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VERTICAL CAVITY SURFACE EMITTING
LASER MODE CONTROL

RELATED APPLICATION(S)

[0001] This application claims priority to U.S. Provisional
Patent Application No. 62/835,787, filed on Apr. 18, 2019,
and entitled “METHOD FOR VERTICAL CAVITY SUR-
FACE EMITTING LASER (VCSEL) MODE CONTROL
AND OPTICAL PROPERTIES MANIPULATION,” the
content of which is incorporated by reference herein in its
entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to lasers and to a
mode control for a vertical cavity surface emitting laser
using a toothed top contact, a shaped implanted region,
and/or a set of top contact segments to cause a particular set
of modes of emission of the vertical cavity surface emitting
laser.

BACKGROUND

[0003] Vertical cavity surface emitting lasers (VCSELs)
may be used individually and/or in VCSEL arrays for
imaging systems, manufacturing systems, communications
systems, and/or the like. For example, in a three-dimen-
sional (3D) sensing application, VCSELs provide beams
that may be used for facial recognition, gesture recognition,
and/or the like. VCSELs may be included in smart phone
devices, gaming devices, sensing devices, and/or the like.
VCSELs may be used for generating structured light (e.g., in
flood illuminators), time of flight (TOF) measurement
beams, and/or the like to enable 3D sensing applications.
[0004] A VCSEL array may include multiple VCSELs
arranged in a particular configuration. For example, a
VCSEL array may be arranged with a square grid of
VCSELs, a radial grid of VCSELs, a hexagonal grid of
VCSELs, a variable spacing grid of VCSELSs, a random grid
of VCSELs, and/or the like. A particular beam profile may
be obtained for a collective output of the VCSEL array (e.g.,
multiple beams that, at a distance greater than the Rayleigh
distance, collectively form a beam) via selection of a cor-
responding VCSEL array configuration.

[0005] Parameters of a VCSEL may affect an emission
pattern (e.g., a near field emission pattern or a far field
emission pattern) of the VCSEL, which may affect opera-
tions of a system that includes the VCSEL and/or operations
of a VCSEL array that includes the VCSEL. For example,
changes to an oxidation aperture of a VCSEL may be used
to confine optical field distribution in an in-plane direction
or a radial direction. Furthermore, configuration of the
oxidation aperture may enable limitation of carrier flow to a
relatively small region of the VCSEL, which may improve
current injection for the VCSEL relative to other oxidation
aperture configurations.

[0006] The emission pattern is formed, for a VCSEL,
based on a distribution of electromagnetic energy inside a
body of the VCSEL. A perturbation of a carrier distribution
may alter an electromagnetic energy distribution, a photon
distribution, and/or the like of the VCSEL, which may result
in a change to an emission pattern. Such a perturbation may
occur as a result of design of the VCSEL to achieve an
intended emission pattern.
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SUMMARY

[0007] According to some implementations, a vertical
cavity surface emitting laser (VCSEL) may include a top
contact, wherein the top contact is associated with a par-
ticular shape, and wherein the particular shape is a toothed
shape with a particular quantity of teeth.

[0008] In some implementations, a VCSEL may include a
top contact and at least one implanted region disposed under
at least a portion of the top contact, wherein the at least one
implanted region is associated with an implanted region
configuration, and wherein the implanted region configura-
tion is a particular quantity or pattern of implantations in a
region at least partially under the top contact.

[0009] Insome implementations, the VCSEL may include
a plurality of top contact segments, wherein the plurality of
top contact segments is associated with a top contact seg-
ment configuration, wherein the top contact segment con-
figuration is a particular quantity or pattern of top contact
segments.

[0010] In some implementations, a VCSEL may include
one or more components configured to emit a patterned
optical emission, wherein the patterned optical emission
results from at least one of a shaped top contact region, an
implanted region, or a segmented top contact region.
[0011] In some implementations, an optical system may
include a VCSEL configured to emit a patterned optical
emission, wherein the patterned optical emission results
from at least one of a shaped top contact region, an
implanted region, or a segmented top contact region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a diagram of an example cross-section of
a VCSEL, as described herein.

[0013] FIGS. 2A-2D are diagrams of example implemen-
tations of top contact configurations to control emission
modes of a VCSEL, as described herein.

[0014] FIGS. 3A-3D are diagrams of example implemen-
tations of implanted region configurations to control emis-
sion modes of a VCSEL, as described herein.

