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VERTICALLY EMITTING LASER AND METHOD OF MAKING THE SAME

FIELD OF THE INVENTION
This invention relates to vertically emxthng lasers or other types-of vertically

emitting optical devices such as.optical waveguides or the like and, more specifically, to
vertically emitting semiconductor lasers or diode lasers that are specially constructed
having an internally reflective wall surface that is formed during the process of making
the different layers forming the laser, thereby improving both the manufacturing
efficiency of making the laser, and the quality of the resulting laser.

BACKGROUND OF THE INVENTION
Semiconductor lasers, or diode lasers, are known in-the art, and are constructed

for use in a variety of different types-of applications. Forexample, semiconductor lasers

can be used for applications including laser pumping, defense, material processing,

medical, scientific, printing and'fiber optic commuiication systems. Semiconductor
lasers or diode lasers are specially constructed to emit:a desired wavelength laser beam
having a desired power output tailored for use.in the particular end-use -'appiicaﬁdn.
Diode lasers can be:configured:to cmit the desired wavelength laser beam from-either a.
side edge of the diode die, i.c., be an edge-emitting laser, or from a top or bsttom sur.face‘
of the die, i.e., be.a surface- or substrate-emitting laser, depending on the particular diode
laser configuration:.

Edge emitting diode lasers known in the art are constructed by first epitaxially
depositing the different desired layers of materials upon-a crystalline substrate to form a
walfer, and subsequently cleaving or cutting this wafer into.individual chips or linear
arTays (conirnonly referred to as “bars™). Because the chips and bars typically generate
laser beams that propagates parallel to the plane of the wafer, surfaces on the chip or bar
that are perpendicular to the wafer plane (“facets”) must be fabricated to provide exit
windows for the beam. An additional function of these facets is to create reflective
surfaces that form the laser resonant cavity. ‘Suitable coatings are often applied to these
facets to modify the reflectivity 2s may be required for optimum laser performance.
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Because edge emitting diodes emit the beam from the edge of the semiconductive
die, each die must be individually cut from the wafer, cleaved, and then coated as noted
above before beingtestedi The need. to test each individual diode laser at the die level,
rather than being able to test multiple diode lasers at a-wafer level, adversely impacts the
manufacturing efficiency and cost associated with making such conventional edge
emitting diode lasers. '

An additional limitation arises because the output of each laser bar is very limited
(typically to several tens of Watts). If laser beams of higher power are required (as, for
example, is typically the case for high power industrial or military lasers) it is necessary
to individually cool and collimate a plurality of bars, and then combine their beams with
external optical or mechanical means. A representative arrangement may involve
mechanically stacking 10 or 20 laser bars, each bar being mourted on its own micro-
channel water:cooled heat sink, and each bar provided with its own collimation lens, in
order to create a two-dimensional (row and column) array of laser diode emitters. This
configuration is costly and difficult to fabricate because of the large number of lenses,
coolers and bars. Becansé'the bars are mounted on separate coolers; their beams are not:
intrinsically collinear, and it is necessaryto co-align each of them separately. Finally,
micro-channel coolers are-subject to corrosion-related failure modes including clogging
and leaking, which sharply limit the reliable lifetime of these afrays.

For these reasons, use of such edge emitting lasers known in the art is limited to
certain end-use applications, e.g., those not calling fora strong or powerful laser beam
and/or those where laser assembly; packaging, size, weight, and/or the cost associated
with the same is not-a concern, making edge emitting diode lasers unsuited for many
important applicaticns calling for high power laser beam output.
| . Surface emitting diode lasers known in the art are specially configured to
facilitate emission of a desired laser beam vertically away from a top or bottom surface of
the diode rather than from an edge. Such surface emitting diode Jasers known in the art
include Vertical Cavity Surface Emitting Lasers (VCSELs) and grating surface emitters.
A feature of such knovn.surface emitting diode lasers, such as VCSELSs is that they can
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be formed and tested in wafer form, thereby improving manufacturing efficiency and
thereby reducing manufacturing costs.

Howe\;ér, to date, conventional surface emitting diode lasers have not been
practical for use in making high power arrays due to issues such as thermal/electrical -
impedance, and modal instabilities. Accordingly, surface emitting diode lasers known in
the literature emit a relatively low power laser beam that has limited their use to low

4

power laser beam applications, making them unsuited for 'applicationscalling-for high
power laser beam output.

Attempts have been made to form a diode laser construction comprising an edge
emitting diode laser that has been configured to permit the laser beam produced therein to
emit from a top surface of the diode via use of an integrated mirror or mirrors. In one
such example, a plane laser has been coupled to a monolithically-integrated dry etched or
ion-milled 45 degree turning mirror. However, such mirrors tend to be optically rough,
nonplanar, and inaccurately aligned, thereby impairing the ability to provide a highly
focused or collimated laser beam therefrom. Further, the dry etching process is also
inherently damaging to:the front facet of the semiconductor material, and therefore can
significantly reduce the reliability of these devices

Other techniques that have been employed for the purpose of forming such
integrated mirror or mitrors for use with diode lasers include wet etching. However,
because of the different materials present in the different layers forming the diode laser
construction, it has been found that the wet etching solution does not always produce an
optically smooth surface along the diﬂ'erentlayers_, which smooth surface is again nce&ed
for use in laser beam reflection.

Accordingly, to date thiere exists a need for a diode laser construction that is
capable of providing a desired high power laser beam output within a desired wavelength,

‘having a relatively low thermal and electrical impedance, and capable of being provided

in the form of a relatively small, compact, and/or lightweight construction.
It is, therefore, desired that.a semiconductor or diode laser construction be
provided in a manner that facilitates surface or vertical laser beam emission in 2 manner

that is practical and cost effective from a manufacturing perspective. It is desired that
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such diode laser construction have good optical properties that facilitate its use ina
number of different applications, wherein the diode laser can be used alone or with other -
such diode lasers provided for example in the form of an array. It'is further desired that
such diode laser construction be:capable of providin‘g a relatively high power laser beam
output to facilitate use in end-use applications calling for the same. It is still further
desired that such diode laser construction be configured in a manner that provides the
above-desired high power laser output laser while also having a relatively compact

construction.

SUMMARY OF THE INVENTION

Semiconductor or diode laser constructions, prepared according to principles of
the invention comprise a substrate, preferably one that is formed from a ITI-V- compound.
A number of material layers are disposed ‘onto the substrate, and these layers include a P-
type material layer, and an N-type material layer. The material layers can additionally
include a gain or active layer interposed between the P-type material layer and the N-type:
material layer. A diffraction grating feedback layer can be included and positioned
parallel to the gain or active layer. ‘The diffraction. graﬁng.feedback layer can include a
corrugated section that extends entirely or partially therealongto provide a desired laser
beam frequency of oscillation. '

The material layers are preferably formed by the epitaxial growth of multiple
semiconductor layers oriented parallel to. the plane of the substrate. As these layers grow
in-a direction perpendicular to the substrate plane,a wall'surface common to the material
layers is also formed and provides an internally reflective surface that operates to reflect a
laser beam produced by the diode laser construction in a desired direction. In an example:
embodiment, the internally reflective wall surface is oriented during the process of it
being formed in a manner that operates to reflect the laser beam produced within the
diode laser and initially projecting parallel to the substrate plane outwardly and away
from a top or bottom surface of the diode laser construction.

