a structure with a double waveguide, con -
sisting of an active waveguide and a separated or adjacent trapping waveguide, and longitudinally a main segment and end segments,
the thickness of the upper cladding of the end segments being gradually decreased toward the mirrors. In the main segment, the field
distribution is asymmetric, preponderantly located in the lower cladding. In the end segments, the field distribution gradually further
shifts toward the lower cladding. Along the end segments, the fundamental mode confinement factor I' is gradually and substantially
reduced. The reduction of the confinement factor I" protects against degradation the projection of the active region on the exit mir -

rors,

the laser element most sensitive to degradation.
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EMITTER SEMICONDUCTOR LASER TYPE OF DEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001]  This application is a continuation-in-part of U.S. Application No.:
12/803,476, filed on June 28, 2010, which is pending. The entire contents of U.S.
Application No.: 12/803,476 is herein incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to edge semiconductor lasers, known also as
edge diode lasers, in particular, edge emitted semiconductor laser type of device with end
segments for mirrors protection.

[0003] Embodiment of the present invention can be used to protect window facets
against degradation. Protection is achieved by using longitudinal end segments including
a planar structure that is gradually modified toward windows by simple gradual changes
of a basic structure from which the amplifying main segment is built. The planar
structures suited for window protection are asymmetric structures where the radiation
field of the fundamental transversal mode is preponderantly distributed on one side of the
active region. From practical point of view, in broad sense, by semiconductor laser it is
understood both the semiconductor chip and the support in which the chip is embedded,
support that has suitable mechanical, thermal, electrical and optical properties. In narrow
sense, by semiconductor laser it is understood only the semiconductor laser chip that has
its optical, electrical, thermal and mechanical properties, which may be essential for
product success in the broad sense.

BACKGROUND

[0004] Laser oscillators and laser amplifiers are most known semiconductor type
laser devices, in short, semiconductor laser devices. This application is related to edge

emitter semiconductor lasers, wherein the amplification by stimulated emission (laser
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effect) is produced along a device that is millimeters long and the emission exits through
mirrors, also known as windows, at the ends of the device. It is proper to define the laser
resonator between two mirrors and the laser amplifiers between two windows.
Nevertheless, the exit mirror of a laser device is often named the exit window or front
window. It is known that the active region projection on the exit window facet is the
element of the semiconductor type laser device that is most sensitive to degradation. This
is the place where Catastrophic Optical Degradation (COD) and important gradual
degradation processes occur. COD processes exist also at the rear mirror but are less
intense because the optical power is lower. These degradation processes represent
important factors that determine the limits for the operation of these lasers at high power
and at high power density of the radiation that traverse the exit window. The power
density is defined sometimes as power flux per unit window area and other times as
linear power density, i.e. as the power flux per unit width of the exit aperture. The
catastrophic degradation is practically instantancous when the power density of the
radiation, emitted through the active region at the window facet, overpasses certain
threshold values. The values for the power density of the emitted radiation that passes
through the active region and produce catastrophic degradation are, in a great extent,
material characteristics. In some cases, the gradual degradation starts from the windows,
having in the end, after a period, the same effects as the catastrophic degradation, i.e. the
irremediable destruction of the windows and of the laser. To avoid degradation, it is
recommended to operate the laser at power levels and power density levels lower than the
catastrophic degradation levels.

[0005] The catastrophic degradation is produced with the contribution of
electronic states at the exit windows facets, surface states that modify the distribution of
the electrical potential and the light absorption phenomena in the superficial layer at the
semiconductor material-external medium interface. Oxygen is the most deleterious

element that produces a great amount of surface states. To remedy the effects induced by
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these surface states several solutions for obtaining less sensitive “windows” for

semiconductor laser were imagined:

1) The solutions that address the layered semiconductor laser structure itself by
lowering the ratio of the emitted power through the mentioned most sensitive
window element relative to the total emitted power, ratio also known as active
region confinement factor I';

2) The solutions that address the passivation of the exit window facets;

3) The solutions that address the introduction of an entire end segment with a
modified layered structure situated longitudinally between the main
amplifying segment and the exit window, end segment that protects the exit

window.

[0006] In this section, the existing solutions related to the point 1) and 3) are
discussed as being closely related to the subject matter of the present invention. These
solutions avoid the cumbersome methods related to mirror facets passivation.

[0007] Among the solutions which address the lowering of the confinement factor
I', the closest is a solution that utilizes an asymmetric double waveguide transversally
comprising an active waveguide and a passive trapping waveguide situated at one side of
the active waveguide, wherein part of the radiation emitted in the active region is
captured by the passive trapping waveguide. The waveguides are limited by cladding
layers, known also as confinement layers, which limit the transversal extent and may
contain the exponential decay of radiation distributions. The double waveguide is
designed to amplify preferentially the fundamental mode with the same phase over the
both waveguides.

[0008] The active waveguide contains the active region, consisting of one or more
quantum wells separated by quantum barriers or may have the width larger than what is
commonly understood by quantum well. The active region is usually contained in an

active waveguide or can form alone, intrinsically, the active waveguide.
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[0009] Such constructions with double waveguides were disclosed in the U.S.
Patent 6,522,677. In this publication, structures with confinement factor less than
0.015%, even for large active regions, wider than 10 nm, have been described. Reduced
confinement factor reduces the modal gain and allows the use of long waveguides, longer
than 2 mm. The reduced confinement factor, reducing the power density traversing the
output window through the active region, also increases the total emitted power for which
the catastrophic degradation occurs. For such constructions, better and better outcomes
were obtained, described for example in non-patent literature documents by Petrescu-
Prahova et al. [1] and [2]. At very high power density, the catastrophic optical
degradation remains an issue.

[0010] The transversal structures with double waveguide mentioned in above are
well suited for being used in longitudinal structures comprising at least two longitudinal
segments: a main one, where amplification of the radiation occurs, and an end one,
adjacent to the front window, where the active region was completely removed and
replaced with a semiconductor material with suitable optical properties. Such
construction was described in U.S. Patent 6,272,161. The essential fact for the
construction of this patent is that the overlapping integral Iy between the functions
describing the radiation distributions of the transversal fundamental mode in the two
mentioned segments has values very close to unity, what reduces the coupling loss L
when crossing the interface, approximately equal to L=1 - |Ipo|>. The advantage of this
construction is that no radiation exits through the active region at the output window
because the active region was completely removed. In this publication, the etch-regrowth
method for construction of end segment is proposed. All upper layers, including the
active region, were removed by etching from a segment adjacent to the window and after
that were replaced with other layers with suitable optical properties by regrowth. The
construction described in U.S. Patent 6,272,161 has the disadvantage that the etch
processes followed by regrowth are difficult to be processed and, also, that the

degradation processes can be moved from front window toward the interface between the
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main segment and the end segment, with the participation of etch defects remaining at the
extremity of the unetched active region.

[0011] A construction transversally based on a symmetric structure and
longitudinally consisting of at least two segments was described in non-patent literature
document by Baoxue et al. [3]. The construction is presented schematically in FIG 1.
The transversal structure has a core waveguide 01, a lower cladding 02 and an upper
cladding 03. The structure has the same composition and thickness for both claddings.
Longitudinally, the construction has a main segment 020 and an end segment 021. The
end segment is formed by removal of part of the upper cladding in a single step, in an
etch process that does not touch the active region. The refractive index profile for such a
structure is shown schematically in FIG. 2A. FIGS. 2B and 2C shows schematically two
other transversal structures used for the construction of two longitudinal segments.

[0012] It is desirable that removal of part of the upper claddings in the
construction of FIG. 1 would have had the effect of reducing the confinement factor I'" for
the fundamental mode, which reduces the power density that passes through the active
region at the exit and also increases the total emitted power for which the catastrophic
degradation occurs. A complementary effect is that the coupling integral between the
fundamental modes of two segments becomes less than 1. As the etch depth of the upper
cladding 03 increases, the overlapping coupling integral oy decreases and the coupling
loss L increases. It is essential that the coupling integral between the fundamental modes
of both segments to remain close to unity. It is generally assumed that the deeper is the
removed part of the upper layers the greater is the confinement factor reduction for the
fundamental mode, but this is not always true. The construction proposed in non-patent
literature document [3], with a symmetric transversal structure, has the disadvantage that
the confinement factor I' firstly increases as the etch depth increases and the loss is
already too significant when the confinement factor I starts to appreciably decrease. The

relation between the variation of the I” factor and the increase of coupling loss calculated
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for the symmetric case is shown in FIG. 3 for the symmetric 808 nm structure described
in Table 1, row (a).

[0013] Another transversal structure for a construction of FIG. 1 is described in
U.S. 2011/0317730 Al. Itis based on an asymmetric structure, with a thin upper
cladding 03 having a low refractive index and a thick lower cladding 02 having high
refractive index. The profile of the refractive index is shown schematically in FIG. 2B. In
FIG 3 is shown a better, acceptable relation between the decrease of the I" factor and the
increase of coupling losses, i.¢. the asymmetric curve is closer to the I' axis than the
symmetric curve. An exemplifying 808 nm asymmetric structure is described in Table 1,
row (b).

[0014]  Another transversal structure for a construction of FIG. 1, also proposed in
U.S. 2011/0317730 A1, includes a double waveguide. FIG. 2C shows schematically the
profile of the refractive index of a transversal double waveguide structures. A further
improvement in the relation between the decrease of the I' factor and the increase of
coupling loss is shown in FIG 3, for an 808 nm exemplifying double waveguide structure
described in Table 1, row (¢).

[0015] The cases B and C of FIG. 3 show that the reasonable reduction of
confinement factor I' should not be lower than 60% - 70% of the value I'y in the main
segment, due to the very high values for coupling losses afterword. Constructions
described in U.S. 2011/0317730 A1 have the limitation that the decrease of the
confinement factor for the fundamental mode in the end segment adjacent to the front
window, compared to the confinement factor of the main segment, is relatively low, only
x1.3 - x1.5. This decrease is limited by the enhancing of the complementary effect,
namely the decrease of the fundamental mode coupling, when the etching is too deep.