[0015] FIGS. 4A-4D are diagrams of example implemen-
tations of top contact segment configurations to control
emission modes of a VCSEL, as described herein.

DETAILED DESCRIPTION

[0016] The following detailed description of example
implementations refers to the accompanying drawings. The
same reference numbers in different drawings may identify
the same or similar elements.

[0017] As described above, a distribution of electromag-
netic energy within a cavity of a vertical cavity surface
emitting laser (VCSEL) may cause a particular emission
pattern for emissions of the VCSEL. A VCSEL may include
an oxidation aperture that may confine an optical field
distribution in an in-plane or a radial direction and may limit
carrier flow to a relatively small (e.g., less than a threshold)
region of the VCSEL to optimize current injection. By
adjusting the cavity structure, the oxidation aperture, and/or
the like, a particular pattern of emission modes may be
achieved for output of the VCSEL.

[0018] A perturbation to a distribution of electromagnetic
energy in the cavity of the VCSEL may cause a change to the
emission pattern for the VCSEL. For example, a VCSEL
may include a metallic contact on a surface of the VCSEL,
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which forms an ohmic contact to a surface of a semicon-
ductor of the VCSEL. However, as a density of VCSELs
within a VCSEL array increases, an amount of available
separation between VCSELs of the VCSEL array is reduced.
As a result, a pitch between an oxidation aperture and a
metallic contact of a VCSEL may be reduced to, for
example, less than 5 microns. This may cause inefficiencies
in carrier injection and reduce an amount of isolation of each
VCSEL relative to each other VCSEL, which may cause
increased perturbations to the distribution of electromag-
netic energy. As a result of the metallic contact being
disposed increasingly close to the oxidation aperture,
increased perturbations may affect the carrier and a photon
distribution inside a cavity of a VCSEL, resulting in effects
to emission patterns.

[0019] Some aspects described herein provide a VCSEL
with a configuration of a top contact, a set of implanted
regions, and/or a set of top contact segments to control a
current path of the VCSEL. For example, the VCSEL may
include a tooth-shaped top contact, a set of implanted
regions, and/or a set of top contact segments. In this way, a
current path of the VCSEL is selected to control emission
modes for emissions of the VCSEL. Moreover, the configu-
ration of the VCSEL may complement an effect of the
oxidation aperture by controlling a photon energy distribu-
tion of emissions of the VCSEL. In this way, an emission
pattern is controlled, thereby improving a system that
includes the VCSEL, such as an imaging system, a manu-
facturing system, a communications system, and/or the like.
[0020] FIG. 1 is a diagram of an example VCSEL 100
described herein. As shown in FIG. 1, example VCSEL 100
may include a cathode 105, a substrate 110, a mirror 115,
which may include a bottom mirror 115-1 and a top mirror
115-2, an ion implant region 120, an active layer 125, an
oxide aperture 130, a dielectric layer 135, a p-ohmic metal
region 140, and/or the like.

[0021] As further shown in FIG. 1, current may flow from
approximately the cathode 105, through oxidation aperture
130 and toward p-ohmic metal region 140, and optical
emissions may be directed outward from an optical aperture
approximately aligned with oxidation aperture 130.

[0022] In some implementations, p-ohmic metal region
140 may form a top contact that may cover at least a portion
of a top surface of VCSEL 100, all of the top surface of
VCSEL 100, and/or the like. For example, p-ohmic metal
region 140 may form a toothed-arrangement, as described
herein in more detail with regard to FIGS. 2A-2D, a seg-
mented arrangement, as described in more detail with regard
to FIGS. 4A-4D, and/or the like. In some implementations,
p-ohmic metal region 140 includes a conductive surface
deposited and/or formed on a top surface of VCSEL 100. For
example, p-ohmic metal region 140 may form a tooth shape
with a particular quantity of teeth, such as 2 teeth, 3 teeth,
4 teeth, 5 teeth, 6 teeth, and/or the like. In some implemen-
tations, an inner edge of p-ohmic metal region 140 is
tooth-shaped and an outer edge of p-ohmic metal region 140
is ring-shaped. In some implementations, p-ohmic metal
region 140 may have a particular tooth shape for each tooth.
For example, p-ohmic metal region 140 may have a squared
toothed shape, a triangular toothed shape, a rectangular
toothed shape, a circular toothed shape, a combination
thereof (e.g., a tooth with rectilinear sides and a rounded
edge), and/or the like. In some implementations, p-ohmic
metal region 140 may include a plurality of different types

Oct. 22,2020

of tooth shapes, such as a first tooth with a square toothed
shape and a second tooth with a triangular toothed shape, to
achieve a particular emission mode.