When the diode laser construction is configured in the form of a surface emitting
diode laser, the material layers and internally reflective wall surface are constructed and
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oriented in a manner that causes the laser beam produced therein to be reflected through
one or more material layers and out of a top surface of the diode laser construction ’
formed from one of the materidl layers.

When the diode laser construction is configured in the fofm of a substrate
emitting diode laser, the material layers and internally reflective wall surface are
constructed and oriented in-a-manner that causes the laser beam produced therein to be
reflected through one or more material layers and the substrate, and ouit of a bottom
surface-of substrate.

In an example embodimeént, the internally réflective wall surface is oriented atan
angle that will cause the laser beam to exit the diode laser at an angle of approximately
90 degrees relative to the top or bottom surface of the.diode laser =constzucﬁon. This can.

. 'be achieved by orienting the internally reflective-wall surface at.an angle of

approximately 45 degrees relative to the direction.of the laser beam produced within the
construction. In.an:example embodiment; such desired 45-’degree, orientation can be
achieved by epitaxial growth of the material layer when the substrate is vicinally oriented

-at an angle of approximately 9.7 degrees from.a (100) orientation..

Diode laser constructions configured-and formed in this manner facilitate surface
or veitical laser beam emission in'a manner that avoids the need to cleave,.coat, test and

perform other costly and/or time-consuming processes at chip or bar leyel, and instead

-allows them to be performed at wafer level at much lower cost. Thus, diode laser

constructions-of this invention are practical ‘and cost efféctive from a manufacturing

perspective when compared to:conventional surface or vertical emitting diode lasers.

Diode laser constructions of this invention have good optical properties that facilitate
their use alone or in-‘combination with:other diode lasers inan array. Further, such diode
laser constructions are capable of providing a relatively high power laser beam output to
facilitate use‘in.applit:atibns’_calling for the same. Still further, such diode laser
constructions.provide a high power laser output laser while also having a relatively

compact construction.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side perspective view of an example embodiment semiconductor laser

4

constructed in accordance with principles of this invention;

FIG. 2 is a cross-sectional side view of one example embodiment semiconductor
laser constructed-in accordance with principles of this invention;

FIG. 3 is a cross-sectional side vide of a second example. embodiment
semiconductor laser constructed in accordance with principles of this invention;

FIGS: 4A to 4C illustrates an example embodiment semiconductor laser
constructed in accordance with principles.of this invention at different stages of
construction;

"FIGS. 5A to 5C illustrates another example-embodiment semiconductor laser
constructed in accordance with princfples of this invention at'different stages.of
construction; and

FIG. 6 illustrates a perspective view of an-array of semiconductor lasers

constructed in accordance with principles of this invention.
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DETAILED DESCRIPTION
‘Semiconductor lasers or diode lasers of this invention are specially formed t:aving
an internally reflective wall surface that is positioned within the structure of the
semiconductor construction to facilitate the emission of a laser beam provided within the
construction in‘a direction that is outwardly away from a top or bottom surface of the
diode laser. As discussed in greater detail below, the internally reflective wall can be

provided at a particular angle to produce a particular desired angle of emission from a top

or bottom surface-of the diode laser. In'an example embodiment, the diode laser is

formned by epitaxial deposition, and the internally reflective wall is formed during such

process by the crystallographic'selective growth properties of the materials used to form
the diode laser.
Because the intemally reflective wall is formed in situ during the process of

depositing the material layers used to make the diode laser, the need to subsequently form

such reflective surface by ion milling, dry or wet etching;, or other such technique, and
perhaps requiring further processing to smo6then and/brpo’iis"h the just-formed 'wall,-are

all avoided. The process of forming the internal wall by selective deposition as described

in greater detail below is one:that produces a wall surface that is both:accurately located

and oriented and that has the desired optical smoothness without the need for subsequent:
polishing. )

‘The internally reflective wall surface is positioned within the semiconductor
construction in'a manner that operates to direct radiation produced within the-diode laser
outwardly from a top or bottom surface of the diode laser. Diode lasers of this invention.

‘generally include a gain layer and a diffraction grating feedback layer located within a
semiconductive die. If desired, the diffraction grating feedback layer can be optional,
‘€.g., it.can be replaced by using a suitable reflective surface formed at an end of diode

laser construction. In an example embodiment, the gain and feedback layers are
positioned and constructed in a manner that.operates to generate a-laser beam that travels
within an active layer of the semiconductor structure, and that runs generally parallel to

‘the top or bottom surface of the die:
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The internally refléctive wall surface formed in the semiconductor construction is
specially configured and oriented in a manner that is calculated to reflect the laser beam
that is produced within the diode so.that it emits outwardly from a top or bottom surface
of the:die. The angle of laser beam emission from the top or'bottom surface can vary

5  depending on the particular end-use application, in an example embodiment the laser
beam emits at an angle of approximately 90 degrees relative to the surface. The angle of
laser beam emission from the diode laser surface is controlled by the orientation of the
internally reflective wall surface, As discussed below, in the example embodiment where
the laser beam emits at a 90 degree angle, or emits perpendicular to‘the diode laser

10  surface, the internally reflective wall surface is positioned at an angle of approximately
45, degrees relative to the direction of the laser beam produced within the diode laser.

In.an example embodiment, the internally reflective wall surface is formed in situ
during the process of making the semiconductor construction by selectively.growing the
different layers used to make the construction on a specially oriented semiconductor

15  substrate, e.g.; a vicinally otiented III-V semiconductor substrate, so that the internally
reflective wall surface extends along a desired plane, e.g., the'(111)B crystalline plane,
of the semiconductor die.

FIG. 1 illustrates an embodiment of the diode laser construction prepared
according to principles of this invention, and generally depicts how a laser beam that'is

20  produced internally within the diode laser proceeds through the construction to be emitted.
from a top surface. The example embodiment diode laser illustrated in FIGS. 1 and 2
include an internally reflective wall that is oriented to promote emission of the laser beam
from a'top surface of the construction. Although not illustrated in FIG. 1, itis to be
understood that diode lasers of this invenition'can be configured having the internally

25 ré:ﬂect"iv,e‘ wall surface oriented differently than that illustrated herein in an obvious
fashion to facilitate emission of the laser beam through the substrate and outwardly from
a bottom surface of the diode laser construction if so desired.

Accordingly, diode laser of this invention can be configured to be surface
emitting diode lasers, wherein the laserbeam is directed from the internally reflective

30  wall surface through a few layers and out a surface, e.g., a top surface, of the diode laser
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(as illustrated in FIGS. 1 and 2), or can be configured to be substrate emitting diode
lasers, wherein the laser beam is directed from the internally reflective wall surface”
through the suBstrate and out of'a surface, e.g,, a bottom surface, of the diode laser (as
illustrated in FIG. 3) .

Suitable materials useful as substrates.for. forming diode lasers of this invention
can include:those conventionally used to form semiconductor constructions. When used
in forming substrate emitting diode lasers, in the event that the substrate is opaque or
otherwise nontransparent to the laser light produced by the construction, a portion of
substrate material interposed between the internally reflective wall surface and the
emitting surface of the diode laser can be removed, e. g., by chemical process and/or other
processes well known in the art, to thereby facilitate the passage of the reflected laser
beam therethrough and outwardly from the diode laser surface.

It is to be understood that any reference made in this application to a "surface", of
the diode laser from which a laser beam is emitted, is understood to include the fop -
surface or the bottom surface of the diode laser construction, depending on the particular
diode laser configuration, i.e., whether it is a surface emitting laser or.a substrate emitting
laser.

