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BEAM STEERING DEVICE AND OPTICAL
APPARATUS INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Pat-
ent Application No. 10-2016-0097539, filed on Jul. 29, 2016
in the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference in its entirety.

BACKGROUND

1. Field

[0002] Apparatuses consistent with example embodiments
relate to optical devices and optical apparatuses, and more
particularly, to beam steering devices and optical appara-
tuses including the beam steering devices.

2. Description of the Related Art

[0003] There has been increasing interest in techniques
using light (beam) for measuring the distance to an object or
the direction of an object, recognizing an object or the
topography of an area, or detecting information about the
velocity, temperature, material distribution, etc. of an object.
In this regard, research has been conducted into methods for
adjusting the direction of light (beam) generated by a light
source, that is, methods of beam steering.

[0004] Mechanical beam steering methods in which the
direction of a beam is controlled by rotating some compo-
nents, using a motor, have problems in terms of noise, size
(volume), accuracy, etc. A typical non-mechanical beam
steering method is a steering method using a micro-electro-
mechanical system (MEMS) mirror. However, this method
also has problems in terms of the field of view (FOV) and
light transmitting distance.

[0005] Therefore, there is a need for techniques for
improving performance indexes such as accuracy, precision,
or speed in analysis and measurement, using a non-mechani-
cal beam steering method.

SUMMARY

[0006] Example embodiments may address at least the
above problems and/or disadvantages and other disadvan-
tages not described above. Also, the example embodiments
are not required to overcome the disadvantages described
above, and may not overcome any of the problems described
above.

[0007] Example embodiments provide beam steering
devices configured to improve or increase the accuracy,
precision, and speed of spatial analysis/measurement pro-
cesses.

[0008] Example embodiments provide beam steering
devices capable of scanning objects (subjects) at high speed.
[0009] Example embodiments provide beam steering
devices capable of simultaneously emitting and steering a
plurality of beams having multiple wavelengths.

[0010] Example embodiments provide optical apparatuses
(for example, LiDAR apparatuses) including the beam steer-
ing devices.

[0011] According to an aspect of an example embodiment,
there is provided a beam steering device including a light
source configured to generate input lights having first dif-
ferent wavelengths, a multiplexer configured to simultane-
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ously receive the generated input lights, and multiplex the
received input lights into a multiplexed light, and an optical
splitter configured to split the multiplexed light. The beam
steering device further includes an optical modulator con-
figured to modulate the split light, and an emitter configured
to simultaneously emit output lights having second different
wavelengths to different points arranged in a first direction,
based on the modulated light.

[0012] As the split light is further modulated, the emitted
output lights may be moved in a second direction different
from the first direction.

[0013] The first direction may be perpendicular to the
second direction.

[0014] Either one or both of the emitter and the optical
modulator may include waveguides, the first direction may
be parallel to an extension direction of the waveguides, and
the second direction may be perpendicular to the extension
direction of the waveguides.

[0015] Either one or both of the emitter and the optical
modulator may include waveguides, and the first direction
may be parallel to an extension direction of the waveguides.

[0016] The optical modulator may include a phase modu-
lator.
[0017] The light source may include laser sources or a

multimode laser source, wherein the laser sources or the
multimode laser source may be configured to generate lasers
having the first different wavelengths as the generated input
lights.

[0018] The light source may include a laser source con-
figured to generate a laser having a wavelength, and a
wavelength converter configured to divide the generated
laser into lasers having the first different wavelengths as the
generated input lights.

[0019] The light source may include a light emitting diode
(LED) configured to generate light, and a multi-band pass
filter configured to divide the generated light into the gen-
erated input lights.

[0020] Each ofthe generated input lights may have a pulse
waveform.
[0021] Any one or any combination of the optical splitter,

the optical modulator, and the emitter may include any one
or any combination of a group IV element, a compound
including a group 1V element, a group I1I-V compound, an
oxide, a nitride, and a polymer.

[0022] The beam steering device may further include an
amplifier disposed between the multiplexer and the emitter,
and having a semiconductor optical amplifier (SOA) struc-
ture.

[0023] An optical apparatus may include the beam steer-
ing device, a light receiver configured to receive light that is
emitted from the beam steering device and reflected from an
object, and a circuit connected to either one or both of the
beam steering device and the light receiver.

[0024] The optical apparatus may further include a demul-
tiplexer disposed between the object and the light receiver,
and configured to demultiplex the reflected light, and divide
the demultiplexed light into reflected lights having third
different wavelengths, the light receiver may be further
configured to receive the reflected lights.

[0025] The light receiver may include photo detecting
elements, and the optical apparatus may be configured to
acquire information of the third different wavelengths of the
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reflected lights, using the photo detecting elements, and
analyze information of the object, based on the acquired
information.

[0026] The optical apparatus may be a LiDAR apparatus.
[0027] According to an aspect of another example
embodiment, there is provided a beam steering device
including an input coupler configured to simultaneously
receive input lights having first different wavelengths, and
an output coupler configured to simultaneously emit output
lights having second different wavelengths to different
points arranged in a first direction, and move the emitted
output lights in a second direction different from the first
direction, based on the received input lights.

[0028] The beam steering device may further include
waveguides disposed between the input coupler and the
output coupler, the first direction may be parallel to an
extension direction of the waveguides, and the second
direction may be perpendicular to the extension direction of
the waveguides.

[0029] The beam steering device may further include an
optical modulator disposed between the input coupler and
the output coupler, and configured to move the emitted
output lights in the second direction, based on the received
input lights.

[0030] The received input lights may include lasers having
the first different wavelengths.

[0031] The input coupler may include a multiplexer con-
figured to simultaneously receive the input lights, and mul-
tiplex the received input lights.

[0032] An optical apparatus may include the beam steer-
ing device, a light receiver configured to receive light that is
emitted from the beam steering device and reflected from an
object; and a circuit connected to either one or both of the
beam steering device and the light receiver.

[0033] The optical apparatus may further include a demul-
tiplexer disposed between the object and the light receiver,
and configured to demultiplex the reflected light, and divide
the demultiplexed light into reflected lights having third
different wavelengths, and the light receiver may be further
configured to receive the reflected lights.

[0034] The optical apparatus may be a LiDAR apparatus.

[0035] According to an aspect of an example embodiment,
there is provided a beam steering device including a multi-
plexer configured to simultaneously receive input lights
having first different wavelengths, and multiplex the
received input lights into a multiplexed light, and an optical
splitter configured to split the multiplexed light. The beam
steering apparatus further includes an optical modulator
configured to modulate the split light, and an emitter con-
figured to simultaneously emit output lights having second
different wavelengths to different points arranged in a first
direction and of an object, and move the emitted output
lights in a second direction different from the first direction,
based on the modulated light.

