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(57) ABSTRACT

A vertical cavity surface emitting laser (VCSEL) may
include a substrate layer, epitaxial layers on the substrate
layer, and angled reflectors configured to receive an optical
beam emitted toward a bottom surface of the VCSEL and
redirect the optical beam through an exit window in a top
surface of the VCSEL. In some implementations, the angled
reflectors may be formed in the substrate layer. Additionally,
or alternatively, the VCSEL may include molded optics,
where the molded optics include the angled reflectors. In
some implementations, the exit window may include an
integrated lens.
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TOP-EMITTING VERTICAL-CAVITY
SURFACE-EMITTING LASER WITH
BOTTOM-EMITTING STRUCTURE

RELATED APPLICATION

[0001] This application claims priority to U.S. Provisional
Patent Application No. 62/951,822, for “BACK REFLEC-
TION TOP-EMITTING VERTICAL CAVITY SURFACE
EMITTING LASER,” filed on Dec. 20, 2019, the content of
which is incorporated by reference herein in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates generally to vertical-
cavity surface-emitting lasers (VCSELs) and to top-emitting
VCSELs with bottom-emitting structures.

BACKGROUND

[0003] A vertical-emitting device, such as a vertical cavity
surface emitting laser (VCSEL), is a laser in which a beam
is emitted in a direction perpendicular to a surface of a
substrate (e.g., vertically from a surface of a semiconductor
wafer). Multiple vertical-emitting devices may be arranged
in an array with a common substrate.

SUMMARY

[0004] According to some implementations, a vertical
cavity surface emitting laser may include a substrate layer,
epitaxial layers on the substrate layer, and angled reflectors
configured to receive an optical beam emitted toward a
bottom surface of the VCSEL and redirect the optical beam
through an exit window in a top surface of the VCSEL.
[0005] According to some implementations, an optical
device may include a chip having a top surface and a bottom
surface and an array, on the chip, of VCSEL devices,
wherein each VCSEL device, of the array of VCSEL
devices, includes an emitting region configured to emit an
optical beam toward the bottom surface, an exit window in
the top surface, and angled reflectors configured to receive
the optical beam from the emitting region and redirect the
optical beam through the exit window.

[0006] According to some implementations, a method
may include forming, on a substrate layer, epitaxial layers to
form a VCSEL to emit an optical beam through the substrate
layer and providing angled reflectors configured to receive
the optical beam and redirect the optical beam through an
exit window in a top surface of the VCSEL.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIGS. 1-4 are diagrams of side views of cross-
sections of example implementations of a VCSEL described
herein.

[0008] FIG. 5 is a diagram of a top view of an example
implementation of an optical device including a chip and an
array of VCSEL devices described herein.

[0009] FIG. 6 is a flow chart of an example process
associated with fabricating a VCSEL.

DETAILED DESCRIPTION

[0010] The following detailed description of example
implementations refers to the accompanying drawings. The
same reference numbers in different drawings may identity
the same or similar elements.

Jun. 24, 2021

[0011] VCSELs may have a top-emitting structure (e.g., a
top-emitting design) or a bottom-emitting structure (e.g., a
bottom-emitting design). Top-emitting structures may be
easier to fabricate, test, package, and/or the like than bottom-
emitting structures. For example, a top-emitting structure
may be tested, using a conventional wafer-level test station,
more easily than a bottom-emitting structure. Bottom-emit-
ting structures may have improved thermal conductivity
and/or a greater quantity of options for integrated lensing
than top-emitting structures. For example, in a bottom-
emitting structure, an entire optical aperture may be elec-
trically pumped with thermal heatsinking through top plated
metallization.

[0012] Some implementations described herein provide a
top-emitting VCSEL having a bottom-emitting structure. In
some implementations, a VCSEL may include a substrate
layer, epitaxial layers on the substrate layer, and angled
reflectors configured to receive an optical beam emitted
toward a bottom surface of the VCSEL and redirect the
optical beam through an exit window in a top surface of the
VCSEL. In some implementations, the angled reflectors are
formed in the substrate layer. For example, the angled
reflectors may include a first angled trench and a second
angled trench, where the first angled trench redirects the
optical beam toward the second angled trench, which redi-
rects the optical beam to the exit window.