FIG. 1.illustrates in schematic form an éxample semiconductorlaser or diode
laser 10.constructed and prepared according to the principles of this invention. The:
semiconductor laser 10 is constructed in the form of a semiconductive die 12 that
typically includes an amplifying optical waveguide or a laser stripe 14 (which may also
be referred to as-a laser strip) extending a distance along the construction and oriented
running generally parallel to a top surface of the construction. The laser stripe 14 is
configured having a width, depth and length within the diode laser structure that can and
will vary depending on such factors as the particular construction and/or materials of the
different elements used to form the same, and on the particular end-use lasér applicaﬁbn.
In an example embodiment, the laser stripe-14 is specially configured to both generaie a
laser beam 18 having a desired wavelength therein,.and direct the laser bearn 18 in a
desired direction within the die 12.. The laser stripe can be of any standard design, for
example, a buried heterostructure stripe or a ridge waveguide stripe as well known in the
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art. The laser strip ¢an be a single-mode laser stripe, such as a master oscillator power
amplifier laser stripe. ’

While the device illustrated in FIG. 1.is a diode laser, it is to be understood that
surface or substrate emitting constructions made according to the principles of this
invention can be any type of diode lasér and/or optical amplifier construction, and/or any
type of nonamplified optical device construction suchas an optical modulator, and/or any
type of non-laser optoelectronic device such as detectors and modulators that use beam
deflectors.

In the embodiment of FIG. 1, the laser stripe 14 is configured to direct the laser
beam towards a region of the die 12 where a reflective element 16 of the diode laser
structure is positioned. The location of the reflective element 16 relative to the die is
understood to vary depending on the particular device construction and/or on its end-use
application.

In the example embodiment illustrated. in FIG. 1, the reflective element 16 is
specially configured and/or oriented within the diode laser structure to cause the laser
beam 18 to be internally reflected within;the structure so-that the reflected beam 18 emits
from a top surface 22 of the die 12. As noted above, the reflective element can be '
configured and/or oriented other than that illustrated in FIG. 1, e.g., to facilitate reflecting
the laser beam through the substrate material such that it emits from a bottom surface of
the die. A feature of diode laser constructions prepared according to principles of this

‘invention is that the reflective element 16 is provided in the form of an internally

reflective wall surface that itself is made during the process of forming the diode laser

‘structure.

FIG. 2 is a cross-sectional view of-an example embodiment surface emitting diode
laser 10, constructed in accordance with the principles of this invention, illustrating the
different elements and/or layers-used for making the diode laser construction. In this
example, the die 12.includes a gain or active layer 24 ﬁaﬁng-a‘desked width and
thickness, and that extends a desired length within the structure. The gain layer runs
parallel with an axis of the laser stripe (shown in FIG. 1).
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The gain layer 24 can be formed from materials selected from the group including
but not limited to Indium (In), Gallium (Ga), Arsenic (As), Phosphorus (P), Aluminum
(Al), and combinations thereof such as InGaAs, InGaAsP, InGaAlAs, and the like. The
gain layer can comprise a single layer or-multiple layers of materials. In an example

5  embodiment, the'gain layer 24 can be:formed from multiple "quantum-wall” sublayers
separated by "quantum barriers" with a typical thickness on the order of about 10
nanometers.

In an example embodiment, the gain layer 24 is interposed between a P-type
cladding layer 30 and an N-type cladding layer 31 to provide the optical gain required for

10  oscillation, wherein'the N-type-cladding layer-31 is déposed on.a substrate 32. The P-
type cladding layer 30 can be formed from those material used to form P-type cladding
layers in conventional diode laser constructions. Example materials useful for forming
the P-type cladding layer include but are not limited to- AlGaAs-doped with Zinc (Zn) and
might typically have a thickness of about 2 micrometers.

15 ‘The N-type cladding layer:31 can be formed ffom those material used to form N-
type cladding layers in conventional diode laser-constructions, and for example can be of
similar construction as the P-type cladding layer but doped with Silicon instead of Zn. In
this example embodiment the substrate 32 is. an N-type '.substra.te formed from the same
types of material used to form N-type substrates in conventional diode laser

20  constructions, and for example can be formed from the same type of material used to
form the N-type ‘cladding layer 31.. .

A diffraction grating feedback layer 26 is interposed between and nimns parallel to
the P-type cladding layer 30 and a spacer layer28. The spacer layer 28 is typically of
similar composition to that of the P-type cladding layer 30, and in an cx‘amﬁle

25 embodiment is approximately 100 nanometers thick. -The spacer layer'is useful for
providing a distance from the gain layer 24 to help protect the gain layer from any
unwanted effects that may occur during the process of forming the diffraction grating
feedback layer 26. The diffraction grating feedback: layer 26 can be positioned above or.
below the gain layer 24 depending on the particular diode laser construction, and in this

30 example.embodiment is positioned above the gain layer 24.



WO 2008/103679 PCT/US2008/054324

10

15

20

25

30

67156-5001
-12-

In-an example embodiment; the diffraction grating feedback layer 26 isfonnfd
from a semiconductor alloy having arefractive index that i different from that of the P-
type cladding layer 30. In this example, the diffraction grating feedback layer 26 is
corrugated with a period satisfying the Bragg condition for the desired frequency of
oscillation.

In an example embodiment, the diffraction grating feedback layer can be formed
from AlGaAs having a higher Ga'to Al ratio thén the cladding layers, and typically has a
thickness of about 30.nanometers.. The:diffraction grating feedback layer.can have a-
corrugation period typically from between about 100 to 400 nanometers, wherein the
corrugation period can be constant or variable with one or more phase shifts, e.g.,
providing a phase shifted grating which may be desired to-achieve and/or improve the
spectral characteristics.

The diffraction grating feedback layer 26 may extend along an entire or only a
partial length of the diode laser structure depending on the particular diode laser
construction and end-use application. If the diffraction grating feedback layer 26 extends
along a partial length of the diode laser structure, its length and placement position
relative to the otherlayers-above and below the diffraction grating feedback layer 2615
understood to vary.depending on the diode laser construction and end-use application,
e:g., it can be positioned towards a rear patt or a front part of the diode laser construction.
Additionally, the corrugated portion of the diffraction layer may extend over the entire.
length or along only a partial length of the diffraction grating:feedback layer depending
on the particular diode laser structure and/or its end-use application.

1In an example embodiment; the diffraction grating feedback layer 26 extends a
along an entire length of the diode laser structure, and includes a corrugated section that
e;c_tends;partiallyalongfi'ts length and that is positioned towards a back or rear portion of
the-diode laser structure. away from the internally reflective surface or element 16. ‘

While the diode laser of this example embodiment has been described as having a
diffraction ‘grating feedback layer in the form of a separate material layer within the diode
laset construction, it is to be understood that diode lasers of this invention can include a
diffraction grating that not provided in the form of a separate layer. Insuch alternative
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embodiment, the function of the diffraction grating can be provided from the active or
gain layer, i.¢., be a-gain grating, wherein the active or gain layer itselfis corrugate& by
appropriate foﬁnihgtechnique to produce the desired diffraction grating function.

Further, while the example embodiment illustrated in FIG. 2 illustrates use of a
diffraction grating feedback layer 26, diode lasers.of this invention can be made without a
grating layer altogether by utilizing the Freshel refraction from the rear edge portion of
the diode laser and a reflection from either the emitting surface of the diode:or from-an
interface refraction within the dicde to form a F,abryePerot resonator.