[0036] The beam steering device may further include laser
sources configured to generate lasers having the first differ-
ent wavelengths, and input couplers configured to simulta-
neously receive the generated lasers, and transmit the
received lasers to the multiplexer as the input lights.
[0037] Either one or both of the emitter and the optical
modulator may include a substrate, an insulative layer
disposed on the substrate, and waveguides disposed on the
insulative layer. The first direction may be parallel to an
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extension direction of the waveguides, and the second
direction may be perpendicular to the extension direction of
the waveguides.

[0038] The beam steering device may further include a
cover layer disposed on the multiplexer, the optical splitter,
the optical modulator, and the emitter.

[0039] An optical apparatus may include the beam steer-
ing device, and a demultiplexer configured to receive light
that is reflected from the object, demultiplex the reflected
light, and divide the demultiplexed light into reflected lights
having third different wavelengths. The optical apparatus
may further include a filter configured to filter the reflected
lights, and a light receiver configured to receive the filtered
reflected lights.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] The above and/or other aspects will become appar-
ent and more readily appreciated from the following descrip-
tion of example embodiments, taken in conjunction with the
accompanying drawings in which:

[0041] FIGS. 1 and 2 are schematic views illustrating a
beam steering device according to an example embodiment;
[0042] FIG. 3 is a schematic view illustrating a beam
steering device according to a comparative example;
[0043] FIG. 4 is a block diagram illustrating an example
configuration of the beam steering device depicted in FIG.
1;

[0044] FIG. 5is a block diagram illustrating a light source
unit and an input unit applicable to a beam steering device
according to an example embodiment;

[0045] FIG. 6 is a block diagram illustrating a light source
unit and an input unit applicable to a beam steering device
according to another example embodiment;

[0046] FIG. 7 is a block diagram illustrating a light source
unit and an input unit applicable to a beam steering device
according to another example embodiment;

[0047] FIG. 81is a block diagram illustrating a light source
unit and an input unit applicable to a beam steering device
according to another example embodiment;

[0048] FIG. 9 is a plan view illustrating light split by an
optical splitter applicable to a beam steering device accord-
ing to an example embodiment;

[0049] FIG. 10 is a plan view illustrating light modulation
by an optical modulator applicable to a beam steering device
according to an example embodiment;

[0050] FIG. 11 is a perspective view illustrating a rela-
tionship between a steering direction and waveguides appli-
cable to a beam steering device according to an example
embodiment;

[0051] FIG. 12 is a cross-sectional view schematically
illustrating a beam steering device provided in the form of
a single device (semiconductor device), according to an
example embodiment;

[0052] FIG. 13 is a block diagram illustrating an example
configuration of a beam steering device according to another
example embodiment;

[0053] FIG. 14 is a graph illustrating a light type as an
example of light applicable to a beam steering device
according to an example embodiment;

[0054] FIG. 15 is a diagram illustrating an optical appa-
ratus including a beam steering device according to an
example embodiment;



US 2018/0031680 Al

[0055] FIG. 16 is a diagram illustrating an optical appa-
ratus including a beam steering device according to another
example embodiment; and

[0056] FIG. 17 is a block diagram illustrating an overall
systematic structure of an optical apparatus including a
beam steering device according to an example embodiment.

DETAILED DESCRIPTION

[0057] Example embodiments are described in greater
detail below with reference to the accompanying drawings.
[0058] Inthe following description, like drawing reference
numerals are used for like elements, even in different
drawings. The matters defined in the description, such as
detailed construction and elements, are provided to assist in
a comprehensive understanding of the example embodi-
ments. However, it is apparent that the example embodi-
ments can be practiced without those specifically defined
matters. Also, well-known functions or constructions may
not be described in detail because they would obscure the
description with unnecessary detail.

[0059] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed
items. Expressions such as “at least one of,” when preceding
a list of elements, modify the entire list of elements and do
not modify the individual elements of the list.

[0060] It will be understood that when an element is
referred to as being “connected” or “coupled” to another
element, it can be directly connected or coupled to the other
element or intervening elements may be present. In contrast,
when an element is referred to as being “directly connected”
or “directly coupled” to another element, there are no
intervening elements present. As used herein the term “and/
or” includes any and all combinations of one or more of the
associated listed items.

[0061] It will be understood that, although the terms
“first,” “second,” etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections may
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another element, component, region, layer or section.
Thus, a first element, component, region, layer or section
discussed below could be termed a second element, com-
ponent, region, layer or section without departing from the
teachings of example embodiments.

[0062] Spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass different
orientations of the device in use or operation in addition to
the orientation depicted in the figures. For example, if the
device in the figures is turned over, elements described as
“below” or “beneath” other elements or features would then
be oriented “above” the other elements or features. Thus, the
term “below” can encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0063] The terminology used herein is for the purpose of
describing example embodiments only and is not intended to
be limiting of example embodiments. As used herein, the

singular forms “a,” “an” and “the” are intended to include
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the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“comprises” and/or “comprising,” when used in this speci-
fication, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof.

[0064] Example embodiments are described herein with
reference to cross-sectional illustrations that are schematic
illustrations of idealized embodiments (and intermediate
structures) of example embodiments. As such, variations
from the shapes of the illustrations as a result, for example,
of manufacturing techniques and/or tolerances, are to be
expected. Thus, example embodiments may not be con-
strued as limited to the shapes of regions illustrated herein
but are to include deviations in shapes that result, for
example, from manufacturing. For example, an implanted
region illustrated as a rectangle will have rounded or curved
features and/or a gradient of implant concentration at its
edges rather than a binary change from implanted to non-
implanted region. Likewise, a buried region formed by
implantation may result in some implantation in the region
between the buried region and the surface through which the
implantation takes place. Thus, the regions illustrated in the
figures are schematic in nature and their shapes are not
intended to illustrate the actual shape of a region of a device
and are not intended to limit the scope of example embodi-
ments.

[0065] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which example embodiments belong. It will be further
understood that terms, such as those defined in commonly-
used dictionaries, may be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.
[0066] Hereinafter, beam steering devices and optical
apparatuses including the beam steering devices will be
described according to example embodiments with refer-
ence to the accompanying drawings. In the drawings, the
widths and thicknesses of layers or regions may be exag-
gerated for clarity or ease of description.

[0067] FIGS. 1 and 2 are schematic views illustrating a
beam steering device D100 according to an example
embodiment.

