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(57) ABSTRACT

An embodiment relates to a surface emitting laser device
and a light emitting device including the same. The surface
emitting laser device according to the embodiment includes:
a first emitter having a first aperture and a first insulating
region; a second emitter having a second aperture and a
second insulating region and disposed adjacent to the first
emitter; a third emitter having a third aperture and a third
insulating region and disposed adjacent to the first emitter
and the second emitter; and a first trench region disposed
between the first emitter and the third emitter. The first
trench region is disposed inside a virtual triangle connecting
a center of the first aperture of the first emitter, a center of
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the second aperture of the second emitter, and a center of the
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1
SURFACE EMITTING LASER DEVICE AND
A LIGHT EMITTING DEVICE INCLUDING
THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is the National Phase of PCT Interna-
tional Application No. PCT/KR2019/010878, filed on Aug.
27, 2019, which claims priority under 35 U.S.C. 119(a) to
Patent Application No. 10-2018-0101719, filed in the
Republic of Korea on Aug. 29, 2018, all of which are hereby
expressly incorporated by reference into the present appli-
cation.

TECHNICAL FIELD

The embodiment relates to a semiconductor device, and
more particularly, to a surface emitting laser device and a
light emitting device including the same.

BACKGROUND ART

A semiconductor device including a compound such as
GaN or AlGaN has many advantages, such as having a wide
and easily adjustable band gap energy, and thus can be used
in various ways as a light emitting device, a light receiving
device, and various diodes.

In particular, light emitting devices such as light emitting
diodes and laser diodes using a group III-V or II-VI com-
pound semiconductor material of semiconductors can be
implemented various colors such as blue, red, green, and
ultraviolet light. In addition, it is possible to implement
highly efficient white light rays by using fluorescent mate-
rials or by combining colors. In addition, it has advantages
of low power consumption, semi-permanent life, fast
response speed, safety and environmental friendliness com-
pared to conventional light sources such as fluorescent
lamps and incandescent lamps.

In addition, when light-receiving devices such as photo-
detectors and solar cells are also manufactured using com-
pound semiconductor materials of Groups III-V or II-VI of
semiconductors, the development of device materials gen-
erates photocurrent by absorbing light in various wavelength
ranges. By doing so, light in various wavelength ranges from
gamma rays to radio wavelength ranges can be used. In
addition, it has the advantages of fast response speed, safety,
environmental friendliness, and easy control of device mate-
rials, so it can be easily used for power control or ultra-high
frequency circuits or communication modules.

Accordingly, a light-emitting diode backlight is replacing
a cold cathode fluorescent lamp (CCFL) constituting a
transmission module of an optical communication means
and a backlight of a liquid crystal display (LCD) display
device. Applications are expanding to white light-emitting
diode lighting devices that can replace fluorescent or incan-
descent bulbs, automobile headlights and traffic lights, and
sensors that detect gas or fire.

In addition, applications can be extended to high-fre-
quency application circuits, other power control devices, and
communication modules. For example, in the conventional
semiconductor light source device technology, there is a
vertical-cavity surface emitting laser (VCSEL), which is
used for optical communication, optical parallel processing,
and optical connection. On the other hand, in the case of a
laser diode used in such a communication module, it is
designed to operate at a low current.
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2

Meanwhile, response speed was important in the existing
structure for data optical communication, but as it is recently
applied to a high power PKG for a sensor, optical output and
voltage efficiency become important characteristics.

For example, a 3D sensing camera is a camera capable of
capturing depth information of an object, and has recently
been in the spotlight in conjunction with augmented reality.
On the other hand, for sensing the depth of the camera
module, a separate sensor is mounted, and it is divided into
two types: Structured Light (SL) method and Time of Flight
(ToF) method.

In the structured light (SL) method, a laser of a specific
pattern is radiated onto a subject, and the depth is calculated
by analyzing the degree of deformation of the pattern
according to the shape of the subject surface, and then
combining it with a picture taken by an image sensor to
obtain a 3D photographing result.

In contrast, the ToF method is a method in which a 3D
photographing result is obtained by calculating the depth by
measuring the time the laser is reflected off the subject and
returning, and then combining it with the picture taken by
the image sensor.

Accordingly, the SL. method has an advantage in mass
production in that the laser must be positioned very accu-
rately, while the ToF technology relies on an improved
image sensor, and it is possible to adopt either method or
both methods in one mobile phone.

For example, a 3D camera called True Depth can be
implemented in the front of a mobile phone in the SL
method, and the ToF method can be applied in the rear side.

Meanwhile, when a VCSEL is applied to a structured light
sensor, a time of flight (ToF) sensor, or a laser diode
autofocus (LDAF), it operates at a high current. Accord-
ingly, problems such as a decrease in luminous intensity
output or an increase in threshold current occur.

As described above, in the VCSEL package technology,
the ToF method uses the VCSEL chip as a light source, and
calculates the time difference of the reflected pulse beam by
flash type pulse projection through a diffuser to extract the
depth.

For example, FIG. 1 is an exemplary diagram of a method
of determining a field of interest (FOI) and a field of view
(FOV) by a combination of a beam divergence and a diffuser
beam angle in a VCSEL chip. Accordingly, it is important to
control the beam divergence in the VCSEL chip to determine
the FOI and FOV.

Next, FIG. 2A shows mode change data according to an
aperture size in the related art.

In the related art, the aperture size is increasing in
accordance with the demand for a high-output VCSEL
package.

In VCSEL technology, a small size aperture, for example,
3 um or less in diameter (r,) is desirable for single funda-
mental mode stabilization, but a large size aperture in a
high-power VCSEL package is required.

On the other hand, as shown in FIG. 2A, when the
aperture size, for example, the diameter r, of the aperture
increases, a problem occurs in that the light emission mode
changes or the divergence angle changes due to mode
hopping.

Specifically, referring to FIG. 2A, when the aperture
diameter r, increases, the divergence mode changes, so that
a higher mode shift occurs.

For example, as the aperture size increases in the related
art, LP 01 (r,=2 um), LP 21 (r,=4 um), LP 41 (r,=6 pm)
changes to higher order mode such that higher mode shift
phenomenon occurs.
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However, such a phenomenon of changing to a higher-
order mode causes a problem of splitting a beam pattern or
increasing a divergence angle of beams.

For example, FIG. 2B shows beam profile data in the far
field of'a conventional VCSEL, and the beam pattern of the
outgoing beam is fragmented as the applied current
increases. For example, FIG. 2B is a VCSEL having an
aperture with a diameter (r,) of 4.5 um in a circular shape
under the condition that the threshold current (I,,,) is 1.2 mA,
and as the applied current increases from 1.2 mA (b1) to 3.0
mA (b2) and 5.0 mA (b3), respectively, the oscillation mode
changes to a higher-order mode, showing a problem that the
beam pattern of the outgoing beam is split.

Meanwhile, FIG. 2C shows beam profile data in a far field
of a conventional VCSEL, and when the aperture diameter
r, is 6.0 um, it is oscillated in a higher-order mode imme-
diately after lasing. In addition, as the current increases,
multi-mode oscillation has become more intense.

On the other hand, in this application, for the measure-
ment of the far field beam profile of the surface emitting
laser device, 8050M-GE-TE (Thorlabs, Inc.), which is a
beam profiler measuring instrument, was used. The speci-
fication information of 8050M-GE-TE is 8 Megapixel
Monochrome Scientific CCD Camera, Hermetically Sealed
Cooled Package, GigE Interface. However, the measuring
equipment of the far field beam profile is not limited thereto.