[0016] In an embodiment of the present invention, a substantial higher decrease of
the confinement factor I" for the fundamental mode both at the front exit window and at

the rear window, usually a reflecting mirror, is obtained. Both windows are
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conventionally called exit windows or in short windows. The substantial decrease of the
confinement factor I" at windows by the use of end segments described in this invention
is obtained with better coupling between fundamental modes of the two sections with the
avoidance of high transfer losses to higher-order modes that could reduce significantly
the semiconductor laser efficiency. By this construction, a significant increase of total
power needed for destroying windows by catastrophic degradation is obtained. By the
excellent window protection when semiconductor laser operates at high power, the
possibility of catastrophic degradation is reduced and the gradual degradation processes
are considerably slowed.

[0017] It is the object of this invention to use planar asymmetric, double
waveguide, low confinement semiconductor laser layered structures for the main,
amplifying segment and to use modified transversal layered structures for the end
segments for protecting mirror facets.

SUMMARY

[0018] An embodiment of the invention provides an edge emitter semiconductor
laser that includes longitudinally at least two longitudinal segments: a main segment,
where the radiation amplification occurs, and at least one end segment, adjacent to an exit
window (FIG. 5). The semiconductor laser may include a second end segment adjacent
to a rear window. The main segment has a main planar, layered optical structure that
includes a double waveguide that allows only the amplification of the fundamental
transversal mode, which is best coupled with the active region and has the highest
confinement factor among all modes. The transversal field distribution of the
fundamental mode does not intersect a transversal axis and has the same phase in both
waveguides of the double waveguide. To such a near field distribution, corresponds in far
field a symmetric bell shaped distribution. The end segments have planar layered optical
structures derived from the main structure. Both optical structures have asymmetric

index of refraction profiles relative to a planar core waveguide that contains the active
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region. In the main segment, the radiation generated in the active region spreads out and
decays toward the margins of the claddings surrounding the core waveguide of the
structure. The claddings confine the radiation generated in the active region and contain
part of it. The asymmetry in structure determines an asymmetry of the propagating
radiation field distribution in a transversal section of the main segment, such that the
radiation field is preponderantly distributed in the lower side of the optical structure. The
radiation generated in the main segment propagates further in the end segments. The
thickness of the upper cladding of the optical structures of end segments decreases
gradually toward windows through a plurality of transitory structures. The gradual
thickness reduction of the upper claddings, continuously or in steps, is done in a
controlled manner along the length of end segments. When done in an etch process, the
thickness reduction of the upper cladding of the optical structures is the etch depth. The
thickness reduction of the upper cladding of the optical structures produces a substantial
decrease of the fundamental transversal mode confinement factor I" at the window facets.
The fundamental transversal mode confinement factor I' will be named in short the I'
factor. The substantial decrease of the I factor, as great as an order of magnitude, can
produce the decrease by about an order of magnitude of the power density reaching
windows facets through the active region relative to the power density passing through
the active region when end segments would be missing. The reduction of the power
density that reaches window facets through the active region has the effect of reducing
degradation processes specific for windows. The control over the gradual reduction of the
upper cladding of the optical structure is designed to temper and reduce at low values the
transfer losses from the fundamental mode to higher order modes, in spite of the
substantial decrease of the I factor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Figure 1 illustrates a longitudinal section in a structure with an end segment

with a single etch step.
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[0020] Figure 2A shows the refractive index profile for a symmetric structure.

[0021]  Figure 2B shows the refractive index profile for an asymmetric structure
with the refractive index higher in its lower cladding than in its upper cladding.

[0022] Figure 2C shows the refractive index profile for a structure with a
secondary trapping waveguide included in the lower cladding and separated from the core
waveguide by a separation layer.

[0023] Figure 3A illustrates the dependence of the confinement factor reduction,
I'/T'y, on the coupling losses, for a symmetric structure (A); an asymmetric structure with
the refractive index higher in its lower cladding than in its upper cladding (B); and a
structure with a secondary trapping waveguide included in the lower cladding and
separated from the core waveguide by a separation layer (C).

[0024] Figure 4 is a transversal section in a basic structure in accordance with an
embodiment of the invention.

[0025] Figure 5 is section along the longitudinal direction of the semiconductor
laser that contains a main segment and end segments where the thickness of the upper
cladding of the optical structure gradually decreases in steps in accordance with another
embodiment of the invention.

[0026] Figure 6 is a section along the longitudinal direction of the semiconductor
laser that contains a main segment and an end segment where the thickness of the upper
cladding of the optical structure decreases continuously in accordance with another
embodiment of the invention.

[0027]  Figure 7A shows the distribution of fundamental mode field intensity along
a transversal direction when the thickness of the upper cladding decreases in 20 equal
thickness intervals for a symmetric structure.

[0028]  Figure 7B shows the distribution of fundamental mode field intensity along
a transversal direction when the thickness of the upper cladding decreases in 20 equal
thickness intervals for a structure with the lower cladding refractive index higher than the

upper cladding refractive index.
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[0029] Figure 7C shows the distribution of fundamental mode field intensity along
a transversal direction when the thickness of the upper cladding decreases in 20 equal
thickness intervals for a structure with a secondary trapping waveguide separated from
the core waveguide by a separation layer.

[0030] Figure 7D shows the distribution of fundamental mode field intensity along
a transversal direction when the thickness of the upper cladding decreases in 20 equal
thickness intervals for a structure with a secondary trapping waveguide adjacent to the
core waveguide.

[0031] Figure 8 shows the dependence of the confinement factor I' of the
fundamental transversal mode for 4 structure examples on the relative thickness reduction
byt of their upper cladding.

[0032] Figure 9A shows the intrinsic coupling coefficient, Cyyy,, as a function of the
thickness reduction b of their upper cladding with mode order m =1 ... 5 as parameter
for a symmetric structure.

[0033] Figure 9B shows the intrinsic coupling coefficient, Com, as a function of the
thickness reduction b of their upper cladding with mode order m =1 ... 5 as parameter
for a structure with the lower cladding refractive index higher than the upper cladding
refractive index.

[0034] Figure 9C shows the intrinsic coupling coefficient, Com, as a function of the
thickness reduction b of their upper cladding with mode order m =1 ... 5 as parameter
for a structure with a secondary trapping waveguide separated from the core waveguide
by a separation layer.

[0035] Figure 9D shows the intrinsic coupling coefficient, Cop, as a function of the
thickness reduction b of their upper cladding with mode order m =1 ... 5 as parameter
for a structure with a secondary trapping waveguide adjacent to the core waveguide.

[0036] Figure 10A shows the modal refractive index, ny, as a function of the
thickness reduction b of their upper cladding with mode order m =0 ... 5 as parameter

for a symmetric structure.

-10 -
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[0037] Figure 10B shows the modal refractive index, nn, as a function of the
thickness reduction b of their upper cladding with mode order m =0 ... 5 as parameter
for a structure with the lower cladding refractive index higher than the upper cladding
refractive index.

[0038] Figure 10C shows the modal refractive index, ny, as a function of the
thickness reduction b of their upper cladding with mode order m =0 ... 5 as parameter
for a structure with a secondary trapping waveguide separated from the core waveguide
by a separation layer.

[0039] Figure 10D shows the modal refractive index, ny, as a function of the
thickness reduction b of their upper cladding with mode order m =0 ... 5 as parameter
for a structure with a secondary trapping waveguide adjacent to the core waveguide.

[0040] Figure 11A shows the variation of fundamental mode intensity with the
horizontal taper distance z, for a linear vertical taper, with mode orderm=1 ... 5 as
parameter for a symmetric structure.

[0041] Figure 11B shows the variation of fundamental mode intensity with the
horizontal taper distance z, for a linear vertical taper, with mode orderm=1 ... 5 as
parameter for a structure with the lower cladding refractive index higher than the upper
cladding refractive index.

[0042] Figure 11C shows the variation of fundamental mode intensity with the
horizontal taper distance z, for a linear vertical taper, with mode orderm=1 ... 5 as
parameter for a structure with a secondary trapping waveguide separated from the core
waveguide by a separation layer.

[0043] Figure 11D shows the variation of fundamental mode intensity with the
horizontal taper distance z, for a linear vertical taper, with mode orderm=1 ... 5 as
parameter for a structure with a secondary trapping waveguide adjacent to the core

waveguide.

-11 -
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[0044] Figure 12 shows the variation of the fundamental mode transfer loss with
the horizontal taper distance z, for four transversal structure examples and for a linear
vertical taper.

[0045]  Figure 13 shows schematically four geometries for the end segment vertical
taper.

[0046] Figure 14 shows the relative I'/T'y ratio vs. the transfer loss for linear and
exponential tapers.

[0047] Figure 15 shows the relative I'/T'y ratio vs. the transfer loss for 10 steps
quasi-linear, 3 steps quasi-linear and 3 steps quasi-exponential tapers.

[0048] Figure 16 shows a perspective view of a ridge-mesa structure with an end
segment with two street steps in accordance with an embodiment of the invention.

[0049] Figure 17 shows a perspective view of a ridge structure continued in an end
segment with three ridge steps in accordance with an embodiment of the invention.

[0050] Figure 18 shows a perspective view of a ridge structure with tailored three
ridge steps in accordance with an embodiment of the invention.

[0051] Figure 19 shows a perspective view of a ridge structure with three ridge
steps that form a narrowing horizontal taper in accordance with an embodiment of the
invention.

[0052] Figure 20 shows a perspective view of a narrowing horizontal taper at the
end of a mesa continued with an end segment with three street steps in accordance with
an embodiment of the invention.