[0068] Referring to FIG. 1, the beam steering device D100
may include an input coupler IN10 and an output coupler
OUT10. A plurality of lights (beams) .10 having different
wavelengths may be simultaneously input through the input
coupler IN10. In other words, multi-wavelength (multi-A)
light .10 may be input through the input coupler IN10.
[0069] A plurality of output lights (beams) .20 having
different wavelengths may be simultaneously emitted
toward an object OBJ through the output coupler OUT10.
The plurality of output lights .20 may be simultaneously
emitted to different points arranged in a first direction DD1.
The points toward which the output lights 1.20 are emitted
may be one-dimensionally arranged. In other words, the
output lights 1.20 may be simultaneously emitted toward a
plurality of points that are one-dimensionally arranged in a
line. The wavelengths of the output lights .20 may include
a first wavelength A,, a second wavelength A,, a third
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wavelength 5, a fourth wavelength A, etc. However, this is
an example. That is, the number of the wavelengths of the
output lights .20 may vary.

[0070] The illustrated structure of the object OBIJ is an
example. That is, the object OBJ may have a different
structure, size, etc. The object OBIJ is not limited to a type.
For example, the object OBJ may be a space or anything
existing in a space.

[0071] According to the example embodiment, the beam
steering device D100 may simultaneously emit the plurality
of output lights 1.20 having different wavelengths to detect/
search a plurality of points in the first direction DD1. In
addition, the beam steering device D100 may vary (change)
the emission directions of the output lights [.20 in a direction
different from the first direction DD1. This will now be
described with reference to FIG. 2.

[0072] Referring to FIG. 2, the beam steering device D100
may be configured to change the emission directions of the
output lights [.20 in a second direction DD2 different from
the first direction DD1. For example, the second direction
DD2 may be perpendicular to the first direction DD1. The
emission directions of the output lights .20 may be varied
in the second direction DD2 by optical modulation per-
formed in the beam steering device D100. The emission
directions of the output lights [.20 having different wave-
lengths (for example, wavelengths A, to A,) may vary with
time in the second direction DD2 as a result of the optical
modulation. Thus, the second direction DD2 may be referred
to as a “scanning direction.”

[0073] According to the example embodiment, the beam
steering device D100 may perform a scanning operation
while changing the emission directions of the output lights
L20 in the second direction DD2. Therefore, the beam
steering device D100 may perform a two-dimensional scan-
ning operation at a relatively high speed compared to
point-by-point beam steering devices.

[0074] FIG. 3 is a schematic view illustrating a beam
steering device D10 according to a comparative example.
[0075] Referring to FIG. 3, the beam steering device D10
of the comparative example may perform a point-by-point
scanning operation. For example, the beam steering device
D10 of the comparative example may scan an object OBJ
while moving an output light (beam) having a single wave-
length A, in a scanning direction. The output light having a
single wavelength A, may be emitted to a first point at a first
time point T1, a second point at a second time point T2, a
third point at a third time point T3, a fourth point at a fourth
time point T4, and a fifth point at a fifth time point T5. Thus,
it may be considered that the beam steering device D10
performs a one-dimensional scanning operation. Complex
and difficult techniques may be used to perform a two-
dimensional scanning operation, using the beam steering
device D10. In addition, because such a one-dimensional or
two-dimensional scanning operation is performed basically
by using a point-by-point method, the speed, accuracy, and
precision of the scanning operation may be low. For
example, because the first point is detected at the first time
point T1 and the fifth point is detected at the fifth time point
T5, the accuracy and precision of detection may be low
because of a detection time difference. The accuracy and
precision of detection/analysis may be decreased as the
speed of scanning is decreased.

[0076] However, if the beam steering device D100 of the
example embodiment is used, a two-dimensional scanning
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operation may be performed at a high speed by simultane-
ously emitting the plurality of output lights [.20 having
different wavelengths. Thus, the speed of detection/analysis
may be increased, and the accuracy and precision of detec-
tion/analysis may be markedly improved.

[0077] FIG. 4 is a block diagram illustrating an example
configuration of the beam steering device D100 depicted in
FIG. 1. In FIG. 4, the beam steering device D100 is indicated
using a reference numeral 1000.

[0078] Referring to FIG. 4, a light source unit 100 may
generate a plurality of lights [.11 having different wave-
lengths. The plurality of lights [.11 may be referred to as
multi-wavelength (multi-A) electromagnetic waves. For
example, the plurality of lights .11 may be a plurality of
lasers (laser beams) having different wavelengths. However,
the plurality of lights .11 may be another kind of light other
than a laser. The light source unit 100 may generate the
plurality of lights [.11 at the same time.

[0079] A multiplexer (MUX) 200 may simultaneously
receive and multiplex the plurality of lights .11 generated
by the light source unit 100. The multiplexer 200 may have
a general optical multiplexer structure. In addition, the
multiplexer 200 may also function as an input coupler.
[0080] An optical splitter 300 may split the light multi-
plexed by the multiplexer 200. The optical splitter 300 may
be a beam splitter. Each of lights (beams) split by the optical
splitter 300 may have multiple wavelengths (multi-A).
[0081] An optical modulator 400 may modulate the mul-
tiplexed light split by the optical splitter 300. The optical
modulator 400 may modulate light by various methods. For
example, the optical modulator 400 may modulate the phase
of' the light split by the optical splitter 300. Alternatively, the
optical modulator 400 may modulate the amplitude of the
light split by the optical splitter 300. Alternatively, the
optical modulator 400 may modulate both the phase and
amplitude of the light split by the optical splitter 300. In
addition to this, the optical modulator 400 may have other
optical modulation functions. The optical modulator 400
may perform optical modulation by using a method such as
an electric method, a magnetic method, a thermal method, or
a mechanical method. For example, the optical modulator
400 may include at least one phase shifter (or phase shifting
element), and the phase shifter may include at least one
selected from the group consisting of a gain element, an
all-pass filter, a Bragg grating, a dispersive material element,
a wavelength tuning element, and a phase tuning element. In
addition, an actuation mechanism of the optical modulator
400 may include at least one selected from the group
consisting of a thermo-optic actuation mechanism, an elec-
tro-optic actuation mechanism, an electroabsorption actua-
tion mechanism, a free carrier absorption actuation mecha-
nism, a magneto-optic actuation mechanism, a liquid crystal
actuation mechanism, and an all-optical actuation mecha-
nism. The actuation mechanism of the optical modulator 400
may be related to the above-described phase tuning. The
phase shifter and the actuation mechanism of the optical
modulator 400 of the example embodiment are not limited
to the above examples.

[0082] An emitting portion (emitter) 500 may receive light
from the optical modulator 400 and may simultaneously
emit a plurality of output lights [.22. The output lights 1.22
may have different wavelengths (for example, wavelengths
Ms Aas Mgy ..., and A,)). The plurality of output lights [.22
may be emitted to different points arranged in a first direc-
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tion DD1. The wavelengths of the output lights 1.22 may
correspond to or may be similar to the wavelengths of the
lights 1.11 generated by the light source unit 100. The output
lights 122 may correspond to the output lights 120
described with reference to FIG. 1.