Referring still to'FIG. 2, the diode laser 10.includes electrical contacts 34 that
may be located at both the top surface 22 and a bottom surface 36 of the.die 12. The
electrical contacts 34 are connected to a source of electrical power (not shown) that
induces-a migration of holes and electrons from the layefs 28, 30 and 31 to the active
layer 24. Theholes and electrons recombine and emit photons.

The reflective element 16 disposed within the diode laser structure includes an
internally reflective surface 38 that is specifically oriented and positioned to reflect the
laser beam produced within the diode laser and pass‘it upwardly through the layers
positioned between the active layer:24 and the top surface 22, e.g., the spacerlayer?S
and the P-type cladding layer 30 in a-desired direction outwardly from the top surface. In
an example embodiment, the laser beam exits the top surface 22 via an exit facet 40 or
the like, which can simply be a surface of the P-type cladding layer 30 that is transparent
or that has been rendered transparent by appropriate treatment, and that does not include
the electrical contacts 34.

If desired, the exit facet 40.can be configured having an anti-reflection coating or
the like to ensure that no amount of the laser beam directed to'it from the internally -
reflective surface 38'is reflected back into the diode laser. ‘Alteérnatively, the exit facet 40
can be configured having a reflective coating or the like to provide some desired degree
of laser beam reflection back into the diode laser, €.g., to provide a desired degree of laser
feedback at the front end of the diode laser:

In an example embodiment, the irternally reflective wall surface 38 is formed at"
an approximate 45 degree angle relative to the direction of the laser beam produced
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within the diode laser. In-a diode laser construction where the direction of the laser I}eam
produced within the diode laser is parallel to the top surface 22, the intemnally reflective
wall surface 38 orientation of approximately 45 degrees operates to reflect the laser beam
produced within the diode laser through the surface layer at an approximate 90 degree
angle to cause the laser beam to be projected within the diode laser perpendicular to the
top surface 22 for emission therefrom. ,

While an example internally reflective wall surface 38 orientation of 45 degrees
has been disclosed to provide a laser beam emission from the surfacé 22 that is
perpendicular thereto, it is to be understood that diode lasers of this -inventio,n' can be
constructed having an internally reflective-wall.surface 38 that is oriented differently to
produce a surface emission that is not perpendicular to the diode laser surface, and that is
suited for a particular end-use-application.

The semiconductive die 12 useful for forming diode lasers can be grown on III-V
types of semiconducting substrates, such as on indium-phosphide, gallium-arsenide, or
the like. However, it is to be understood that diode lasers of this invention can be formed
on crystalline planes other than the (111)B plane if desired.

Whiile a surface emitting diode laser has been described above and illustrated in
FIGS.1and 2 'com_prisiﬁg_ an N-type substrate and differently arranged N- and P-type-
cladding layers, it is to be understood that surface emitting diode lasers prepared-in .
accordance with the principles of this invention can comprise-a P-type substrate that the
N- and P-type cladding layers substituted as necessary to produce the desired
semiconductive effect.

While the example surface emitting diode laser illustrated in FIG. 2 is shown
having a number of different layers, the number and type of layers illustrated has been
Timited for purposes of reference and clarity.. Itis, therefore, to be understood that -
surface emitting diode lasers of this invention baving material layers in addition to those

illustrated in FIG. 2 are within the scope of this invention. Additionally, it is to'be

understood that the relative dimensions and/or scale of the different material layers
shown in FIG. 2 are provided for purposes of reference. Accordingly, surface emitting
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diode lasers having material layers that are dimensioned and/or scaled differently from-
that illustrated in FIG. 2 are understood to be within the scope of this invention.

FIG. 3 illustrates a example embodimient substrate emitting diode laser 42,
constructed according to principles of this invention in the-form of a die 12, comprising
an N-type substrate 32 of desired thickness, an N-type cladding layer 31 disposed onto a
surface of the substrate, a gain or active layer 24 disposed onto the N-type cladding layer
31, a spacer layer 28 disposed onto the gain layer, a diffraction grating feedback layer 26
disposed on the spacer layer, and a P-type cladding layer 30 disposed onto the diffraction
grating feedback layer. Electrical contacts 34 are positioned along the top and bottom
surfaces 22 and 36 of the construction.

The materials-used to form the substrate:and different semiconductive layers of
this substrate emitting diode laser construction can be the same as those described above
for the same respective substrate and layers of the surface emitting diode laser
construction. Additionally, it is to be understood that the type of materials can be.
interchanged from N-type materials to P-type material to produce: the desired
semiconductive effect.

Like the surface emitting diode laser'embodimient, the substrate emitting diode
laser 42 also includes a reflective element 16 in the form.of an internally reflective wall
surface 38 that is formed in situ during the epitaxial deposition process used for forming:
the different layers on the substrate 32. The internally reflective wall surface 38 is
oriented at a desired angle relative to the path of the laser beam radiation produced with
the diode laser structure to cause the laser beam to be reflected dovwmwardly through the
underlying layers deposited on the substrate, and then through the substrate 32. The laser
beam exits the diode laser construction through a exit facet 40 of the substrate bottom
surface 36 that is not covered by the electrical contacts.34.

As briefly noted above, if the substrate 32:is opaque or is otherwise.not optically
transparent, an exit via 44.can be formed within the substrate to facilitate'passage of the
laser beam through the substrate 32 and outwardly away from the bottom surface. The
exit via 44 can be formed by conventional techniques used to form vias in substrates used.
for semiconductor fabrication, e.g., by etching process or the like.
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The angle of orientation for the internally reflective wall surface 38 can and gvill
vary depending on the particular angle of orientation desired for laser beam exiting the
bottom surface. In-a.n»vexampl'e embodiment, the intemally reflective wall surface 38 in
this substrate emitting diode laser embodiment is oriented at an approximate 45 degree
angle relative to the direction of the laser beam radiation being produced within the diode
laser structure, and at an approximate 45 degree angle relative to the bottom surface 36 of
the substrate; thereby producing a laser emission that is perpendicular to or oriented at a
90 degree-angle relative to the bottom surface 36. ’

As noted above for the surface emitting diode laser embodiment, the substrate
emitting diode laser 42 can be configured having one or more reflective layers that are
disposed or epitaxially deposited onto the substrate, e.g., at the interface surface between
the substrate and the other semiconductive layers to provide a desired degree of laser
feedback. Alternatively or in addition to using such reflective layers at the substrate
interface surface, the diode laser can be constructed having one or more reflective layers
disposed onto the exit facet 40-on the bottom surface of the substrate. Such reflective
layers can be useéd in conjunction with or to replace the diffraction grating feedback Léyer
26.

While the example substrate emitting diode laser illustrated in FIG. 3 is shown

‘having a number of different layers, the number-and type of layers illustrated has been

limited for purposes of reference and clarity. It is, therefore, to be understood that -
substrate emitting diode lasers of this invention having material layers in addition to
those illustrated in FIG. 3-are within the scope of this invention. Additionally, it is to be.
understood that the relative dimensions and/or scale of the different material layers

shown in FIG. 3 are provided for purposes of reference. Accordingly, substrate emitting

diode lasers having material layers that are dimensioned and/or scaled differently from
that illustrated in FIG. 3 are understood to be within the scope of this invention.
A feature of diode lasers as constructed and formed according to principles of this

invention is that the internally reflective surface 38 is formed during the epitaxial

deposition process that is.used to form the different layers of the of the diode laser itself.
Thus, diode lasers of this.invention have an internally reflective surface that is formed in
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situ during formation of the diode laser structure itself, rather than being formed aﬁer the
diode laser is constructed by subsequent process of cutting, cleaving, or etching. The

advantages of sich in situ process of making the internally reflective surface will be

described below.