[0053] Figure 21 shows a perspective view of an end segment terminated with an
integrated lens in accordance with an embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0054] The description of illustrative embodiments according to principles of the
present invention is intended to be read in connection with the accompanying drawings,

which are to be considered part of the entire written description. In the description of

-12-
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embodiments of the invention disclosed herein, any reference to direction or orientation
is merely intended for convenience of description and is not intended in any way to limit

2% <¢

the scope of the present invention. Relative terms such as “lower,” “upper,” “horizontal,”

2% <¢ 2% &L

“vertical,” “above,” “below,” “up,” “down,” “top” and “bottom” as well as derivative

2% 4k

thereof (e.g., “horizontally,” “downwardly,” “upwardly,” etc.) should be construed to
refer to the orientation as then described or as shown in the drawing under discussion.
These relative terms are for convenience of description only and do not require that the
apparatus be constructed or operated in a particular orientation unless explicitly indicated
as such. Terms such as “attached,” “affixed,” “connected,” “coupled,” “interconnected,”
and similar refer to a relationship wherein structures are secured or attached to one
another either directly or indirectly through intervening structures, as well as both
movable or rigid attachments or relationships, unless expressly described otherwise.
Moreover, the features and benefits of the invention are illustrated by reference to the
exemplified embodiments. Accordingly, the invention expressly should not be limited to
such exemplary embodiments illustrating some possible non-limiting combination of
features that may exist alone or in other combinations of features; the scope of the
invention being defined by the claims appended hereto.

[0055]  This disclosure describes the best mode or modes of practicing the
invention as presently contemplated. This description is not intended to be understood in
a limiting sense, but provides an example of the invention presented solely for illustrative
purposes by reference to the accompanying drawings to advise one of ordinary skill in the
art of the advantages and construction of the invention. In the various views of the
drawings, like reference characters designate like or similar parts.

[0056] STRUCTURES AND THEIR FEATURES

[0057] The key features of the novel combined transversal-longitudinal structures
will become apparent from the discussion on model structures. The examples will be
constructed on GaAs substrates from materials belonging to the AlGaAs system for most

layers and from AlGaAs and InAlGaAs system, including InGaAs, for quantum wells.
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These types of materials, especially those for quantum wells are very sensitive to
window's degradation induced by radiation power reaching the windows through the
active region, especially at the front window. Those familiar with the semiconductor laser
know that such processes can occur in other I1I-V compound materials, such as GaAsP,
InGaP, InAlGaP and others, and also in semiconductor compounds made from other
types of elements.

[0058] The semiconductor lasers in the following examples are intended for
emission at the wavelength A = 808 nm, a wavelength widely used in practice. This
choice does not limit the invention to these wavelength. Embodiments of the present
invention can be applied with the same effects not only in the entire range of possible
wavelengths in AlGaAs and InAlGaAs systems, i.e. from 700 nm to 1180 nm, or beyond
these limits, but can be extended to other wavelength ranges by changing the construction
materials. The epitaxial layered structures can be formed by one of the methods MOCVD
(Metalo-Organic Chemical Vapor Deposition), MBE (Molecular Beam Epitaxy) and
others.

[0059] Thus, the construction start on a planar GaAs substrate over which a
number of epitaxial planar layers with well defined geometric properties, i.¢., thicknesses,
and optical properties, i.c., refractive indexes, are placed. The initial planar structure is
the base for the formation of end segments. In the AlyGa;<As and Iny(AliGa;)iyAs
systems the optical properties are determined by the composition indexes x, y, by the
density of free carriers and, in the case of the active region, by the degree of excitation
for stimulated emission, expressed by the imaginary part of the refractive index, derived
from the gain coefficient. Sometimes, for the quantum wells, instead of mentioned x and
y indexes, the photoluminescence wavelength of each quantum well is mentioned.
Essential for the modal field distributions and for the modal effective refractive indexes
are the refraction indexes of materials making up the structures. In most cases, for the
disclosure that follows, the imaginary part of these indexes, which are determined by

absorption or amplification processes, can be and are neglected.
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[0060] FIG. 4 represents a section in basic layered structure that defines an
epitaxial layered construction for the semiconductor laser suited for the object of an
embodiment of the invention. Epitaxial layered structure includes as basic substructures:
a core planar active waveguide 1, a lower planar cladding 2 of the structure and an upper
planar cladding 3 of the structure. Claddings 2 and 3 are named primary claddings.
Structural elements 1, 2 and 3 are encompased between a substrate 4 at the bottom and a
contact layer 5 at the top. It is beneficial that a secondary lower cladding layer 12 exists
between the cladding 2 and the substrate 4 and a secondary upper cladding layer 13 exists
between the upper cladding 3 and the contact layer 5. The secondary claddding layers
have their refractive indexes lower than the refractive indexes of their respective primary
claddings. The qualifiers lower, upper, bottom and top are conventional, being related to
the most usual position during epitaxial growth and processing. The primary claddings
have the basic role to confine to the core the radiation generated in the core, a
confinement that is only partial in modern devices, since the radiation generated in a thin
core extends outside the core. The confinement is completed in the lower and upper
claddings themselves, due to the evanescent decay toward the cladding's margins. The
secondary claddings have the role to confine almost completely the radiation in essential
structural elements 1, 2 and 3. The substructures 1, 2, and 3 can consist of plurality of
layers.

[0061] The layered structures proper for this invention are asymmetric structures:
geometrically, with their upper claddings narrower than their lower claddings, and
optically, with suitable different optical properties included in the cladding's
substructures. The structures and their substructures are defined by their transversal
spatial distributions of the refractive index. The structure’s asymmetry determines the
asymmetry of the radiation field distribution that propagate in the structure. In this
invention, the radiation is preponderantly distributed in the lower cladding. Specific
structures, their substructures and asymmetric radiation distributions will be disclosed

next.
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[0062] FIG. 4 further details the components of each substructure. The core active
waveguide 1 include the active region that comprises the one or more Quantum Wells
(QWs), 6, that form the active region. QWs are each a few nanometers wide. The devices
can also operate with a wide active region, wider than what is commonly understood by a
QW. QWs are separated by Quantum Barriers (QBs) 7 and possibly encompassed by
external barriers 8. The elements 6, 7 and 8 or a single thick layer form the active region
system. The active region system can form alone the core waveguide. Preferably the
active region system is surrounded by a lower waveguide layer 9 and and upper
waveguide layer 10. More preferably, when made of materials of AlGaAs system, layers
9 an 10 have a variable band gap that decreases toward the value of QBs band gap from
the band gap of adjacent claddings 2 and 3. These variations induce an increase of the
refractive index toward the external QBs refractive index.

[0063] The current classic semiconductor laser optical structure is symmetric, both
claddings 2 and 3 having equal thicknesses and equal refractive indexes. In an
embodiment of this invention, the desired property, namely the asymmetry in the
radiation field distribution is obtained mostly by specific properties of the lower cladding
2 of the optical structure. Fundamentaly, the asymmetry is obtained by raising in average
the refractive index of the lower cladding 2 compared with the refractive index of the
upper cladding 3. A first way for this rising is by using uniform, but different
compositions for the materials that constitute claddings 2 and 3. The refractive indexes
for these materials, n; and ns, satisfy the relation n;>ns. Another way for this raising is to
include in the lower cladding 2 a secondary trapping waveguide 11 that has a refractive
index nj; which is higher than n,. The refractive indeix nj; satisfies the relation ﬁll>n2,
where the bar above n; indicates the average value. As a component of the lower
cladding, the trapping waveguide is represented with dashed lines. The core waveguide 1
and the trapping secondary waveguide 11 form a double waveguide. Between the core
waveguide 1 and the trapping waveguide 11 there is an separation layer 14. In another

arrangement, the secondary trapping waveguide 11 is adjacent to the core waveguide 1,
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without the separation layer 14. In this case, the double waveguide is an adjacent double
waveguide.

[0064]  All described structures need to satisfy the basic requirement for the
operation only in the fundamental transversal mode. For a simplified discussion, the
cladding refractive indexes far away from the core are considered uniform and the
claddings are extended to infinite. The field propagating in the core waveguide will
evanescently decay to zero far away from the core. In such ideal structure only a finite
number of modes can propagate in the waveguide, the others being cut off. It is known
that for fibers, the cut-off of all modes except for the fundamental transversal mode is
satisfied when an optical measure defined by the V-number expression is smaller than a
certain critical value. A similar optical measure can be defined for planar waveguides.
For a planar structure having only the core waveguide a suitable optical measure is
OM=(JV(n*-n,%)dx) /A, where n is the variable refractive index in the transversal direction
x of the waveguide, n; is the refractive index of the extended lower cladding 2. A is the
radiation wavelength. In order for a planar structure that does not have a secondary
waveguide to support only the transversal fundamental mode and the higher order modes
to be cut off, OM should be smaller than 1. For OM=1 the field of the fundamental
transversal mode is almost completely confined to the core. For smaller values, the field
extends outside the core, in claddings 2 and 3, an extension desirable in order to reduce
the fundamental confinement factor. For a structure with a secondary trapping
waveguide, the optical measures for both waveguides should be added. In a structure with
adjacent trapping waveguide, with OM values close to 1, the optical field can be confined
in these two waveguides and still have low fundamental transversal mode confinement
factors values.

[0065] In reality, higher order modes are inherent to any practical structure, being
optically bounded by the secondary claddings 12 and 13 or, if they are absent, by
substrate 4 and the contact layer 5 and next by the metal contacts, optical coatings, etc. A

test that the structures with uniform cladding refractive mentioned in the former
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paragraph operate in the fundamental transversal mode is that the effective refractive
index of the 1*' order mode is lower than the highest cladding refractive index, i.e., lower
than value n;, of the cladding 2.

[0066] In semiconductor lasers, the existance of the substrate is sometimes
annoying since modes can be defined for the substrate, which itself is a waveguide. The
modes located mostly in the epi structure are named epi-modes. The modes located
mostly in the substrate are named substrate-modes. Epi-modes and substrate-modes can
reach resonance when they have the same effective refractive index. At resonance, the
fundamental mode in the main segment, which is an epi-mode and it is amplified by the
excited active region, can extend in the substrate and be partially absorbed. In the end
segments, where higher order modes are excited by the coupling to the fundemental
mode, resonance of higher order modes with substrate modes can be an extra source of
losses. The secondary lower cladding layer 12 avoids the resonance between the epi- and
substrate-modes.

