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LIGHT MODULATOR , BEAM STEERING 
DEVICE INCLUDING THE LIGHT 

MODULATOR , AND ELECTRONIC DEVICE 
INCLUDING THE BEAM STEERING DEVICE 

[ 0009 ] The light modulator for modulating light by using 
the Fabry - Perot resonator structure including a pair of DBRs 
and a semiconductor material layer may include an optical 
material having losses . Generally , a great resonance struc 
ture is used for high phase modulation . However , in this 
case , optical losses may also be increased to decrease the 
efficiency of a light modulator . 

CROSS - REFERENCE TO RELATED 
APPLICATION 

SUMMARY [ 0001 ] This is a continuation application of U.S. applica 
tion Ser . No. 16 / 805,070 , filed Feb. 28 , 2020 , which claims 
priority from Korean Patent Application No. 10-2019 
0116875 , filed on Sep. 23 , 2019 , in the Korean Intellectual 
Property Office , the disclosures of which are incorporated 
herein by reference in their entireties . 

BACKGROUND 

1. Field 

[ 0002 ] Apparatuses and methods consistent with example 
embodiments relate to a light modulator , a beam steering 
device including the light modulator , and an electronic 
device including the beam steering device . 

2. Description of Related Art 
[ 0003 ] A light modulator for modulating transmittance / 
reflection , polarization , a phase , an intensity , a path , etc. of 
incident light is used for various optical devices . Also , light 
modulators of various structures have been implemented for 
controlling the characteristics of light , as required by an 
optical device . 
[ 0004 ] For example , a liquid crystal structure having opti 
cal anisotropy , a micro - electromechanical system ( MEMS ) 
using micro - mechanical motion of light prevention / reflec 
tion elements , etc. are widely used in general light modu 
lators . These light modulators have an operational response 
speed of at least several us based on their operative char 
acteristics . Also , in an optical phased array ( OPA ) method , 
a phase of light is modulated by using interference of various 
pixels or a bunch of optical rays in the form of waveguides . 
[ 0005 ] When the structure of the MEMS using the 
mechanical motion is used , a volume of a light modulator 
may be increased to cause an increased expense . In addition , 
the application of the MEMS may be limited due to issues 
including vibration , etc. 
[ 0006 ] According to the controlling technique of the OPA 
method , each pixel or waveguide has to have a driving pixel 
and a pixel operator has to have an operating driver , and 
thus , circuits and devices may inevitably become complex 
and process costs may be increased . 
[ 0007 ] Recently , there has been an attempt to apply a 
metasurface to a light modulator . The metasurface is a 
structure in which a value less than a wavelength of incident 
light is applied to a thickness , a pattern , a cycle , etc. For 
example , optical devices having variable optical character 
istics ( e.g. , a refractive index ) and using a tunable metasur 
face based on a semiconductor material having a multi 
quantum well structure are used in various technical fields 
from optical communication to optical sensing . 
[ 0008 ] For example , a light modulator using a tunable 
metasurface may include a Fabry - Perot resonator structure 
formed as a sandwich structure in which a semiconductor 
material layer is provided between a pair of distributed 
Bragg reflectors ( hereinafter , referred to as DBR ) . 