[0013] Additionally, or alternatively, the VCSEL may
include molded optics (e.g., attached to a bottom surface of
the substrate layer and/or the like), where the molded optics
include the angled reflectors. For example, the molded
optics may include the angled reflectors for redirecting the
optical beam and one or more optical elements to modify the
optical beam (e.g., as the optical beam passes through the
molded optics).

[0014] Inthis way, the VCSEL may provide the benefits of
a bottom-emitting structure (e.g., improved thermal conduc-
tivity and/or the like) as well as the benefits of a top-emitting
structure (e.g., easier fabrication, testing, packaging, and/or
the like). In some implementations, the VCSEL may provide
benefits (e.g., uniformity of temperature and electron carri-
ers) of a fully electrically pumped oxide aperture as in a
bottom-emitting structure with an ease of packaging asso-
ciated with a top-emitting VCSEL. Additionally, or alterna-
tively, the VCSEL may provide wafer-level integration, a
lower cost, a smaller footprint, a smaller size, and/or easier
packaging in a final module as compared to a conventional
free space package with an emitter, angled reflector(s), and
a lensed cover.

[0015] FIG.1 is a diagram of a side view of a cross-section
of an example implementation 100 of a VCSEL described
herein. As shown in FIG. 1, the VCSEL may include a
substrate layer 102, an active layer 104, a first mirror 106,
a second mirror 108, an oxidation layer 110, a first angled
reflector 112, a second angled reflector 114, and an exit
window 118. In some implementations, the active layer 104,
the first mirror 106, the second mirror 108, and/or the
oxidation layer 110 may be epitaxial layers (e.g., grown on
substrate layer 102).

[0016] In some implementations, the substrate layer 102
may include a base substrate layer upon which epitaxial
layers (e.g., the active layer 104, the first mirror 106, the
second mirror 108, the oxidation layer 110, and/or the like)
are grown. For example, the substrate layer 102 may include
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a semiconductor layer, such as an n-type gallium arsenide
(n-GaAs) layer, an indium phosphide (InP) layer, and/or the
like.

[0017] Insome implementations, the active layer 104 may
include a layer that confines electrons and defines an emis-
sion wavelength of the VCSEL. For example, the active
layer 104 may be a quantum well. In some implementations,
and as shown in FIG. 1, the active layer 104 may be between
the first mirror 106 and the second mirror 108.

[0018] In some implementations, the first mirror 106 may
include a top reflector layer. For example, the first mirror
106 may include a p-type distributed Bragg reflector (DBR).
[0019] In some implementations, the second mirror 108
may include a bottom reflector layer. For example, the
second mirror 108 may include an n-type DBR.

[0020] In some implementations, the oxidation layer 110
may include an oxide layer that provides optical and elec-
trical confinement. In some implementations, the oxidation
layer 110 may be formed as a result of wet oxidation of an
epitaxial layer. Additionally, or alternatively, the oxidation
layer 110 may form a current confinement aperture (e.g., an
optically active aperture, an optical aperture, an oxide aper-
ture, and/or the like). In some implementations, and as
shown in FIG. 1, the oxidation layer 110 may be proximate
to the active layer 104.

[0021] As shown in FIG. 1, the VCSEL may emit, from
the active layer 104, an optical beam 116 (e.g., an output
beam, a laser beam, and/or the like) toward a bottom surface
of the VCSEL (e.g., through the second mirror 108, the
substrate layer 102, and/or the like). As also shown in FIG.
1, the first angled reflector 112 may redirect the optical beam
116 toward the second angled reflector 114, and the second
angled reflector 114 may redirect the optical beam 116 to the
exit window 118. For example, the first angled reflector 112
may redirect the optical beam 116 at 90 degrees toward the
second angled reflector 114, and the second angled reflector
114 may redirect the optical beam 116 at 90 degrees to the
exit window 118. In this way, the first angled reflector 112
and the second angled reflector 114 may receive the optical
beam 116 and redirect the optical beam 116 through the exit
window 118 (e.g., in a top surface of the VCSEL).