[0067] Somewhere between the core waveguide margins is situated a p-n junction,
which is the electrical means for active region excitation. In addition to its optical role as
a waveguide, the core waveguide has also the role of carrier collection, both electrons and
holes, that recombine in the active region. The lower cladding 2 has the same doping type
as the substrate 4 and the upper cladding 3 and the contact layer 5 have the opposite type
of doping. Usually, for devices made of AlGaAs system, the lower elements are n type
and upper elements are p type. Obviously, this does not exclude from situations where
doping is reversed.

[0068] FIG. 5 represents a section in longitudinal direction of a longitudinal
structure of the semiconductor laser according to the invention. The longitudinal structure
is composed of a main segment 20, where amplification by stimulated emission occurs,
and end segments 21 and 22, which are designed to gradually transform the radiation
field intensity distribution of the fundamental mode when the radiation flow traverses the

end segments and to temper the transfer losses to higher order modes. End segments 21
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and 22 are verticaly tapered waveguides, as described in non patent literature document
[4]. End segments are not necessarily identical. Rear end segment may even not be
present if power reaching the rear window through the active region is not great enough
to cause more intense degradation than that at the front window protected by the 21
segment. End segments are not necessarily excited for stimulated amplification. In this
case, the core waveguide in end segments is not any more active.

[0069] In FIG. 5 the thickness h of the upper cladding 3 of end front segment is
gradually reduced toward the windows in a plurality of steps. Each step has its own
transitory structure. hy is the initial thickness of the upper upper cladding 3, between the
element 3-5 interface and the element 3-1 interface. In a starting approximation, the
decrease of the thickness for the upper cladding 3 is done in increments of height Ah;,
identified by an index i, from the height h;.; to the height h;. Note that Ah= h;-h;_;<O0.
Instead of heights h; is convenient to use thickness reductions or etch depths b; equal to b;
= hg - hi. The upper upper cladding 3 of the main segment has the depth by =0, i.¢., its
upper cladding 3 is not modified. For each step, the incremental etch depth increase Ab;
from the previous etch depth b;_ 1, which corresponds to the height h;_; of the upper
cladding 3, is Ab; = b;-bi.;=-Ah>0. FIG. 5 shows the step risers 31, 32, 33, 34, 35 and
step treads 41, 42, 43, 44, 45. Each tread has a well-determined length Az;. The main,
unchanged segment 20 ends before joining the end segment at zy=0. z;; is the distance
from the beginning of the modified end segment to the beginning of the step i tread. z; is
the distance from the beginning of the modified end segment to the end of the step i tread.
Thus, the length of a strep tread is Az; = z; - zi.;. Reduction of the thickness of the upper
cladding 3 may continue until the thickness becomes zero.

[0070] For devices of some embodiments of this invention with a trapping
waveguide, since the decrease of the thickness of the upper cladding 3 along the length of
the end segment reduces the danger for window degradation, after complete removal of

this cladding, supplementary removal of the core waveguide does not impede on device
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operation. Radiation will further propagate through the trapping waveguide. This
observation opens the way toward a few new or enhanced aditional structure
functionalities:

a) structure for SM operation with cylindrical lens for lateral focalization;

b) structure for efficient distributed back reflector acting on radiation propagating in

trapping waveguide.
These structures will be described in a following section.

[0071]  The slope of a step is sl; = Abi/Az;. If the depth of the risers are proportional
with step treads, then sl is a constant, Ab; = sl Az;. In this case, the stepped gradual
thickness reduction b is linear. Its average slope is equal to sl. FIG. 5 represents the
stepped linear thickness reduction. Thickness reduction in steps, but in a manner other
than linear are possible.

[0072] FIG. 6 represents a cross-section in the longitudinal direction of another
longitudinal structure according to an embodiment of the invention, wherein the end
segments have a continuous gradual thickness reduction b with a constant slope sl of the
upper cladding 3. In this case the b vs. z dependence is described by a continuous linear
function b(z) = z sl. There are possible other than linear dependences for the function
b(z), in which case the slope sl is: sl(z) = db(z)/dz. Abrupt drops of height h can be
described by sl(z) functions approximating delta functions.

[0073] The secondary lower cladding layer 12 (FIG. 4), placed between lower
cladding 2 and the substrate 4, has a beneficial effect for limiting the penetration in the
substrate 1 of the field distributions, both fundamental transversal mode and higher order
modes field distributions, when the fundamental mode enters the end segments. The
secondary upper cladding layer 13 (FIG. 4), placed between the upper cladding 3 and the
contact layer 5, is beneficial in limiting the extent of the field distributions to the upper
cladding 3 of the main segment and thus the thickness of the upper cladding 3. The
secondary upper cladding layer 13 reduces the total thickness of the upper cladding 3,

which is the controlling element of the operation of end segments. The upper cladding
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layer 13 will be firstly removed in the end segments, followed by the thickness reduction
b of the upper cladding 3.

[0074] For semiconductor lasers built from AlGaAs system on GaAs substrate and
for active region photon energies greater than the substrate band gaps, the field
distribution in the lower cladding 2 tends to zero at the lower cladding — substrate
interface, since the sustrate is highly absorbant. As a strong absorber the substrate
behaves as a partial reflector. The interface between the lower cladding 2 and the
substrate 4 is a quasi barrier both for the epi-modes and substrate-modes. Both epi-modes
and substrate-modes have only a small extension in the oposite side. The quasi barrier
limits the interaction between these modes.

[0075] For the case of active region photon energies smaller than the substrate
band gap, the substrate is less absorbant. In the end segments, the higher order modes
which inherently are generated by coupling with the fundamental mode, are all prone to
extend in the substrate. At particular thicknesses of the upper cladding 3 of an end
segment one of the higher order mode incidentally can be in resonance with a substrate
mode and be absorbed. In an continously graded end segment, where the effective
refractive index of epi modes is changing with distance, the resonant condition can be
overpassed over a very small distance. In an end segment where the upper cladding 3
thickness is changed in steps, the resonance of the higher order modes with substrate
modes can be attained over longer distances at particular thicknesses of both the substrate
and the upper cladding layer. Even in this case, the resonant condition can be surpassed
by the inherent substrate thickness variation. The absorption of higher order modes in the
substrate is negatively reflected in the total losses from the fundamental mode, since it
diminishes the back coupling to the fundamental mode. The use of the secondary optical
cladding layer 12 is advised for active region photon energies smaller than the substrate
band gap. The lower optical cladding layer 12, acting as a boundary layer, prevents the

extension of higher order modes in the substrate. This prevention might be usefull at least
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for the lowest order modes, the 1%, 2" and a few other higher order modes, that couple
most with the fundamental mode in the end segment.

[0076] End segments can be covered with a coating layer 15. When the coating is
missing, the surrounding atmosphere or vacuum can be also considered as a coating in
optical terms, with the refractive index equal to 1. The coating may be a dielectric,
usually oxide or nitride, a layer of nonconductive wide band gap semiconductor material
or a metal. These coatings acts as limiting-reflector layers for the field distributions
extending from the upper cladding. Not as good from the optical point of view as a
reflector, it may be also a burying layer, of the same nature as the substrate. If this layer
is also a good conductor, the end segments can be excited for stimulated emission.
However, due to their lower confinement factor I', even if they are excited, the end
segments do not contribute substantially to the total gain. The excitation of end segments
has nevertheless the advantage of avoiding absorption processes.

[0077]  An embodiment of the invention prescribes general basic transversal
epitaxial structure and the geometric structure of end segments necessary to minimize
degradation processes at windows and, in the same time, to minimize fundamental mode
transfer losses toward higher order modes. The main parameter that is a good measure for
the probability of future degradation processes is the active region confinement factor
I" for the fundamental mode at the exit from the exit end segment. Since the active region
of the exit facet is the element most sensitive to degradation, the higher order modes
reaching the exit facet should have collectively active region confinement factors not
more than the fundamental mode confinement factor. A good limitation is that the
confinement factor for the 1* order mode to be less than 50% of their fundamental mode
confinement factor.

[0078] In the structures of FIGS. 5 and 6, as the height h of the upper cladding 3
decreases, or the reduction b from the maximum thickness hg of the upper cladding 3
increases, the field distribution is pushed out of the core waveguide toward the lower

cladding 2. Accordingly, the active region confinement factor for the fundamental
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transversal mode decreases. It is possible to achieve an order of magnitude decrease of
the I factor by a corresponding increase of the depth b. This possible decrease of the

I" factor represents a great potential for protecting the exit widows by end segments.
Nevertheless, an abrupt significant step decrease of the cladding layer thickness to the
thickness corresponding to a very low I' factor induces very high transfer losses to higher
order modes. Thus, a single abrupt, profound drop of the height h is not desirable. The
prior art solution of using a single step decrease of the cladding layer thickness is a
simpler, but only a partial solution to the problem of substantially reducing the I" factor of
the fundamental mode in end segments.

[0079] The potential for protecting the exit windows can by exploited by the
gradual decrease of the thickness of the upper cladding 3, through a plurality of
transitory structures, that tempers the transfer of the radiation power to higher order
modes.

[0080] In preparation for the understanding the functionality of end segments, a
discussion is necessary based on the understanding of the coupling between any two
different modes for each incremental reduction Ah of the thickness h of the upper
cladding 3. The method of local modes is used as an approximation for analyzing the
modal field distributions accompanying the gradual variation of height h in a plurality of
steps. The variation in a plurality of steps will become a continuous variation at limit Ah -
> (). At each step tread 1, of length Az;, the field is propagating in modes corresponding to
the transitory structure of the tread and to its optical properties. Tread modes are
characterized by the tread’s modal refractive indexes n;,; and normalized modal field
distributions E;,i(x), where j is the mode order. Functions E;;(x), are local functions,
obtained considering the tread length as infinite. Modal propagation constants are f3; ; =
2mn; i /A, where A 1s the wavelength of the propagating radiation and n;;is the local modal
effective refractive index. The other end-segment step parameters are the incremental

depth, Ab;, the tread length, Az; that together determine the step slope sl; = Abi/Az;.
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[0081] Normalized functions E;; (x) can be calculated by solving in the transversal
direction x, perpendicular to the y-z epitaxial structure plane, scalar equation for the
electric field Ey, assuming Ey uniform in the y direction. The direction y will be omitted
in the following discussion. The index j = 0 indicates the fundamental transversal mode
and the indexes j = 1, 2, 3 ... indicate higher order modes. Index i =1 is assigned to the
transition from the main segment to the first step and to the first step tread.