[ 0010 ] Example embodiments address at least the above 
problems and / or disadvantages and other disadvantages 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 . 
[ 0011 ] One or more example embodiments provide a light 
modulator having a saturation gain due to an active layer 
including a quantum dot . 
[ 0012 ] Further , one or more example embodiments pro 
vide a beam steering device including a light modulator 
having a saturation gain and an electronic device including 
the beam steering device . 
[ 0013 ] According to an aspect of an example embodiment , 
there is provided a light modulator for amplifying an inten 
sity of incident light and modulating a phase of the incident 
light , including : a first distributed Bragg reflector ( DBR ) 
layer having a first reflectivity and comprising at least two 
first refractive index layers that have different refractive 
indices from each other and are repeatedly alternately 
stacked ; a second DBR layer having a second reflectivity 
and comprising at least two second refractive index layers 
that have different refractive indices from each other and are 
repeatedly alternately stacked ; and an active layer disposed 
between the first DBR layer and the second DBR layer , and 
comprising a quantum well structure . 
[ 0014 ] The quantum well structure may include at least 
one quantum dot that has a single gain satisfying 
Gs ̂ 2 * Rf * Rb < 1 , and Gs , Rf , and Rb denote the single gain , 
the second reflectivity , and the first reflectivity . 
[ 0015 ] The quantum well structure may include at least 
one quantum dot that has a single gain satisfying Gs ̂ 2 > 1 / Rb , 
and Gs , Rf , and Rb denote the single gale , the second 
reflectivity , and the first reflectivity . 
[ 0016 ] The quantum well structure may include a well 
layer and a barrier layer , and the well layer may include a 
plurality of quantum dots . 
[ 0017 ] The active layer may include a plurality of stack 
structures , and each of the plurality of stack structures may 
include a well layer and a barrier layer that are alternately 
stacked . 
[ 0018 ] The active layer may include a first multi - stack 
structure having a first plurality of stack structures and a 
second multi - stack structure having a second plurality of 
stack structures . 
[ 0019 ] The light modulator may further include a barrier 
layer between the first multi - stack structure and the second 
multi - stack structure . 
[ 0020 ] The quantum well structure of the active layer may 
include a first multi - stack structure and a second multi - stack 
structure , wherein each of the first multi - stack structure and 
the second multi - stack structure may include a well layer 
and a first barrier layer which are alternatively stacked , 
wherein the light modulator further may include a second 
barrier layer disposed between the first multi - stack structure 
and the second multi - stack structure , and wherein a thick 
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ness of the second barrier layer may be greater than a 
thickness of the first barrier layer . 
[ 0021 ] The quantum well structure of the active layer may 
include at least one quantum dot , and a band gap energy of 
the at least one quantum dot may be equal to an energy of 
the incident light . 
[ 0022 ] The active layer may have a saturation gain at an 
applied current having a value greater than or equal to a 
predetermined value . 
[ 0023 ] The first reflectivity may be greater than the second 
reflectivity . 
[ 0024 ] The light modulator may further include a proces 
sor configured to separately modulate a refractive index and 
a gain of the active layer by applying a current between the 
first DBR layer and the second DBR layer . 
[ 0025 ] The light modulator may further include a plurality 
of meta structures disposed on the second DBR layer . 
[ 0026 ] At least two of the plurality of meta structures may 
have different refractive indices from each other . 
[ 0027 ] The light modulator may further include a first 
contact layer disposed on the first DBR layer and a second 
contact layer disposed on the second DBR layer . 
[ 0028 ] According to an aspect of another example 
embodiment , there is provided a beam steering device 
including : a light modulator array including a plurality of 
light modulators including the light modulator , the plurality 
of light modulators having a same structure , and a control 
circuit configured to separately control refractive indices of 
the plurality of light modulators . 
[ 0029 ] The plurality of light modulators may have a same 
quantum dot distribution density . 
[ 0030 ] The control circuit may include a plurality of 
complementary metal - oxide - semiconductor ( CMOS ) 
devices each being connected to two adjacent light modu 
lators of the plurality of light modulators . 
[ 0031 ] According to an aspect of another example 
embodiment , there is provided an electronic device includ 
ing : a light source ; the beam steering configured to modulate 
a proceeding direction of the light incident from the light 
source toward an object ; a sensor configured to receive the 
light that is reflected from the object ; and a processor 
configured to analyze the light received by the sensor . 
[ 0032 ] The at least one quantum dot may have a single 
gain satisfying 1 / Rb < Gs ̂ 2 < 1 / ( Rf * Rb ) , and Gs , Rb , and Rf 
denote the single gain , the first reflectivity , and the second 
reflectivity . 
[ 0033 ] According to an aspect of another example 
embodiment , there is provided an optical sensor including a 
light modulator including : a first distributed Bragg reflector 
( DBR ) layer ; a second DBR layer ; and a quantum well 
disposed between the first DBR layer and the second DBR 
layer , wherein the optical sensor may be configured to apply 
a current between the first DBR layer and the second DBR 
layer to control a gain of the phase modulator and a phase 
of the incident light through an interband transition of 
electrons between a valence band and a conduction band of 
the quantum well . 

[ 0035 ] FIG . 1 is a lateral cross - sectional view schemati 
cally showing a structure of a light modulator according to 
an embodiment ; 
[ 0036 ] FIG . 2 is a graph showing characteristics of the 
light modulator of FIG . 1 ; 
[ 0037 ] FIG . 3 schematically shows a process in which 
density inversion occurs in the light modulator of FIG . 1 ; 
[ 0038 ] FIG . 4 schematically shows a process in which 
stimulated emission occurs in the light modulator of FIG . 1 ; 
[ 0039 ] FIG . 5 schematically shows a process in which a 
refractive index is changed in the light modulator of FIG . 1 ; 
[ 0040 ] FIG . 6 is a lateral cross - sectional view schemati 
cally showing a structure of a light modulator according to 
another embodiment ; 
[ 0041 ] FIG . 7 is a lateral cross - sectional view schemati 
cally showing a structure of a light modulator according to 
another embodiment ; 
[ 0042 ] FIG . 8 is a lateral cross - sectional view schemati 
cally showing a structure of a light modulator according to 
another embodiment ; 
[ 0043 ] FIG . 9 is a lateral cross - sectional view schemati 
cally showing a structure of a light modulator array accord 
ing to an embodiment ; 
[ 0044 ] FIG . 10 is a lateral cross - sectional view schemati 
cally showing a structure of a control circuit for controlling 
the light modulator array of FIG . 9 ; 
[ 0045 ] FIG . 11 is a lateral cross - sectional view schemati 
cally showing a beam steering device according to an 
embodiment ; and 
[ 0046 ] FIG . 12 is a block diagram showing a schematic 
structure of an electronic device according to an embodi 
ment . 