Next, FIG. 3 shows near field image data as an increase
in applied current in a conventional VCSEL, and also shows
data of divergence angle of beams according to each applied
current. Referring to FIG. 3, as the applied current increased
from 3 mA (d1) to 5 mA (d2), 7.5 mA (d3), and 12 mA (d4),
the divergence angle of beams rapidly increased to 21.0°,
25.0°, 27° and 31.0°, respectively.

That is, according to the related art, as a high current is
applied, current crowding occurs at the aperture edge, and
damage to the aperture which is a laser emission area may
occur. In addition, while the dominant mode is oscillated at
a low current, but the divergence angle of beams is increased
due to the oscillation of the higher mode as a high current is
applied.

In particular, according to the related art, there is a
problem in that the wavelength and the divergence angle
change due to divergence mode hopping. For stabilization of
the divergence mode, the diameter of the aperture is pref-
erably less than about 5.0 um. However, a large aperture is
required for high output, and a technical contradiction arises
in that divergence angle of beams increases due to instability
of the oscillation mode in an aperture of a larger size of 5.0
pm or more.

Next, FIG. 4A is a plan view of a conventional VCSEL
emitter, FIG. 4B is a cross-sectional photograph taken along
line T1-T1' of FIG. 4A, and FIG. 4C is a cross-sectional
photograph taken along line T2-T2' of FIG. 4A.

Specifically, referring to FIG. 4A, the VCSEL of the
related art may include a plurality of emitters, for example,
a first emitter RE1, a second emitter RE2, a third emitter
RE3, and the like. In each emitter, an aperture RA and an
insulating region RI are provided. A mesa process is per-
formed to form the aperture RA and the insulating region RI,
which may be performed through a predetermined trench
process.

For example, a first trench RT1 may be disposed between
the first emitter RE1 and the second emitter RE2, and a
second trench RT2 may be disposed between the first emitter
RE1 and the third emitter RE3.

FIG. 4B is a cross-sectional photograph taken along line
T1-T1' of FIG. 4A. In the related art, when applying a
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trench, the spacing between emitters must be narrowed in
order to increase the oscillation area. To do this, the trench
etching angle (EA1) should be made an almost right angle.
Accordingly, in the related art, the etching angle (EA1) of
the trench reaches about 80°.

However, as the etching angle EA1 increases as shown in
FIG. 4B, there is a problem in that a crack occurs due to the
occurrence of the first void V1 in the passivation process
through the dielectric material formed thereafter.

In addition, referring to FIG. 4C, the electrode material is
filled and disposed on the passivation at the trench location.
As the first void V1 generated in the passivation is propa-
gated or transmitted to the electrode material to generate the
second void V2, there is a problem in that reliability
deterioration occurs due to moisture penetration and gen-
eration of low current.

On the other hand, in the related art, in order to reduce the
etching angle between emitters, a wide spacing between
emitters must be secured. In this case, since the spacing
between emitters cannot be narrowed, there is a technical
contradiction in which a compact big VICEL device cannot
be implemented.

Accordingly, in the related art level, as shown in FIG. 4B,
the attempt for preventing the first void V1 from propagating
is just forming a passivation layer in multiple layers.

SUMMARY

The embodiment is to provide a surface emitting laser
device and a light emitting device including the same,
having excellent reliability.

In addition, the embodiment is to provide a surface
emitting laser device capable of preventing and a light
emitting device including the same, for solving the problem
of increasing the divergence angle of beams or splitting the
beam pattern according to the higher mode shift despite the
application of a high current or an increase in the aperture
size.

The surface emitting laser device according to the
embodiment may include a first emitter E1 including a first
aperture 241, a first insulating region 242, a second emitter
E2 including a second aperture 2415, a second insulating
region 2425 and disposed adjacent to the first emitter E1, a
third emitter E3 including a third aperture 241c¢, a third
insulating region 242¢, disposed adjacent to the first emitter
E1 and the second emitter E2 and a first trench region ET1
disposed between the first emitter E1 to third emitter E3.

The first trench region ET1 may be disposed inside a
virtual triangle IT connecting a center of a first aperture 241
of the first emitter E1, a center of a second aperture 2415 of
the second emitter E2, and a center of the third aperture 241¢
of the third emitter E3.

In an embodiment, an inclination angle of the sidewall of
the first emitter E1 formed by the first trench region may be
75° or less.

In the aperture region 240, an outer periphery of the
insulating region 242 may be circular, and an outer periphery
of the aperture 241 may have a polygonal shape.

In an embodiment, the first emitter E1 and the second
emitter E2 are spaced apart by a first separation distance D1,
and the first width W1 of the first trench region ET1 may be
greater than the first separation distance D1.

For example, the first separation distance may have a
minimum first distance to a maximum second distance
range. And the first width W1 of the first trench region ET1
may be greater than the first distance, which is the minimum
distance of the first separation distance D1.
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In addition, the embodiment may include a fourth emitter
including a fourth aperture and a fourth insulating region
and disposed on the other side of the third emitter adjacent
to the first emitter and the second emitter.

The embodiment may include a second trench region
disposed between the first emitter, the second emitter, and
the fourth emitter.

A second separation distance between the first trench
region and the trench region may be greater than the first
separation distance.

The first trench region ET1 may include a first round
region ER1 and a first straight region EL1 and a second
straight region EL2 disposed on both sides of the first round
region ER1.

The first straight region EL1 may be greater than the first
separation distance D1.

The first trench region ET1 may include a second round
region ER2 extending from the first straight region EL.1 and
a third round region ER3 extending from the second straight
region EL2, and a third straight region EL3 disposed
between the second round region ER2 and the third round
region ER3.

In an embodiment, the first round region ER1 may have
a convex shape downward in the center direction of the first
trench region ET1.

A central angle ® of a sector having the first round region
ER1 as an arc may be 25 to 45°.

The light emitting device of the embodiment may include
the surface emitting laser device.

Advantageous Effects

The embodiment can provide a surface emitting laser
device and a light emitting device including the same,
having excellent reliability.

For example, in an embodiment, the first trench region
ET1 can be positioned inside a virtual triangle I'T connecting
the center of the first aperture 241, the center of the second
aperture 2415, and the center of the third aperture 241c.
Accordingly, the inclination angle EA2 of the sidewall of the
first emitter E1 formed by the trench region can be formed
smoothly by expanding the region in which the trench region
can be secured. Therefore, the reliability can be remarkably
improved by preventing void generation in the passivation
layer process formed later.

In addition, for example, in the embodiment, the first
distance L1 of the first straight region EL1 in the first trench
region ET1 may be controlled to be greater than the first
separation distance D1 which is a distance between the first
emitter E1 and the second emitter E2. Accordingly, an
inclination angle EA2 of the sidewall of the first emitter E1
formed by the trench region may be smoothly formed by
widening the region secured by the first trench region ET1.
Therefore, the reliability can be remarkably improved by
preventing void generation in the passivation layer process
formed later.

In addition, it is possible to provide a surface emitting
laser device and a light emitting device including the same,
capable of solve the problem in that the divergence angle of
beams increases or the beam pattern is split according to
higher mode shift even when a high current is applied or
despite an increase in the aperture size.