'FIGS, 4A 10 4C illustrate a surfice emitting diode laser of this invention at
different stages of formation to help show how the internally reflective wall surfice is
made during the diode laser fabrication process: FIG. 4A illustrates an early stage of the
diode laser fabrication process 44 where one staris with a desired substrate material 32
selected from the same types of substrate materials "décn'bed above, such as a III-V-
compound substrate. In this particular embodiment, the substrate is a (100) oriexted III-
V compound substrate, and the axis of the laser strf;pe is oriented in the [01T] direction
(moving from left to right along FIGS. 4A to 4C).

A selective growth mask 46 is formed at desired locations on the top surface 47 of
the substrate 32. In an example embodiment, the mask 46 is provided in two or more.
locations to provide an unmasked substrate surface section 48 therebetween, thereby
forming a patterned substrate. The mask or.masks can be formed by conventional
techniques known in the art for forming semiconductor constructions, e.g., by
photolithographic method or the like. In an example embodiment, the growth masks 46
are formed from a film of silicon dioxide approxitﬁately 200 nanometers thick deposited
by chemical vapor deposition. The mask or masks operate to direct subsequent. epltaxlal
growth on the substrate to the unmasked surface section 48.

FIG. 4B illustrates the surface emifting diode.laser during a'subsequent sta‘gejSO
of fabrication after the masks 46 have been formed, and after one or more layers 52 of the
materials useful for forming the diode laser have been deposited onto the substrate
surface section 48 by epitaxial deposition or growth. For purposes of simplicity and
reference, the individual layers in the body 52 of layetﬁ have not illustrated; but can be
the same as those described above and illustrated in FIG. 2. The corrugated séction of the
diffraction grating feedback layer can be formed by conventional techniques, such as.by
masking and etching processes or the like.
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The body of layers 52 disposed on the substrate and forming the diode laser in
this step 50 includes two wall surfaces 54 at each end of the' body. In this particular
embodiment, the substrate 32 that was used was a conventionally (100) oriented _
substrate, and as-a result the wall surfaces of the body formed during epitaxial growth

eachhave an angle of'incline relativeto the substrate surface of approximately 54.7
‘degrees. Thus, the ihtema]ly:reﬂéc’tive;Wall surface 56 of this construction would operate:
‘toreflect a laser beam produced within the diode laser construction upwardly through the

upper layers of the body 52. The reflected laser beam would have an angle of inclination
that was other than 90 degrees relative to the top surface, i.e., that was not perpendicular
to thetop-surface:

A surface enﬁttit;g !aSér;haﬁngiallaser‘beam that is emitted perpendicular to the
top surface can be achieved by forming a diode laser having an internally reflective wall

surface oriented at an angle of approximately 45 degrees. .As illustrated in FIG. 4B, this

cannot be achieved by-using a conventional (100) oriented substrate.

FIG. 4C illustrates the surface emitting diode laser during a subsequent stage 58
of fabrication after the masks 46 have been formed, and after one or more layers'52 of the
materials useful for forming the diode laser have been deposited onto the substrate
surface section 48 by epitaxial deposition or growth. Again, the individual layers in the
body 52 of layers have not illustrated for purpose of simplicity and reference.

Unlike the substrate used in FIG. 4B, the substfate used FIG. 4C in one that is
vicinally oriented in that is it-inclined at an angle of approximately 9.7 degrees from:the
(100) orientation towards the (111)A plane. It has been discovered that by starting with
such a vicinally-oriented substrate 32; the wall surfaces 60.and 62 of the body 52 formed
during epitaxial growth have an angle of incline rélative to the substrate surface of
abproximatel‘y 45 degrees-and 64.4 degrees, respectively. Thus, the internally reflective
wall surface 64-of this construction would gperate to reflect a laser beam produced within
the diode laser cornstruction upwardly through the upper layers of the body 52 and
outwardly through the top surface 22 of the body 52 at an angle of approximately. 90
degrees, or perpendicular, relative to the top surface:
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Once the desired material layers are formed, the remaining features of the diode
laser, such as the ¢lectrical contacts, any ‘exit facet coatings and the like can then bef
provided. A féat‘ure of this fabrication technique is that the internally reflective wall
surface is formed during the process of forming the desired layers of materials by
epitaxial deposition or growth, and the wall surface formed thereby has a high level of
smoothness, €.g., has a roughness of a fraction of an optical wavelength.

Instead of using a pattemed selective growth mask such as 46 to define the -
location of the internally reflective wall, the'same structure may alternatively be defined
by epitaxial growth over a substrate with a stepped surfice. FIGS. 5A to 5C illustrate a.
substrate emitting diode laser of this invention at different stages of formation to help
show how the internally reflective wall surface is made during the diode laser fabrication

‘process. FIG. 5A illustrates.an early stage of the diode laser fabrication process 66;

starting with a desired substrate material 32 selected from the same types of substrate

‘materials described above for the surface emitting diode laser. In this particular

embodiment, the substrate 32 is a (100) oriented ITI-V compound substrate, and the axis
of the laser stripe is oriented in the[01T] direction (moving from left to right along FIGS:
5A10 5C). |
One or more sections of the substrate surface 47 are removed by converitional
technique used in semiconductor fabrication processing, such as by etching or the like,

forming a stepped surface characterized by one or more recessed grooves or channels:68.

The formation of such a stepped surface is used to facilitate crystalline growth by
epitaxial deposition. In an example embodiment, the groove or channel can be about 2 to
20 micrometers depth and about'5 to:200 micrometers wide. However, itis tobe
understood that the exact dimensions of the groove can and will vary depending on the
particular diode laser construction and its end-use application.

FIG. 5B illustrates the substrate emitting diode laser during a subsequent stage 70
of fabrication after the one or more grooves 68 has been formed, and after one or more
layers 72 of the materials-useful for forming the diode laser have been deposited onto the
substrate surface 47 adjacent the groove 68 by epitaxial deposition or growth. For
purposes of simplicity and reference, the individual layers in the body 72 of layers'have
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not illustrated, but can be the same as those described above and illustrated in FIG. 3.
The corrugated section of the diffraction grating feedback layer can be formed by
conventional téchniqu&g, 'such as by masking and etching processes or the like.
As‘illustrated, one:or more bodies 72 of layers are formed on'the substrate. In'an
example embodiment, two bodies 72.are.formed and are separated from one another Byu
the groove 68. The bodies 72 of layers disposed on the substrate and forming the:diode
laser in this step 70 include two wall surfaces 74 at each end-of the body, Inthis
particular embodiment, the substrate 32 that was used was a conventionally (100)
oriented substrate, and as a result the wall surfaces 74 of the body formed during epitaxial
growth each have an angle of incline relative to the substrate surface'ofapproximately‘
54.7 degrees. Thus; the internally reflective wall surfaces 76 of this construction would
operate to reflect a laser beam produced within the diode laser construction downwardly-

- throughthe lower layers of the bodies 72. The reflécted laser beam would have an-angle

of inclination other than.90 degrees relative to the bottom surface, i.e., not perpendicular
to the bottom surface. .