a 

DETAILED DESCRIPTION 

[ 0047 ] Example embodiments are described in greater 
detail below with reference to the accompanying drawings . 
[ 0048 ] In the 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 are not 
described in detail since they would obscure the description 
with unnecessary detail . 
[ 0049 ] 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 . For example , 
the expression , " at least one of a , b , and c , " should be 
understood as including only a , only b , only c , both a and b , 
both a and c , both b and c , all of a , b , and c , or any variations 
of the aforementioned examples . 
[ 0050 ] Hereinafter , light modulators , beam steering 
devices including the light modulators , and electronic 
devices including the beam steering devices according to 
various embodiments will be described with reference to the 
accompanying drawings . In the drawings , like reference 
numerals refer to like elements , and sizes or thicknesses of 
components may be exaggerated for clarity of explanation . 
[ 0051 ] The terms first second , etc. may be used to 
describe various components . However , the components are 

a 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0034 ] The above and / or other aspects will be more appar 
ent by describing certain example embodiments , with ref 
erence to the accompanying drawings , in which : 
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not limited by the terms . The terms are used for only the 
purpose of distinguishing one component from another . A 
light modulator device , a beam steering device including the 
light modulator device , and an electronic device including 
the beam steering device may be realized in various forms , 
and are not limited to the embodiments described herein . 
[ 0052 ] Throughout the specification , it will be further 
understood that when a part “ includes ” or “ comprises ” an 
element , unless otherwise defined , the part may further 
include other elements , not excluding the other elements . 
[ 0053 ] FIG . 1 is a lateral cross - sectional view schemati 
cally showing a structure of a light modulator 1100 accord 
ing to an embodiment . FIG . 2 is a graph showing charac 
teristics of the light modulator 1100 of FIG . 1 . 
[ 0054 ] Referring to FIG . 1 , the light modulator 1100 may 
include a first distributed Bragg reflector ( DBR ) layer 100 
having a first reflectivity Rb , an active layer 200 , and a 
second DBR layer 300 having a second reflectivity Rf . The 
first DBR layer 100 may include two refractive index layers 
that have different refractive indices from each other and are 
repeatedly alternately stacked . The active layer 200 is pro 
vided on the first DBR layer 100 and includes a quantum 
well structure having a stack structure in which a well layer 
202 and a first barrier layer 201 are alternately stacked . At 
least one quantum dot 203 is provided in the well layer 202 . 
The second DBR layer 300 is provided on the active layer 
200 and includes two refractive index layers that have 
different refractive indices from each other and are repeat 
edly alternately stacked . Also , a first contact layer 400 may 
be provided on the first DBR layer 100 and a second contact 
layer 500 may be provided on the second DBR layer 300 . 
For example , the first contact layer 400 may be provided on 
the lower surface of the first DBR layer 100 and the second 
contact layer 500 may be provided on the upper surface of 
the second DBR layer 300 . 
[ 0055 ] The light modulator 1100 may amplify an intensity 
of incident light IL . Accordingly , output light OL may have 
a greater intensity than the incident light IL . Also , the light 
modulator 1100 may modulate a phase of the incident light 
IL . Accordingly , a proceeding direction of the output light 
OL may be regulated such that the output light OL proceeds 
in a direction as desired , regardless of an incident angle of 
the incident light IL . The functions of amplifying the inci 
dent light IL and modulating the phase of the incident light 
IL of the light modulator 1100 are described later with 
reference to the drawing . 
[ 0056 ] The first DBR layer 100 and the second DBR layer 
300 may form a Fabry - Perot resonator . The incident light IL 
incident into the second DBR layer 300 from the outside 
may resonate between the first DBR layer 100 and the 
second DBR layer 300. Here , the first reflectivity Rb of the 
first DBR layer 100 may be greater than the second reflec 
tivity Rf of the second DBR layer 300. Accordingly , the light 
resonating between the first DBR layer 100 and the second 
DBR layer 300 may be output to the outside through the 
second DBR layer 300. Also , since the first reflectivity Rb of 
the first DBR layer 100 is greater than the second reflectivity 
Rf of the second DBR layer 300 , a phase change of the 
incident light IL may occur within a range of 360 degrees . 
[ 0057 ] The first DBR layer 100 and the second DBR layer 
300 may function as a mirror having a high reflectivity and 
may include a pair of material layers having different 
refractive indices from each other . For example , the first 
DBR layer 100 and the second DBR layer 300 may include 

