
DIODE LASER, INTEGRATED DIODE LASER, AND INTEGRATED
SEMICONDUCTOR OPTICAL AMPLIFIER Field of the Invention
The invention relates to key components of
optoelectronic engineering - compact, efficient and
high-power laser sources of a wide wavelength range
with high quality of emission, namely: to a diode
(semiconductor, injection) laser, to diode lasers
integrally connected along the axis (hereinafter
referred to as the integrated diode laser) as well as
to a master diode laser and a semiconductor amplifying
element integrally connected along the axis
(hereinafter referred to as the integrated
semiconductor optical amplifier). Description of the
related Art        Diode lasers of increased output
power and improved laser beam quality are known from
the following inventions: [US Patent 4063189, XEROX
CORP. (US), 1977, HO1S 3/19, 331/94.5 HI, [RU Patent
2197048, V.I. SHVEIKIN, V.A. GELOVANI, 18.02.2002, H01
S 5/32].        From the standpoint of the technical
essence and the technical result being obtained, an
exemplary prototype injection (hereinafter diode)
laser is proposed in [RU Patent 2278455, V.I.
SHVEIKIN, 17.11.2004, H01 S 5/32]. Said diode laser
includes a heterostructure based on semiconductor
compounds, optical facets, reflectors, ohmic contacts,
an optical resonator. The heterostructure is
characterized by the ratio of the effective refractive
index ner of the heterostructure to the refractive
index niN of the leak-in layer, namely, the ratio of
nor to niN is determined from the range from one plus
delta to one minus delta, where delta is determined by
a number much lesser than one.        The
heterostructure contains at least one active layer, at
least two reflective layers, at least one on each side
of the active layer. Said reflective layers are formed
at least of one sublayer and have refractive indices
lesser than the effective refractive index no of the
heterostructure. The heterostructure contains also an
emission leak-in region. Said leak-in region is
transparent for emission. The leak-in region is at
least one and is located between the active layer and
a corresponding reflective layer, at least on one side
of the active layer. The leak-in region includes an
emission leak-in layer having a refractive index niN
and consisting at least of one sublayer. The leak-in
region includes also at least one confining layer
consisting at least of one sublayer. The leak-in
region includes also a main adjusting layer consisting
at least of one sublayer, having at least for 



2 one of its sublayers a refractive index no less than
the refractive index niN of the leak-in layer, and
adjacent with one its surface to the active layer. On
the opposite side of the main adjusting layer to
another its surface a confining layer of the leak-in
region is adjacent; said confining layer has a
refractive index lesser than the refractive index of
the main adjusting layer. The reflection coefficients
of the optical resonator reflectors as well as the
compositions and thicknesses of the heterostructure
layers are chosen such that for the operating diode
laser the resulting amplification of emission in the
active layer is sufficient to maintain a lasing
threshold throughout the range of operating currents.
The ratio nefr/nIN in the field of lasing threshold
currents is determined from the range of values from
one plus gamma to one minus gamma, where the value of
gamma is determined by a number lesser than delta. In
the construction of the injection laser considered in
the example corresponding to Fig. 5 (see [RU Patent
2278455, V.I. SHVEIKIN, 17.11.2004, HO1S 5/32]) the
active region with current flowing in operation of the
diode laser is made as a mesa stripe.        The main
advantages of the prototype diode laser are the
augmentation of laser output power, the increase of
the size of the emitting area in the vertical plane
with corresponding reduction of angular divergence of
emission. At the same time the prototype diode laser
limits further augmentation of output power with
simultaneous and significant improvement of laser
emission quality.        Besides, the known prototype
diode laser does not allow the realization of diode
lasers integrally connected along the axis, namely, an
integrated diode laser (hereinafter referred to as the
IDL) and a master diode laser (hereinafter referred to
as the MDL) with a semiconductor amplifying element
(hereinafter referred to as the SAE) integrally
connected along the axis, namely, an integrated
semiconductor optical amplifier (hereinafter referred
to as the ISOA). Analogs and a prototype of the
proposed IDL are not found.        The integrated
semiconductor optical amplifier of increased output
power and improved laser beam quality is known from
the following inventions: [RU Patent 2109381
(application 96115454), V.I. SHVEIKIN, "POLYUS" RDI SE
RU, 19.08.1996, HOlS 3/19, "Integrated semiconductor
laser-amplifier"], [RU Patent 2134007, V.I. SHVEI KIN,
"POLYUS" RDI SE RU, 12.03.1998, H01 S3/19].
From the standpoint of the technical essence, an
exemplary integrated semiconductor optical amplifier
is proposed in [RU Patent 2134007, V.I. SHVEIKIN,
"POLYUS" RDI SE RU, 12.03.1998, H01 S 3/191. Said
integrated semiconductor optical amplifier includes a
master diode laser (hereinafter referred to as the
MDL) and a semiconductor amplifying element
(hereinafter referred to as the SAE) integrally
connected, placed along the same axis and made of the
same semiconductor 