[0083] Due to the optical modulation by the optical modu-
lator 400, the emission directions of the output lights 1.22
may be varied in a second direction DD2 different from the
first direction DD1. For example, as the optical modulator
400 performs a modulation operation such as a phase
modulation operation on light (split lights), the emission
directions of the output lights .22 may be varied in the
second direction DD2. For example, the second direction
DD2 may be perpendicular to the first direction DD1. The
first direction DD1 and the second direction DD2 may
correspond to the first direction DD1 and the second direc-
tion DD2 described with reference to FIG. 2. Thus, the
second direction DD2 may be referred to as a scanning
direction.

[0084] The emitter 500 may be an output coupler. For
example, the emitter 500 may include a plurality of wave-
guides. In addition, the emitter 500 may further include
grating structures formed on the waveguides. The grating
structures may be designed to direct a beam having a
wavelength in a direction. However, the configuration of the
emitter 500 is not limited thereto. That is, the configuration
of the emitter 500 may be variously modified.

[0085] In the example embodiment, the beam steering
device 1000 may include the multiplexer 200, the optical
splitter 300, the optical modulator 400, and the emitter 500.
In this case, the multiplexer 200 may be an input coupler,
and the emitter 500 may be an output coupler. The multi-
plexer 200, the optical splitter 300, the optical modulator
400, and the emitter 500 may form a single device (an
optical semiconductor device), and the light source unit 100
may be provided separately from the single device and may
emit a plurality of lights [.11 toward the multiplexer 200. In
a broad sense, however, the light source unit 100 may be
considered as a part of the beam steering device 1000. That
is, it may be considered that the beam steering device 1000
includes the light source unit 100, the multiplexer 200, the
optical splitter 300, the optical modulator 400, and the
emitter 500. That is, the multiplexer 200, the optical splitter
300, the optical modulator 400, and the emitter 500 may be
provided on a single chip, or the light source unit 100, the
multiplexer 200, the optical splitter 300, the optical modu-
lator 400, and the emitter 500 may be provided on a single
chip.

[0086] Hereinafter, the configurations of light source units
and input units (input couplers) applicable to beam steering
devices will be described with reference to FIGS. 5 to 8.
[0087] FIG. 51is a block diagram illustrating a light source
unit and an input unit applicable to a beam steering device
according to an example embodiment.

[0088] Referring to FIG. 5, in the example embodiment, a
light source unit 110 may include a plurality of laser sources
LD1 to LD4. Although four laser sources LD1 to LD4 are
illustrated, the number of the laser sources may vary. The
laser sources L.D1 to L.D4 may be laser diodes. The laser
sources LD1 to LD4 may generate a plurality of lasers (laser
beams) having different wavelengths (for example, wave-
lengths Ay, Aoy, Aos, and Ag,). The plurality of lasers having
different wavelengths Ay, Aoy, Ags, and A, that are gener-
ated by the laser sources LD1 to LD4 may be input to a
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multiplexer 200 and may be multiplexed. In this case, the
multiplexer 200 may be considered as an input coupler
(input unit). The light multiplexed by the multiplexer 200
may be split by an optical splitter 300. A configuration after
the optical splitter 300 may be substantially the same as or
similar to that described with reference to FIG. 4. According
to another example embodiment, a multimode laser source
may be used instead of the plurality of laser sources LD1 to
LD4. In this case, the multimode laser source may generate
a plurality of lasers (laser beams) having different wave-
lengths.

[0089] FIG. 6 is a block diagram illustrating a light source
unit and an input unit applicable to a beam steering device
according to another example embodiment.

[0090] Referring to FIG. 6, lasers having different wave-
lengths Ag, Mgy, Ags, and A, that are generated by laser
sources LD1 to LD4 may be input to different input couplers
IN1 to IN4, respectively. The input couplers IN1 to IN4 may
constitute an “input unit 150.” For example, the input
couplers IN1 to IN4 may have an optical fiber structure or
another structure. After passing through the input couplers
IN1 to IN4, the plurality of lights may be multiplexed by a
multiplexer 200 and may then be split by an optical splitter
300. A configuration after the optical splitter 300 may be
substantially the same as or similar to that described with
reference to FIG. 4.

[0091] The input couplers IN1 to IN4 and the multiplexer
200 illustrated in FIG. 6 may be connected to each other by
an optical waveguide. In some cases, the combination of the
input couplers IN1 to IN4 and the multiplexer 200 may be
considered as an “input unit.”

[0092] FIG. 7 is a block diagram illustrating a light source
unit and an input unit applicable to a beam steering device
according to another example embodiment.

[0093] Referring to FIG. 7, a light source unit 120 may
include a laser source L.D10 configured to generate a laser
having a single wavelength A,. That is, the light source unit
120 may be constituted by a single laser source LD10. A
wavelength converter 160 may divide the laser generated by
the laser source LD10 into a plurality of lasers having
different wavelengths (for example, wavelengths Ay, Aq»,
Moss and Ag,). For example, the wavelength converter 160
may include an input coupler, an optical divider, and a
plurality of wavelength converting elements. A laser input to
the input coupler may be divided by the optical divider, and
the wavelength of the divided laser may be converted by the
wavelength converting elements. As a result, a plurality of
lights having different wavelengths (for example, wave-
lengths Aq;, Agas Agss and Ag,) may be output from the
wavelength converter 160. Then, the lights may be multi-
plexed by a multiplexer 200 and may then be split by an
optical splitter 300. A configuration after the optical splitter
300 may be equal or similar to that described with reference
to FIG. 4. The above-described configuration of the wave-
length converter 160 is an example. That is, the configura-
tion of the wavelength converter 160 may be variously
modified.

[0094] The combination of the laser source LD10 and the
wavelength converter 160 illustrated in FIG. 7 may be
considered as a “light source unit.” That is, it may be
considered that such a light source unit generates a plurality
of lights having different wavelengths (for example, wave-
lengths Ay, Agas Ags, and Ag,). In addition, at least a portion
of the wavelength converter 160 or at least a portion of the
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multiplexer 200 may be considered as an “input coupler.”
Alternatively, the combination of the wavelength converter
160 and the multiplexer 200 may be considered as an input
coupler.

[0095] FIG. 8is a block diagram illustrating a light source
unit and an input unit applicable to a beam steering device
according to another example embodiment.