[0023] In some implementations, p-ohmic metal region
140 may form a ring, which is larger than oxidation aperture
130, to avoid blocking emissions from within VCSEL 100.
[0024] Although described herein in terms of a top contact
formed by a p-ohmic metal region 140 formed using a
p-ohmic material, the top contact may be an n-ohmic metal
region formed using an n-ohmic material. In this case,
current may travel downward from an n-ohmic metal region
on a top surface through the oxide aperture (130) of VCSEL
100. As described above for a p-metal contact, an n-metal
contact may include teeth which may change a current path
relative to a prior art ring-shaped top contact, thereby
controlling emission modes of VCSEL 100.

[0025] By using a tooth-shaped inner edge for a top
contact (e.g., formed by p-ohmic metal region 140), VCSEL
100 may constrain a current path relative to having a
ring-shaped inner edge. Based on constraining the current
path, VCSEL 100 may provide emission modes with a
particular emission mode configuration, such as a mode with
N-fold (e.g., 5-fold) radial symmetry for N teeth (e.g., 5
teeth).

[0026] In some implementations, ion implant region 120
may form an implanted region that may surround at least a
portion of the VCSEL structure and/or cover a portion of a
top surface of VCSEL 100. In some implementations, ion
implant region 120 may be disposed under a section of
p-ohmic metal region 140 to restrict current flow. For
example, VCSEL 100 may include a set of ion implanted
regions 120 on and under a surface of VCSEL 100. In this
way, VCSEL 100 may use one or more of the toothed-
arrangement, the segmented arrangement, the implanted
regions, and/or the like to control the current flow.

[0027] Ion implant region 120 includes a patterned
implantation that surrounds at least a portion of the VCSEL
structure and/or covers a portion of a top surface of VCSEL
100. For example, ion implanted region 120 may be formed
on VCSEL 100 to limit carrier flow to a particular region of
VCSEL 100, and may be configured to cause an optical
emission with a particular pattern. In some implementations,
ion implanted region 120 may include an ion implantation
that may inhibit current flow in ion implanted region 120.
For example, ion implanted region 120 may be a current
blocker that may increase resistance relative to a non-
implanted region. In this case, a difference in a resistance of
ion implanted region 120 relative to another portion of a
VCSEL 100, may be on an order of greater than approxi-
mately 100:1. In other words, a conductance of ion
implanted region 120 may be less than Yoo of that of mirror
regions 115 and active area 125. Additional details regarding
ion implanted region 120 are described with regard to FIGS.
3A-3D.

[0028] As indicated above, FIG. 1 is provided merely as
an example. Other examples may differ from what is
described with regard to FIG. 1.

[0029] FIGS. 2A-2D are diagrams of example implemen-
tations 200-230 described herein.

[0030] As shown in FIG. 2A, and by example implemen-
tation 200, a first configuration of a top contact (e.g., formed
by a p-ohmic metal region 140) may include a set of three
teeth evenly distributed around a VCSEL. As shown by
reference number 202, the set of three teeth cause a set of
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three emission modes with 3-fold radial symmetry. For
example, based on causing current flow to/from the three
teeth, the top contact may cause three emission modes to be
formed for an output of the VCSEL.

[0031] As shown in FIG. 2B, and by example implemen-
tation 210, a second configuration of a top contact may
include a set of 4 teeth evenly distributed around a VCSEL.
As shown by reference number 212, the set of 4 teeth cause
a set of 4 emission modes with 4-fold radial symmetry. As
shown in FIG. 2C, and by example implementation 220, a
third configuration of a top contact may include a set of 5
teeth evenly distributed around a VCSEL. As shown by
reference number 222, the set of 5 teeth cause a set of 5
emission modes with 5-fold radial symmetry. As shown in
FIG. 2D, and by example implementation 230, a fourth
configuration of a top contact may include a set of 6 teeth
evenly distributed around a VCSEL. As shown by reference
number 232, the set of 6 teeth cause a set of 6 emission
modes with 6-fold radial symmetry.