3 heterostructure. Said heterostructure contains at
least one active layer, at least two confining layers
(heretofore two reflective layers), an input-output
region transparent for emission, and optical facets,
ohmic contacts. Besides, the MDL includes an active
region with current flowing in operation of the MDL,
emission confinement regions from the lateral sides of
said active region, an optical resonator and its
reflectors. The SAE includes at least one
amplification region with current flowing in operation
of the SAE with an antireflection coating on the
output optical facet.        In the operating
amplifier a corresponding angle of incident 5 for
amplified emission leaking from the active layer is
chosen, the effective refractive index neff of the
heterostructure together with the input-output region
transparent for emission and the refractive index nioR
of said input-output region conforming to the relation
0 < arccos neWnioR < nerffrintoR for nioR more than
nr, where neffm,,-, is the minimum value of neff of
all possible no for a multitude of heterostructures of
practical value together with the input-output region,
and nr,,,r, is the least of the refractive indices of
semiconductor compounds making the heterostructure.
The main advantage of the prototype ISOA is the
originality of the proposed designs of the integrally
connected ISOA of increased output power, increased
sizes of the emitting area, and corresponding
reduction of angular divergence of emission. The main
disadvantage of the proposed designs is the complexity
of their technological realization. Summary of the
Invention       The main technical result is that an
original diode laser with a nontransmitting optical
resonator (NOR-DL) is proposed that caused a real
possibility to produce efficient laser sources in the
integrated form, namely, two and more diode lasers
integrally connected along the axis hereinafter
referred to as the integrated DL (IDL) and a master
diode laser with a semiconductor amplifying element
integrally connected along the axis hereinafter
referred to as the integrated semiconductor optical
amplifier (ISOA).       The technical result of the
proposed NOR-DL is the significant decrease (two and
more times) of lasing threshold current density, the
increase of efficiency and power of laser emission,
the improvement of stability of mode generation, the
sharp (an order of magnitude and more) increase of
strength of the nontransmitting reflectors of the
optical resonator, the realization of laser emission
output, omitting the active layer through
semiconductor wide-band layers (relative to the active
layer) with an antireflection optical facet, the
creation of optimum lateral confinement regions, which
made it possible to develop for a wide range of
wavelengths high-power, high-efficiency and reliable,
with 



4 increased life time, sources of single-frequency,
single-mode and multimode laser emission with
high-speed modulation of laser emission, with
significant simplification of technology for their
manufacturing and cut in the production costs.
The technical result of the proposed IDL is the
significant decrease (two and more times) of lasing
threshold current density, the increase of efficiency
and power of laser emission, the improvement of
stability of mode generation, the sharp (an order of
magnitude and more) increase of strength of the
nontransmitting reflectors of the optical resonator,
the realization of laser emission output, omitting the
active layer through semiconductor wide-band layers
(relative to the active layer) with an antireflection
optical facet, the creation of optimum lateral
confinement regions, which made it possible to develop
for a wide range of wavelengths high-power,
high-efficiency and reliable, with increased life
time, sources of single-frequency, single-mode and
multimode laser emission with high-speed modulation of
laser emission, with significant simplification of
technology for their manufacturing and cut in the
production costs.        The technical result of the
proposed ISOA is the significant decrease (two and
more times) of lasing threshold current density, the
increase of efficiency and power of laser emission,
the improvement of stability of mode generation, the
sharp (an order of magnitude and more) increase of
strength of the nontransmitting reflectors of the
optical resonator, the realization of laser emission
output, omitting the active layer through
semiconductor wide-band layers (relative to the active
layer) with an antireflection optical facet, the
creation of optimum lateral confinement regions, which
made it possible to develop for a wide range of
wavelengths high-power, high-efficiency and reliable,
with increased life time, sources of single-frequency,
single-mode and multimode laser emission with
high-speed modulation of laser emission, with
significant simplification of technology for their
manufacturing and cut in the production costs.
One aspect of the present invention is a diode laser
including a heterostructure based on semiconductor
compounds. Said heterostructure contains at least one
active layer, at least two confining layers, an
emission leak-in region, said leak-in region being
transparent for emission, containing at least a
leak-in layer; said leak-in region is placed between
the active layer and a corresponding confining layer,
at least on one side of the active layer. Said diode
laser includes also an active region with current
flowing in operation of the diode laser, optical
facets, reflectors, an optical resonator, an ohmic
contact. Said heterostructure is additionally
characterized by the ratio of the effective refractive
index neff of the heterostructure to the refractive
index niN of the leak-in layer, namely, the ratio of
n,ft to niN is determined from the range from one plus
delta to one minus gamma, where delta and gamma are
determined by a number much lesser than one and gamma
is more than delta. Besides, there are emission
confinement regions  5 