[0082] The step etch depths b; determine for each step the effective refractive
index n;; of modes of order j at tread i. The transition of the fundamental mode of the
main segment in the first step tread of end segments as well as the transition of any mode
j to any other mode k from a previous step tread i to the next step tread i+1 is
accomplished by partial coupling with these other modes. It is generally accepted that
coupling at a step is characterized by overlapping integrals between modal field
distribution before and after the step. A pre-integral transmission factor is included and
equal to 4(nj;iny; /( nj,i_1+nk,i)2. It has a small influence due to small variation of the
refractive indexes at a small step. The overlapping integrals are defined though by
expresions of the type:

T = 4(0janki /( gt By (%) Exi (%) dx) (1)

[0083] At a step riser, it is also possible the coupling of the preexisting mode k
back to mode j. This coupling is characterized by the overlapping integral Iy;; which is
different from Iji;. In particular, these two coefficients have opposite signs. The coupling
to modes propagating in reverse direction is neglected due to very small values for the
pre-integral reflection factor.

[0084] The overlapping integrals Iy ; depends on the step depth b; and on relative
depth of each step, i.c., the step riser, Ab; = (b; - bi1). For small steps, the dependence of
Lix i(Ab) on Ab increases almost linearly as Ab increases, starting at 0 for Ab = 0. For a

certain step, located at the depth by, the difference quotient of the overlapping integral can
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be calculated by calculating the coupling coefficient for that depth b; and for that depth
variation Ab;:
D'y (bi, Ab;) = Al (bi, Ab;)/Ab; = [T (bi, Aby) - Ty (bi, 0))/Ab; = Iy (bs, Ab)/Ab;  (2)

[0085] Intrinsic coupling coefficients Cj are defined by these difference quotients:
Ci= D'l

[0086] The intrinsic coupling coefficients can in their turn be transformed into the
coupling coefficients Kji relative to the distance Az;. If the point z is located at the end of
step 1, Kjx for point z; is:

Kix = Cjx Ab; /Az; = sl; D'Ty (bi, Ab;) = sl; I (b;, Ab;) / Ab; (3)

[0087] In the limit, for a continuous variation of b vs. z relation (3) becomes:

Kk (z)=sl(z) Ciu(b(2)) “4)

[0088] Duec to modal interaction and interchange, the mode’s variation along the
end segment, in the continuous limit, is described by modal wave functions f that include
the slow variation of envelope amplitudes a;(z): f= aj(z) Ej(x) exp (-jB; z). The modal
evolution can be obtained from the system of coupling equations for modal amplitudes:

daj/dz=-jBja;+ T Kk ax )

[0089] The system (5) can be solved by numerical methods, knowing f3; and the
coupling coefficients Kjx as functions of z.

[0090] The case of a plurality of abrupt steps can be solved by a system similar to
the system (5). The abrupt steps are localized at a plurality of points z; and the transition
from one depth by to by over a small distance interval Az;. At these points the
propagation constants undergo a sudden transition from f3;,i.1 to f3;,1, related to the
variation of the effective refractive index on each tread I. The coefficients K, will be
redefined over distances Az; from relation (2) and (3) as: K= Lk (bi, Abr) / Abr x Aby
/Az;, where Aby 18 a deep step height and Az; the step treads. Kjx are zero elsewhere. At
the limit Az->0, the coefficients can be represented with the help of a succession of delta

functions for K.
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[0091] The numerical solutions are calculated by dividing the end segments in 1
um Az intervals. Solutions are sought for different basic planar structures and for
different shapes of the function sl(z), either continuous or in discrete steps.

[0092] Examples of Semiconductor Laser Transversal Structures

[0093] In Table 1 presents construction details of epitaxial structures, i.c.,
geometrical and optical properties, for a few chosen example of semiconductor laser.
These epi structures were mentioned before. These structures are constructed on GaAs
substrates from materials belonging to AlyGa, As system for most layers and from
AlGaAs and InAlGaAs system for quantum wells. The optical properties are determined
by the composition index x. The geometrical properties are determined by the layer
thicknesses and the linear dependence of x when a variation is indicated for the
waveguide layers. The design operating wavelength is 808 nm.

[0094]  For the ease of comparison, the values for composition indexes are
preserved from one structure to the other, when possible, with the layer thicknesses being
the primary variables.

[0095]  Only 4 structures are included in table 1, indexed from a) to d). These
structures have the following features (the key wording is printed in italics):

a) asymmetric structure;

b) an asymmetric structure without a trapping waveguide, with the refractive index

higher in its lower cladding than in its upper cladding;

¢) a structure with a secondary trapping waveguide separated from the core

waveguide by an separation layer;

d) a structure with a secondary trapping waveguide adjacent to the core waveguide.

[0096]  All structures are designed to have an active region confinement factor of
about 0.006-0.0065. These values for the confinement factor make the structures usable
for device lengths of about 3-4 mm. As can be seen from the table not all structures have
the same layer content. The basic structure a) is symmetric, with the same composition

and thicknesses for claddings 2 and 3. The structures b), ¢), and d) are asymmetric, with
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lower cladding 2 larger than the upper cladding 3. As will be seen, the field distributions
are preponderant on the lower cladding 2.

[0097] Table 1: Examples of epitaxial laser structures

< S —
g, =l o 8l E é e
22 _|oB| o8l ad s 5|0 O £ 0 |wo £ 0 5 0 5 5|8
S2E|2E2E|F5 2 [2E = |SE |25 |23E
OB S |30|Q0lEEgxa|lag |da |O @ |28 D00
Lower cladding 2 Core waveguide
Comp. [0.80 |0.50 0.50- | 045 0.45 | 0.45- 10.50
§ index x >(.45 >().50
‘s @ | Thick. [0.50 |2.5 0.10 | 0.007 | 0.006 | 0.007 | 0.10 [2.51 | 04
Comp. [0.80 |0.50 0.50- | 0.40 0.40 | 0.40- 10.54
£ | index x >0.40 >0.54
o3 Thick. [0.50 | 2.5 0.16 | 0.007 | 0.006 | 0.007 | 0.04 (1.01 | 04
o | Comp. [0.80 |0.50 [0.45 10.50 | 0.50- | 0.40 0.40 | 0.40- [0.50
§ index x >(.40 >().50
A% Thick. [0.50 |2.0 [0.25 (0.25 | 0.07 | 0.007 | 0.006 | 0.007 | 0.07 (1.01 | 0.4
QW
g | Comp. [0.80 0.50 |0.45 0.50- | 0.40 0.40 | 0.40- 10.50
5 | index x >0.40 >0.50
@? Thick. [0.50 |2.6 [0.60 0.13 | 0.007 | 0.006 | 0.007 | 0.05 |1.01 | 0.4

[0098] The structures in Table 1 were used for calculation of the field
distributions, fundamental and higher order modes confinement factors, optical measures
OM, modal effective refractive indexes and intrinsic coupling coefficients based on
overlapping integrals. In modeling, the structures were bounded by Dirichlet boundary
conditions. These conditions are justified since the structures were optically bounded at
the lower cladding by an optical cladding 12 with lower refractive index and at the higher
side by an optical coating with even lower refractive index, both being effective barriers
against the field extension. In structures b), ¢) and d) the upper waveguide layer is thinner
than the lower waveguide layer.

[0099] FIGS. 7A — 7D show the field intensity distributions for the fundamental

mode for all structures for easier comparison. The field distributions are modified by the
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modification of the thickness of their upper cladding 3. For all structures the upper
cladding 3 is modified after complete removal of the secondary upper cladding layer 13.
The thicknesses of the upper cladding 3 are modified by 20 equal variations, until their
final thickness of 0.01um. The final thickness reduction bpax, is 2.5 um for structure a)
and 1 um for structures b) ¢) and d). It can be seen that only the last curves, after the
upper cladding 3 thickness has reached a value of 40...50% of their original thickness,
show a significant change in field distributions.

[00100] For the symmetric structure a), a significant change can be obtained, but
only when the fundamental mode field is moved almost entirely in the lower cladding
layer. Without a secondary lower cladding layer, the fundamental mode field will
penetrate in the substrate. Also, without this layer, the higher order modes, which are not
trapped by the core waveguide, will enter in the substrate from the beginning. For
structure d) with adjacent trapping waveguide, it expected very high overlap of the
fundamental mode of the main structure with fundamental mode of the modified structure
and low overlap between the fundamental mode and higher order modes.

[00101] The important consequence of the field shift from the upper cladding side
to the lower cladding side, shown in FIGs 7A — 7D, is the reduction of the confinement
factor I'. FIG. 8 summarize the reduction of the confinement factor as a function of the
relative cladding thickness reduction by =b/bgua. The confinement factor reduction is
expressed as the ratio I'/Ty, where I'y is the fundamental mode confinement factor for
unmodified main segment structure 20. Considering that thickness is modified by
etching, b is the etch depth in the upper cladding layer 3. For structures b) — d) these
dependences are similar. The asymmetric structure b) shows the most sensitivity of I" vs.
brer. For structure a), the confinement factor first increases, due to the reduction of the
field distribution in the upper cladding 3, without a complementary extension in the lower
cladding 2. The eventual decrease in I' is coincident with the moving of the field

distribution from the core waveguide to the lower cladding 2. All structures show a drop
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of I'/T"y ratio down to values 0.1 - 0.2, which mean the possibility to increase the
resilience of windows against degradation by a factor between x5 and x10, or more.