[0032] Insome implementations, a pattern of teeth of a top
contact of a VCSEL may be symmetric (e.g., evenly dis-
tributed around the VCSEL). For example, as shown in
FIGS. 2A-2D, teeth may be evenly distributed around a
body of the VCSEL. Additionally, or alternatively, teeth may
be irregularly arranged to form irregularly arranged modes.
Additionally, or alternatively, teeth may be heterogeneous.
For example, a first tooth of a top contact may be associated
with a first shape, size, and/or position, and a second tooth
of the top contact may be associated with a second shape,
size, and/or position. In this way, the VCSEL may, for
example, suppress higher order modes, cause a differential
in energy of each mode, and/or the like. Based on controlling
the emission modes, the VCSEL may enable generation of
a particular near-field emission pattern, a particular far-field
emission pattern, and/or the like.

[0033] As indicated above, FIGS. 2A-2D are provided
merely as one or more examples. Other examples may differ
from what is described with regard to FIGS. 2A-2D.
[0034] FIGS. 3A-3D are diagrams of example implemen-
tations 300-320 described herein.

[0035] As shown in FIGS. 3A and 3B, and by example
implementation 300, a first configuration of an implanted
region (e.g., formed by ion implant region 120) may include
a set of 4 implantations evenly distributed around a VCSEL.
As shown by reference number 302, the set of 4 implanta-
tions cause a set of 4 emission modes with 4-fold radial
symmetry. As a result of an increased level of resistance
associated with the set of 4 implantations, current flow may
be directed toward areas of a top contact not covered by the
implantations, resulting in emissions modes of a VCSEL
aligned to a current flow region. As shown by example
implementation 300, the set of 4 implantations may extend
from a top surface of the VCSEL and partially surround the
VCSEL. Although some implementations are described in
terms of a particular symmetry of implantations (e.g., evenly
distributed implanted regions to cause radial symmetry),
non-symmetric and/or other irregular shaped and arranged
implantations are possible.

[0036] As shown in FIG. 3C, and by example implemen-
tation 310, a second configuration of an implanted region
may include a set of three implantations evenly distributed
around a VCSEL. As shown by reference number 312, the
set of three implantations cause a set of three emission
modes with 3-fold rotational symmetry. As shown in FIG.
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3D, and by example implementation 320, a third configu-
ration of an implanted region may include a set of 5
implantations evenly distributed around a VCSEL. As
shown by reference number 322, the set of 5 implantations
cause a set of 5 emission modes with 5-fold radial symmetry.
[0037] As indicated above, FIGS. 3A-3D are provided
merely as one or more examples. Other examples may differ
from what is described with regard to FIGS. 3A-3D.
[0038] FIGS. 4A-4D are diagrams of example implemen-
tations 400-430 described herein.

[0039] As shown in FIG. 4A, and by example implemen-
tation 400, a first configuration of a VCSEL may include a
set of three top contact segments (e.g., formed by p-ohmic
metal region 140) evenly distributed around a top surface of
a VCSEL. As shown by reference number 402, the set of
three top contact segments cause a set of three emission
modes with 3-fold radial symmetry. In some implementa-
tions, the set of top contact segments may have a particular
shape. For example, a top contact segment may have a
rectangular shape, an arc shape (as shown), and/or the like.
Although some implementations are described in terms of
symmetric (e.g., evenly distributed) top contact segments,
non-symmetric and/or other irregular shaped and arranged
top contact segments are possible.

[0040] As shown in FIG. 4B, and by example implemen-
tation 410, a second configuration of a VCSEL may include
a set of 4 top contact segments evenly distributed around a
top surface of a VCSEL. As shown by reference number
412, the set of 4 top contact segments cause a set of 4
emission modes with 4-fold radial symmetry. As shown in
FIG. 4C, and by example implementation 420, a third
configuration of a VCSEL may include a set of 5 top contact
segments evenly distributed around a top surface of a
VCSEL. As shown by reference number 422, the set of 5 top
contact segments cause a set of 5 emission modes with
5-fold radial symmetry. As shown in FIG. 4D, and by
example implementation 430, a fourth configuration of a
VCSEL may include a set of 6 top contact segments evenly
distributed around a top surface of a VCSEL. As shown by
reference number 432, the set of 6 top contact segments
cause a set of 6 emission modes with 6-fold radial symmetry.
[0041] As indicated above, FIGS. 4A-4D are provided
merely as one or more examples. Other examples may differ
from what is described with regard to FIGS. 4A-4D.
[0042] The foregoing disclosure provides illustration and
description, but is not intended to be exhaustive or to limit
the implementations to the precise forms disclosed. Modi-
fications and variations may be made in light of the above
disclosure or may be acquired from practice of the imple-
mentations.