that are located at a specified distance from both
lateral sides of the active region with flowing
current and penetrate from the external layer into the
heterostructure at least to the active layer and
further deep into the heterostructure. On the side of
emission output on an optical facet there is an
antireflection coating with a laser emission
reflection coefficient near zero, and on the same side
of emission output an optical resonator reflector with
a laser emission reflection coefficient near one is
formed, said reflector being adjacent to the active
layer and to semiconductor layers of the
heterostructure located on both sides of the active
layer, the total thickness of said semiconductor
layers is at least in the range from (A/4netr) pm to
(4A/neft) pm, rile A is the free-space laser
wavelength.        The essential distinction of the
new proposed NOR-DL consists in an original and
unusual proposed combination of a unobvious optical
resonator and unobvious output of laser emission. The
attainment of a lasing threshold is carried out in an
optical resonator including on both sides reflectors
with a maximum high reflection coefficient for both
high-strength mirrors (nontransmitting optical
resonator). The output of emission from the active
layer is carried out through the wide-band (relative
to the energy gap width in the active layer) leak-in
region of a modified heterostructure of the diode
laser with an antireflection (less than 0.01%) optical
facet. It is this proposal that has opened up new
possibilities to achieve the above technical result
and has made it possible to develop both a
single-element NOR-DL and the above combinations made
in the integrated form: the IDL and the ISOA
consisting of the MDL and the SAE. In the preferred
embodiment delta tends to zero. This determines a
choice of a corresponding heterostructure.        In
the preferred embodiment said reflector formed on the
side of emission output is placed approximately from
the external layer of the heterostructure
approximately to the leak-in layer of the
heterostructure.        In cases when the output of
laser emission from the NOR-DL is carried out in one
direction, on the opposite side the optical resonator
reflector with a laser emission reflection coefficient
near one has a height equal to the heterostructure
thickness.        In the preferred embodiment an
antireflection coating is on an optical facet either
throughout the heterostructure thickness or on part of
the heterostructure thickness that remained after
deposition of a reflective coating.        In the
preferred embodiment lateral confinement regions of
said active region that are deepened in a specified
manner have refractive indices less than the effective
refractive index neff of the heterostructure. In this
case said confinement regions are placed at a
specified distance (of micron sizes) from the lateral
sides of the active region and at a specified depth
below the disposition of the active layer of the
heterostructure, in 



6 extreme cases up to a confining layer of the
heterostructure nearest to the substrate. This makes
it possible to improve the stability of mode
generation and respectively to increase lasing
efficiency at increased output powers.        The
essence of the unobvious NOR-DL proposed in the
present invention consists in the unobvious and
efficient construction of an optical resonator and the
method of laser emission output outside the optical
resonator. The singularity of the optical resonator
construction is that both its reflectors practically
totally reflect emission emerging from the active
layer of the laser. Laser emission output is realized
mainly from the leak-in layer of the proposed
heterostructure, omitting the nontransmitting
reflectors of the optical resonator through the
wide-band leak-in region with an antireflection
optical facet.        The technological realization of
the NOR-DL proposed in the present invention is based
on known basic technological processes that are by now
well developed and widely used. The proposal meets the
criterion "industrial applicability". The main
distinction in its manufacturing consists in the
features of the heterostructure and the optical
resonator of the NOR-DL.        Another aspect of the
present invention is an integrated diode laser being a
combination of integrally connected diode lasers
(hereinafter referred to as the IDL) made of the same
heterostructure based on semiconductor compounds. Said
heterostructure contains at least one active layer, at
least two confining layers, an emission leak-in
region, said leak-in region is transparent for
emission; said leak-in region contains at least a
leak-in layer, is placed at least on one side of the
active layer between the active layer and a
corresponding confining layer. Said IDL contains at
least two optical resonators and at least two active
regions with current flowing in operation of the IDL
located on the same axis, optical facets, reflectors,
and an ohmic contact. Said heterostructure is
characterized by the ratio of the effective refractive
index no of the heterostructure to the refractive
index niN of the leak-in layer, namely, the ratio of
neff to niN is determined from the range from one plus
delta to one minus gamma, where delta and gamma are
determined by a number much lesser than one and gamma
is more than delta. Besides, on both sides of the
active region with flowing current there are emission
confinement regions that are located at a specified
distance from both lateral sides of the active region
with flowing current and penetrate from the external
layer into the heterostructure at least to the active
layer and further deep into the heterostructure. On
the side of emission output on an optical facet there
is an antireflection coating with a laser emission
reflection coefficient near zero, and each optical
resonator is confined by reflectors having laser
emission reflection coefficients near one and being
adjacent to the active layer and to semiconductor
layers of the heterostructure located on both sides of
the active layer, the  total thickness of said
semiconductor layers is at least in the range from (A
14n8ff) pm to (4A /ner) pm, where A is the free-space
laser wavelength. 