[00102] FIGS. 9A — 9D show the dependences of intrinsic coupling coefficients
Com, of the fundamental mode with higher order modes, with m=1...5, on upper cladding
3 thickness reduction b for all four structures. The curves for the coupling Cy, from the
fundamental mode to the 1% order mode have the by range of efficient coupling that has a
width roughly equal to 40%...50% of bre;,max. This width corresponds with the observed
bl range for significant change in the shape of the fundamental mode field distributions
and with the by range for confinement factor I' falling. In the case of symmetric

structure, the curves are extended over 2.5 um. In the case of asymmetric structure b), the
coefficient Cy; has the highest value among Cy,; values in all other cases. These facts will
influence in a negative manner the possibility to temper the transfer losses of the
fundamental mode in vertical tapered end segments, since, in a rough approximation, this
possibility is determined by the area under the C curves.

[00103] The values for Com in FIGS. 9A — 9D are rather high values. They are equal
to the K coefficients for an abrupt vertical taper with the slope sl=2.5 for structure a) and
sl =1 for structures b), ¢) and d). To avoid high transfer losses these values should be
diluted using a slower vertical taper, for example with s1=0.025 for structure a) and sl =
0.01 for structures b), ¢) and d). In this case, the taper should be 100 um long to decrease
b from the initial value to zero. A taper that long will allow the back coupling of power
transferred to higher order modes since its length is of the same order of magnitude as the
coupling length periods among modes.

[00104] FIGS. 10A — 10D show the dependences of modal refractive indexes for all
modes with m=0...5 on upper cladding thickness reduction by for all 4 structures. These
curves are an essential part of the behavior of the coupling along the end segment. It

should be noted that the highest difference between fundamental mode refractive index
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and the 1% order refractive index is for structure d), which has a wide passive waveguide
adjacent to the active waveguide.

[00105] FIGS. 9A — 9D and FIGS. 10A — 10D contain the data necessary for
evaluation of the transfer losses from the fundamental mode to higher order modes along
a vertical tapered end segment, an end segment that has a plurality of steps. For an initial
comparison, the transfer losses were estimated in similar conditions, namely an end
segment 100 um long with the drop of the upper cladding layer from the initial thickness
to the final thickness of 0.01 um and with constant slope s1=0.025 for structure a) and sl
= (.01 for structures b), ¢) and d). The field amplitudes a; interconnected by equations (5)
determines the evolution of the transfer losses to higher order modes. The evolution was
evaluated assuming that at the entrance in the end segment ag =1 and a,, = 0 form =
1...5. Coupling to modes of order higher than m=5 was neglected. It is shown in these
estimations that the coupling to higher order modes decreases very fast as the mode order
increases. Losses toward higher modes L; and losses from the fundamental mode Lo were
calculated as:

Li=laf  j#0 (6)

Lo=1 - Syufasf (6b)

[00106] FIGS. 11A — 11D show the evolution of the intensitics of modes of order
m=1...5, along the distance z of the end segment for all four structures, relative to the
intensity of the fundamental mode 0, which, when this mode entered the end segment, is
ao> = 1. Not all modes are visible on the linear scale in these figures. For the case of
structure d), the structure without separation layer and having a wide passive waveguide
adjacent to the core waveguide, up to three modes are clearly visible. This is the structure
where the coupling to mode 1 is an order of magnitude lower than for the other cases and
with the highest refractive index between the fundamental mode and the 1% order mode.

[00107] 1In general, the smaller intensity of 2™ order mode compared with the

intensity of the 1* order mode is due, firstly, to its lower intrinsic coupling coefficient
y y pling
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with fundamental mode and, secondly, to the shorter coupling period L, of the 2™ mode
compared with the coupling period Ly, of the 1 mode. It is known that the amplitudes of
higher order modes with the fundamental mode have a variation similar with a periodic
behavior, with the period approximately equal to:
Lom =27/(Bo-Bm) = AM/(ng-npm) (7)
[00108] These periods are not constants since refractive index differences depend
on b, as shown in FIGS. 9A — 9D, and implicitly on z. The coupling periods Loy, are
shorter for higher m values. The periodic behavior of higher order modes intensity
reflects the coupling forth and back for any pair of modes. These periodic variations have
the consequence that the maxima M,, of modal intensity variations are, if interactions
other then interaction with the fundamental mode are neglected, approximately given by:
Mo % [4ComLom|* = [4Com M(no-nm)|* (8)
[00109] The last formula shows why the coupling of the fundamental mode with
higher order modes decreases very fast as the mode order number increases. This
statement is true for any pair j and k. Both contributing factors to transfer maxima values,
Cjx and Ljx, decrease as the difference between the order numbers j and k increases.
[00110] FIG. 12 shows the fundamental mode loss in a linear vertical taper 100 um
long for structures a), b), ¢) and d). For a common I'/T’y ratio of 20%, structure d), the
structure without separation layer between a wide passive trapping waveguide adjacent to
the active waveguide, has the lowest maximum transfer loss, 0.5%. The structure ¢), that
with a separated trapping waveguide, has similar performance. The structure a),
symmetric, and b), asymmetric and without a trapping waveguide, have a rather high
transfer loss value 30%. This value might be reduced by a longer taper. FIG. 12 shows
that end segments with vertical tapers can substantially reduce the transfer losses to
higher order modes in comparison with end segments with a single step presented in FIG.
3. It also shows that the best candidates for this accomplishment are structures with

double waveguides.
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[00111] Additional characteristic parameters of each structure are given in short in
Table 2. These parameters are the optical measure OM of the core waveguide, or core &
trapping waveguide, the average ratio of the 1% order confinement factor I relative to
the fundamental mode confinement factor I' and total thickness of the basic structure.

[00112] Table 2: Additional characteristic parameters of the example epitaxial

structures
Structure OM /T | Structure
Thickness
(um)
a) symmetric 0.25 0.5 5.7
b) asymmetric w/o 0.26 0.4 4.2
trapping w-g
¢) separated trapp. w-g 0.51 0.30 4.2
d) adjacent trapp. w-g 0.89 0.23 4.7

[00113] FIGS. 9A — 9D and FIGS. 10A — 10D, from where the FIGs 11 and 12 are
derived, are the key features for evaluating the suitability of the transversal structures for
being used for mirror protection using a vertical tapered end segment with very low I'
values at the segment end. For an end segment with constant slope of the vertical taper,
the preferred transversal structures are the structures with double waveguide. The
transversal structures are the first building block for the achievement of efficient devices
according with the objective of this invention. The second building block is the
longitudinal geometry of the vertical taper of the end segment and it should be evaluated
too, in order to keep the transfer losses to higher order modes at very low values or to
obtain low values with simplified geometries.

[00114] Examples of Geometries for the Vertical Taper

[00115] Vertical tapers were evaluated with the use of the structure ¢) for four
different geometries with gradual decrease of the upper cladding 3 thickness (the key

wording for these structures are in italics):
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1) continuous /inear vertical taper geometry with constant slope sl
(evaluation completed in the last section);
2) continuous exponential decay vertical taper geometry;
3) quasi linear vertical taper geometry with few steps, having equal depths
and equal treads;
4) quasi exponential vertical taper geometry with a few steps.
FIG. 13 shows schematically these four geometries for the end segment vertical taper.
For the quasi linear and quasi exponential tapers, dashed lines were added to visually
help the reader.

[00116] These geometries are characterized by the shape of functions sl(z). Table 3
describes these functions. In these examples, the continuous tapers have length equal to
100 um, and the stepped tapers have the position of the last step at a distance smaller than
100 um. The vertical taper geometries are evaluated only for structures c), one of the best
candidates for structures with end segments. The exponential taper 2) is steeper at the
beginning of the end segments and less steep towards the exit end. Such a slope function
for vertical taper 2) would make the product Co1(z)s(z) more uniform and will reduces
transfer losses relative to the linear taper, for equal length tapers. The quasi-exponential
taper 4), with only three steps, roughly simulate the exponential decay taper. The steps
are deeper at the beginning of end segment and shallower toward the end. The positions
of these steps along the end segment are selected for minimum transfer losses. The
selection takes advantage from the back coupling of higher order modes to the
fundamental mode when sufficiently propagating along the length of the end segment. An
algorithm calculates for a first etch depth, the z position that corresponds to a loss
minimum where the beginning of the second step would be located. At this position, the
second etched step starts and ends at the z position of new loss minimum, etc. The quasi-
linear tapers 3a) and 3b) have ten and three steps, respectively. The steps are equal

distanced and have equals risers.
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[00117] Table 3: Characteristic slope function for gradual decrease of upper
cladding layer thickness

Vertical taper name length L | slope function sl(z)

1) | linear (in last section) 100 bmax/L
2) | exponential 100 39.8 bmax /L exp(-3.875 z /L)
3a) | 10 steps quasi linear <100 > %, Buax /L &(z-l,) a,=10;

I, = (1+10xn) pum;

3b) | 3 steps quasi linear <100 Yo 2y boax /L 8(z-1a)  1=33; 2,=33; a;=33;
l; = Tum; 1,=34um; 1;=67um;

4) | 3 steps quasi exponential | <100 Yo 2y bmax /L 8(z-1))  a1=75; a,=15; a;=10;
l; = Tum; L,=22um; ;=46um;

[00118] In practice, it is preferable to replace a gradual, but continuous reduction of
the height h of the upper cladding with a gradual, but discrete reduction in h. A stepped
geometry is more casily implementable. If the number of steps is high enough, say about
ten, the transfer losses are almost equal to those of continuous geometries. It is more
preferable that the number of steps be a smaller number. With only three steps, the
transfer losses can be reduced to acceptable values in the case of 3-steps quasi-
exponential taper.

[00119] FIG. 14 shows a comparison between the linear taper 1) and the
exponential taper 2). The curve for the linear taper is continuously descending. The
maximum reduction b of the upper cladding layer thickness is reached at the end of the
taper. The I" values reach their minimum and the transfer losses their maximum value of
2.5%. Transfer losses less than 10% would be still acceptable for a practical device. The

markers on curves indicate the values along the taper, at 1 um intervals. The marker’s
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positions show that the variations are greater at the end of the taper. The greater
variations at the end of taper are related to the greater variations with b of both I factor
and transfer losses L, shown in FIG. 8 and, respectively, in FIGS. 11A — 11D.