[0043] Some implementations are described herein in con-
nection with thresholds. As used herein, satisfying a thresh-
old may, depending on the context, refer to a value being
greater than the threshold, more than the threshold, higher
than the threshold, greater than or equal to the threshold, less
than the threshold, fewer than the threshold, lower than the
threshold, less than or equal to the threshold, equal to the
threshold, or the like.

[0044] 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
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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.

[0045] 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
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™).

What is claimed is:

1. A vertical cavity surface emitting laser (VCSEL),
comprising:

a top contact,

wherein the top contact is associated with a particular
shape,

wherein the particular shape is a toothed shape with a
particular quantity of teeth.

2. The VCSEL of claim 1, further comprising:

at least one implanted region disposed under at least a

portion of the top contact.

3. The VCSEL of claim 1, wherein at least a portion of the
top contact is segmented to form a set of top contact
segments.

4. The VCSEL of claim 1, wherein the particular shape of
the top contact is configured to cause a particular emission
mode configuration for emissions of the VCSEL.

5. The VCSEL of claim 1, wherein the top contact is a
p-ohmic top contact or an n-ohmic top contact.

6. The VCSEL of claim 1, wherein the toothed shape is at
least one of a square toothed shape, a rectangular toothed
shape, or a triangular toothed shape.

7. The VCSEL of claim 1, wherein the top contact is larger
than an oxidation aperture of the VCSEL.

8. The VCSEL of claim 1, wherein the top contact
includes a particular symmetry associated with the particular
quantity of teeth, and

wherein the particular symmetry and the particular quan-

tity of teeth is, respectively, one of:

3-fold radial symmetry with 3 teeth,

4-fold radial symmetry with 4 teeth,

5-fold radial symmetry with 5 teeth, or

6-fold radial symmetry with 6 teeth.

9. A vertical cavity surface emitting laser (VCSEL) com-
prising:

a top contact; and

at least one implanted region disposed under at least a

portion of the top contact,
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wherein the at least one implanted region is associated
with an implanted region configuration,

wherein the implanted region configuration is a par-
ticular quantity or pattern of implantations in the top
contact.

10. The VCSEL of claim 9, wherein the top contact is
segmented to form a plurality of top contact segments.

11. The VCSEL of claim 9, wherein the implanted region
configuration is configured to cause a particular emission
mode configuration for emissions of the VCSEL.

12. The VCSEL of claim 9, wherein the at least one
implanted region restricts a flow of current to or from the top
contact.

13. The VCSEL of claim 9, wherein a first conductance of
the implanted region is less than a second conductance of a
mirror region of the VCSEL.

14. The VCSEL of claim 13, wherein the first conductance
is less than Yoo of the second conductance.

15. The VCSEL of claim 9, wherein the particular quan-
tity of implantations is one of:

3 implantations,

4 implantations,

5 implantations, or

6 implantations.

16. The VCSEL of claim 9, wherein an emission mode of
a beam formed by the VCSEL is associated with N-fold
symmetry.

17. The VCSEL of claim 9, wherein the top contact is
associated with a toothed shape.

18. A vertical cavity surface emitting laser (VCSEL),
comprising:

a plurality of top contact segments,

wherein the plurality of top contact segments is asso-
ciated with a top contact segment configuration,
wherein the top contact segment configuration is a
particular quantity or pattern of top contact seg-
ments.

19. The VCSEL of claim 18, wherein the top contact
segment configuration is configured to cause a particular
emission mode configuration for emissions of the VCSEL.

20. The VCSEL of claim 18, further comprising at least
one implantation region disposed at least partially under a
surface of at least one top contact segment, of the plurality
of top contact segments, to restrict a current flow in the at
least one top contact segment.

21. A wvertical cavity surface emitting laser (VCSEL),
comprising:

one or more components configured to:

emit a patterned optical emission,
wherein the patterned optical emission results from
at least one of a shaped top contact region, an
implanted region, or a segmented top contact
region.

22. The VCSEL of claim 21, wherein the shaped top
contact region is a toothed shape.

23. The VCSEL of claim 21, wherein the implanted region
is disposed under at least a portion of a top contact of the
VCSEL.

24. An optical system, comprising:

a vertical cavity surface emitting laser (VCSEL) config-

ured to emit a patterned optical emission,
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wherein the patterned optical emission results from at

least one of a shaped top contact region, an

implanted region, or a segmented top contact region.

25. The optical system of claim 24, wherein the optical
system is an optical imaging system.
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