The essential distinction of the new unobvious
proposed IDL consists in the new and unobvious
connection of two nontransmitting optical resonators
and their integral optical connection as well as in
highly efficient emission output. A lasing threshold
is attained in optical resonators including on both
sides reflectors with a maximum high reflection
coefficient of both mirrors. The efficient and optimum
integral connection of optical resonators (without
focusing optics and practically without emission loss)
is carried out mainly through the leak-in region of
the proposed heterostructure. The output of emission
from the IDL is realized through the wide-band leak-in
region with a practically fully antireflection (less
than 0.01%) optical facet with a deposited
antireflection coating. It is this proposal that has
opened up new and unobvious possibilities to achieve
the above technical result for the IDL.        In
cases when the output of laser emission from the IDL
is carried out in one direction, on the opposite side
the optical resonator reflector with a laser emission
reflection coefficient near one has a height equal to
the heterostructure thickness.        In the preferred
embodiment an antireflection coating is on an optical
facet either throughout the heterostructure thickness
or on part of the heterostructure thickness that
remained after deposition of a reflective coating.
In the preferred embodiment lateral confinement
regions of said active region that are deepened in a
specified manner have refractive indices less than the
effective refractive index neff of the
heterostructure. In this case said emission
confinement regions are placed at a specified distance
(of micron sizes) from the lateral sides of the active
region and at a specified depth below the disposition
of the active layer of the heterostructure, in extreme
cases up to a confining layer of the heterostructure
nearest to the substrate. This makes it possible to
improve the stability of mode generation and
respectively to increase lasing efficiency of the IDL
at increased output powers.         In the preferred
embodiment on the side of emission output at least one
active region, at least its part, is made widenable at
a corresponding angle, and on the side opposite to the
side of emission output in said widenable active
region the initial part of its length is made with a
width equal to the width of the previous active
region. Then for said widenable active region the
reflector on the side of emission output has a width
approximately equal to the width of the initial part
of the widenable active region.        In the
preferred embodiment at least two active regions of
the integrated diode laser have independent ohmic
contacts.        The essence of the unobvious IDL
proposed in the present invention consists in the
unobvious and efficient integral connection between
diode lasers, the construction of  



8 their optical resonators and the method of laser
emission output outside the optical resonator. The
singularity of the optical resonator construction is
that both its reflectors practically totally reflect
emission emerging from the active layer of the laser,
and laser emission output is realized mainly from the
leak-in layer of the proposed heterostructure,
omitting the nontransmitting reflectors of the optical
resonator through a practically fully antireflection
optical facet (less than 0.01%).        The
technological realization of the IDL proposed in the
present invention is based on known basic
technological processes that are by now well developed
and widely used. The proposal meets the criterion
"industrial applicability". The main distinction in
its manufacturing consists in the features of the
heterostructure and the optical resonators of the
diode lasers.        Another aspect of the present
invention is an integrated semiconductor optical
amplifier (hereinafter referred to as the ISOA)
including a master diode laser (MDL) and a
semiconductor amplifying element (SAE) integrally
connected, placed along the same axis and made of the
same semiconductor heterostructure. Said
heterostructure contains at least one active layer, at
least two confining layers, a region transparent for
emission. Said ISOA includes also optical facets,
ohmic contacts. Besides, the MDL includes an active
region with current flowing in Operation of the master
diode laser, emission confinement regions from the
lateral sides of said active region, an optical
resonator and its reflectors, and the SAE includes at
least one amplification region (with current flowing
in operation of the SAE) with an antireflection
coating on the output optical facet. Said
heterostructure is additionally characterized by the
ratio of the effective refractive index no of the
heterostructure to the refractive index niN of the
leak-in layer, namely, the ratio of no to niN is
determined from the range from one plus delta to one
minus gamma, where delta and gamma are determined by a
number much lesser than one and gamma is more than
delta. Said region transparent for emission and being
a leak-in region has at least a leak-in layer. Said
leak-in region is placed between the active layer and
a corresponding confining layer, at least on one side
of the active layer. Besides, there are MDL emission
confinement regions that are located at a specified
distance from both lateral sides of the active region
with flowing current and penetrate from the external
layer into the heterostructure at least to the active
layer and further deep into the heterostructure. The
optical resonator of the MDL is confined by reflectors
with a laser emission reflection coefficient near one.
In this case the MDL reflector contiguous with the
active amplification region of the SAE is made
adjacent to the active layer and to semiconductor
layers of the heterostructure located on both sides of
the active layer, the total thickness of said
semiconductor layers is at least in the range from (A
/4no) pm to (4 Mneff) pm, where A is the free-space
laser wavelength, and the antireflection coating on
the output  9 optical facet of the SAE is made with a
reflection coefficient near zero.        The essential
distinction of the new proposed ISOA consists in the
unobvious integral connection of the MDL and the SAE
and an unusual optical resonator of the MDL. A lasing
threshold of the MDL is attained in an optical
resonator, both reflectors of which have maximum high
reflection coefficients. 