[0022] In some implementations, the first angled reflector
112 and/or the second angled reflector 114 may modify the
optical beam 116. For example, the first angled reflector 112
and/or the second angled reflector 114 may collimate, focus,
expand, contract, and/or the like the optical beam 116.
[0023] In some implementations, the first angled reflector
112 and/or the second angled reflector 114 may provide a
step in an index of refraction (e.g., a substrate-air interface
and/or the like) to redirect the optical beam. Additionally, or
alternatively, the first angled reflector 112 and/or the second
angled reflector 114 may include a metal, a dielectric, and/or
the like. For example, the first angled reflector 112 and/or the
second angled reflector 114 may include a gold coating, a
SiNx/SiOx/SiNx coating, and/or the like. In some imple-
mentations, the first angled reflector 112 and/or the second
angled reflector 114 may redirect the optical beam 116 using
total internal reflection.

[0024] In some implementations, the first angled reflector
112 and/or the second angled reflector 114 may be formed in
the substrate layer 102. For example, the first angled reflec-
tor 112 and/or the second angled reflector 114 may be angled
trenches (e.g., 45-degree angled etched trenches) etched into
the substrate layer 102.
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[0025] In some implementations, the first angled reflector
112 and/or the second angled reflector 114 may be created
during device fabrication on a substrate side of a wafer (e.g.,
including one or more VCSELs). For example, the wafer
may be placed at an angle (e.g., 45 degrees) in a process
chamber during fabrication. Additionally, or alternatively,
the first angled reflector 112 and/or the second angled
reflector 114 may be created using a reactive ion etch (RIE)
technique, an ion beam etching (IBE) technique, an argon
sputtering technique, and/or the like. In some implementa-
tions, the first angled reflector 112 and/or the second angled
reflector 114 may be created using multiple lithography
and/or etch steps to form multiple angled trenches in dif-
ferent orientations with respect to the optical beam 116.
[0026] As shown in FIG. 1, the optical beam 116 may
expand as it travels through the VCSEL (e.g., the substrate
layer 102). In some implementations, the first angled reflec-
tor 112 and/or the second angled reflector 114 may have a
size to prevent loss of portions of the optical beam 116 as the
optical beam 116 expands while traveling through the
VCSEL. Additionally, or alternatively, the first angled
reflector 112 and/or the second angled reflector 114 may be
configured to have an angle to prevent loss of portions of the
optical beam 116 as the optical beam 116 expands while
traveling through the VCSEL.

[0027] By having a bottom-emitting structure, the VCSEL
may fully electrically pump an optical aperture formed by
the oxidation layer 110 with thermal heatsinking through
top-plated metallization. By emitting the optical beam 116
through a top surface of the VCSEL, the VCSEL may be
easily tested, packaged, and/or the like.

[0028] As indicated above, FIG. 1 is provided as an
example. Other examples may differ from what is described
with regard to FIG. 1. For example, the number and arrange-
ment of layers shown in FIG. 1 are provided as an example.
In practice, the VCSEL may include additional layers, fewer
layers, different layers, or differently arranged layers than
those shown in FIG. 1.

[0029] FIG. 2 is a diagram of a side view of a cross-section
of an example implementation 200 of a VCSEL described
herein. As shown in FIG. 2, the VCSEL may include a
substrate layer 202, an active layer 204, a first mirror 206,
a second mirror 208, an oxidation layer 210, molded optics
212, a first angled reflector 214, a second angled reflector
216, an optical element 218, and an exit window 222.
[0030] In some implementations, the substrate layer 202,
the active layer 204, the first mirror 206, the second mirror
208, the oxidation layer 210, and/or the exit window 222
may be respectively similar to the substrate layer 102, the
active layer 104, the first mirror 106, the second mirror 108,
the oxidation layer 110, and/or the exit window 118 shown
in and described herein with respect to FIG. 1. For example,
the active layer 204, the first mirror 206, the second mirror
208, and/or the oxidation layer 210 may be epitaxial layers
(e.g., grown on substrate layer 202).