structures in which a low refractive index layer 10 having a 
relatively low refractive index and a high refractive index 
layer 11 having a relatively high refractive index are alter 
nately stacked . For example , the first DBR layer 100 and the 
second DBR layer 300 may include a structure of AlAs / Al . 
5Ga..5As or a structure of Al..9Ga..1 As / Al..3 Gao . As repeat 
edly alternately stacked . However , it is not limited thereto 
and the ratio of Al to Ga may be changed . Also , the low 
refractive index layer 10 and the high refractive index layer 
11 of the first and second DBR layers 100 and 300 may 
include materials totally different from the described mate 
rials . When light of a specific wavelength is incident into the 
first and second DBR layers 100 and 300 having this 
structure , reflection may occur at a boundary surface of the 
low refractive index layer 10 and the high refractive index 
layer 11. Here , the high reflectivity may be obtained by 
removing or reducing phase differences between all the 
lights so that the lights have the same phase and constructive 
interference of reflected lights may occur . To this end , an 
optical thickness ( a value obtained by multiplying a physical 
thickness of a layer by a refractive index of the layer ) of each 
of the low refractive index layer 10 and the high refractive 
index layer 11 may correspond to a value of an odd multiple 
of N4 ( à is a wavelength of incident light ) . The first and 
second DBR layers 100 and 300 may have an increased 
reflectivity as the number of times the pair of the low 
refractive index layer 10 and the high refractive index layer 
11 are repeatedly stacked is increased . For example , the 
number of times the pair of low refractive index layer 10 and 
the high refractive index layer 11 are repeatedly stacked may 
be greater in the case of the first DBR layer 100 than in the 
case of the second DBR layer 300. Accordingly , the reflec 
tivity Rb of the first DBR layer 100 may be greater than the 
reflectivity Rf of the second DBR layer 300 . 
[ 0058 ] The active layer 200 may include a semiconductor 
material having a quantum well structure . For example , the 
active layer 200 may include a stack structure in which the 
well layer 202 and the first barrier layer 201 are alternately 
stacked . The active layer 200 may include a plurality of first 
barrier layers 201 and a plurality of well layers 202 which 
are alternately stacked , or a pair of first barrier layers 201 
and one well layer 202 disposed between the pair of first 
barrier layers 201. A band gap energy of the first barrier layer 
201 may be greater than a band gap energy of the well layer 
202. The well layer 202 has a relatively less band gap energy 
than the first barrier layer 201 contacting the well layer 202 , 
and thus , an electron and a hole may have an quantized 
energy level in the well layer 202. For example , the first 
barrier layer 201 may include GaAs and the well layer 202 
may include InGaAs . However , it is not limited thereto , and 
the first barrier layer 201 and the well layer 202 may include 
other materials than the described materials . Also , when a 
current source 600 applies a current between the first DBR 
layer and the second DBR layer so that the current flows into 
the active layer 200 , a refractive index of the active layer 200 
may be changed . Accordingly , a phase of the incident light 
IL and a phase of the output light OL may be different from 
each other . That is , as the refractive index of the active layer 
200 is changed , a proceeding direction of light having 
passed through the light modulator 1100 may be changed . 
[ 0059 ] The active layer 200 may further include a quan 
tum dot . For example , the at least one quantum dot 203 may 
be provided in the well layer 202. However , it is not limited 
thereto and a plurality of quantum dots 203 may be provided 