The integral connection between the MDL and the SAE is
carried out without focusing optics and practically
without emission loss through the wide-band leak-in
region of the proposed MDL and SAE heterostructure.
The output of emission from the ISOA is carried out
through the leak-in region of the new proposed
heterostructure with an antireflection (less than
0.01%) output optical facet of the SAE. It is this
proposal that has opened up new possibilities to
achieve the above technical result for the ISOA.
In the preferred embodiment on the side opposite to
the side of emission output the optical resonator
reflector with a laser emission reflection coefficient
near one has a height equal to the heterostructure
thickness.        In the preferred embodiment an
antireflection coating is on an optical facet either
throughout the heterostructure thickness or on part of
the heterostructure thickness that remained after
deposition of a reflective coating.        In the
preferred embodiment lateral confinement regions of
said active region of the MDL that are deepened in a
specified manner have refractive indices less than the
effective refractive index neti of the
heterostructure. In this case said confinement regions
are placed at a specified distance (of micron sizes)
from the lateral sides of the active region and at a
specified depth below the disposition of the active
layer of the heterostructure, in extreme cases up to a
confining layer of the heterostructure nearest to the
substrate. This makes it possible to improve the
stability of mode generation and respectively to
increase lasing efficiency of the ISOA at increased
output powers.        In the preferred embodiment on
the side of emission output at least one amplification
region of the SAE, at least its part, is made
widenable at a corresponding angle, and on the side
opposite to the side of emission output in said
widenable amplification region the initial part of its
length is made with a width approximately equal to the
width of the previous active region of the MDL.
In the preferred embodiment the active region of the
MDL and the amplification region of the SAE have
independent ohmic contacts.        The essence of the
unobvious ISOA proposed in the present invention
consists in the unobvious and efficient integral
connection between the MDL and the SAE.        The
singularity of the optical resonator of the MDL is
that both its reflectors practically totally reflect
emission emerging from the active layer of the laser. 



The output of laser emission from the MDL to the SAE
is realized mainly from the  10 leak-in layer of the
new proposed heterostructure, omitting the
nontransmitting reflectors of the optical resonator.
The amplified emission is output through the
practically fully antireflection optical output facet
of the SAE, said facet being adjacent to the wide-band
semiconductor layers of the heterostructure.
The technological realization of the ISOA proposed in
the present invention is based on known basic
technological processes that are by now well developed
and widely used. The proposal meets the criterion
"industrial applicability". The main distinction in
its manufacturing consists in the features of the
heterostructure and the optical resonator of the MDL.
Brief description of the drawings        The present
invention will be described in detail below in
connection with Figures 1...8, where        Fig. 1 is
a schematic illustration of the longitudinal section
of the proposed diode laser with nontransmitfing
reflectors of the optical resonator and laser emission
output from the leak-in layer of the heterostructure
through an optical facet with an antireflection
coating. 



Fig. 2 is a schematic illustration of the top view of
the proposed diode laser with nontransmitting
reflectors of the optical resonator, the longitudinal
section of which is schematically represented in Fig.
1.        Fig. 3 is a schematic illustration of the
longitudinal section of the proposed diode laser with
nontransmitting reflectors of the optical resonator
differing from the diode laser schematically
represented in Fig. 1 in that the output facet with an
antireflection coating is placed from the external
surface of the heterostructure to the heterostructure
base.        Fig. 4 is a schematic illustration of the
longitudinal section of the proposed integrated diode
laser in the form of two lasers integrally connected
along the axis, in said integrated diode laser two
optical resonators are placed serially along the axis,
the reflectors of said optical resonators have a high
reflection coefficient and contain two active regions
with flowing current.        Fig. 5 is a schematic
illustration of the top view of the integrated diode
laser, the longitudinal section of which is
schematically represented in Fig. 4.        Fig. 6 is
a schematic illustration of the top view of the
integrated diode laser, the longitudinal section of
which is schematically represented in Fig. 4, in said
integrated diode laser part of the active region
adjacent to the output optical facet with an
antireflection coating is made widenable. Fig. 7 is a
schematic illustration of the top view of the proposed
ISOA including the  II 