A substrate emitting diode laser having a laser beam that is emitted perpendicular
to the bottom surface-can be achieved by forming a diode laser having an internally

reflective wall'surface oriented at an angle of approximately 45 degrees. As illustrated in

FIG. 5B, this.cannot be-achieved by using a conventional (100) oriented substrate.

FIG. 5C illustrates the substrate emitting diode laser during a subsequent stage 78
of fabrication after the one or more'grooves 68 have been formed, and after one or more.
layers.52 of the materials useful for forming the diode laser have been depositedonto the
substrate surface by epitaxial deposition or growth. Agiin, the individual layers in'the
body 52 of layers have not been illustrated for purpose:of simplicity and reference.

" Unlike the substrate used it FIG. 5B, the stbstrate used FIG. 5C is one that is
vicinally oriented in that it is inclined at-an angle of approximately 9.7 degrees from the
(100) orientation towards the (111)B plane. It has been discovered that by starting with
such a vicinally-oriented substrate 32, the wall surfaces 80 and 82 of each respective
body 72 formed during epitaxial growth have an angle of incline relative to the substrate
surface of approximately 45 degrees-and 64.4 degrees, respectively. Thus, the internally -



WO 2008/103679 PCT/US2008/054324

10:

15

20

67156-5001
-21-

reflective wall surface 84 of this construction would operate to reflect a laser beam
produced within the diode laser construction downwardly through the lower layers of the

‘body 72 and outwardly through the substrate bottom surface 36 at an angle of
approximately 90 degrees, or perpendiclar, relative to the bottom surface.

Once the desired material layers are formed, the remaining features of the diode
laser, such as the electrical contacts, any exit facet coatings and the like can then be
provided. As with the surface emitting diode laser e_mbodim_ent, a feature of this
fabrication technique used to form the substrate emitting diode laser is that the internally-
reflective wall surface is formed during the process of forming the desired layers of
materials by epitaxial deposition.or growth, and the wall surface formed thereby has a
high level of smoothness, ¢.g., has-an inherent roughness of a fraction of a wavelength on
the order of about 1/10® of a wavelength.

While the use of a particular type of substrate having a specific crystallographic
structure and/or orientation has been disclosed -‘aBOV_e, it is to be.understood that diode
lasersof thls invention can be constructed using different substrates having different
crystallographic structures that may or may not require pretreatment or preparation to
ensure that the further layers that are grown or disposed thereon resultin the formation of
an internally reflective wall surface having a desired angle or orientation to reflect the
laser beam in a manner producing a laser €émission from a‘top or bottom surface of the
diode laser having a particular angle or inclination relative to such surface. Accordingly,
it is to be understood that the invention as described herein applies to the use of all such
other substtate structures, and that the use of siich all other substrate structures is
intended to be within the scope of this invention. :

Again, as noted above, a feature of diode laser constructions formed"acoording to
principles of this invention is that the layers of material that aré subsequently formed or
;:pitaxiz;lly grown on the-substrate are intentionally provided in a manner that produces an
internally reflective wall surface having a desired angle of inclination that is provided to
cause the laser beam produced therein to be reflected in a manner facilitating its emission
from a top or bottom surface of the diode laser.
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Diode lasers constructed in the manner described herein can be-configured having
one or more m’dﬁé]ithic:ﬂly integrated optical elements:if so desired, such as lens&c:
prisms, diﬁ'rac;ticm gratings, or the like.

While certain methods of making diode lasers has been described above in the
context of a single diode laser, it is to be understood that a number of diode lasers can be
made according to.the above-described process in paralle] on a single wafer, which'can
then be'cut into.the individual diode lasers, and which can be used individually.
Alternatively, the number of diode lasers that are formed at the same time on a single
wafer can be-used together to-form a diode laser array, e.g;, one-dimensional and two-
dimensional laser arrays.

FIG. 6 illustrates an example embodiment of a two-dimensional array 86 of
surface emitting diode lasers prepared according to principles of this invention. In this
particular example, the array 86 comprises three diode laser structures 88 that each
comprise a plurality of laser stripes 90 as described above and illustrated in FIG. 1. The
diode laser structures 88, and the laser stripes 90 disposed therein, all comprise internally
reflective wall surfaces that are configured, oriented, and formed in the ' manner noted
above to produce a-plurality of laser beam emissions 92 from the top surfaces 94 of the
diode laser structures. In an example embodiment, the internally reflective wall surfacm
are all oriented at the same angle to produce laser beam emissions exiting the top surface
of the diode laser structures at the same angle of inclination relative to the top surface. In
a preferred embodiment, the internally reflective wall surface is orierted at an
approximate 45 degree angle relative to the laser beam produced within each respective
laser stripe to provide laser beam emiissions fromithe array that are each perpendicular to

‘the diode laser structure top surface.

. While a particular two-dimensional array of diode lasers prepared according to
principles of this invention have been described above and illustrated in FIG. 6, it is to be.
imderstood that many other configurations of two-dimensional arrays using diode lasers
of this invention are-possible and are intended be within the scope of the invention. .
Additionally, while not illustrated, it is to be understood that diode lasers of this invention

can be used to form one-dimensional arrays for use in certain end-use applications. In an
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example embodiment, such a one-dimensional laser array would include one of the ﬁ.iodé
laser structures 88 illustrated in FIG. 6.

While certain exemplary embodiments have been described and shown in the
accompanying drawings,.it is to be understood that such embodiments are merely
illustrative of and not restrictive on the broad invention, and that this invention not be
limited to the specific constructions and arrangements shown and described, since various
other modifications may occur to-those-ordinarily skilled in'the art. ‘In particular; an
essentially equivalent laser could be made if the conductivity types of P-doped and N-
doped layers are reversed, or if the positions of the active layer and distributed feedback:
layers are reversed.

Further, while the method described above has been presented in the context of
producing one or more diode lasers, it is to be understood that this method can be used to
produce any type of photon generating, photon emitting, and or photon transmitting
device wherein it is desired that the photons being generated and/or passed therein be
internally reflected for facilitating photon or laser beam emission in a direction outwardly
from a top or bottom surface.of the device.

Still further; the process of using epitaxial growth to form the laser structure and
the internally reflective wall surface may be performed other than as described. For
example, epitaxial growth to form the laser structure and the internally reflective wall
surface can be performed in a single growth step, or can alternatively be performed in
several steps with intermediate stages of processing.: For example, corrugation of the
diffraction grating feedback layer can be performed inbétween growth steps.

Other modifications and variations of constructions and rmethods-as-practiced
according to the principles of this invention will be apparent to those skilled in the art. It
is, therefore, to-be understood that within the scope of the appended claims, this inveation
may be practiced otherwise than as specifically described.
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1. ‘A diode laser construction comprising:
a substrate;

a number of material layers disposed onto the substrate, wherein the material .
layers include-a P-type material layer, and an N-type material layer, wherein the materials
layers are formed by epitaxial deposition, and wherein the material layers include an >'
internally reflective wall surface, wherein the internally reflective wall surface is |
produced during the process of forming the material layers by epitaxial deposition, the:
internally reflective wall surface being oriented at an angle relative to the direction of a-
laser beam produced by the construction to reflect the laser beam toward one of a top or
bottom surface of the diode laser construction.