[0031] As shown in FIG. 2, the molded optics 212 may be
positioned on and/or attached to (e.g., via epoxy and/or the
like) a bottom surface of the substrate layer 202, and may
include the first angled reflector 214, the second angled
reflector 216, and/or the optical clement 218. In some
implementations, the molded optics 212 may be formed
from an optically transparent material, such as poly(methyl
methacrylate) (PMMA) (e.g., acrylic, acrylic glass, and/or
the like), polyetherimide (PEI) (e.g., ULTEM and/or the
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like), fused silica, sapphire, and/or the like. In some imple-
mentations, the molded optics 212 may be formed from a
material having a thermal expansion coefficient similar to a
thermal expansion coefficient of the substrate layer 202.
[0032] In some implementations, other than being formed
in the molded optics 212 rather than the substrate layer 202,
the first angled reflector 214 and the second angled reflector
216 may be respectively similar to the first angled reflector
112 and the second angled reflector 114 as shown in and
described herein with respect to FIG. 1. For example, and as
shown in FIG. 2, the first angled reflector 214 may redirect
the optical beam 220 toward the second angled reflector 216,
and the second angled reflector 216 may redirect the optical
beam 220 to the exit window 222.

[0033] In some implementations, the optical element 218
may modify the optical beam 220. For example, the optical
element 218 may collimate, focus, expand, contract, and/or
the like the optical beam 220. In some implementations, the
molded optics 212 may include a plurality of optical ele-
ments, similar to the optical element 218, positioned in a
path of the optical beam 220.

[0034] In some implementations, providing the first
angled reflector 214 and/or the second angled reflector 216
in the form of the molded optics 212 may simplify fabrica-
tion of a top-emitting VCSEL with a bottom-emitting struc-
ture (e.g., as compared to etching angled reflectors into a
substrate layer). For example, the VCSEL may be manufac-
tured using a conventional fabrication process for a bottom-
emitting structure, and the molded optics 212 may be
attached to a bottom surface of the substrate layer 202.
Additionally, or alternatively, the molded optics 212 may
include a plurality of optical elements, as described above,
to modify the optical beam 220.

[0035] As indicated above, FIG. 2 is provided as an
example. Other examples may differ from what is described
with regard to FIG. 2. For example, the number and arrange-
ment of layers shown in FIG. 2 are provided as an example.
In practice, the VCSEL may include additional layers, fewer
layers, different layers, or differently arranged layers than
those shown in FIG. 2.

[0036] FIG. 3 is a diagram of a side view of a cross-section
of an example implementation 300 of a VCSEL described
herein. As shown in FIG. 3, the VCSEL may include a
substrate layer 302, an active layer 304, a first mirror 306,
a second mirror 308, an oxidation layer 310, a first angled
reflector 312, a second angled reflector 314, and an exit
window 318 (e.g., for an optical beam 316).

[0037] In some implementations, the substrate layer 302,
the active layer 304, the first mirror 306, the second mirror
308, the oxidation layer 310, the first angled reflector 312,
and/or the second angled reflector 314 may be respectively
similar to the substrate layer 102, the active layer 104, the
first mirror 106, the second mirror 108, the oxidation layer
110, the first angled reflector 112, and/or the second angled
reflector 114 shown in and described herein with respect to
FIG. 1. For example, the active layer 304, the first mirror
306, the second mirror 308, and/or the oxidation layer 310
may be epitaxial layers (e.g., grown on substrate layer 302).
[0038] In some implementations, at least one of the epi-
taxial layers may be etched away (e.g., using an RIE
technique, an IBE technique, an argon sputtering technique,
and/or the like) to form the exit window 318. For example,
and as shown in FIG. 3, the active layer 304, the first mirror
306, the second mirror 308, and the oxidation layer 310 may
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be etched away to form the exit window 318. In some
implementations, etching away one or more of the epitaxial
layers may reduce and/or eliminate back reflection and/or
absorption of the optical beam 316.

[0039] In some implementations, when the exit window
318 does not include one or more of the epitaxial layers, the
VCSEL may include a greater amount (e.g., a greater
thickness) of the first mirror 306 and/or the second mirror
308 in a region above and/or below the oxidation layer 310
than an amount of the first mirror and/or the second mirror
included in a VCSEL that does include all of the epitaxial
layers in the exit window (e.g., because back reflection
and/or absorption of the optical beam 316 may be reduced
and/or eliminated). In some implementations, including a
greater amount of the first mirror 306 and/or the second
mirror 308 in a region above and/or below the oxidation
layer 310 may improve performance of the VCSEL as
compared to a VCSEL including a smaller amount of the
first mirror and/or the second mirror.