MDL and the SAE, in said ISOA part of the
amplification region of the SAE neighboring the master
diode laser has a width approximately equal to the
width of the stripe active region of the master laser,
and part of the amplification region of the SAE
adjacent to the output optical facet with an
antireflection coating is made widenable.        Fig.
8 is a schematic illustration of the top view of the
proposed ISOA that differs from the ISOA schematically
represented in Fig. 7 in that the master diode laser
is integrally connected with two SAE along the axis in
two opposite directions. Detailed Description of
Preferred Embodiments        Hereinafter the invention
is explained by the description of concrete
embodiments with references to the enclosed drawings.
The given examples of the embodiments of the diode
laser, the integrated diode laser, and the integrated
semiconductor optical amplifier are not the only ones
and assume the availability of other realizations,
including the known wavelength ranges, the features of
which are reflected in the sum of the distinctions
according to the claim.        The proposed diode
laser 1 with the nontransmitting optical resonator
(NOR-DL) (see Figs. 1-2) contains on the substrate 2
of the n-type GaAs a laser heterostructure based on
InAlGaAs compounds with one active layer 3 of InGaAs.
The length of the optical resonator is 4 mm. Between
the active layer 3 and the confining layer 4 (on the
side of the substrate) a leak-in region containing the
leak-in layer 5 and the adjusting layer 6 is placed.
On the opposite side to the active layer the adjusting
layer 7 is adjacent, to which the confining layer 8 is
adjacent. Then to the confining layer 8 the
semiconductor contact layer 9 is adjacent.
Metallization layers are not shown in the figures. In
fact, the set of all heterostructure layers located
between the confining layers 4 and 8 forms a waveguide
region of the DL with an unusually large thickness
that is determined by the thickness of the leak-in
layer 5. Characteristic is the fact that the thickness
of the leak-in layer 5 can have sizes approximately
from 2 pm to 10 pm and more, and the thicknesses of
the adjusting layers 6 and 7 can be approximately from
0.1 pm to 1.0 pm. The value of the ratio of the
effective refractive index net of the heterostructure
to the refractive index nir., of the leak-in layer is
determining. The calculated neff/niN at current
densities of 0.1 kA/cm2 and 10 kA/cm2 were
respectively 1.000001 and 0.999854. The laser
wavelength was chosen equal to 0.976 pm and was
determined by the composition and thickness of the
active layer 3. The reflector of the optical resonator
of the Laser 1 located on the side of emission output
was made by etching a corresponding notch on the
external surface of the heterostructure. On the
optical facet 10 of height about 2 pm produced in the
notch (said optical facet being adjacent to the
heterostructure layers 6, 3, 7, 8, and 9) the  I 2
reflective coatings 11 with a reflection coefficient
R1 of 99% were deposited. For laser emission output,
on the cleaved optical facet 12 the antireflection
coating 13 with a reflection coefficient R2 less than
0.01% was deposited. On the side opposite to the side
of emission output throughout the cleaved optical
facet 14 the reflective coatings 15 with a reflection
coefficient RI of 99% were deposited. The active
regions 16 with flowing current are made as stripe
regions with a stripe width of 100 pm. The lateral
optical confinement of laser emission in the active
region 16 with flowing current is realized by the
confinement regions 17 made as stripe grooves filled
with a dielectric and placed at a distance of 3 pm
from the lateral sides of the active region 16 with
flowing current. Let us note that the bottom of the
dielectric confinement regions 17 is located below the
active layer 3 of the heterostructure. For a chosen
thickness of the leak-in layer 5 of 8.0 pm the
threshold current density of this NOR-DL embodiment
was 120 A/cm2, the multimode laser emission power was
15 W, the differential efficiency was 85%. The angle
of divergence in the vertical plane was 7.0, in the
horizontal - 4.0. 



The following embodiment of the diode laser 1 (NOR-DL)
(see Fig. 3) differed from the previous one in that in
this embodiment for laser emission output the cleaved
facet 12 with the deposited antireflection coating 13
was placed outside the notch to a distance of 25 pm.
The parameters of this NOR-DL embodiment were similar
to the parameters of the previous embodiment.       It
should be noted that an embodiment of the diode laser
1 is possible, in which, in distinction to the
embodiment presented in Figs. 1-2, the lateral optical
confinement of laser emission in the active region 16
is realized by the confinement regions 17, the bottom
of which is located above the active layer 3 of the
heterostructure, for example, by 0.2 pm. The maximum
output power of this embodiment does not exceed 5W.
The proposed integrally connected IDL 30 (see Figs.
4-5) contains along the optical axis of laser emission
propagation two integrally connected diode lasers
based on the same heterostructure as the NOR-DL. The
first diode laser 31 includes the optical resonator of
length 1.0 mm with the nontransmitting reflectors 32
and 33 and the stripe active region 34 of width 100
pm, the second diode laser 35 includes the optical
resonator of length 5.0 mm with the nontransmitting
reflectors 36 and 37 and the stripe active region 38
of width 100 pm. Laser emission output is carried out
through the antireflection facet 39 with the
dielectric coating 40. The threshold current density
of this IDL embodiment was 90 A/cm2, the laser output
power increased to 25 W, the differential efficiency
and the angles of divergence were the same as in the
previous embodiments.       The following embodiment
of the I DL 30 differed from the previous one in that
this embodiment was made as a lattice of (twenty) IDL
30 located in parallel. The output power of such a
lattice is 500W.  13        The following embodiment
of the IDL 30 (see Fig. 6) differed from the previous
one in that in this embodiment the width of the active
region 34 of the first diode laser 31 was 10 pm, and
the configuration of the active region of the second
diode (output) laser 35 consisted of two parts. The
width of the active region (1.0 pm in length) in its
first part 41 was 10 pm, and the second part 42 of the
active region (4.0 pm in length) was made widenable
with an angle of widening of 7' which results in a
width of the output laser emission aperture of 490 pm.
This embodiment generates single-mode laser emission
of 5 W power with the following diffraction angles of
divergence: in the vertical plane 8, in the horizontal
plane 0.20. The differential efficiency of laser
emission is within 75...90%.        The following
embodiment of the IDL 30 differed from the embodiment
presented in Fig. 6 in that this embodiment was made
as a lattice of (twenty) IDL 30 located in parallel
with an output power of 100W. 