For example, in an embodiment, an optical confinement
may be achieved at the edge of a polygon of the aperture 241
having excellent crystal quality. Accordingly, by controlling
the available mode, there is a special technical effect in that
the higher mode shift is delayed and the mode is maintained.
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Also, for example, in the surface emitting laser device
according to the embodiment, an aperture having a polygo-
nal outer shape may be formed by controlling a shape of a
trench region having excellent void-free quality in a circular
mesa state. Accordingly, there is a technical effect of pre-
venting a problem in which a divergence angle of beams or
a beam pattern is split due to a higher mode shift, even when
a high current is applied or despite an increase in the
aperture size.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exemplary diagram of a method of deter-
mining a field of interest (FOI) and a field of view (FOV) by
a combination of a beam divergence and a diffuser beam
angle in a VCSEL chip.

FIG. 2A is a mode change data according to the aperture
size in the related art.

FIG. 2B is a beam profile data in a far field according to
an increase in an applied current of a conventional VCSEL.

FIG. 2C is a beam profile data in a far field when the
aperture diameter r, of a conventional VCSEL is about 6.0
pm.

FIG. 3 is a near field image data according to an increase
in applied current and data of a divergence angle of beams
according to each applied current in a conventional VCSEL.

FIG. 4A is a plan view of a related art VCSEL emitter.

FIG. 4B is a cross-sectional photograph taken along line
T1-T1' of FIG. 4A.

FIG. 4C is a cross-sectional photograph taken along the
line T2-T2' of FIG. 4A.

FIG. 5 is a plan view of a surface emitting laser device
according to an embodiment.

FIG. 6 is an enlarged view of a first area Cl of the surface
emitting laser device according to the embodiment shown in
FIG. 5.

FIG. 7A is a cross-sectional view taken along line A1-A1'
of'the surface emitting laser device according to the embodi-
ment shown in FIG. 6.

FIG. 7B is a cross-sectional view of a first portion B1 of
the surface emitting laser device according to the embodi-
ment shown in FIG. 7A.

FIG. 8A is another enlarged view of the first area Cl of the
surface emitting laser device according to the embodiment
shown in FIG. 5.

FIG. 8B is a cross-sectional photograph of a first emitter
of'the surface emitting laser device according to the embodi-
ment shown in FIG. 8A along line A1-A1'".

FIGS. 8C and 8D are reliability data of a surface emitting
laser device according to a comparative example and an
embodiment, respectively.

FIG. 9A is an IR micrograph of an aperture area of the
surface emitting laser device according to the embodiment
shown in FIG. 8A.

FIG. 9B is a near field image data of an aperture area of
the surface emitting laser device according to the embodi-
ment shown in FIG. 8A.

FIG. 9C is data of change in divergence angle according
to current density for each aperture size in an embodiment.

FIG. 10A is an enlarged view of a shape of a trench ET1
of a surface emitting laser device according to an embodi-
ment.

FIG. 10B is a three-dimensional etching shape of a trench
region in a comparative example.

FIG. 10C is a three-dimensional etching shape of the
trench ET1 in the embodiment.
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FIG. 10D is a plan view schematically illustrating a
surface emitting laser device according to an embodiment.

FIG. 11 is a cross-sectional view of a surface emitting
laser device according to another embodiment.

FIG. 12 is a perspective view of a mobile terminal to
which a surface emitting laser device is applied according to
an embodiment.

DETAILED DESCRIPTION

Hereinafter, embodiments that can be implemented spe-
cifically for solving the above problems will be described
with reference to the accompanying drawings.

In the description of the embodiment, when it is described
as being formed “on or under” of each element, it means that
the two elements are in direct contact with each other or one
or more other elements can be indirectly disposed between
two elements. In addition, when expressed as “on or under”,
the meaning of not only an upward direction but also a
downward direction based on one element may be included.

First Embodiment

FIG. 5 is a plan view of the surface emitting laser device
201 according to the embodiment, and FIG. 6 is an enlarged
view of a first area Cl of the surface emitting laser device
according to the embodiment shown in FIG. 5.

Referring to FIG. 5, the surface emitting laser device 201
according to the embodiment may include a light emitting
part E and a pad part P, and the light emitting part E includes
a plurality of light emitting emitters such as the emitters E1,
E2, E3 arranged as shown in FIG. 6.

Referring to FIG. 6, the surface emitting laser device 201
of the embodiment may include a plurality of emitters
adjacent to each other.

For example, the surface emitting laser device 201 of the
embodiment includes a first emitter E1 including a first
aperture 241, a first insulating region 242, a second emitter
E2 including a second aperture 2415, a second insulating
region 2425 disposed adjacent to the first emitter E1, a third
emitter E3 including a third aperture 241c¢, a third insulating
region 242¢ disposed adjacent to the second emitter E2 and
a first trench region ET1 to be disposed between the first
emitter E1, the second emitter E2 and the third emitter E3.

Next, FIG. 7A is a first cross-sectional view taken along
line A1-A1' of the surface emitting laser device according to
the embodiment shown in FIG. 6.

Referring to FIG. 7A, in the embodiment, the surface
emitting laser device 201 includes any one or more of a first
electrode 215, a substrate 210, a first reflective layer 220, an
active layer 232, an aperture area 240, a second reflective
layer 250, a second electrode 280, and a passivation layer
270.

The aperture area 240 may include an aperture 241 and an
insulating area 242. The insulating arca 242 may be referred
to as an oxide layer, and the aperture region 240 may be
referred to as an oxidation region, but is not limited thereto.

The second electrode 280 may include a contact electrode
282 and a pad electrode 284.

Next, FIG. 7B is an enlarged cross-sectional view of the
first portion B1 of the surface emitting laser device accord-
ing to the embodiment shown in FIG. 7A.

Hereinafter, the technical features of the surface emitting
laser device 201 according to the embodiment will be
described with reference to FIGS. 7A and 7B, and technical
effects will be described with reference to the drawings. In
the drawings of the embodiment, the direction of the x-axis

10

15

20

25

30

35

40

45

55

60

65

8

may be a direction parallel to a length direction of the
substrate 210, and the y-axis may be a direction perpendicu-
lar to the x-axis.

<Substrate, First Electrode>

Referring to FIG. 7A, in an embodiment, the substrate 210
may be a conductive substrate or a non-conductive substrate.
When a conductive substrate is used, a metal having excel-
lent electrical conductivity can be used, and since it may
sufficiently dissipate heat generated when the surface emit-
ting laser device 201 is operated, a GaAs substrate with high
thermal conductivity, a metal substrate, or a substrate, etc.
can be used.

When a non-conductive substrate is used, an AIN sub-
strate, a sapphire (Al,0O,) substrate, or a ceramic-based
substrate may be used.

In an embodiment, the first electrode 215 may be disposed
under the substrate 210, and the first electrode 215 may be
disposed as a single layer or multiple layers of a conductive
material. For example, the first electrode 215 may be a
metal, and at least one of aluminum (Al), titanium (T1),
chromium (Cr), nickel (Ni), copper (Cu), and gold (Au).
And it is formed in a single-layer or multi-layer structure to
improve electrical properties, thereby increasing light out-
put.

<First Reflective Layer, Second Reflective Layer>

Referring to FIG. 7B, the first reflective layer 220 may be
doped with a first conductivity type dopant. For example, the
first conductivity-type dopant may include an n-type dopant
such as Si, Ge, Sn, Se, and Te.