[0040] Insome implementations, the VCSEL may include
a custom DBR in the exit window 318. For example, the
VCSEL may include a custom DBR configured to select a
mode of the optical beam 316 to feed back to the active layer
304. In some implementations, the VCSEL may include a
SiNx/SiOx/SiNx dielectric DBR deposited in the exit win-
dow 318 and configured to achieve an amount of reflection
of the optical beam 316.

[0041] As indicated above, FIG. 3 is provided as an
example. Other examples may differ from what is described
with regard to FIG. 3. For example, in some implementa-
tions, the first angled reflector 312 and/or the second angled
reflector 314 may be formed in molded optics, rather than
the substrate layer 302, in a manner similar to that described
with respect to FIG. 2. Additionally, or alternatively, the
number and arrangement of layers shown in FIG. 3 are
provided as an example. In practice, the VCSEL may
include additional layers, fewer layers, different layers, or
differently arranged layers than those shown in FIG. 3.
[0042] FIG. 4 is a diagram of a side view of a cross-section
of an example implementation 400 of a VCSEL described
herein. As shown in FIG. 4, the VCSEL may include a
substrate layer 402, an active layer 404, a first mirror 406,
a second mirror 408, an oxidation layer 410, a first angled
reflector 412, a second angled reflector 414, an exit window
418 (e.g., for an optical beam 416), and an integrated lens
420.

[0043] In some implementations, the substrate layer 402,
the active layer 404, the first mirror 406, the second mirror
408, the oxidation layer 410, the first angled reflector 412,
and/or the second angled reflector 414 may be respectively
similar to the substrate layer 102, the active layer 104, the
first mirror 106, the second mirror 108, the oxidation layer
110, the first angled reflector 112, and/or the second angled
reflector 114 shown in and described herein with respect to
FIG. 1. For example, the active layer 404, the first mirror
406, the second mirror 408, and/or the oxidation layer 410
may be epitaxial layers (e.g., grown on substrate layer 402).
[0044] As shown in FIG. 4, the exit window 418 may
include the integrated lens 420. In some implementations,
the integrated lens 420 may be etched, deposited, molded,
and/or the like. For example, one or more of the epitaxial
layers may be etched away (e.g., using an RIE technique, an
IBE technique, an argon sputtering technique, and/or the
like) to form the integrated lens 420. In some implementa-
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tions, the integrated lens 420 may be configured to colli-
mate, focus, expand, contract, and/or the like the optical
beam 416.

[0045] In some implementations, the integrated lens 420
may be provided on a top surface of the VCSEL, rather than
in the exit window 418. For example, the integrated lens 420
may be positioned to receive the optical beam 416 after the
optical beam 416 passes through the exit window 418.
[0046] As described above, the optical beam 416 may
expand as it travels through the VCSEL (e.g., the substrate
layer 402). In some implementations, the expansion of the
optical beam 416 while traveling extra distance from the
active layer 404, through the substrate 402, and to the exit
window 418 may improve effectiveness of a lens element
(e.g., the integrated lens 420 when positioned in the exit
window 418, the integrated lens 420 when positioned on the
top surface of the VCSEL, and/or the like). For example, the
optical beam 416 may expand and fill the lens element.
[0047] As indicated above, FIG. 4 is provided as an
example. Other examples may differ from what is described
with regard to FIG. 4. For example, in some implementa-
tions, the first angled reflector 412 and/or the second angled
reflector 414 may be formed in molded optics, rather than
the substrate layer 402, in a manner similar to that described
with respect to FIG. 2. Additionally, or alternatively, the
number and arrangement of layers shown in FIG. 4 are
provided as an example. In practice, the VCSEL may
include additional layers, fewer layers, different layers, or
differently arranged layers than those shown in FIG. 4.
[0048] FIG. 5 is a diagram of a top view of an example
implementation 500 of an optical device including a chip
502 and an array of VCSEL devices 504 described herein.
As shown in FIG. 5, the array of VCSEL devices 504 may
be positioned on the chip 502. In some implementations, the
VCSEL devices 504 may be similar to the example imple-
mentations 100, 200, 300, and 400 shown in and described
with respect to FIGS. 1-4. For example, the VCSEL devices
504 may be top-emitting VCSELs having bottom-emitting
structures.