The proposed integrally connected ISOA 50 (see Fig. 7)
contains along the optical axis of laser emission
propagation, integrally connected, the master diode
laser 51 (MDL) with a length of the optical resonator
of 1.0 mm and the semiconductor amplifying element 52
(SAE) with a length of the amplification region of 5.0
mm. The MDL 51 includes the optical resonator of
length 1.0 mm with the nontransmitting reflectors 53
and 54 and the stripe active region 55 of width 10 pm.
The SAE includes two parts of the amplification
region, 56 and 57. The first part 56 of the
amplification region is made with the same length and
width as the active region 55 in the MDL 51. The
second part 57 of the amplification region of length
5.0 mm is made widenable with an angle of widening of
7' which results in a width of the output laser
emission aperture about 600 pm. On the output optical
facet 58 of the amplification region the
antireflection dielectric coating 59 with a reflection
coefficient less than 0.01% is deposited. The profile
of the notch 60 at the boundary with the first part 56
of the amplification region plays the role of a
stabilizing element. The given ISOA makes it possible
to obtain single-mode laser emission of a power up to
10 W with high quality of emission. The diffraction
angle of emission divergence is 8' in the vertical
plane and 0.14 in the horizontal plane. The
differential efficiency of laser emission is within
80...90%.        The following embodiment of the ISOA
50 (see Fig. 8) differed from the previous one in that
in this embodiment in opposite directions along the
axis to one MDL 51 on each side one SAE 52 was
integrally connected. This ISOA emits in two opposite
directions with parameters of emission similar to the
parameters of the previous embodiment.        The
following embodiment of the ISOA 50 differed from the
embodiment presented in Fig. 8 in that this embodiment
was made as a lattice of (seventeen) ISOA 50 located
in parallel with a total output power of 340 W.  14
Industrial applicability        Semiconductor sources
of laser emission: diode lasers (DL) as well as
integrated diode lasers (IDL) and integrated
semiconductor optical amplifiers (ISOA) are used in
fiberoptic communication and data transmission
systems, in optical superhigh-speed computing and
switching systems, in development of laser industrial
equipment, medical equipment, for realization of
frequency-doubled lasers, and for pumping solid-state
and fiber lasers and amplifiers.  



CLAIMS         1. A diode laser including a
heterostructure based on semiconductor compounds, said
heterostructure containing at least one active layer:
at least two confining layers, an emission leak-in
region, said leak-in region being transparent for
emission, said leak-in region containing at least a
leak-in layer and being placed between the active
layer and a corresponding confining layer, at least on
one side of the active layer, said diode laser
including also an active region with current flowing
in operation of the diode laser, optical facets,
reflectors, an optical resonator, an ohmic contact,
wherein said heterostructure being additionally
characterized by the ratio of the effective refractive
index nen of the heterostructure to the refractive
index niN of the leak-in layer, namely, the ratio of
no to niN being determined from the range from one
plus delta to one minus gamma, where delta and gamma
being determined by a number much lesser than one and
gamma being more than delta, besides, at a specified
distance from both lateral sides of the active region
with flowing current emission confinement regions
being located and penetrating from the external layer
into the heterostructure at least to the active layer
and further deep into the heterostructure, on the side
of emission output on an optical facet there is an
antireflection coating with a laser emission
reflection coefficient near zero, and on the same side
of emission output an optical resonator reflector with
a laser emission reflection coefficient near one being
formed, said reflector being adjacent to the active
layer and to semiconductor layers of the
heterostructure located on both sides of the active
layer, the total thickness of said semiconductor
layers being at least in the range from (A/4no) pm to
(4 Ainefj) pm, where A is the free-space laser
wavelength.         2. The diode laser as defined in
claim 1 wherein delta is near zero.         3. The
diode laser as defined in claim 1 wherein said
reflector formed on the side of emission output is
placed from the external layer of the heterostructure
approximately to the leak-in layer included in the
leak-in region located on the side of the substrate.
4. The diode laser as defined in claim 1 wherein on
the side of emission output there is an antireflection
coating on an optical facet either throughout the
heterostructure thickness or on part of the
heterostructure thickness that remained after
deposition of a reflective coating.         5. The
diode laser as defined in claim 1 wherein on the side
opposite to the side of emission output the height of
the optical resonator reflector with a laser emission
reflection coefficient near one is equal to the
heterastructure thickness.         6. The diode laser
as defined in claim 1 wherein said emission
confinement regions are placed at a specified distance
from the lateral sides of the active region with
flowing current, and the refractive indices of the
confinement regions are chosen less  