a 
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in the well layer 202. A band gap energy of the quantum dot 
203 may be less than a band gap energy of the well layer 
202. The band gap energy of the quantum dot 203 may be 
the same as an energy of the incident light IL . For example , 
the quantum dot 203 may include InAs . However , it is not 
limited thereto and the quantum dot 203 may include other 
materials than the described material . 
[ 0060 ] In the quantum dot 203 , density inversion may 
occur due to a current applied , as described below . When the 
incident light having a specific energy is incident into the 
quantum dot 203 in which density inversion occurs , stimu 
lated emission may occur . The intensity of the incident light 
IL may be amplified due to the stimulated emission . The 
occurrence of stimulated emission may be increased as the 
applied current is increased . Accordingly , an amplification 
rate of the intensity of the incident light IL may be increased . 
However , stimulated emission may not be increased any 
more when the current reaches a value equal to or greater 
than a specific value , and thus , the amplification rate of the 
intensity of the incident light IL may be saturated . The 
principle of the saturation of the amplification rate of the 
intensity of the incident light IL will be described below 
with reference to FIG . 2. Like this , when the amplification 
rate of the intensity of the incident light IL is saturated , it 
may be referred to as a case that the active layer 200 has a 
saturation gain . The saturation gain of the active layer 200 
may be determined based on a distribution density of the 
quantum dot 203 having a single gain Gs . For example , as 
the distribution density of the quantum dot 203 is increased , 
the saturation gain of the active layer 200 may be increased . 
[ 0061 ] The single gain Gs of the quantum dot 203 may 
satisfy Gs ̂ 2 * Rf * Rb < 1 . When the single gain Gs is increased 
such that the value of Gs ̂ 2 * Rf * Rb is equal to or greater than 
1 , spontaneous emission may occur in the quantum dot 203 . 
That is , when the single gain Gs of the quantum dot 203 is 
increased to a value beyond a predetermined threshold , 
lasing may occur even when a little current flows in the light 
modulator 1100. In this case , even when light is not incident 
into the light modulator 1100 , light may be emitted from the 
light modulator 1100. Accordingly , the light modulator 1100 
may not be used for a beam steering device for modulating 
the phase of the incident light IL . 
[ 0062 ] Also , the single gain Gs of the quantum dot 203 
may satisfy Gs ̂ 2 > 1 / Rb . When the single gain Gs is 
decreased such that the value of Gs ̂ 2 is equal to or less than 
1 / Rb , the active layer 200 may have a loss . Thus , it is desired 
to design the single gain Gs of the quantum dot 203 to satisfy 
Gs ̂ 2 > 1 / Rb so that the active layer 200 has a gain . 
[ 0063 ] Like this , when the single gain Gs of the quantum 
dot 203 satisfies 1 / Rb < Gs ̂ 2 < 1 / ( Rf * Rb ) , lasing due to spon 
taneous emission may not occur in the quantum dot 203 and 
at the same time , the active layer 200 may have a gain . 
[ 0064 ] The first contact layer 400 may include an N - type 
contact layer doped with an N - type material and the second 
contact layer 500 may include a P - type contact layer doped 
with a P - type material . FIG . 1 illustrates that the first contact 
layer 400 is provided below the first DBR layer 100 . 
However , it is not limited thereto . For example , the first 
contact layer 400 may be provided between the active layer 
200 and the first DBR layer 100. Also , FIG . 1 illustrates that 
the second contact layer 500 is provided above the second 
DBR layer 300. However , it is not limited thereto . For 
example , the second contact layer 500 may be provided 
between the active layer 200 and the second DBR layer 300 . 