In addition, the first reflective layer 220 may include a
gallium-based compound, for example, AlGaAs, but is not
limited thereto. The first reflective layer 220 may be a
Distributed Bragg Reflector (DBR). For example, the first
reflective layer 220 may have a structure in which a first
layer and a second layer made of materials having different
refractive indices are alternately stacked at least once or
more.

For example, as shown in FIG. 7B, the first reflective
layer 220 includes a first group first reflective layer 221
disposed on the substrate 210 and a second group first
reflective layers 222 disposed on the first group first reflec-
tive layer 221.

The first group first reflective layer 221 and the second
group first reflective layer 222 may include a plurality of
layers made of a semiconductor material having a compo-
sition formula of Al,Ga,_,As (0<x<1). When Al in each
layer increases, the refractive index of each layer decreases,
and when Ga increases, the refractive index of each layer
may increase.

In addition, a thickness of each layer may be A/4n. A may
be a wavelength of light generated in the active region 230,
and n may be a refractive index of each layer with respect
to the above-described light of the wavelength. Here, A may
be 650 to 980 nanometers (nm), and n may be the refractive
index of each layer. The first reflective layer 220 having such
a structure may have a reflectance of 99.999% for light in a
wavelength region of about 940 nanometers.

The thickness of the layer in each of the first reflective
layers 220 may be determined according to each refractive
index and a wavelength A of light emitted from the active
region 230.

In addition, as shown in FIG. 7B, the first group first
reflective layer 221 and the second group first reflective
layer 222 may be formed of a single layer or a plurality of
layers, respectively.

For example, the first group first reflective layer 221 may
include about 30 to 40 pairs of the first group first-first layer
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221a and the first group first-second layer 2215. The first
group first-first layer 221a may be formed to be thicker than
the first group first-second layer 2215. For example, the first
group first-first layer 221a may be formed to be about 40 to
60 nm, and the first group first-second layer 2215 may be
formed to be about 20 to 30 nm.

In addition, the second group first reflective layer 222 may
also include about 5 to 15 pairs of the second group first-first
layer 222a and the second group first-second layer 22254.
The second group first-first layer 222a may be formed to be
thicker than the second group first-second layer 2225b. For
example, the second group first-first layer 2224 may be
formed to be about 40 to 60 nm, and the second group
first-second layer 2225 may be formed to be about 20 to 30
nm.

In addition, as shown in FIG. 7B, the second reflective
layer 250 may include a gallium-based compound, for
example, AlGaAs, and the second reflective layer 250 may
be doped with a second conductivity type dopant. The
second conductivity-type dopant may be a p-type dopant
such as Mg, Zn, Ca, Sr, Ba, or the like. Meanwhile, the first
reflective layer 220 may be doped with a p-type dopant, or
the second reflective layer 250 may be doped with an n-type
dopant.

The second reflective layer 250 may also be a Distributed
Bragg Reflector (DBR). For example, the second reflective
layer 250 may have a structure in which a plurality of layers
made of materials having different refractive indices are
alternately stacked at least once or more.

Each layer of the second reflective layer 250 may include
AlGaAs, and in detail, may be made of a semiconductor
material having a composition formula of Al Ga_,As
(0<x<1). Here, when Al increases, the refractive index of
each layer decreases, and when Ga increases, the refractive
index of each layer may increase. In addition, the thickness
of each layer of the second reflective layer 250 is A/4n, A
may be a wavelength of light emitted from the active layer,
and n may be a refractive index of each layer with respect
to the light of the above-described wavelength.

The second reflective layer 250 having such a structure
may have a reflectance of 99.9% for light in a wavelength
region of about 940 nanometers.

The second reflective layer 250 may be formed by alter-
nately stacking layers, and the number of pairs of layers in
the first reflective layer 220 may be greater than the number
of pairs of layers in the second reflective layer 250. In this
case, as described above, the reflectance of the first reflective
layer 220 is about 99.999%, which may be greater than the
reflectance of 99.9% of the second reflective layer 250.

In an embodiment, the second reflective layer 250 may
include a first group second reflective layer 251 disposed
adjacent to the active region 230 and a second group second
reflective layer 252 spaced apart from the active region 230
than the first group second reflective layer 251.

As shown in FIG. 7B, the first group second reflective
layer 251 and the second group second reflective layer 252
may also be formed of a single layer or a plurality of layers,
respectively.

For example, the first group second reflective layer 251
may include about 1 to 5 pairs of the first group second-first
layer 251a and the first group second-second layer 2515.
The first group second-first layer 251a may be formed to be
thicker than the first group second-second layer 2515. For
example, the first group second-first layer 251a may be
formed to be about 40 to 60 nm, and the first group
second-second layer 2515 may be formed to be about 20 to
30 nm.
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In addition, the second group second reflective layer 252
may also include about 5 to 15 pairs of the second group
second-first layer 252a and the second group second-second
layer 252b. The second group second-first layer 252a may
be formed to be thicker than the second group second-
second layer 252b. For example, the second group second-
first layer 252a may be formed to be about 40 to 60 nm, and
the second group second-second layer 25256 may be formed
to be about 20 to 30 nm.

<Active Layer>

With continued reference to FIG. 7B, the active layer 232
may be disposed between the first reflective layer 220 and
the second reflective layer 250.

The active layer 232 may include any one of a single well
structure, a multiple well structure, a single quantum well
structure, a multi quantum well (MQW) structure, a quan-
tum dot structure, or a quantum wire structure.

The active layer 232 may include a well layer 232a and
a barrier layer 2326 using a compound semiconductor
material of a group III-V element. The well layer 232a may
be formed of a material having an energy band gap smaller
than the energy band gap of the barrier layer 2326. The
active layer 232 may be formed in 1 to 3 pair structure such
as InGaAs/AlxGaAs, AlGalnP/GalnP, AlGaAs/AlGaAs,
AlGaAs/GaAs, GaAs/InGaAs, but is not limited thereto. A
dopant may not be doped into the active layer 232.

<Cavity>

In an embodiment, predetermined cavities 231 and 233
may be disposed between the first reflective layer 220 and
the second reflective layer 250.

In an embodiment, the cavities may be disposed in contact
with each of the active layers 232 and may include a first
cavity 231 disposed between the active layer 232 and the
first reflective layer 220 and a second cavity 233 disposed
between the active layer 232 and the second reflective layers
250.

The first cavity 231 and the second cavity 233 may be
formed of an Al Ga;,_,As (0<y<l) material, but are not
limited thereto. For example, the first cavity 231 and the
second cavity 233 may include a plurality of layers of
AlLGa,,_,As.

For example, the first cavity 231 may include a first-first
cavity layer 231a and a first-second cavity layer 2315. The
first-first cavity layer 231a may be spaced apart from the
active layer 232 more than the first-second cavity layer
231b. The first-first cavity layer 231a may be formed to be
thicker than the first-second cavity layer 2315, but is not
limited thereto.

In addition, the second cavity 233 may include a second-
first cavity layer 233a and a second-second cavity layer
233b. The second-second cavity layer 2335 may be further
spaced apart from the active layer 232 compared to the
second-first cavity layer 233a. The second-second cavity
layer 2335 may be formed to be thicker than the second-first
cavity layer 233a, but is not limited thereto. In this case, the
second-second cavity layer 2335 may be formed to be about
60 to 70 nm, and the first-first cavity layer 231a may be
formed to be about 40 to 55 nm, but it is not limited thereto.