16 than the effective refractive index neff of the
heterostructure.         7. The diode laser as defined
in claim 1 wherein said confinement regions are placed
up to the confining layer of the heterostructure on
the side of the substrate.         8. An integrated
diode laser made of the same heterostructure based on
semiconductor compounds, said heterostructure
containing at least one active layer, at least two
confining layers, an emission leak-in region, said
leak-in region being transparent for emission, said
leak-in region containing at least a leak-in layer and
being placed between the active layer and a
corresponding confining layer, at least on one side of
the active layer, said integrated diode laser
including also at least two optical resonators and at
least two active regions with current flowing in
operation of the integrated diode laser located along
the same axis, optical facets, reflectors, and an
ohmic contact, said heterostructure being
characterized by the ratio of the effective refractive
index neff of the heterostructure to the refractive
index riIN of the leak-in layer, namely, the ratio of
neff to RN being determined from the range from one
plus delta to one minus gamma, where delta and gamma
being determined by a number much lesser than one and
gamma being more than delta, besides, at a specified
distance from both lateral sides of the active region
with flowing current emission confinement regions
being located and penetrating from the external layer
into the heterostructure at least to the active layer
and further deep into the heterostructure, on the side
of emission output on an optical facet there is an
antireflection coating with a laser emission
reflection coefficient near zero, each optical
resonator being confined by reflectors having laser
emission reflection coefficients near one and being
adjacent to the active layer and to semiconductor
layers of the heterostructure located on both sides of
the active layer, the total thickness of said
semiconductor layers being at least in the range from
(A/4neff) pm to (4 Airier) pm, where A is the
free-space laser wavelength.         9. The integrated
diode laser as defined in claim 8 wherein on the side
of emission output at least one active region with
flowing current, at least its part, is made widenable
at a corresponding angle.         10. The integrated
diode laser as defined in claim 9 wherein the initial
part of the length of the widenable active region that
is placed on the side opposite to the side of emission
output is made with a width equal to the width of the
previous active region in the previous diode laser.
11. The integrated diode laser as defined in claim 9
wherein for said widenable active region with flowing
current the reflector with a high laser emission
reflection coefficient is made with a width
approximately equal to the width of the initial part
of the widenable active region.         12. The
integrated diode laser as defined in claim 8 wherein
at least two active 



1'7 regions of the integrated diode laser have
independent ohmic contacts.          13. An integrated
semiconductor optical amplifier including a master
diode laser and a semiconductor amplifying element
integrally connected, placed along the same axis and
made of the same semiconductor heterostructure, said
heterostructure containing at least one active layer,
at least two confining layers, a region transparent
for emission as well as said integrated semiconductor
optical amplifier including optical facets, ohmic
contacts, besides, the master diode laser including an
active region with current flowing in operation of the
master diode laser, emission confinement regions from
both lateral sides of said active region, an optical
resonator and its reflectors, and the semiconductor
amplifying element including at least one
amplification region (with current flowing in
operation of the semiconductor amplifying element)
with an antireflection coating on an output optical
facet, wherein said heterostructure being additionally
characterized by the ratio of the effective refractive
index neft of the heterostructure to the refractive
index nit,' of the leak-in layer, namely, the ratio of
nett to RN, being determined from the range from one
plus delta to one minus gamma, where delta and gamma
being determined by a number much lesser than one and
gamma being more than delta, the region transparent
for emission and being a leak-in region having at
least a leak-in layer and being placed between the
active layer and a corresponding confining layer, at
least on one side of the active layer, besides, at a
specified distance from both lateral sides of the
active region with flowing current of the master diode
laser emission confinement regions being located and
penetrating from the external layer into the
heterostructure at least to the active layer and
further deep into the heterostructure, said optical
resonator being confined by reflectors with a laser
emission reflection coefficient near one, the master
diode laser reflector contiguous with the active
amplification region of the semiconductor amplifying
element being made adjacent to the active layer and to
semiconductor layers of the heterostructure located on
both sides of the active layer, the total thickness of
said semiconductor layers being at least in the range
from (bane) pm to (4 Amen) pm, where A is the
free-space laser wavelength, and the antireflecfion
coating on the output optical facet of the
semiconductor amplifying element being made with a
reflection coefficient near zero.          14. The
integrated semiconductor optical amplifier as defined
in claim 13 wherein at least one amplification region
with flowing current is made widenable at a
corresponding angle.          15. The integrated
semiconductor optical amplifier as defined in claim 14
wherein the initial part of the length of the
widenable amplification region with flowing current is
made with a width close to the width of the previous
active region of the master diode laser.  I8 



16. The integrated semiconductor optical amplifier as
defined in claim 13 wherein said active region and
said amplification region have independent ohmic
contacts. 