An electrode may further be provided on the first contact 
layer 400 and the second contact layer 500 . 
[ 0065 ] Referring to FIG . 2 , the intensity of the output light 
OL output from the light modulator 1100 may be increased 
as a current I applied to the active layer 200 is increased . 
However , the intensity of the output light OL may not be 
increased any more when the current reaches a value equal 
to or greater than a specific value la . Accordingly , the active 
layer 200 may have a saturation gain at an applied current 
having a value equal to or greater than the specific value la 
be because among electrons being capable of being directly 
engaged in causing stimulated emission in the active layer 
200 , only a limited number of electrons may flow into a 
ground state of a conduction band of the quantum dot 203 . 
On the contrary , even in a region in which the gain of the 
active layer 200 is not increased any more , a refractive index 
of the active layer 200 may be changed . In other words , even 
in a region in which the intensity of the output light OL is 
not increased any more , a phase p of the incident light IL p 
may be changed . 
[ 0066 ] As described above , the light modulator 1100 may 
continually change the phase of the incident light IL while 
having the saturation gain based on an applied current . Like 
this , the light modulator 1100 may further include a proces 
sor configured to separately control the gain and the refrac 
tive index . For example , the processor may separately 
regulate the refractive index and the gain of the active layer 
200 by applying a current between the first DBR layer 100 
and the second DBR layer 300. Accordingly , the light 
modulator 1100 may efficiently control a proceeding direc 
tion of the incident light IL . The principle of separately 
controlling via the light modulator 1100 the gain and the 
refractive index will be described below with reference to 
FIG . 5 . 
[ 0067 ] FIG . 3 schematically shows a process in which 
density inversion occurs in the light modulator 1100 of FIG . 
1. FIG . 4 schematically shows a process in which stimulated 
emission occurs in the light modulator 1100 of FIG . 1. FIG . 
5 schematically shows a process in which a refractive index 
is changed in the light modulator 1100. In the descriptions 
of FIGS . 3 through 5 , the components illustrated in FIG . 1 
will be referred to . As illustrated in FIGS . 3 through 5 , a 
band gap energy Eb of a first barrier layer al or a4 may be 
greater than a band gap energy Ew of a well layer a2 . Also , 
the band gap energy Ew of the well layer a2 may be greater 
than a band gap energy Ed of the quantum dot 203 . 
[ 0068 ] Referring to FIG . 3 , when an electron staying in a 
valence band of the quantum dot 203 gains energy and 
moves to a conduction band due to the current applied 
between the first and second DBR layers 100 and 300 , 
density inversion may occur . For example , the electron 
staying in the valence band of the quantum dot 203 may gain 
energy and may be filled in a ground state S1 of the 
conduction band . For example , when a current correspond 
ing to the band gap energy Ed of the quantum dot 203 is 
applied between the first and second DBR layers 100 and 
300 , electrons in the valence band of the quantum dot 203 
may gain energy and move to the conduction band , and thus , 
density inversion may occur . When currents are continually 
applied , more electrons may move , and thus , the occurrence 
of density inversion may be increased . 
[ 0069 ] Referring to FIG . 4 , the incident light IL may have 
a wavelength having an energy equal to the band gap energy 
Ed of the quantum dot 203 , and density inversion may occur 
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in the quantum dot 203. When the incident light IL is 
incident into the light modulator 1100 , stimulated emission 
may occur , and thus , the intensity of the incident light IL 
may be amplified . Thus , the output light OL having a greater 
intensity than the incident light IL may be output from the 
light modulator 1100. Meanwhile , stimulated emission may 
occur by the electrons filled in the ground state S1 of the 
conduction band of the quantum dot 203. As described 
above , the number of the electrons filled in the ground state 
S1 is limited , and thus , even when currents are continually 
applied between the first and second DBR layers 100 and 
300 , the occurrence of stimulated emission may not be 
increased any more . Accordingly , the amplification rate of 
the incident light IL may not be increased any more when the 
amplification rate reaches a value equal to or greater than a 
specific value , and may be saturated . In other words , the 
active layer 200 may have a saturation gain when a current 
having a value greater than or equal to a specific value is 
applied . 
[ 0070 ] Referring to FIG . 5 , while the magnitude of the 
current between the first DBR layer 100 and the second DBR 
layer 300 is increased , electrons may be filled in a plurality 
of quantized states of a quantum dot a3 and the well layer a2 . 
As described above , the gain of the active layer 200 may be 
determined by the electrons in the ground state S1 of the 
conduction band of the quantum dot 203. Separately , the 
refractive index of the active layer 200 may be determined 
by the electrons filled in the plurality of states of the well 
layer a2 . For example , even after electrons are completely 
filled in the plurality of states including the ground state S1 
of the quantum dot 203 , when currents are continually 
applied to the active layer 200 , electrons may be continually 
filled in the plurality of states of the well layer a2 . As the 
number of the electrons filled in the well layer a2 is changed , 
the refractive index of the active layer 200 may be changed . 
As described above , the gain of the active layer 200 may not 
be increased any more and may be saturated , when the 
current having the value equal to or greater than a specific 
value is applied , even when applied currents are increased . 
On the contrary , even when the gain of the active layer 200 
is saturated , the refractive index of the active layer 200 may 
be continually changed , when the currents are continually 
applied to the active layer 200. Like this , by applying the 
current to the active layer 200 , the gain and the refractive 
index may be separately controlled . 
[ 0071 ] The light modulator 1110 may include a current 
source 600 that applies a current between the first DBR layer 
100 and the second DBR layer 300 to control a gain of the 
light modulator 1110 and a phase of the incident light 
through an interband transition of electrons between the 
valence band and the conduction band of the well layer 202 . 
[ 0072 ] FIG . 6 is a lateral cross - sectional schematically 
showing a structure of a light modulator 1110 according to 
another embodiment . When describing the embodiment of 
FIG . 6 , aspects that are the same as the aspects of the 
embodiment of FIG . 1 are omitted . 
[ 0073 ] Referring to FIG . 6 , the light modulator 1110 may 
include a first DBR layer 110 of a first reflectivity Rb , a 
second DBR layer 310 of a second reflectivity Rf , and an 
active layer 210 disposed between the first DBR layer 110 
and the second DBR layer 310. The first DBR layer 100 may 
include two refractive index layers that have different refrac 
tive indices from each other and are repeatedly alternately 
stacked . The active layer 210 may be provided on the first 