[00120] The exponential taper 2) has oscillating transfer losses L while the I" factor
is continuously decreasing. The oscillations are explainable by the periodic dependences
of transfer losses to higher order modes, each of these dependences with its period. The
periodic dependencies become easier visible due to the more abrupt slope at the
beginning of the taper. At the beginning, transfer losses reach a relative high value,
almost with no fall in I" factor. From that point, the transfer loss oscillations keep the
overall transfer loss to a remarkably low value, smaller than 0.3%. This value is very
small given that transfer losses less than 10% would be still acceptable for a practical
device.

[00121] FIG. 15 shows the comparison between a ten steps quasi-linear taper 3a), a
three steps quasi-linear taper 3b) and a three steps quasi-exponential taper 4). The shapes
of the quasi-linear taper 3a) and 3b) are very similar to the shape of the linear taper, but
with approximately 1.4x and, respectively, 10x increase of the transfer loss. For the
quasi-linear tapers, the markers in FIG. 15 correspond to steps positions at 10 um
intervals and, respectively, at 33 um intervals. When the distances between steps are
equal, both the variations of confinement factor ratio and that of transfer losses are
greater toward the last step.

[00122] For the quasi-exponential taper, the steps are chosen at 1 um, 22 um and 46
um by an algorithm that minimize the final transfer loss by optimally taking the
advantage for loss reduction due to the inherent existence of phase differences for any
new coupling at each step. Very low transfer losses can be obtained when, arriving at a
step, the fundamental mode has phase difference close to « rad relative to one or more
higher order modes already propagating. The higher order modes already propagating can

be compensated by the same order modes newly coupled at the step. In FIG. 15, this is
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happening at the last step, which corresponds to the last marker of the quasi-exponential
taper 4). The large oscillation in transfer loss is helped by the deep value of the first step
riser, which has a similar role with the steeper slope of the exponential taper at the
beginning of the end segment. FIG. 15 shows that relatively low transfer losses, less than
4%, can be obtained in a taper with only three steps, if steps are well designed, both in
selection of the step depth and distance between steps. This small 4% transfer loss
accompanies the 5x decrease of the I factor, i.e. the 5x increase of the window resilience
against degradation. Transfer losses less than 10% would be still acceptable for a
practical device.

[00123] The ten steps quasi-linear taper and the well designed three steps quasi-
exponential taper have in the end similar transfer losses, with a similar benefit in I" factor
reduction. Nevertheless, the imprinting of 10 steps, or more, on a wafer is also, if not
difficult, a tedious endeavor. The success of the well-designed tree steps taper depends
not only on the algorithms for finding the values of step riser and of their positions, but
also on the execution of the initial epi structure, relative to its geometrical and optical
properties.

[00124] It should be noted that the refractive index variation for the first step of
vertical taper 4), with by = 0.75 um and h; = 0.26 um, is equal to An = 0.0026. If used
laterally to a ridge structure, index variations of this order of magnitude can be used for
obtaining single mode operation of the ridge that has an end segment. Such a ridge,
surrounded by a layered structure with the same upper cladding height h;, is in fact a
mesa structure.

[00125] Note that FIG. 3 represents the ratio I'/Ty associated with a single etch step
and the associated losses for each depth value. FIGS. 14 and 15 represent the ratio I'/T'
vs. associated transfer loss, corresponding to a plurality of etch depths at a plurality of
position z in the end segment, which makes an either continuous or a stepped vertical

taper. The final values for I'/T; ratio and for the transfer losses are attained at the end of
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the entire end segment taper. To reach the same final I'/T'y ratio, the associated losses are
more than 40% for the case with a single etch, while for the tapered end segment they are
only a few percents.

[00126] The preferred geometries of the vertical taper for the attainment of lowest
transfer losses from the fundamental modes are the continuous geometries, linear and
exponential, the most preferred being the exponential continuous geometry. The preferred
vertical taper with quasi-continuous geometry for attainment of reasonable transfer losses
from the fundamental mode, but having a simple geometry obtainable in a simple
process, are the quasi-exponential geometry taper with a few steps and the quasi-linear
with about ten steps. These geometries show that the <=100 um vertical tapers, can be
used to reduce the confinement factor with more than 5x , in the mean time assuring the
transfer losses from the fundamental mode to less than 4%.

[00127] End Segments included to MultiMode Semiconductor Laser

[00128] Constructions with end segments can be applied primarily to Broad Area
Lasers (BAL = Broad Area Lasers) with a single emitter (SE = Single Emitter). SE lasers
have a stripe, consisting of a main segment stripe continued with end segments stripes.
Active SE laser stripes are relatively large, tens microns wide. If several stripes with such
widths are placed in a single device they form an array several mm wide. Wide
semiconductor lasers support multiple lateral modes. Using end segments allows the
increase of devices nominal power by a factor of 2 to 3, up tp the rollover in the light-
current characteristic, for the constructions essentially of the same length. The advantage
of this construction is the increase of the main economic indicator expressed as the price
per unit of power output, the price being essentially determined by the area or the total
length of each device.

[00129] End segments can be obtained by etching the upper cladding layer to
desired geometries. Etching is done in streets parallel to the direction of future cleaving

directions. Semiconductor laser bars are obtained between two cleaving lines, bars which
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can be subsequently separated in semiconductor laser chips. Device width is defined
between two successive separation lines in the longitudinal direction, perpendicular to the
cleaving lines. Since the end segments are not necessarily identical for front and rear
window, etching should be defined separately for each type of window. In the situation
with this type of etching laser bars are placed "back to back" on wafer.

[00130] Sometimes it is also necessary to define laterally individual devices such as
SE lasers by etching. Lateral definition can be done by lateral longitudinal stripes for
lateral confinement. These confinement lateral stripes are obtained also by etching. A
deep etching, lower than the last part of the end segment will confine the active stripe,
including its end segment. To obtain uniform etched lateral confinement stripes, after the
end streetss were etched, an etch stop layer need to be included in the structure.

[00131] A sufficient refractive index difference can be obtained by rather shalow
etching depth compared with the final etch depth of the end segment. The etching process
can start with etching around a mesa SE stripe, followed by deeper etches for the final
etching streets. In this case, longitudinal etching stripes optically confine only the active
mesa stripes.

[00132] End Segments included to Single Mode Semiconductor Laser

[00133] In the followings, a few examples will show the use of end segment for the
exit windows of Single Mode (SM) semiconductor lasers. SM lasers operate in a single
spatial mode. The simplest geometry for SM lasers is the ridge geometry. In general, the
width of SM ridge lasers must make a compromise between a high value, which ensures a
better lateral confinement of the fundamental mode and lower lateral absorption, and a
low value, which ensures the elimination or the prevention of operation in the 1% order
lateral mode.

[00134] FIG. 16 shows a ridge-mesa geometry where a ridge 50 is surounded by a
region 41 of lower upper cladding thickness, of lower effective refractive index and of
lower confinement factor I" for the active region. The surrounded ridge is a mesa

structure and can be obtained by a first etching process. The radiation excited under the
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ridge exits at a window facet 51. The diference between the effective refractive index of
parts 50 and 41 assure the confinement of the lateral fundamental mode under the ridge.
The ratio between the confinement factor I' of the active region under the ridge and in
front of the ridge assures the increase in resiliance toward the degradation of at the end
facet 50. A secondary etched street step 42 increases this resiliance with a suplementary
factor. A multitude of secondary street steps are also possible to provide further increase
in mirror resiliance. For structures with double waveguide, after the confinment factor I
has been reduced 5 to 10 times, the etching of the active waveguide is also possible, the
beam propagation continuing in the trapping waveguide.

[00135] Starting from the ridge output the radiation is expanded laterally within an
angle which is dependent on the ridge width. By partial geometric reflection from the
mirror, a reduced laser feedback is obtained. The beam expansion at the facet provides an
suplementary factor in mirror protection. The end segments may play a supplementary
role for filtering out the 1% and higher order modes, since there is no confinement left and
their larger lateral extension decreases their feadback compared with feadback reduction
for the fundamental mode.

[00136] FIG. 17 shows a ridge that continues along the end segment and consists of
ridge treads 41, 42 and 43, formed by a single final lateral etch. The deep etching, lower
than the last part 43 of the end segment, will confine the active ridge and the end segment
stepped ridge. The last ridge step 43 of this ridge has a difference between its refractive
indexes and the index of the the lateral regions 44 that is adjusted for bounding only of
the fundamental lateral mode. The difference between refractive indexes for the rest of
the ridge may allow higher order lateral modes. The last ridge step 43 can play the role
for filtering out higher order modes. To obtain uniform lateral confinement stripes after
the end streets were etched, an etch stop layer need to be included in the structure.

[00137] FIG. 18 shows a ridge that better rejects high order lateral modes. Along
the length of the end segment, at each step, this ridge is formed by smaller lateral

reductions of the upper cladding 3. The thickness of the upper cladding for the structures
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lateral to the ridge decreases in steps to better confine the fundamental lateral mode. The
fundamental lateral mode remains guided along the end segment when passing through
consecutive ridge sections. This tailored etch process can start with the formation of mesa
50 surrounded by areas 41, followed by succesive advancements of masks that form areas
42 around the section 41 of the ridge, then areas 43 around the section 42 of the ridge
and finally areas 44 around the section 43 of the ridge.

[00138] FIG. 19 shows a narrowing lateral taper width that can be formed if the
ridge section 41, 42, 43 have a reduced width toward the exit mirror. A reduced final
width of the whole guided ridge, i.¢., a laterally narrowing tapered ridge, can be used if
the laser according to the invention has at the output an extremely low transverse
confinement factor, which compensates the increased radiation concentration at the
window and avoids the degradation induced by a narrower near field. If the aperture
narrowing in the lateral y direction is up to the aperture value in the x direction, the laser
can have an near field distribution at the output closer to a circular distribution, for a
better butt coupling with fibers. A continuous graded vertical taper combined with a
continous lateral taper can be attained at the expence of more difficult technical effort.