<Aperture Area>

Referring back to FIG. 7A, in the embodiment, the
aperture region 240 may include an insulating region 242
and an aperture 241. The aperture 241 may be referred to as
an opening, and the aperture region 240 may be referred to
as an opening region.

The insulating region 242 may be formed of an insulating
layer, for example, aluminum oxide, and may function as a
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current blocking region, and an aperture 241 that is a light
emission region may be defined by the insulating region 242.

For example, when the aperture region 240 includes
aluminum gallium arsenide (AlGaAs), the AlGaAs of the
aperture region 240 reacts with H,O to change the edge to
aluminum oxide (Al,O;). Accordingly, the insulating region
242 may be formed, and the central region that does not react
with H,O may be an aperture 241 made of AlGaAs.

According to the embodiment, light emitted from the
active region 230 through the aperture 241 may be emitted
to the upper region, and the aperture 241 may have excellent
light transmittance compared to the insulating region 242.

Referring to FIG. 7B, the insulating region 242 may
include a plurality of layers. For example, the insulating
region 242 may include a first insulating layer 2424 and a
second insulating layer 2425. The first insulating layer 2424
may have a thickness equal to or different from that of the
second insulating layer 2426b.

<Second Electrode, Ohmic Contact Layer, Passivation
Layer>

Referring back to FIG. 7A, the emitter may be defined by
mesa etching from the second reflective layer 250 to the
aperture region 240 and the active region 230 in the surface
emitting laser device 201 according to the embodiment.
Also, a part of the first reflective layer 220 may be mesa
etched.

Thereafter, the second electrode 280 may be disposed on
the second reflective layer 250, and the second electrode 280
may include a contact electrode 282 and a pad electrode 284.

The passivation layer 270 may be disposed in a region
between the contact electrodes 282 where the second reflec-
tive layer 250 is exposed, and may vertically correspond to
the aperture 241. The contact electrode 282 may improve
ohmic contact characteristics between the second reflective
layer 250 and the pad electrode 284.

The second electrode 280 may be made of a conductive
material, for example, a metal. For example, the second
electrode 280 includes at least one of aluminum (Al),
titanium (Ti), chromium (Cr), nickel (Ni), copper (Cu), and
gold (Au).

As shown in FIG. 7A, a passivation layer 270 may be
disposed on side surfaces and top surfaces of the mesa-
etched light emitting structure, and on the top surface of the
first reflective layer 220. The passivation layer 270 is also
disposed on a side surface of the surface emitting laser
device 201 separated by device units, and protects and
insulates the surface emitting laser device 201. The passi-
vation layer 270 may be made of an insulating material, for
example, a nitride or an oxide. For example, the passivation
layer 270 may include at least one of polyimide, silica
(8i0,), or silicon nitride (Si;N,).

The passivation layer 270 may have a thickness smaller
than that of the contact electrode 282 on the upper surface
of the light emitting structure, through which the contact
electrode 282 may be exposed over the passivation layer
270. The pad electrode 284 may be disposed in electrical
contact with the exposed contact electrode 282, and the pad
electrode 284 may extend and be disposed above the pas-
sivation layer 270 to receive current from the outside.

One of the technical problems of the embodiment is to
provide a surface emitting laser device and a light emitting
device including the same, having excellent reliability.

FIG. 8A is another enlarged view of the first area Cl of the
surface emitting laser device according to the embodiment
shown in FIG. 5, and FIG. 8B is a cross-sectional picture
along line A1-A1" of the first emitter of the surface emitting
laser device according to the embodiment shown in FIG. 8A.
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And FIG. 8C is an IR micrograph of the aperture area of the
surface emitting laser device according to the embodiment
shown in FIG. 8A. And FIG. 8D a near field image data of
the aperture area of the light emitting laser device.

Referring to FIG. 8A, the surface emitting laser device
201 of the embodiment includes a first emitter E1 including
a first aperture 241, a first insulating region 242, a second
emitter E2 including a second aperture 2415, a second
insulating region 2424 disposed adjacent to the first emitter
E1, a third emitter E3 including a third aperture 241c, a third
insulating region 242¢ disposed adjacent to the second
emitter E2 and a first trench region ET1 disposed between
the first emitter E1 to the third emitter E3.

At this time, the first trench region ET1 may be disposed
inside a virtual triangle IT connecting a center of the first
aperture 241 of the first emitter E1, a center of the second
aperture 2415 of the second emitter E2, and a center of the
third aperture 241c¢ of the third emitter E3.

In addition, in the embodiment, the first trench region ET1
may not meet a first virtual line connecting the center of the
first aperture 241 of the first emitter E1 and the center of the
second aperture 2415 of the second emitter E2.

In addition, the first trench region ET1 may not meet a
second virtual line connecting the center of the second
aperture 2415 of the second emitter E2 and the center of the
third aperture 241c¢ of the third emitter E3.

In addition, the first trench region ET1 may not meet a
third virtual line connecting the center of the first aperture
241 of the first emitter E1 and the center of the third aperture
241c of the third emitter E3.

As described above, in order to increase the oscillation
area when applying the trench in the related art, the spacing
between the emitters must be narrowed. However, for this,
the trench etching angle EA1 becomes almost a right angle.
However, as the etching angle EA1 becomes steep, the first
void V1 is generated in the passivation process using a
dielectric material formed later, thereby causing cracks.

In addition, as an electrode material is disposed on the
passivation at the trench location, the first void V1 generated
in the passivation is transferred to the electrode material to
generate a second void V2 such that there is a problem of
reduce reliability owing to arising moisture penetration or
low current generation.

As shown in FIG. 8A, the first trench area ET1 of the
embodiment can be placed in a virtual triangle connecting
the center of the first aperture 241, the center of the second
aperture 2415, and the center of the third aperture 241¢ such
that a trench area can be widened.

Referring to FIGS. 7A and 8B, in an embodiment, an
inclination angle EA2 of the sidewall of the first emitter E1
formed by the trench region can be formed smoothly by
expanding the region in which the trench region can be
secured. Therefore, the reliability can be remarkably
improved by preventing void generation in the passivation
layer process formed later.

For example, in the embodiment, the first trench area ET1
can be disposed inside a virtual triangle IT connecting the
center of the first aperture 241, the center of the second
aperture 2415, and the center of the third aperture 241c.
Accordingly, by expanding the area in which the trench area
can be secured, the inclination angle EA2 of the sidewall of
the first emitter E1 formed by the trench area can be
smoothly formed to be 75° or less. So, reliability can be
remarkably improved by preventing the generation of voids
in the passivation layer process formed after that.

Also, referring to FIG. 8A, in the embodiment, the first
emitter E1 and the second emitter E2 are separated by a first
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separation distance D1. And a first width W1 of the first
trench region ET1 may be larger than the first separation
distance D1, accordingly, the area capable of securing the
trench region may be widened compared to the related art,
thereby improving reliability.

For example, FIGS. 8C and 8D are reliability data of a
surface emitting laser device according to a comparative
example and an example of embodiment, respectively.

Referring to FIG. 8C, when the inclination angle of the
trench is as high as about 85°, there is a problem in that
electrical reliability changes as the aging time elapses.

On the other hand, referring to FIG. 8D, when the
inclination angle of the trench is less than about 75°, there
is a technical effect of maintaining electrical reliability as the
aging time elapses.