DBR layer 110 and may include a quantum well structure 
having a stack structure in which a well layer 212 and a first 
barrier layer 211 are alternately stacked . At least one quan 
tum dot 213 is provided in the well layer 212. The second 
DBR layer 310 may be provided on the active layer 210 , and 
may include two refractive index layers having different 
refractive indices from each other are repeatedly alternately 
stacked . Also , the light modulator 1110 may further include 
a first contact layer 410 provided below the first DBR layer 
110 and a second contact layer 510 provided above the 
second DBR layer 310. However , it is not limited thereto 
and the first contact layer 410 may be provided between the 
active layer 210 and the first DBR layer 110. Also , the 
second contact layer 510 may be provided between the 
active layer 210 and the second DBR layer 310 . 
[ 0074 ] The first DBR layer 110 and the second DBR layer 
310 may have substantially the same structures as the first 
DBR layer 100 and the second DBR layer 300 of FIG . 1 , 
respectively . For example , the first DBR layer 110 and the 
second DBR layer 310 may include structures in which a 
low refractive index layer 12 having a relatively low refrac 
tive index and a high refractive index layer 13 having a 
relatively high refractive index are alternately stacked . 
[ 0075 ] The first contact layer 410 and the second contact 
layer 510 may have substantially the same structures as the 
first contact layer 400 and the second contact layer 500 of 
FIG . 1 , respectively . 
[ 0076 ] The active layer 210 may include a semiconductor 
material having a quantum well structure . For example , the 
active layer 210 may include a plurality of stack structures 
ST1 through STn ( n is a natural number ) in which the well 
layer 212 and the first barrier layer 211 are alternately 
stacked . As the number of the plurality of stack structures 
ST1 through STn is increased , a gain of the active layer 210 
may be increased . 
[ 0077 ] Each of the plurality of stack structures ST1 
through STn may include at least one quantum dot 213. The 
quantum dot 213 may have substantially the same structure 
as the quantum dot 203 of FIG . 2 . 
[ 0078 ] FIG . 7 is a lateral cross - sectional schematically 
showing a structure of a light modulator 1120 according to 
another embodiment . When describing the embodiment of 
FIG . 7 , aspects that are the same as the aspects of the 
embodiment of FIG . 1 are omitted . 
[ 0079 ] Referring to FIG . 7 , the light modulator 1120 may 
include a first DBR layer 120 of a first reflectivity Rb , a 
second DBR layer 320 of a second reflectivity Rf , and an 
active layer 220 disposed between the first DBR layer 120 
and the second DBR layer 320. The first DBR layer 120 may 
include two refractive index layers that have different refrac 
tive indices from each other and are repeatedly alternately 
stacked . The active layer 220 is provided on the first DBR 
layer 120 and may include a quantum well structure having 
a stack structure in which a well layer 222 and a first barrier 
layer 221 are alternately stacked , wherein at least one 
quantum dot 223 is provided in the well layer 222. The 
second DBR layer 320 may be provided on the active layer 
220 and may include two refractive index layers that have 
different refractive indices from each other and are repeat 
edly alternately stacked . Also , the light modulator 1120 may 
further include a first contact layer 420 provided below the 
first DBR layer 120 and a second contact layer 520 provided 
above the second DBR layer 320. However , it is not limited 
thereto and the first contact layer 420 may be provided 
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between the active layer 220 and the first DBR layer 120 . 
Also , the second contact layer 520 may be provided between 
the active layer 220 and the second DBR layer 320 . 
[ 0080 ] The first DBR layer 120 and the second DBR layer 
320 may have substantially the same structures as the first 
DBR layer 100 and the second DBR layer 300 of FIG . 1 , 
respectively . For example , the first DBR layer 120 and the 
second DBR layer 320 may include structures in which a 
low refractive index layer 14 having a relatively low refrac 
tive index and a high refractive index layer 15 having a 
relatively high refractive index are alternately stacked . 
[ 0081 ] The first contact layer 420 and the second contact 
layer 520 may have substantially the same structures as the 
first contact layer 400 and the second contact layer 500 of 
FIG . 2 , respectively . 
[ 0082 ] The active layer 220 may include a semiconductor 
material having a quantum well structure . For example , the 
active layer 220 may include a plurality of stack structures 
ST1 through ST6 in which the well layer 222 and the first 
barrier layer 221 are alternately stacked . FIG . 7 illustrates 
the six stack structures ST1 through ST6 . However , it is not 
limited thereto and there may be more than six stack 
structures . As the number of the stack structures ST1 
through ST6 is increased , a gain of the active layer 220 may 
be increased . Meanwhile , the active layer 220 may include 
a first multi - stack structure MS1 having a plurality of stack 
structures ( e.g. , first through third stack structures ST1 
through ST3 ) and a second multi - stack structure MS2 hav 
ing a plurality of stack structures ( e.g. , fourth through sixth 
stack structures ST4 through ST6 ) . However , it is not limited 
thereto and each of the first and second multi - stack struc 
tures MS1 and MS2 may include more or less than three 
stack structures . Also , FIG . 7 illustrates two multi - stack 
structures . However , it is not limited thereto and the active 
layer 220 may include more than two multi - stack structures . 
Also , a second barrier layer 224 may further be provided 
between the first multi - stack structure MS1 and the second 
multi - stack structure MS2 . Also , the second barrier layer 
224 may be provided between the first multi - stack structure 
MS1 and the second DBR layer 320. In addition , the second 
barrier layer 224 may be provided between the second 
multi - stack structure MS2 and the first DBR layer 120. That 
is , the light modulator 1120 may have a plurality of the 
second barrier layers 224. A thickness of the second barrier 
layer 224 may be greater than a thickness of the first barrier 
layer 221. Also , the well layer 222 may include the at least 
one quantum dot 223. The quantum dot 223 may have 
substantially the same structure as the quantum dot 203 of 
FIG . 2 . 
[ 0083 ] FIG . 8 is a lateral cross - sectional schematically 
showing a structure of a light modulator 1130 according to 
another embodiment . When describing the embodiment of 
FIG . 8 , aspects that are the same as the aspects of the 
embodiment of FIG . 1 are omitted . 
[ 0084 ] Referring to FIG . 8 , the light modulator 1130 may 
include a first DBR layer 130 of a first reflectivity Rb , a 
second DBR layer 330 of a second reflectivity Rf , and an 
active layer 230 disposed between the first DBR layer 130 
and the second DBR layer 330. The first DBR layer 130 may 
include two refractive index layers that have different refrac 
tive indices from each other and are repeatedly alternately 
stacked . The active layer 230 may be provided on the first 
DBR layer 130 and may include a quantum well structure 
having a stack structure in which a well layer 232 and a first 