[00139] FIG. 20 shows a construction that use a wide ridge that ends with a
horizontal narrowing taper. The taper can be so narrow to allow essentially only the exit
of the fundamental lateral mode. The ridge continues with an end segment with a few
street steps that drastically reduces the confinement factor of the fundamental transversal
mode at the exit mirror 51 to compensate the increased radiation concentration at the
window and to avoids the degradation induced by a narrower near field. Depending on
the tapered ridge width at its end and on the length of the end segment, the exit spot with
can be made narrower than the width of the wide ridge. Such a construction increases the
pumped device area and the emitted power from a single spatial mode with an increased
resilience to the COD.

[00140] It was observed before that the decrease of the fundamental mode

confinement factor I" by a factor of 5 to 10 allows in the end the etching of the active
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region itself. Based on this observation is the structure depicted in FIG. 21. A cylindrical
lens can be etched at the end of a device with double waveguide structure. The etching
process can extend in the double waveguide without the danger of COD if the upper
cladding was sufficiently reduced to avoid degradation at the etched surface induced by
the etching process. Such a lens is useful for colimation or focusing the exit beam.

[00141] FIGS. 16 — 21 show different use of end segments at the exit facets. The
same can be done at the rear mirror. The filtering action for the fundamental lateral mode
of FIG. 16 and FIG. 17 can be used at the rear mirror too. At the rear mirror, a vertical
expanding (from the mirror to the main segment) taper combined with a lateral expanding
taper, can initiate the SM operation near the rear mirror and the expansion of this mode in
the amplifying main segment, with a larger width and a greater fundemantal transversal
mode confinement factor I'. This arrangement can provide high power SM devices with
clean farfield.

[00142] End Segments Included for Distributed Bragg Reflectors

[00143] The last step of a step structure as that depicted in FIG. 17 or FIG. 18,

when formed at the rear mirror, can be efficiently used to implement a Distributed Bragg
Reflector (DBR), usually at this end. A DBR is usually associated with SM devices, but it
is useful also for BALSs. An efficient DBR needs a resonable variation of the modal
refractive index in the grating. As shown in FIGS. 10A — 10D, the dependence of the
fundamental mode refractive index as a function of etch depth b is more pronounced
toward the maximum possible etch depth of the upper cladding 3. In a standard
symmetric transversal structure the resonable variation of the modal refractive index is
reached by deep etching of the upper cladding 3 down to the core waveguidel, what
make the etching more difficult. In FIG. 17 and FIG. 18, the step 43 is already close to
the core waveguide so that an efficient grating can be formed by a relativelly shallower
etching into a thinner layer. For structrues with double waveguide, an even more efficient

grating can be obtained after the etching of the active waveguide.
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[00144] The multiple examples for implementing graded vertical tapers in end
segments in BALs as well in SM devices shows that, beside the use of these end
segments as means to reduce the fundamental mode confinement factor I', they can be
used for other auxiliary purpose too: as filter for lateral fundamental mode operation, for
narrowing the lateral near field, for easyer implementation of DBRs, for wafer definition
of lens. The vertical tapers can be used for combination of the above purposes.
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[00146] While the present invention has been described at some length and with
some particularity with respect to the several described embodiments, it is not intended
that it should be limited to any such particulars or embodiments or any particular
embodiment, but it is to be construed with references to the appended claims so as to
provide the broadest possible interpretation of such claims in view of the prior art and,
therefore, to effectively encompass the intended scope of the invention. Furthermore, the

foregoing describes the invention in terms of embodiments foreseen by the inventor for
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which an enabling description was available, notwithstanding that insubstantial
modifications of the invention, not presently foreseen, may nonetheless represent

equivalents thereto.
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CLAIMS

What 1s claimed is:

1. An edge emitter semiconductor laser type device that comprises longitudinally,
between two mirrors:

a main segment (20); and

at least an end segment (21, 22) between the main segment and one of mirrors;
the edge emitter semiconductor type laser device further comprising in a transversal
section of the main segment a main layered optical structure with selected optical
properties, which allows only the amplification in the longitudinal direction of a
transversal fundamental mode, the main optical structure comprising:

a core waveguide (1) that include an active region;

a lower cladding (2) that contains the radiation that extends bellow of the core
waveguide; and

an upper cladding (3) that contains the radiation that extends above of the core
waveguide;

the edge emitter semiconductor type laser device further comprising
longitudinally in each end segment a plurality of transitory layered optical structures (31,
32,33, 34, 35, 41, 42, 43, 44, 45) derived from the main structure of the main segment;

wherein in a transversal section perpendicular on the longitudinal direction the
field in the main segment and in the end segments is distributed asymmetrically relative
to the planar core waveguide and more in the lower cladding;

wherein the field entering in each transitory layered structure is further distributed
still more preponderantly toward the lower cladding;

wherein the confinement factor for the transversal fundamental mode of the active

region of the main segment gradually decreases when the transversal fundamental mode
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propagates longitudinally through the transitory structures of the end segments toward
mirrors by the effect of a gradual thickness reduction of upper cladding of the end
segments along the length of end segments; and

wherein the transfer, by modal coupling, of the radiation flux of the transversal
fundamental mode toward higher order transversal modes when propagating from one
transitory structure to another transitory structure in the end segments is tempered by the
gradual and controlled thickness reduction of upper cladding of the end segments along

the length of end segments.

2. The edge emitter semiconductor laser type device according to claim 1,
wherein the lower cladding is thicker than the upper cladding; and
wherein average refractive index of the lower cladding is higher than the

refractive index of the upper cladding.

3. The edge emitter semiconductor laser type device according to claim 1,
wherein field distributions of the higher order transversal modes are
preponderantly localized in the lower cladding of the main segment to assure low

confinement factors for these modes.

4. The edge emitter semiconductor laser type device according to claim 3,
wherein the confinement factor for the 1* order transversal modes is not greater

than half of the confinement factor for the fundamental transversal mode.

5. The edge emitter semiconductor laser type device according to claim 1,
wherein the lower cladding comprises a secondary trapping waveguide, which
captures a part of the radiation propagating in device structures and forms a double

waveguide with the core waveguide and is adjacent to the core waveguide.
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6. The edge emitter semiconductor laser type device according to claim 1,

wherein the lower cladding comprises a secondary trapping waveguide, which
captures a part of the radiation propagating in device structures and forms a double
waveguide with the core waveguide and is separated from the core waveguide by an

intermediate, separating layer.

7. The edge emitter semiconductor laser type device according to claim 1,
wherein a secondary lower cladding is situated below the lower cladding of the
layered optical structures to avoid optical interactions of the optical structure with an

absorbing substrate.

8. The edge emitter semiconductor laser type device according to claim 1,
wherein the gradual thickness reduction of the upper cladding of end segments is
done continuously along a suitable length of the end segment to induce low losses from

the fundamental transversal mode when propagating along the end segment.

9. The edge emitter semiconductor laser type device according to claim 8§,
wherein the losses from the fundamental transversal mode when propagating

along the end segment are less than 10%.

10. The edge emitter semiconductor laser type device according to claim 8,

wherein the continuous gradual reduction of the thickness of the upper cladding of
end segments is steeper near the main segment and less steep at the end of end segments
to temper the losses from the fundamental transversal mode when propagating along the

length of the end segment.
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11. The edge emitter semiconductor laser type device according to claim 1,
wherein the gradual thickness reduction of the upper cladding of end segments is
done in discrete steps along a suitable length to induce low losses from the fundamental

transversal mode.

12. The edge emitter semiconductor laser type device according to claim 11,
wherein the steps are deeper near the main segment and shallower at the end of
end segments to induce low losses from the transversal fundamental mode when

propagating along the length of the end segment.

13. The edge emitter semiconductor laser type device according to claim 11,
wherein the losses from the fundamental transversal mode when propagating

along the end segment are less than 10%.

14. The edge emitter semiconductor laser type device according to claim 11,
wherein the step depths the distances between steps are chosen to optimally take
advantage for reducing losses by the back coupling of higher order modes to the

fundamental mode when propagating along the length of the end segment.

15. The edge emitter semiconductor laser type device according to claim 1, further

comprising lateral structures for the device operation in fundamental lateral mode.

16. The edge emitter semiconductor laser type device according to claim 15 comprising a
ridge structure,
wherein the thicknesses of the upper cladding of lateral structures are smaller than

the thicknesses of the upper cladding of the ridge.
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17. The edge emitter semiconductor laser type device according to claim 16,

wherein the ridge is shaped as a mesa that ends at the end of the main segment,
the thickness reduction of the upper cladding around the mesa assures both the operation
in fundamental lateral mode of the ridge-mesa structure and the first reduction of the
confinement factor for the fundamental transversal mode and the thickness of the upper

cladding of the end segments further decreases gradually toward the mirror.

18. The edge emitter semiconductor laser type device according with claim 17,
wherein the ridge ends with a horizontal narrowing taper to allow for an increased
area of the pumped main segment and of the emitted power from a narrower near field at

the exit mirror.

19. The edge emitter semiconductor laser type device according to claim 16,
wherein the ridge continues in the end segment and has a stepped thickness of the

upper cladding.

20. The edge emitter semiconductor laser type device according to claim 19,
wherein the structures lateral to the ridge have the same thickness of the upper

cladding along the ridge length.

21. The edge emitter semiconductor laser type device according to claim 19,
wherein the thickness of the upper cladding of the structures lateral to the ridge

decreases in steps to better confine the fundamental lateral mode.
22. The edge emitter semiconductor laser type device according to claim 19,

wherein the ridge width shrinks toward the mirror to reduce the lateral near field

of the fundamental lateral mode.
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23. The edge emitter semiconductor laser type device according to claim 16,
wherein a lens for collimating or focusing the fundamental lateral mode is etched
in the transversal structure after the final thickness of the upper cladding was sufficiently

reduced to avoid the degradation at the etched surface.

24. The edge emitter semiconductor laser type device according to claim 16,
wherein the thickness of the last step of the end segment was sufficiently reduced
for increasing the mirror resilience to degradation and for easy imprinting of an efficient

Distributed Bragg Reflector into a thinner layer.
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