Next, FIG. 9A is an IR micrograph of the aperture area of
the surface emitting laser device according to the embodi-
ment shown in FIG. 8A, and FIG. 9B is near field image data
of the aperture area of the surface emitting laser device
according to the embodiment shown in FIG. 8A. And FIG.
9C is data of change in divergence angle according to
current density for each aperture size in the embodiment.

In addition, one of the other technical problems of the
embodiment is to provide a surface emitting laser device and
a light emitting device including the same, capable of
preventing the splitting problem of a beam pattern an
increase in the divergence angle of beams according to a
higher mode shift despite high current application or an
increase in aperture size.

Referring to FIG. 9A, in an embodiment, the aperture
region 240 includes an insulating region 242 and an aperture
241, and the aperture 241 may include a polygonal horizon-
tal cross section.

For example, in the embodiment, the polygonal cross
section of the aperture 241 may be in any one of a triangular
to a hexagonal shape. For example, the outer angle of the
aperture 241 may be any one of a triangular shape, a
quadrangular shape, a pentagonal shape, a hexagonal shape,
or a hexagonal shape. Although the outer shape of the
aperture 241 in FIG. 9A is illustrated as a hexagonal shape,
it is not limited thereto.

In addition, in the embodiment, the outer periphery of the
insulating region 242 among the aperture regions 240 may
be circular, but is not limited thereto. For example, the
outside of the insulating region 242 may also be a polygon.

FIG. 9B is near field image data of the aperture region of
the surface emitting laser device according to the embodi-
ment, it can be seen that the oscillation mode of the aperture
is stable in a wavelength region of about 810 nm to 980 nm.

Specifically, FIG. 9C is also the data of the divergence
angle change according to the current for each aperture size
in the embodiment.

According to the embodiment, there is a special technical
effect of stably controlling the oscillation mode and the
divergence angle according to the current range and the
aperture size in the wavelength region of about 810 nm to
980 nm.

In the embodiment, the divergence angle of the surface
emitting laser device was measured using an LEDGON-100
goniophotometer (Instrument Systems Optische Messtech-
nik GmbH, Germany), but is not limited thereto.

For example, the referring to FIG. 9C, the size of the
aperture in 6.0 um embodiment, in the case where the
current density is controlled as 8.3 kA/cm’® to 30.0 kA/cm®,
oscillation mode is the secondary mode, and the divergence
angle is stably controlled as about 20° in the current region
7 mA.
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In addition, when the size of one aperture in 8.0 pm
embodiment, in the case where the current density is con-
trolled as 8.3 kA/em® to 30.0 kA/cm?, there is a special
technical effect in that the mode is the secondary mode and
the divergence angle is stably controlled at about 21° while
the current may be changed to a 7 mA, 9 mA, 12 mA, 14
mA.

In addition, when the size of one aperture in 10.0 pm
embodiment, in the case where the current density is con-
trolled as 8.3 kA/cm® to 30.0 kA/cm?®, there is a special
technical effect that the mode is the secondary mode and the
divergence angle is stably controlled at about 25° while the
current may be changed to a 7 mA, 9 mA, 12 mA, 14 mA
oscillation.

In addition, when the size of one aperture in 12.0 pm
embodiment, in the case where the current density is con-
trolled as 8.3 kA/em® to 30.0 kA/cm?, there is a special
technical effect of stably controlling the divergence angle to
about 27° while the current is 9 mA, 12 mA, 14 mA.

Accordingly, in the embodiment, despite a high current is
applied or an increase in the aperture size, it is possible to
provide a surface emitting laser device and a light emitting
device including the same, capable of preventing a problem
of the divergence angle of beams being increased or the
beam pattern being split according to a higher mode shift.

In the surface emitting laser device according to the
embodiment, the shape of the trench region is controlled in
a circular mesa state to form an aperture having a polygonal
outer shape, so that there is a technical effect of preventing
a problem in which the divergence angle of beams of the
emission beam is increased or the beam pattern is split
according to the mode shift owing to a higher-order mode
shifts despite a high current is applied or an increase in the
aperture size.

Next, FIG. 10A is an enlarged view of a trench ET1 of a
surface emitting laser device according to an embodiment,
FIG. 10B is a three-dimensional etching shape of a trench
region in a comparative example, and FIG. 10C is a three-
dimensional etching shape of a trench ET1 in the embodi-
ment.

Referring to FIG. 10A, in an embodiment, a first trench
region ET1 includes a first round region ER1 and a first
straight area ELL1 and a second straight line EL.2 disposed on
both sides of the first round region ER1.

In addition, in the embodiment, the first trench region ET1
may include a second round region ER2 extending from the
first straight region EL1 and a third round region ER3
extending from the second straight region EL2 and a third
straight region EL3 disposed between the second round
region ER2 and the third round region ER3.

In an embodiment, the first round region ER1 may have
a convex shape downward in the center direction of the first
trench region ET1, and the second round region ER2 and the
third round region ER3 are also convex downward in the
center direction of the first trench region, thereby forming an
aperture having a polygonal outer shape. Therefore, there is
a technical effect of preventing an increase in divergence
angle of beams or splitting of a beam pattern according to a
higher mode shift, even when a high current is applied or
despite an increase in the aperture size.

In addition, in the embodiment, an aperture having a
polygonal outer shape is formed in a sector having the first
round region ER1 of the first trench region ET1 as an arc and
the central angle © is controlled to be 25 to 45°. By doing
s0, it is possible to prevent the problem of increasing the
divergence angle of beams or splitting the beam pattern
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according to higher mode shift even when high current is
applied or an increase in aperture size.

In addition, in an embodiment, the first distance L1 of the
first straight region EL1 of the first trench region ET1 is a
first distance between the first emitter E1 and the second
emitter E2. The inclination angle EA2 of the sidewall of the
first emitter E1 formed by the trench region E1, which is
formed by the trench region, is smoothly controlled by being
controlled larger than the separation distance D1 to increase
the region that can be secured by the first trench region ET1.
Reliability can be remarkably improved by preventing the
generation of voids in the passivation layer process formed
afterward.

For example, in the embodiment, the first distance [.1 of
the first linear area EL1 of the first trench area ET1 is about
2 um or more, and can be controlled larger than the first
separation distance D1 between the first emitter E1 and the
second emitter E2. Accordingly, the inclination angle EA2
of the sidewall of the first emitter E1 formed by the trench
region E1 formed by the trench region E1 may be smoothly
formed by widening the region secured by the first trench
region ET1. Through this, it is possible to significantly
improve reliability by preventing the generation of voids in
the passivation layer process formed later.

FIG. 10B is a three-dimensional etching shape of the
trench region in the second comparative example, and FIG.
10C is a three-dimensional etching shape of the trench ET1
in the embodiment.

Referring to FIG. 10B, it can be seen that when the
straight region is small, the etching inclination angle is
formed sharp in the three-dimensional shape of the trench
region.

On the other hand, referring to FIG. 10C, it can be seen
that when the straight region is large, the etching inclination
angle is formed smooth in the three-dimensional shape of
the trench region.

According to the embodiment, there is a technical effect
in that the higher mode shift is delayed and the mode is
maintained by controlling the available mode due to optical
confinement by an aperture having a polygonal edge with
excellent crystal quality.