[0096] Referring to FIG. 8, a light source unit 130 may
include a light emitting diode (LED). For example, the LED
may be a white LED. In other words, the LED may be a
device capable of emitting a wideband light. A multi-band
pass filter 170 may divide the light generated by the light
source unit 130. A plurality of lights having a plurality of
wavelengths (for example, wavelengths A, A ,, A5, and
A14) may be output through the multi-band pass filter 170.
Then, the plurality of lights may be multiplexed by a
multiplexer 200 and may then be split by an optical splitter
300. A configuration after the optical splitter 300 may be
equal or similar to that described with reference to FIG. 4.
[0097] The combination of the LED (that is, the light
source unit 130) and the multi-band pass filter 170 illustrated
in FIG. 8 may be considered as a “light source unit.” It may
be considered that such a light source unit generates a
plurality of lights having different wavelengths. In the
example embodiment, the multiplexer 200 may be consid-
ered as an “input coupler.”

[0098] FIG. 9 is a plan view illustrating light split by an
optical splitter 300A applicable to a beam steering device
according to an example embodiment.

[0099] Referring to FIG. 9, a light multiplexed by a
multiplexer (such as the multiplexer 200 illustrated in FIG.
4) may be input to the optical splitter 300A and may be split
by the optical splitter 300A. The split lights may be output
(may propagate) through a plurality of optical path elements
W10. The optical path elements W10 may be waveguides.
For example, the optical path elements W10 may include
first to eighth optical path elements w11 to w18. The first to
eighth optical path elements w1l to w18 are examples. That
is, the number of the optical path elements W10 may vary.
Light output (propagating) through each of the first to eighth
optical path elements w1l to w18 may have multiple wave-
lengths. The light output (propagating) through each of the
first to eighth optical path elements w1l to w18 may include
lights having wavelengths Ay, Ags, Aoz, and Ay, illustrated
in FIG. 5, for example. The optical splitter 300A may have
a multimode interference (MMI) structure or another struc-
ture. In addition, the optical splitter 300A may use a multi-
step beam splitting structure to increase the number of split
beams. The structure of the optical splitter 300A may be
variously modified.

[0100] FIG. 10 is a plan view illustrating light modulation
by an optical modulator 400A applicable to a beam steering
device according to an example embodiment.

[0101] Referring to FIG. 10, the optical modulator 400A
may be placed on a plurality of optical path elements W10.
The optical modulator 400A may be placed above or below
the optical path elements W10. It may be considered that the
optical path elements W10 are included in the optical
modulator 400A. The optical path elements W10 may be
those extending from the optical path elements W10
described with reference to FIG. 9. For example, the optical
path elements W10 may include first to eighth optical path
elements w1l to w18. However, the number of the optical
path elements W10 is not limited thereto. The optical
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modulator 400A may modulate lights propagating through
the optical path elements W10. The optical modulator 400A
may modulate lights propagating through the first to eighth
optical path elements w1l to wl18. For example, a light
propagating through the first optical path element w1l may
be modulated to a first degree, a light propagating through
the second optical path element w12 may be modulated to a
second degree, a light propagating through the third optical
path element w13 may be modulated to a third degree, a light
propagating through the fourth optical path element w14
may be modulated to a fourth degree, a light propagating
through the fifth optical path element w15 may be modu-
lated to a fifth degree, a light propagating through the sixth
optical path element wl6 may be modulated to a sixth
degree, a light propagating through the seventh optical path
element w17 may be modulated to a seventh degree, and a
light propagating through the eighth optical path element
w18 may be modulated to an eighth degree. In other words,
lights propagating through the first to eighth optical path
elements w1l to w18 may be modulated to different degrees.
As a result, the wavefronts of lights output from the first to
eighth optical path elements w1l to w18 may be adjusted to
control the directions of the output lights (beams). For
example, the emission direction of the output light may be
varied in a direction such as a second direction DD2 owing
to optical modulation performed by the optical modulator
400A.

[0102] The structure and operational mechanism of the
optical modulator 400A may be variously modified. For
example, the optical modulator 400A may be configured to
perform phase modulation, amplitude modulation, or phase-
amplitude modulation. In addition, the optical modulator
400A may perform optical modulation by using a method
such as an electric method, a magnetic method, a thermal
method, or a mechanical method. In addition, for example,
the structure, size, and number of the optical path elements
W10 illustrated in FIG. 10 may be variously modified.
[0103] FIG. 11 is a perspective view illustrating a rela-
tionship between a steering direction and waveguides appli-
cable to a beam steering device according to an example
embodiment.

[0104] Referring to FIG. 11, the beam steering device may
include a plurality of waveguides W1 formed on a substrate
SUBI1. An insulative layer N1 may be provided on the
substrate SUB1, and the waveguides W1 may be arranged
on the insulative layer N1. The insulative layer N1 is
optional. That is, the insulative layer N1 may not be included
in example embodiments. The waveguides W1 may extend
in a direction. The waveguides W1 may be arranged in
parallel with each other.

[0105] The plurality of waveguides W1 may be included
in the output coupler OUT10 or the emitter 500 illustrated
with reference to FIG. 1 or 4. In other words, the output
coupler OUT10 and the emitter 500 may include the plu-
rality of waveguides W1. Each of the waveguides W1 may
have a grating structure. The characteristics or directions of
lights (beams) output from the waveguides W1 may vary
according to the shapes, sizes, or pattern intervals of the
grating structures of the waveguides W1. Thus, the wave-
guides W1 may be considered as a grating coupler. In
example embodiments, the optical modulator 400 illustrated
in FIG. 4 may include the plurality of waveguides W1. In
this case, the optical modulator 400 may modulate lights
propagating through the plurality of waveguides W1.
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[0106] Forexample, the first direction DD1 described with
reference to FIGS. 1 and 2 may be parallel to an extension
direction of the waveguides W1 illustrated in FIG. 11, and
the second direction DD2 may be perpendicular to the
extension direction of the waveguides W1 illustrated in FIG.
11. In other words, a plurality of output lights (refer to the
output lights [.20 illustrated in FIG. 1) may spread in a
direction parallel to the extension direction of the wave-
guides W1, and as a result of the optical modulation, the
emission directions of the output lights (refer to the output
lights 1.20 illustrated in FIG. 1) may be varied in a direction
perpendicular to the extension direction of the waveguides
W1.

[0107] The structure and extension direction of the wave-
guides W1 illustrated in FIG. 11 are examples. That is, the
structure and extension direction of the waveguides W1 may
be variously modified. In addition, the relationship between
the extension direction of the waveguides W1 and a steering
direction is not limited to the description presented above.
[0108] FIG. 12 is a cross-sectional view schematically
illustrating a beam steering device provided in the form of
a single device (semiconductor device), according to an
example embodiment.