[0049] As shown in FIG. 5, the VCSEL devices 504 may
include emitting regions 506 (e.g., emitters) and exit win-
dows 508 on a top surface of the chip 502. In some
implementations, each VCSEL device, of VCSEL devices
504, may include an emitting region, of emitting regions
506, and an exit window, of exit windows 508. The emitting
regions 506 may be configured to emit optical beams toward
a bottom surface of the chip 502. For example, each of the
emitting regions 506 may include an active layer, a first
mirror, a second mirror, and an oxidation layer forming an
optical aperture in a manner similar to that described with
respect to FIGS. 1-4.

[0050] In some implementations, the VCSEL devices 504
may include angled reflectors (e.g., similar to the angled
reflectors shown in and described herein with respect to
FIGS. 1-4). For example, each VCSEL device, of the
VCSEL devices 504, may include a pair of angled reflectors.
For a VCSEL device, of the VCSEL devices 504, the angled
reflectors may be configured to receive an optical beam from
an emitting region and redirect the optical beam through an
exit window.

[0051] In some implementations, the angled reflectors
may be formed in molded optics (e.g., in a manner similar
to the angled reflectors described herein with respect to FIG.
2). For example, the molded optics may include the angled
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reflectors for one or more of the VCSEL devices 504 (e.g.,
all of the VCSEL devices 504), and the molded optics may
be positioned and/or attached to the bottom surface of the
chip 502.

[0052] As shown in FIG. 5, the emitting regions 506 may
be positioned at a periphery of the chip 502, and the exit
windows 508 may be positioned toward a center of the chip
502. For example, for each VCSEL device, of the VCSEL
devices 504, the emitting region may be positioned at the
periphery of the chip 502, and the exit window may be
positioned toward the center of the chip 502. By positioning
the emitting regions 506 at the periphery of the chip 502, the
emitting regions 506 may have a lower temperature (e.g.,
due to better heatsinking) as compared to emitting regions
positioned toward a center of a chip.

[0053] In some implementations, an integrated lens may
be positioned on the top surface of the chip 502 (e.g., over
the exit windows 508). For example, the integrated lens may
collimate, focus, expand, contract, and/or the like optical
beams redirected by the angled reflectors through the exit
windows 508.

[0054] As shown in FIG. 5, the optical device may include
one or more bond pad areas 510, on the top surface of the
chip 502. For example, the bond pad areas 510 (e.g., formed
of' metal) may connect to one or more of the VCSEL devices
504. In some implementations, the bond pad areas 510 may
be connected (e.g., shorted and/or the like) to all of the
VCSEL devices 504. Additionally, or alternatively, the bond
pad areas 510 may be individually connected to each of the
VCSEL devices 504 (e.g., to provide individual addressabil-
ity).

[0055] As indicated above, FIG. 5 is provided as an
example. Other examples may differ from what is described
with regard to FIG. 5.

[0056] FIG. 6 is a flow chart of an example process 600
associated with fabricating a VCSEL. As shown in FIG. 6,
process 600 may include forming, on a substrate layer,
epitaxial layers to form a VCSEL to emit an optical beam
through the substrate layer (block 610). For example, the
epitaxial layers (e.g., an active layer, a first mirror, a second
mirror, an oxidation layer, and/or the like) may be grown on
the substrate layer to form a VCSEL to emit an optical beam
through the substrate layer.

[0057] As further shown in FIG. 6, process 600 may
include providing angled reflectors configured to receive the
optical beam and redirect the optical beam through an exit
window in a top surface of the VCSEL (block 620). For
example, the angled reflectors may be configured to receive
the optical beam and redirect the optical beam through an
exit window in a top surface of the VCSEL, as described
above.