For example, according to the embodiment, the available
mode may be controlled by performing optical confinement
at the edge of a polygon of the aperture 241 having excellent
crystal quality. Accordingly, there is a special technical
effect that the higher mode shift is delayed and the mode is
maintained.

FIG. 10D is a schematic plan view during manufacture of
a surface emitting laser device according to an embodiment.
For example, it may be a plan view in which a trench is
formed after mesa etching is performed, and may be in a
state before an oxidation process for each emitter is per-
formed.

For example, the embodiment may include a first emitter
E1 formed by a mesa etching process, a second emitter E2
disposed adjacent to the first emitter E1, a third emitter E3
disposed adjacent to the first side of the first emitter E1 and
the second emitter E2, and a fourth emitter E4 adjacent to the
second side of the first emitter E1 and the second emitter E2
arranged in such a way.

In addition, according to an embodiment, a first trench
region ET1 disposed between the first emitter E1 to the third
emitter E3 may be included. In addition, according to the
embodiment, a second trench region ET2 disposed between
the first emitter E1, the second emitter E2, and the fourth
emitter E4 may be included.
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The first trench region ET1 can be disposed inside a
virtual triangle connecting the center of the first emitter E1,
the center of the second emitter E2, and the center of the
third emitter E3. Accordingly, by expanding the area that can
be secured by the first trench area ET1, the inclination angles
of the sidewalls of the first and second emitters E1 and E2
formed by the trench area can be smoothly formed. There-
fore, it is possible to significantly improve reliability by
preventing the occurrence of voids in the passivation layer
process formed later.

In addition, the second trench region ET2 can be posi-
tioned inside a virtual triangle connecting the center of the
first emitter E1, the center of the second emitter E2, and the
center of the fourth emitter E4. Accordingly, by expanding
the area that can be secured by the second trench area ET2,
the inclination angles of the sidewalls of the first and second
emitters E1 and E2 formed by the trench area can be
smoothly formed. Therefore, it is possible to significantly
improve reliability by preventing the occurrence of voids in
the passivation layer process formed later.

In addition, in the embodiment, the second separation
distance D2 between the first trench area ET1 and the second
trench area ET2 can be controlled greater than the first
separation distance D1 between the first emitter E1 and the
second emitter E2. Accordingly, by forming an aperture
having a polygonal outer shape, there is a technical effect of
preventing an increase in divergence angle of beams or beam
pattern division problem due to a higher mode shift even
when a high current is applied or an increase in the aperture
size.

For example, in an embodiment, the second separation
distance D2 between the first trench region ET1 and the
trench region ET2 is greater than the first separation distance
D1 between the first emitter E1 and the second emitter E2
and can be controlled to be 5 times or less, so that an aperture
having a polygonal outer shape can be formed.

For example, in an embodiment, the second separation
distance D2 between the first trench area ET1 and the second
trench area ET2 may be controlled to be about 2 pm to 10
um. Accordingly, by forming an aperture having a polygonal
outer shape, there is a technical effect of preventing an
increase in divergence angle of beams or a beam pattern
splitting problem according to a higher mode shift even
when a high current is applied or the aperture size is
increased.

Accordingly, according to the embodiment, the beam
mode can be controlled even when the aperture size is
increased or a high current is applied. Therefore, it is
possible to provide a surface emitting laser device and a light
emitting device including the same capable of solving the
problem of splitting the beam pattern of the emission beam
and increasing the divergence angle according to a higher
mode shift.

(Embodiment of Flip Chip Structure)

Next, FIG. 11 is another cross-sectional view of a surface
emitting laser device according to an embodiment.

In addition to the vertical type, the surface emitting laser
device according to the embodiment may have a flip chip
type in which the first electrode 215 and the metal electrode
layer 280 have the same direction as shown in FIG. 11.

For example, as shown in FIG. 11, the surface emitting
laser device according to another embodiment includes a
first electrode 215, a substrate 210, a first reflective layer
220, an active layer 232, an aperture area 240, a second
reflective layer 250, a metal electrode layer 280, a first
passivation layer 271, a second passivation layer 272, and a
non-reflective layer 290. In this case, the reflectivity of the
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second reflective layer 250 may be designed to be higher
than that of the first reflective layer 220.

In this case, the first electrode 215 may include a first
contact electrode 216 and a first pad electrode 217. The first
contact electrode 216 may be electrically connected to the
first reflective layer 220 exposed through a predetermined
mesa process, and the first pad eclectrode 217 may be
electrically connected to the first contact electrode 216.

The first electrode 215 may be made of a conductive
material, for example, a metal. For example, the first elec-
trode 215 includes at least one of aluminum (Al), titanium
(Ti), chromium (Cr), nickel (Ni), copper (Cu), and gold
(Au).

When the first reflective layer 220 is an n-type reflective
layer, the first electrode 215 may be an electrode for the
n-type reflective layer.

Next, the metal electrode layer 280 may include a second
contact electrode 282 and a second pad electrode 284, and
the second contact electrode 282 is electrically connected to
the second reflective layer 250. The second pad electrode
284 may be electrically connected to the second contact
electrode 282.

When the second reflective layer 250 is a p-type reflective
layer, the metal electrode layer 280 may be an electrode for
the p-type reflective layer.

The first insulating layer 271 and the second insulating
layer 272 may be made of an insulating material, for
example, nitride or oxide, for example, polyimide, silica
(8i0,) or it may include at least one of silicon nitride
(Si,N,).

(Mobile Terminal)

The surface emitting laser device according to the
embodiment may be applied to a mobile terminal or the like.

For example, FIG. 12 is a perspective view of a mobile
terminal to which a surface emitting laser device is applied
according to an embodiment.

As shown in FIG. 12, the mobile terminal 1500 according
to the embodiment may include a camera module 1520, a
flash module 1530, and an autofocus device 1510 provided
on the rear side. Here, the autofocus device 1510 may
include one of the packages of the surface emitting laser
device according to the above-described embodiment as a
light emitting unit.

The flash module 1530 may include a light emitting
device that emits light therein. The flash module 1530 may
be operated by a camera operation of a mobile terminal or
a user’s control.

The camera module 1520 may include an image capturing
function and an auto focus function. For example, the
camera module 1520 may include an auto focus function
using an image.

The auto focus device 1510 may include an auto focus
function using a laser. The autofocus device 1510 may be
mainly used in a condition in which an autofocus function
using an image of the camera module 1520 is deteriorated,
for example, in a proximity or dark environment of 10 m or
less. The auto-focusing device 1510 may include a light
emitting unit including a vertical cavity surface emission
laser (VCSEL) semiconductor element, and a light receiving
unit that converts light energy such as a photodiode into
electrical energy.

Features, structures, effects, and the like described in the
above embodiments are included in at least one embodi-
ment, and are not necessarily limited to only one embodi-
ment. Furthermore, the features, structures, effects, and the
like illustrated in each embodiment may be combined or
modified for other embodiments by a person having ordinary
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knowledge in the field to which the embodiments belong.
Therefore, contents related to such combinations and modi-
fications should be interpreted as being included in the scope
of the embodiments.

Although the embodiments have been described above,
these are only examples and are not intended to limit the
embodiments, and those of ordinary skill in the field to
which the embodiments belong to various types not illus-
trated above without departing from the essential character-
istics of this embodiment. It will be seen that branch
transformation and application are possible. For example,
each component specifically shown in the embodiment can
be modified and implemented. And differences related to
these modifications and applications should be construed as
being included in the scope of the embodiments set in the
appended claims.