[0109] Referring to FIG. 12, the beam steering device may
include an input coupler E10 and an output coupler E40 that
are arranged on a substrate SUB10. In addition, the beam
steering device may further include an optical splitter E20
and an optical modulator E30 that are arranged between the
input coupler E10 and the output coupler E40. An insulative
layer N10 may be optionally provided on the substrate
SUB10, and the input coupler E10, the optical splitter E20,
the optical modulator E30, and the output coupler E40 may
be arranged on the insulative layer N10. Optical waveguide
(s) may be provided between two neighboring elements, that
is, between the input coupler E10 and the optical splitter
E20, between the optical splitter E20 and the optical modu-
lator E30, and between the optical modulator E30 and the
output coupler E40.

[0110] The input coupler E10 may be configured to
receive a plurality of lights having different wavelengths. To
this end, the input coupler E10 may include a multiplexer.
For example, the optical splitter E20 may have a multimode
interference (MMI) structure or another structure. The opti-
cal modulator E30 may perform an optical modulation
operation by using an electric method or another method
such as a magnetic method, a thermal method, or a mechani-
cal method. In addition, the optical modulator E30 may use
various modulation methods such as a phase modulation
method or an amplitude modulation method. The optical
modulator E30 may include a plurality of waveguides and
may modulate beams propagating through the waveguides.
For example, the output coupler E40 may include a plurality
of waveguides and grating structures respectively formed on
the waveguides. The structures of the input coupler E10, the
optical splitter E20, the optical modulator E30, and the
output coupler E40 are not limited to those described above
and may be variously modified.

[0111] A cover layer C10 may be further provided on the
substrate SUB10 to cover the input coupler E10, the optical
splitter E20, the optical modulator E30, and the output
coupler E40. The cover layer C10 may include a low
refractive material having a relatively low refractive index.
For example, the cover layer C10 may include a dielectric
material such as a silicon oxide or a polymer-based material.
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The cover layer C10 may also function as a protective layer.
However, the cover layer C10 may not be provided in
example embodiments.

[0112] Any one or any combination of the input coupler
E10, the optical splitter E20, the optical modulator E30, and
the output coupler E40 may include: any one or any com-
bination of a group IV element such as silicon (Si) or
germanium (Ge); a compound containing a group IV ele-
ment such as SiGe; a group III-V compound; an oxide; a
nitride; and a polymer. In example embodiments, at least
two of the input coupler E10, the optical splitter E20, the
optical modulator E30, and the output coupler E40 may
include different materials. If the substrate SUB10 includes
silicon (Si), or any one or any combination of the input
coupler E10, the optical splitter E20, the optical modulator
E30, and the output coupler E40 includes silicon (Si), the
beam steering device of the example embodiment may be
implemented/manufactured using a silicon photonics tech-
nique. Because the silicon photonics technique is used in
(that is, compatible with) a complementary metal oxide
semiconductor (CMOS) process, the silicon photonics tech-
nique may make it easy to perform manufacturing processes.
[0113] FIG. 13 is a block diagram illustrating an example
configuration of a beam steering device 1100 according to
another example embodiment. The beam steering device
1100 of the current example embodiment is a modification
of the beam steering device 1000 illustrated in FIG. 4.
[0114] Referring to FIG. 13, the beam steering device
1100 may further include an amplifier 450 between a mul-
tiplexer 200 and an emitter 500. For example, the amplifier
450 may be placed between an optical modulator 400 and
the emitter 500. The amplifier 450 may have a semiconduc-
tor optical amplifier (SOA) structure, for example. The
amplifier 450 may amplify optical signals so that the inten-
sity of lights generated by a light source unit 100 may be
maintained at the emitter 500. Alternatively, the amplifier
450 may increase a signal-to-noise ratio (SNR). The position
and configuration of the amplifier 450 described with ref-
erence to FIG. 13 are examples. That is, the position and
configuration of the amplifier 450 may vary.

[0115] FIG. 14 is a graph illustrating a light type as an
example of light applicable to a beam steering device
according to an example embodiment.

[0116] Referring to FIG. 14, the light generated by a light
source unit of the beam steering device may have a pulse
waveform. For example, if the light source unit generates a
laser, the laser may be a pulsed laser. Thus, ON and OFF
states of the light may be alternately repeated, and in the ON
state, light having a wavelength (or wavelength band) may
be generated as shown in an enlarged section on the right
side of FIG. 14. For example, the wavelength of the light
may correspond to one of wavelengths Aq;, Ags, Ags, and Aoy
shown in FIG. 5. A pulse wave (for example, a pulsed laser)
is different from a continuous wave (CW) or a CW laser. The
CW laser may be used for the Doppler effect, and the pulse
wave (for example, pulsed laser) may be used for other
purposes and effects. However, the type of light used accord-
ing to example embodiments is not limited to the type
described with reference to FIG. 14. That is, the type of light
may vary according to example embodiments.

[0117] The above-described beam steering devices of the
example embodiments may be applied to various optical
apparatuses. For example, the beam steering devices may be
applied to light detection and ranging (LiDAR) apparatuses.
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[0118] FIG. 15 is a diagram illustrating an optical appa-
ratus including a beam steering device 1000 according to an
example embodiment. The optical apparatus of the example
embodiment may be a LiDAR apparatus.

[0119] Referring to FIG. 15, the beam steering device
1000 of the optical apparatus may correspond to one of the
beam steering devices D100, 1000, and 1100 of the previous
example embodiments, or may be obtained by modifying the
beam steering devices D100, 1000, and 1100. In the current
example embodiment, the beam steering device 1000 may
have the configuration illustrated in FIG. 4. That is, the beam
steering device 1000 may include a light source unit 100, a
multiplexer 200, an optical splitter 300, an optical modulator
400, and an emitter 500. The beam steering device 1000 may
simultaneously emit a plurality of output lights [.22 having
different wavelengths toward an object OBJ. The output
lights .22 may be emitted to different points arranged in a
first direction DD1, simultaneously. The emission directions
of the output lights [.22 may be varied in a second direction
DD2 different from the first direction DD1. The second
direction DD2 may be perpendicular to the first direction
DD1. The second direction DD2 may be referred to as a
scanning direction.