[0058] Process 600 may include additional implementa-
tions, such as any single implementation or any combination
of implementations described below and/or in connection
with one or more other processes described elsewhere
herein.

[0059] In a first implementation, providing the angled
reflectors comprises etching the substrate layer to form the
angled reflectors in the substrate layer.

[0060] In a second implementation, alone or in combina-
tion with the first implementation, etching the substrate layer
to form the angled reflectors comprises etching the substrate
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layer using at least one of: a reactive ion etch technique, an
ion beam etching technique, or an argon sputtering tech-
nique.

[0061] In a third implementation, alone or in combination
with one or more of the first and second implementations,
providing the angled reflectors comprises creating the
angled reflectors during device fabrication on a substrate
side of a wafer.

[0062] In a fourth implementation, alone or in combina-
tion with one or more of the first through third implemen-
tations, providing the angled reflectors comprises creating
the angled reflectors, in the substrate layer, using one or
more lithography steps.

[0063] In a fifth implementation, alone or in combination
with one or more of the first through fourth implementations,
providing the angled reflectors comprises attaching, to the
substrate layer, molded optics including the angled reflec-
tors.

[0064] Although FIG. 6 shows example blocks of process
600, in some implementations, process 600 may include
additional blocks, fewer blocks, different blocks, or differ-
ently arranged blocks than those depicted in FIG. 6. Addi-
tionally, or alternatively, two or more of the blocks of
process 600 may be performed in parallel.

[0065] In some implementations, a method may include
generating (or forming) an array of light spots for three-
dimensional sensing with a first set of emitters (e.g.,
VCSELs, VCSEL devices, and/or the like) and a second set
of emitters (e.g., VCSELs, VCSEL devices, and/or the like).
The second set of emitters may be randomly interleaved
with the first set of emitters. The second set of emitters may
have less optical power than the first set of emitters.
[0066] In some implementations, a method may include
generating (or forming), a light pattern for three-dimen-
sional sensing, wherein the light pattern comprises a first set
of light spots and a second set of light spots. The second set
of light spots may be randomly interleaved with the first set
of light spots. The second set of light spots may have less
optical power than the first set of light spots.

[0067] The foregoing disclosure provides illustration and
description, but is not intended to be exhaustive or to limit
the implementations to the precise form disclosed. Modifi-
cations and variations may be made in light of the above
disclosure or may be acquired from practice of the imple-
mentations. Furthermore, any of the implementations
described herein may be combined unless the foregoing
disclosure expressly provides a reason that one or more
implementations may not be combined.

[0068] Even though particular combinations of features
are recited in the claims and/or disclosed in the specification,
these combinations are not intended to limit the disclosure of
various implementations. In fact, many of these features
may be combined in ways not specifically recited in the
claims and/or disclosed in the specification. Although each
dependent claim listed below may directly depend on only
one claim, the disclosure of various implementations
includes each dependent claim in combination with every
other claim in the claim set.