2. ‘The diode laser as'recited in claim 1. wherein the material layé’rsﬁxrthef‘
comprise:

a-gain layer that is interposed between the P-type layer.and the N-type layer; and

a diffraction grating feedback layer that is positioned parallel to the gain layer,
wherein the diffraction grating feedback layer includes a cornigated section to provide a

desired laser beam frequency of oscillation.

3. The diode laser as recited:in claim 2 wherein the corrugated section
extends along a partial length of the diffraction grating feedback layer that is positioned a
distance away from the internally reflective wall surface.

4. The diode:laser as recited in claim 1 wherein the material layers further
comprise:

a gain layer that is interposed between the P-type layer and the N-type layer; and

a diffraction grating feedback layer, wherein the diffraction grating feedback layer
that is: formed from a corrugated section of the gain layer to provide a desired laser beam

frequency of oscillation.
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5. The diode laser-as recited in claim 1 wherein the intemally reflective wall
surface is oriented to reflect the laser beam produced within the diode laser construction
through one or more material layers and out of a top surface of the diode laser

construction formed from one of the material layers.

6.. The diode laser:as recited in claim 1 wherein the internally reflective wall
surface has an inherent roughness of a-fraction of a wavelength.

7. The diode laser as recited in claim 1 wherein the internally reflective wall
surface has an inherent roughness that is less than about 1/10 of a wavelength.

8 The diode laser as re¢ited in claim 1 whereifi the internally reflective wall
surface is oriented at'an angle of approximately 45 degrees relative toone of the top or
bottom surface of the construction.

9. ‘The diode lasér as recited:in claim'l wherein the intemnally reflective wall
surface is oriented to reflect the laser beam produced within the diode laser construction
through the substrate and out of 2 bottom surface of the construction.

10.  Thediodelaser as recited in claim 1 wherein the substrate is-a III-V'
compound and is inclined at an angle of approximiately 9.7 degrees from a (100)

orientation,

1. A mo:iolithic,array:of diode lasers comprising a plurality of the diode laser
constructions recited in claim. 1, wherein the intemally refléctive wall surface of each of
the diode laser constructions are oriented at the same angle relative to-such diode laser to
produce a plurality of laser beam emissions that have a common angle of inclination

relative to one of the top or bottom surface of the diode laser constructions.
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12.  The monolithic array as recited in claim 11 wherein the array of diode
lasers is a one-dimensional array.

13:  Themonolithic array as recited in claim 11 wherein the array of diode
lasers is a two-dimensional array.

14.  The diode laser as recited in claim 1 further comprising one or more.
optical element selected from the. group consisting of lenses; prisms, and diffraction
gratings.

15.  The diode laser as recited in claim 1 wherein the material layers include an
end surfice opposite the internally reflective wall surface, and wherein the end surface.
reflects the laser beam towards the internally reflective wall surface.

16.  Thediode laser as recited in claim 1 further comprising a reflective
surface positioned downstream from the internally reflective wall,

17.  Thediode laser as recited in claim 16 wherein the reflective surface is

positioned adjacent one or more of the material layers.

18.  The diode laser as recited in claim 1 comprising a laser stripe formed from
the material layers, the laser stripe oriented in & paralle] direction parallel relative to one
of the top or bottom surfaces of the diode laser construction.

19..  Thediode laser as recited in claim 18 wherein the laser stripe is a single-
mode laser. stnpe

20. A surfaceemitting diode laser construction comprising:
a substrate formed from a III-V compound;
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a number of material layers.disposed.onto the substrate, the material }ayers
‘being formed by epitaxial deposition and including at least a P-type material layer and an
N-type material layer, the number of material layers including an internally reflective
wall surface that is formed during the epitaxial deposition process used-for making the
material layers, the-internally reflective wall surface being oriented to reflect a laser beam
produced within the material layers internally within éne or more of the material layeérs so
that the laser beam is emitted outwardly. from the construction at a top surface of the

material layers.

21.  The surface emitting diode laser construction as recited in claim 20
wherein the internally reflected wall surface has an inherent roughmness of less than about
1/10 of a wavelength.

22.  The surface emitting diode laser construction as recited in claim 20
wherein thé material layers further include a gain layer that is-interposed between the P-
type material layer and the N-type material layer.

23.  The surface emitting diode laser construction as recited in claim 22
wherein the material layers further include a diffraction grating feedback layer that is
positioned parallel to the.gain layer and that includés a corrugated section having a period
that produces a desired laser beam frequency of oscillation.

24.  The surface emiitting diode laser construction as recited in claim 23
wherein the corrugated section extends along a partial length of the diffraction grating
feedback layer that is positioned a distance away from the internally reflective wall
surface.

25.  The'surface emitting diode laser construction as recited in claim 23
wherein the material layers further comprise a spacer layer interposed between the gain
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and diffraction grating feedback layers, wherein the spacer layer is formed from one of a
P-type material or an N-type material.

26.  The surface emitting diode lasér construction as recited in claim 23
wherein the diffraction grating feedback layer corrugated section is formed from the gain

layer.

27.  Thesurface emitting diode laser:as recited in claim:23 further comprising
one or more optical element selected from the group consisting of lenses, prisms, and
diffraction gratings.

28.  Thesurface emitting diode laser as recited in-claim 23 wherein the
material layers include an end surface opposite the intemally reflective wall surface; and
wherein the end surface reflects the laser beam towards the internally reflective wall
surface.

29.  The surface emitting diode laser s recited in claim 23 further comprising
areflective surface positioned downstream from the internally reflective wall. .

30.  The surface emitting diode laser as recited in claim 29 wherein the
reflective surface is positioned adjacent one or more of the material layers.

31.  The surface emitting diode laser construction as recited in claim 20
wherein the substrate is-inclined at an angle of approximately 9.7 degrees from 2 (100)

orientation.

'32.  The surface emitting diode laser construction as recited in claim 31
wherein the internally reflective wall surface is oriented at an angle of approximately 45
degrees relative to the top surface of the material layers.
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33.  Anarray of diode lasers comprising a number of the surface emitting
diode laser constructions recited in claim 15, wherein the intemally reflective wall ‘
surface of each diode laser construction is oriented at the same angle to produce a number
of laser beam emissions that have a common angle of inclination relative to the top
surface of the material layers.

34,  The array of diode.lasers as recited in claim 33 wherein the array is a one-

dimensional array.

35.  The array of diode lasers as recited in claim 33 wherein the array is a two-

dimensional array.

36. A substrate emitting diode laser.construction comprising:

a substrate formed from a III-V compound;

a number of material layers disposed onto the substrate, the material layers
being formed by epitaxial deposition and including at least a P-type material layer and an
N-type material layer, the number of material layers including an internally reﬂecti{e
wall surface that is formed' during the epitaxial deposition process used for making the
material layers, the internally reflective wall surface being oriented to réflect a'laser beam
produced within the material layers intemally within one or more-of the material layers
and the substrate so that the laser beam is emitted outwardly from the construction at a
bottom: surfice of the substrate.

37.  The substrate emitting diode laser construction as recited in claim 36
wherein the internally reflected wall surface has an inherent roughness of a fraction of a

wavelength.

38.  The substrate emitting diode laser construction as recited in claim 37
wherein the internally reflected wall surface has an inherent roughness of less than about
1/10 of a wavelength. .
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39.  The substrate emitting diode laser construction as recited in claim 37
wherein the material layers further include a gain layer that is interposed between the P-
type material layer and the N-type material layer.