[0120] The optical apparatus may include a light receiver
2000 to receive the output lights [.22 emitted from the beam
steering device 1000 and reflected from the object OBJ, that
is, to receive reflected light. Reflection may include general
reflection and scattering. In addition, “reflection” may
include variations (modulations) of light caused by the
object OBJ. The light receiver 2000 may include a plurality
of photo detecting elements, and the photo detecting ele-
ments may have an arrayed structure. For example, the
photo detecting elements may include photodiodes, pho-
totransistors, and/or charge-coupled devices (CCDs).
[0121] The optical apparatus may further include a demul-
tiplexer (DEMUX) 1500 between the object OBJ and the
light receiver 2000. The demultiplexer 1500 may demulti-
plex light reflected from the object OBJ to divide the light
into a plurality of lights having different wavelengths (for
example, A, A,, As, . . ., and A,. The wavelengths (for
example, A, A, Ay, . . ., and A,) may respectively
correspond to or may be respectively similar to the wave-
lengths (for example, A,, A,, A5, . . ., and A,) of the output
lights .22 emitted from the beam steering device 1000.
[0122] In addition, the optical apparatus may further
include a circuit unit 3000 connected to either one or both of
the beam steering device 1000 and the light receiver 2000.
The circuit unit 3000 may include a calculating portion
configured to acquire data and perform computation using
the data. The circuit unit 3000 may further include a driver
or a controller. In addition, the circuit unit 3000 may further
include a power source unit and a memory. The configura-
tion of the circuit unit 3000 may be variously modified
according to the type of the optical apparatus. The circuit
unit 3000 may be connected to a user interface Ul

[0123] The optical apparatus of the example embodiment
may use the light receiver 2000 to acquire information about
a plurality of wavelengths from light reflected from the
object OBJ and analyze information about the object OBJ,
based on the acquired information. If the light receiver 2000
includes a plurality of photo detecting elements, the photo
detecting elements may be used to obtain information about
a plurality of wavelengths and analyze information about the
object OBJ, based on the acquired information. Three-
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dimensional information about the object OBJ may be
rapidly and precisely obtained by rapidly scanning the object
OBJ in a two-dimensional manner, using a plurality of
output lights 1.22 having different wavelengths.

[0124] In example embodiments, the optical apparatus
illustrated in FIG. 15 may further include at least one optical
element. For example, the optical apparatus may further
include a filter to detect light reflection points, according to
wavelengths, and/or another optical element to control the
intensity of light, according to wavelengths between the
object OBJ and the light receiver 2000. An example of this
is illustrated in FIG. 16.

[0125] FIG. 16 is a diagram illustrating an optical appa-
ratus including a beam steering device 1000 according to
another example embodiment.

[0126] Referring to FIG. 16, a filter 1700 may be provided
between the demultiplexer 1500 and the light receiver 2000.
Light may be divided into multiple wavelengths by the
demultiplexer 1500, and light of a wavelength may reach a
pixel of the light receiver 2000 through the filter 1700. Thus,
the filter 1700 may be used to determine the position at
which light of a wavelength is reflected from the object OBJ.
At least one other optical element may be used instead of or
together with the filter 1700 between the demultiplexer 1500
and the light receiver 2000. For example, the at least one
other optical element may include an optical element con-
figured to control the intensity of reflected light according to
the wavelengths of the reflected light. The intensity of
reflected light may be controlled according to the wave-
lengths of the reflected light by using such an optical
element. In addition, the optical apparatus of the example
embodiment may further include a resonator or another
optical element.

[0127] FIG. 17 is a block diagram illustrating an overall
systematic structure of an optical apparatus Al including a
beam steering device 1000A according to an example
embodiment.

[0128] Referring to FIG. 17, the optical apparatus A1 may
include the beam steering device 1000A. The beam steering
device 1000A may correspond to or may be similar to the
beam steering devices described with reference to FIGS. 1,
2, and 4 to 16. The optical apparatus A1 may include a light
source unit provided as a part of or independently of the
beam steering device 1000A.

[0129] The optical apparatus Al may include a detector
2000A to detect light steered by the beam steering device
1000A and reflected from an object. The detector 2000A
may include the light receiver 2000 described with reference
to FIG. 15. In addition, the detector 2000A may further
include the demultiplexer 1500 described with reference to
FIG. 15. In addition, the detector 2000A may further include
the filter 1700 described with reference to FIG. 16 or another
optical element.

[0130] In addition, the optical apparatus Al may further
include a circuit unit 3000A connected to either one or both
of the beam steering device 1000A and the detector 2000A.
The circuit unit 3000A may include a calculating portion
configured to acquire data and perform computation using
the data. The circuit unit 3000A may further include a driver
or a controller. In addition, the circuit unit 3000A may
further include a power source unit and a memory.

[0131] FIG. 17 illustrates that the optical apparatus Al
includes the beam steering device 1000A and the detector
2000A in a single device or apparatus. However, the beam



US 2018/0031680 Al

steering device 1000A and the detector 2000A may be
provided separately from each other in independent devices.
In addition, the circuit 3000A may be connected to the beam
steering device 1000A or the detector 2000A by a wireless
communication method instead of a wired communication
method. The configuration illustrated in FIG. 17 may be
variously modified.

[0132] The optical apparatuses of the example embodi-
ments may be LiDAR apparatuses. The LiDAR apparatuses
may be time-of-flight (TOF) or phase-shift type apparatuses.
The LiDAR apparatuses may be applied to autonomous
vehicles, aircrafts such as drones, mobile devices, small
vehicles (such as bicycles, motorcycles, babe carriages, or
boards), robots, assistant devices or items for humans/
animals (such as sticks, helmets, accessories, clothes,
watches, or bags), Internet of Things (IoT) devices/systems,
security devices/systems, etc. Because the beam steering
devices and the optical apparatuses including the beam
steering devices according to the example embodiments are
usable to obtain three-dimensional information about spaces
and objects via two-dimensional scanning, the beam steering
devices and the optical apparatuses may be applied to
three-dimensional image acquisition apparatuses or three-
dimensional cameras. In addition, the beam steering devices
and the optical apparatuses including the beam steering
devices according to the example embodiments may be used
for various purposes in a wide range of optical fields and
electronic fields.

[0133] It may be understood that the example embodi-
ments described herein may be considered in a descriptive
sense only and not for purposes of limitation. For example,
those of ordinary skill in the art will understand that the
structures of the beam steering devices are not limited to
those illustrated in FIGS. 4 and 13 but may be variously
modified as long as the beam steering devices are capable of
scanning multiple points of an object using multiple wave-
lengths as described with reference to FIGS. 1 and 2. In
addition, it will be understood by those of ordinary skill in
the art that the structures of the beam steering devices
described with reference to FIGS. 4 to 13 and the structures
of the optical apparatuses described with reference to FIGS.
15 to 17 can be variously modified. For example, at least one
wavelength variable laser source (that is, tunable laser
source) may be included in the beam steering devices, and
the demultiplexer may be replaced with an equivalent or
similar element. In addition, a one-dimensional scanning
device (a device performing a one-dimensional scanning
operation using multi-wavelengths) and an optical apparatus
including the one-dimensional scanning device may be
implemented according to the example embodiments. In
addition, the beam steering devices and the optical appara-
tuses may be applied in various other fields by various other
application methods. Thus, the scope and spirit of the
inventive concept are defined not by the descriptions of the
example embodiments but by the appended claims.