[0069] No element, act, or instruction used herein should
be construed as critical or essential unless explicitly
described as such. Also, as used herein, the articles “a” and
“an” are intended to include one or more items, and may be
used interchangeably with “one or more.” Further, as used
herein, the article “the” is intended to include one or more
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items referenced in connection with the article “the” and
may be used interchangeably with “the one or more.”
Furthermore, as used herein, the term “set” is intended to
include one or more items (e.g., related items, unrelated
items, a combination of related and unrelated items, etc.),
and may be used interchangeably with “one or more.”
Where only one item is intended, the phrase “only one” or
similar language is used. Also, as used herein, the terms
“has,” “have,” “having,” or the like are intended to be
open-ended terms. Further, the phrase “based on” is intended
to mean “based, at least in part, on” unless explicitly stated
otherwise. Also, as used herein, the term “or” is intended to
be inclusive when used in a series and may be used inter-
changeably with “and/or,” unless explicitly stated otherwise
(e.g., if used in combination with “either” or “only one of™).
Further, spatially relative terms, such as “below,” “lower,”
“above,” “upper,” and the like, may be used herein for ease
of description to describe one element or feature’s relation-
ship to another element(s) or feature(s) as illustrated in the
figures. The spatially relative terms are intended to encom-
pass different orientations of the apparatus, device, and/or
element in use or operation in addition to the orientation
depicted in the figures. The apparatus may be otherwise
oriented (rotated 90 degrees or at other orientations) and the
spatially relative descriptors used herein may likewise be
interpreted accordingly.
What is claimed is:
1. A vertical cavity surface emitting laser (VCSEL),
comprising:
a substrate layer;
epitaxial layers on the substrate layer; and
angled reflectors configured to:
receive an optical beam emitted toward a bottom sur-
face of the VCSEL; and
redirect the optical beam through an exit window in a
top surface of the VCSEL.
2. The VCSEL of claim 1, wherein the angled reflectors
are formed in the substrate layer.
3. The VCSEL of claim 1, wherein the angled reflectors
include a first angled trench and a second angled trench,
wherein the first angled trench redirects the optical beam
toward the second angled trench, and
wherein the second angled trench redirects the optical
beam to the exit window.
4. The VCSEL of claim 1, further comprising molded
optics,
wherein the molded optics include the angled reflectors.
5. The VCSEL of claim 4, wherein the molded optics
include at least one optical element to modify the optical
beam.
6. The VCSEL of claim 1, wherein at least one of the
epitaxial layers is etched away to form the exit window.
7. The VCSEL of claim 1, further comprising a distributed
Bragg reflector (DBR) in the exit window.
8. The VCSEL of claim 1, wherein the exit window
includes an integrated lens.
9. An optical device, comprising:
a chip having a top surface and a bottom surface; and
an array, on the chip, of vertical cavity surface emitting
laser (VCSEL) devices,
wherein each VCSEL device, of the array of VCSEL
devices, comprises:
an emitting region configured to emit an optical
beam toward the bottom surface,
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an exit window in the top surface, and

angled reflectors configured to receive the optical
beam from the emitting region and redirect the
optical beam through the exit window.

10. The optical device of claim 9, wherein, for each
VCSEL device of the array of VCSEL devices, the emitting
region is positioned at a periphery of the chip and the exit
window is positioned toward a center of the chip.

11. The optical device of claim 9, wherein, for each
VCSEL device of the array of VCSEL devices, the angled
reflectors include a first 45-degree angled etched trench and
a second 45-degree angled etched trench,

wherein the first 45-degree angled etched trench redirects

the optical beam at 90 degrees toward the second
45-degree angled etched trench, and

wherein the second 45-degree angled etched trench redi-

rects the optical beam at 90 degrees to the exit window.

12. The optical device of claim 9, further comprising
molded optics on the bottom surface of the chip,

wherein the molded optics include the angled reflectors of

the VCSEL devices.

13. The optical device of claim 9, wherein each VCSEL
device, of the array of VCSEL devices, further comprises a
distributed Bragg reflector (DBR) in the exit window,

wherein the DBR is configured to select a mode of the

optical beam to feed back to an active layer of the
emitting region.
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14. The optical device of claim 9, further comprising a
bond pad area, on the top surface of the chip, to connect to
one or more of the VCSEL devices.
15. A method, comprising:
forming, on a substrate layer, epitaxial layers to form a
vertical cavity surface emitting laser (VCSEL) to emit
an optical beam through the substrate layer; and

providing angled reflectors configured to receive the
optical beam and redirect the optical beam through an
exit window in a top surface of the VCSEL.

16. The method of claim 15, wherein providing the angled
reflectors comprises etching the substrate layer to form the
angled reflectors in the substrate layer.

17. The method of claim 16, wherein etching the substrate
layer to form the angled reflectors comprises etching the
substrate layer using at least one of:

a reactive ion etch technique,

an ion beam etching technique, or

an argon sputtering technique.

18. The method of claim 15, wherein providing the angled
reflectors comprises creating the angled reflectors during
device fabrication on a substrate side of a wafer.

19. The method of claim 15, wherein providing the angled
reflectors comprises creating the angled reflectors, in the
substrate layer, using one or more lithography steps.

20. The method of claim 15, wherein providing the angled
reflectors comprises attaching, to the substrate layer, molded
optics including the angled reflectors.
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