40.  The substrate emitting diode laser construction as recited in claim 39
wherein the material layers further include a diffraction grating feedback layer adjacent
the gain layer and that includes-a corrugated section having a period that produces a -

desired laser beam frequency of oscillation.

41.  The substrate emitting diode laser construction as recited in claim 40
wherein the diffraction grating féedback layer corrugated section is formed from the gain

layer.

42,  The substrate emitting diode laser construction as recited in claim 40,
wherein the material layers further comprise a-spacer layer interposed between the gam
and diffraction grating feedback layers, wherein the spacer layer is formed from one of a
P-type material or an N-type material.

43.  The substrate emitting.diode laser construction as recited in claim 40
wherein the corrugatéd section extends along a partial length of the diffraction grating
feedback layer that is positioned a distance away from the‘internally reflective wall *
surface.

44.  The substrate emitting diode laser construction as recited in claim 36
wherein the substrate is inclined at an angle of approximately 9.7 degrees from a (100)

orientation.
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45.  The substrate emitu'hg diode laser construction as recited in claim 44
wherein the intemaliy reflective wall surface is oriented at an angle of approximateiy 45
degrees relative to the bottom surface-of the substrate.

46.  The substrate emitting diode laser as recited in claim 36 further
comprising one or more optical element selected from the group consisting of lenses;

prisms, and diffraction gratings.

47.  The substrate emitting diode laser as recited in claim 36 wherein the
material layers include an end surface-opposite the internally reflective wall surface, and
wherein the end surface reflects the laser beam towards the internally reflective wall
surface.

48.  The.substrate emitting diode laser as recited in claim 36 further-
comprising a reflective surface positioned downstream from the internally reflective wall.

49.  The substrate emitting diode laser as recited in claim 48 wherein the

reflective surface is positioned adjacent one or more of the material layers.

50.  An-array of diode lasers comprising a number of the substrate emitting
diode laser constructions recited in claim 36, wherein the internally reflective wall -
surface of each diode laser construction is oriented at the same angle to produce a number
of laser beam emissions that have.a common angle of inclination relative to the bottom

surface'of the material layers..

51.  The array of diode lasers as recited in claim 50 wherein the array is a one-

dimensional array.

52.. The array of diode lasers as recited in claim 50 wherein the array is a two-

dimensional array.
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53.  Anoptical device construction comprising:

a substrate; .

a number of material layers disposed onto the substrate, wherein the material
layers.are formed by epitaxial deposition, and wherein the material layers include an
internally reflective wall .surfacé,;where"in the internally reflective wall surfaceis
produced dufing the process of forming the material layers by epitaxial deposition, the
internally reflective wall surface being oriented at an angle relative to the direction of 2,
beam of light directed at least partially through the construction to reflect beam toward
one of a top or bottom surface optical device construction.

54. A method for making a diode laser:comprising the steps of:

forming a number of layers-of material onto a‘substrate, the layers of material
including an N-type material layer and a P-type-material layer; -and

fdn’rﬁn_g an internally reflective wall surface in the number.of layers of material,
wherein the internally reflective wall surfaceis;pbsitione& along a.common edge of the
number of layers, wherein the internally reflective wall surface is formed during the-step
of forming the number of material layers, and wherein the internally reflective wall
surface is oriented during the step of forming having an angle of inclination that reflects a
laser beam produced within thé diode laser through one or more of the number of
material layers to exit from a top or bottom surface of the diode laser.

55..  Themethod as recited in claim 54 wherein duiring the step of forming the
‘number of layers, a gain layer is formed and a diffraction grating feedback layer is
formed; wherein the diffraction grating feedback layer includes a corrugated section.

56.  Themethod'as recited in claim 55 where-during the step of forming the
number of layers, a sphcef'lajrer is:formed between the gain layer and the diffraction
grating feedback layer.
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57.  The method as recited in claim 54 wherein the internally reflective wall
surface is oriented to reflect the laser beam produced within the diode laser so that it exits
out of the diode laser fiom a top surface of the number of layers.

58.  The method as recited in claim 54 wherein the intemally reflective wall
surface is oriénted to reflect the laser beam produced.within the diode Iaser so that it exits
out of the diode laser from a bottom surface of the substrate.

59.  The method as recited in claim 54 wherein the substrate is.a [II:V
compound that is inclined at an angle of approximately-9.7 degrees from a (100)

orientation.

60.  Themethod as recited in claim 59 wherein the internally reflective ivall
surface is oriented at an angle of approximately 45 degrees relative to one of the top or
bottom surface of the diode laser. -

61. The method asrecited in claim 60 wherein the laser beam exits the diode
laser at an approximate angle of inclination of 90 degree relative to one of the top or-
bottom of the diode laser..

62. A method for making a surface emitting diode"lasercomprising the 'stép_s
of:

forming a number of material layers onto a -V compound substrate, the:
material layers beirig formed by epitaxial deposition and including at least a P-type.
material layer and an N-type material layer; and

forming a wall surface along a common edge of the number of materia! layers
during the step of forming the number of material layers, wherein the wall surface is'an
internally reflective surface that is oriented during the step of forming to reflect a laser
beam produced within the number of material layers through one or more of the layers

and out of a top surface of the number of material layers.
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63. Themethod as recited in claim 62 wherein during the step of forming the
wall surface, the internally reflective wall surface of the diode laser is orierited so that the
laser beam produced within the diode laser:exits the laser at a 90 degree angle relative to
the top surface.

64. “The method as recited in claim 62 wherein during the steps of forming the
number of material layers, forming a gain layer that is interposed between the P-type
material layer and the N-type material layer.

65. The method as fecited in claim 62 wherein during the steps of forming the
number of material layers, forming a diffraction grating feedback layer adjacent the gain

layer.

66.  The method as recited in claim 62 wherein the substrate is vicinally
oriented an angle of approximately 9.7 degrees from a (100) orientation.

67. Themethod as recited in claim 62 wherein prior to the step of forming the
‘number of material layers, patterning a surface of the substrate to produce a surface.
section along which the number of material layers will be formed.

68. A method for making a substrate emitting diode laser comprising the steps
of:

forming a number of material layers-onto-a III-V compound substrate, the
material layers being formed by epitaxial deposition and including at least a P-type
material layer and an N-type material layer; and

forming a wall surface along a common edge of the number of material layérs
during the step of forming the mimber of material layers, wherein the wall surface is an

internally reflective surface that is oriented during the step ‘of forming to reflect a laser
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beam produced within the number of material layers through one or more of the layers.
and out of a.bo"ttom surface of the substrate: -

69.  The method as recited in claim 68 Wherein during the step of forming the
wall surface, the internally reflective wall surface of the diode laser.is oriented so that the
laser beam produced within the diode laser exits the laser at a 90 degree angle relative.to
the substrate bottom-surface.

70.  Themethod as recited in claim 68-wherein during the steps of forming the
number of material layers, forming a gain layer that is interposed between the P-type
material layer and the N-type material layer.

71.  The method as recited in claim 68 whierein during the steps of forming the
number of material layers; forming a diffraction grating feedback layer adjacent the gain

layer.

72. The method as recited in claim 68 whérein the substrate is vicinally
oriented an angle of approximately 9.7 degrees from a (100) orientation.

73.  Themethod as recited in-claim 68 wherein before the step of forming the
number of material layers, forming a recessed section along a surface of the substrate,

wherein the number of material layers are deposited adjacent the recessed section.
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