[0134] The foregoing example embodiments are examples
and are not to be construed as limiting. The present teaching
can be readily applied to other types of apparatuses. Also,
the description of the example embodiments is intended to
be illustrative, and not to limit the scope of the claims, and
many alternatives, modifications, and variations will be
apparent to those skilled in the art.
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What is claimed is:

1. A beam steering device comprising:

a light source configured to generate input lights having
first different wavelengths;

a multiplexer configured to simultaneously receive the
generated input lights, and multiplex the received input
lights into a multiplexed light;

an optical splitter configured to split the multiplexed light;

an optical modulator configured to modulate the split
light; and

an emitter configured to simultaneously emit output lights
having second different wavelengths to different points
arranged in a first direction, based on the modulated
light.

2. The beam steering device of claim 1, wherein as the
split light is further modulated, the emitted output lights are
moved in a second direction different from the first direction.

3. The beam steering device of claim 2, wherein the first
direction is perpendicular to the second direction.

4. The beam steering device of claim 2, wherein either one
or both of the emitter and the optical modulator comprises
waveguides,

the first direction is parallel to an extension direction of
the waveguides, and

the second direction is perpendicular to the extension
direction of the waveguides.

5. The beam steering device of claim 1, wherein either one
or both of the emitter and the optical modulator comprises
waveguides, and

the first direction is parallel to an extension direction of
the waveguides.

6. The beam steering device of claim 1, wherein the

optical modulator comprises a phase modulator.

7. The beam steering device of claim 1, wherein the light
source comprises laser sources or a multimode laser source,
the laser sources or the multimode laser source being
configured to generate lasers having the first different wave-
lengths as the generated input lights.

8. The beam steering device of claim 1, wherein the light
source comprises:

a laser source configured to generate a laser having a

wavelength; and

a wavelength converter configured to divide the generated
laser into lasers having the first different wavelengths
as the generated input lights.

9. The beam steering device of claim 1, wherein the light

source comprises:

a light emitting diode (LED) configured to generate light;
and

a multi-band pass filter configured to divide the generated
light into the generated input lights.

10. The beam steering device of claim 1, wherein each of

the generated input lights has a pulse waveform.

11. The beam steering device of claim 1, wherein any one
or any combination of the optical splitter, the optical modu-
lator, and the emitter comprises any one or any combination
of'a group IV element, a compound comprising a group IV
element, a group 1I1-V compound, an oxide, a nitride, and a
polymer.

12. The beam steering device of claim 1, further com-
prising an amplifier disposed between the multiplexer and
the emitter, and having a semiconductor optical amplifier
(SOA) structure.
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13. An optical apparatus comprising:

the beam steering device of claim 1;

a light receiver configured to receive light that is emitted
from the beam steering device and reflected from an
object; and

a circuit connected to either one or both of the beam
steering device and the light receiver.

14. The optical apparatus of claim 13, further comprising

a demultiplexer disposed between the object and the light
receiver, and configured to demultiplex the reflected light,
and divide the demultiplexed light into reflected lights
having third different wavelengths,

wherein the light receiver is further configured to receive
the reflected lights.

15. The optical apparatus of claim 14, wherein the light

receiver comprises photo detecting elements, and

the optical apparatus is configured to acquire information
of'the third different wavelengths of the reflected lights,
using the photo detecting elements, and analyze infor-
mation of the object, based on the acquired informa-
tion.

16. The optical apparatus of claim 13, wherein the optical

apparatus is a LiDAR apparatus.

17. A beam steering device comprising:

an input coupler configured to simultanecously receive
input lights having first different wavelengths; and

an output coupler configured to simultaneously emit out-
put lights having second different wavelengths to dif-
ferent points arranged in a first direction, and move the
emitted output lights in a second direction different
from the first direction, based on the received input
lights.

18. The beam steering device of claim 17, further com-
prising waveguides disposed between the input coupler and
the output coupler,

wherein the first direction is parallel to an extension
direction of the waveguides, and

the second direction is perpendicular to the extension
direction of the waveguides.

19. The beam steering device of claim 17, further com-
prising an optical modulator disposed between the input
coupler and the output coupler, and configured to move the
emitted output lights in the second direction, based on the
received input lights.

20. The beam steering device of claim 17, wherein the
received input lights comprise lasers having the first differ-
ent wavelengths.

21. The beam steering device of claim 17, wherein the
input coupler comprises a multiplexer configured to simul-
taneously receive the input lights, and multiplex the received
input lights.
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22. An optical apparatus comprising:

the beam steering device of claim 17;

a light receiver configured to receive light that is emitted
from the beam steering device and reflected from an
object; and

a circuit connected to either one or both of the beam
steering device and the light receiver.

23. The optical apparatus of claim 22, further comprising

a demultiplexer disposed between the object and the light
receiver, and configured to demultiplex the reflected light,
and divide the demultiplexed light into reflected lights
having third different wavelengths,

wherein the light receiver is further configured to receive
the reflected lights.

24. The optical apparatus of claim 22, wherein the optical

apparatus is a LiDAR apparatus.

25. A beam steering device comprising:

a multiplexer configured to simultaneously receive input
lights having first different wavelengths, and multiplex
the received input lights into a multiplexed light;

an optical splitter configured to split the multiplexed light;

an optical modulator configured to modulate the split
light; and

an emitter configured to simultaneously emit output lights
having second different wavelengths to different points
arranged in a first direction and of an object, and move
the emitted output lights in a second direction different
from the first direction, based on the modulated light.

26. The beam steering device of claim 25, further com-
prising:

laser sources configured to generate lasers having the first
different wavelengths; and

input couplers configured to simultaneously receive the
generated lasers, and transmit the received lasers to the
multiplexer as the input lights.

27. The beam steering device of claim 25, wherein either
one or both of the emitter and the optical modulator com-
prises:

a substrate;

an insulative layer disposed on the substrate; and

waveguides disposed on the insulative layer,

the first direction is parallel to an extension direction of
the waveguides, and

the second direction is perpendicular to the extension
direction of the waveguides.

28. The beam steering device of claim 25, further com-
prising a cover layer disposed on the multiplexer, the optical
splitter, the optical modulator, and the emitter.

29. An optical apparatus comprising:

the beam steering device of claim 25;

a demultiplexer configured to receive light that is reflected
from the object, demultiplex the reflected light, and
divide the demultiplexed light into reflected lights
having third different wavelengths; and

a light receiver configured to receive the reflected lights.
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