The invention claimed is:

1. A surface emitting laser device, comprising:

a first emitter including a first polygonal shaped aperture

and a first circular shaped insulating region;

a second emitter including a second polygonal shaped
aperture and a second circular shaped insulating region
and disposed adjacent to the first emitter;

a third emitter including a third polygonal shaped aperture
and a third circular shaped insulating region and dis-
posed adjacent to the first emitter and the second
emitter, and the third emitter disposed on a first side of
a first virtual line connecting a center of the first
polygonal shaped aperture and a center of the second
polygonal shaped aperture; and

a first trench region disposed between the first emitter, the
second emitter and the third emitter and forming side-
walls of the first emitter, the second emitter and the
third emitter,

wherein the first trench region is disposed inside a virtual
triangle connecting the center and two corners of the
first polygonal shaped aperture of the first emitter, the
center and two corners of the second polygonal shaped
aperture of the second emitter, and a center and two
corners of the third polygonal shaped aperture of the
third emitter,

wherein the first trench region includes a first round
region forming a first portion of a sidewall of the
insulating region of the first emitter, a second round
region forming a first portion of a sidewall of the
insulating region of the second emitter, and a third
round region forming a first portion of a sidewall of the
insulating region of the third emitter,

wherein the first, second and third round regions of the
first trench respectively face sides of the first, second
and third polygonal shaped apertures and are disposed
inside the virtual triangle, and

wherein a center angle of a sector having the first round
region as an arc is 25 to 45°.

2. The surface emitting laser device according to claim 1,
wherein an inclination angle of the sidewall of the first
emitter formed by the first trench region is 75° or less.

3. The surface emitting laser device according to claim 1,
wherein the first emitter and the second emitter are spaced
apart by a first separation distance, and

wherein a first width of the first trench region is greater
than the first separation distance.

4. The surface emitting laser device according to claim 3,

further comprising:

a fourth emitter including a fourth polygonal shaped
aperture and a fourth circular shaped insulating region
and disposed adjacent to the first emitter and the second
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emitter, the fourth emitter disposed on a second side of
the first virtual line connecting the center of the first
polygonal shaped aperture and the center of the second
polygonal shaped aperture, and the second side oppo-
site to the first side of the first virtual line connecting
the center of the first polygonal shaped aperture and the
center of the second polygonal shaped aperture; and
a second trench region disposed between the first emitter,
the second emitter, and the fourth emitter, wherein the

aperture and a second circular shaped insulating region
and disposed adjacent to the first emitter;

20

a third emitter including a third polygonal shaped aperture
and a third circular shaped insulating region and dis-
posed adjacent to the first emitter and the second
emitter; and

a first trench region disposed between the first emitter, the
second emitter and the third emitter and forming side-
walls of the first emitter, the second emitter and the
third emitter,

wherein the first trench region is disposed inside a virtual

second trench region includes a fourth round region 10 triancl " t d tw fthe first
forming a second portion of the sidewall of the insu- TIANEIC CONNCCUNE a COnter and two Corners of the 1rs
lating region of the first emitter, a fifth round region polygonal shaped aperture of the first emitter, a center
forming a second portion of the sidewall of the insu- and two corners of th,e second polygonal shaped aper-
lating region of the second emitter, and a sixth round ture of the? second emitter, and a center and two corners
region forming a second portion of the sidewall of the 15 of .the third polygonal shaped aperture of the third
insulating region of the fourth emitter, emitter, o

wherein a second separation distance between the first wherein the first trench region includes a first round
trench region and the second trench region is greater region forming a sidewall of the insulating region of the
than the first separation distance. first emitter, a second round region forming a sidewall

5. The surface emitting laser device according to claim 1, 20 of the insulating region of the second emitter, and a

wherein the first trench region further includes first, second third round region forming a sidewall of the insulating
and third straight regions connecting the first, second and region of the third emitter,
third round regions. wherein the first, second and third round regions of the

6. A surface emitting laser device, comprising: first trench respectively face sides of the first, second

a first emitter including a first polygonal shaped aperture 25 and third polygonal shaped apertures and are disposed
and a first circular shaped insulating region; inside the virtual triangle,

a second emitter including a second polygonal shaped wherein the first trench region further includes first,
apzn(;re andda sde.condtctlrcgiarﬁsrhetlped.1trtlsulat1ng region second and third straight regions connecting the first,
and disposed adjacent 1o the hirst emitter, second and third round regions, and

a third emitter including a third polygonal shaped aperture 30 wherein the first. second aﬁd tI;ird round regions are
and a third circular shaped insulating region and dis- ’ . I

d adiacent to the first emitter and the second convex dqwnward in a center direction of the first
emitier; and rench region. y

a first trench region disposed between the first emitter, the 8.A hght emlttu}g device comprising the surface emitting
second emitter and the third emitter and forming side- 35 laser device of clalm 1 . . .
walls of the first emitter, the second emitter and the 9. The surface emitting laser device according to claim 1,
third emitter, wherein the first trench region does not meet the first virtual

wherein the first trench region is disposed inside a virtual line of the virtual triangle connecting the center of the first
triangle connecting a center and two corners of the first polygonal shaped aperture of the first emitter and the center
polygonal shaped aperture of the first emitter, a center 40 of the second polygonal shaped aperture of the second
and two corners of the second polygonal shaped aper- emitter.
ture of the second emitter, and a center and two corners 10. The surface emitting laser device according to claim
of the third polygonal shaped aperture of the third 9, wherein the first trench region does not meet a second
emitter, virtual line of the virtual triangle connecting the center of the

wherein the first trench region includes a first round 45 second polygonal shaped aperture of the second emitter and
region forming a sidewall of the insulating region of the the center of the third polygonal shaped aperture of the third
first emitter, a second round region forming a sidewall emitter.
of the insulating region of the second emitter, and a 11. The surface emitting laser device according to claim
third round region forming a sidewall of the insulating 10, wherein the first trench region does not meet a third
ﬁ‘eg{on Ef tflile third enéltter(,i hird d revi £ h 30 virtual line of the virtual triangle connecting the center of the
wherein e st secnd ad rd round eions o it plygoal shapd e of e st i and
and third polygonal shaped apertures and are disposed cegter of the third polygonal shaped aperture of the third
inside the virtual triangle, emitte. e . . .
wherein the first trench region further includes first, 55 12. Th,e surface emitting laser deVl.ce aceor ding to claim
second and third straight regions connecting the first, 6, wherein the length of the first straight region of the first
second and third round regions, trench area is 2 pm of more. . . .
wherein the first emitter and the second emitter are spaced 13. Th,e surface emitting lager de,:VICe according to claim
apart by a first separation distance, and 4, Wheren.l the second separation dlsta.nce.between the first
wherein a length of the first straight region is larger than 6o trench region and .the second trench region is greater than the
the first separation distance. first separation distance and less than 5 times of the first
7. A surface emitting laser device, comprising: sep.e;tratlon distance between the first emitter and the second
s - emitter.
a ﬁarriti anitsircliI;Ziﬁg;ni:pgilsgrfsoﬁ;%ionrglrsgfoprid aperture 14. Thg surface emitting las.er deyice according to claim
a second emitter including a second polygonal shaped 65 13, wherein the second separation distance between the first

trench area and the second trench area is 2 um to 10 pm.
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