barrier layer 231 are alternately stacked , wherein at least one 
quantum dot 233 is provided in the well layer 232. The 
second DBR layer 330 may be provided on the active layer 
230 and may include two refractive index layers that have 
different refractive indices from each other and are repeat 
edly alternately stacked . Also , the light modulator 1130 may 
further include a first contact layer 430 provided below the 
first DBR layer 130 and a second contact layer 530 provided 
above the second DBR layer 330. However , it is not limited 
thereto and the first contact layer 430 may be provided 
between the active layer 230 and the first DBR layer 130 . 
Also , the second contact layer 530 may be provided between 
the active layer 230 and the second DBR layer 330 . 
[ 0085 ] The first DBR layer 130 and the second DBR layer 
330 may have substantially the same structures as the first 
DBR layer 100 and the second DBR layer 300 of FIG . 1 , 
respectively . For example , the first DBR layer 130 and the 
second DBR layer 330 may include structures in which a 
low refractive index layer 16 having a relatively low refrac 
tive index and a high refractive index layer 17 having a 
relatively high refractive index are alternately stacked . 
[ 0086 ] The first contact layer 430 and the second contact 
layer 530 may have substantially the same structures as the 
first contact layer 400 and the second contact layer 500 of 
FIG . 2 , respectively . 
[ 0087 ] The active layer 230 may have substantially the 
same structure as the active layer 200 of FIG . 1. For 
example , the active layer 230 may include a stack structure 
in which the well layer 232 and the first barrier layer 231 are 
alternately stacked . For example , the well layer 232 may be 
provided between a pair of the first barrier layers 231. Also , 
the well layer 232 may include the at least one quantum dot 
233. The quantum dot 233 may have substantially the same 
structure as the quantum dot 203 of FIG . 1 . 
[ 0088 ] Also , a plurality of meta structures 630 may be 
provided above the second DBR layer 330. For example , the 
plurality of meta structures 630 may be formed to directly 
contact the second contact layer 530 provided above the 
second DBR layer 330. However , when the second contact 
layer 530 is provided between the second DBR layer 330 
and the active layer 230 , the plurality of meta structures 630 
may be formed to directly contact the second DBR layer 
330 . 
[ 0089 ] The plurality of meta structures 630 may have a 
shape measure less than a wavelength of the incident light 
IL . In this case , before the incident light IL having a phase 
and an intensity modulated by the active layer 230 is output , 
the incident light IL may be also modulated by passing 
through the meta structures 630. Like this , the phase or the 
intensity of the incident light IL may be secondarily modu 
lated through the meta structures 630. A degree of the second 
modulation of the incident light IL through the meta struc 
tures 630 may be determined based on the shape measure of 
the meta structures 630 . 

[ 0090 ] The shape measure of the plurality of meta struc 
tures 630 may be less than the wavelength of the incident 
light IL . For example , a height , a breadth , a width , a pitch , 
etc. of the plurality of meta structures 630 may be less than 
the wavelength of the incident light IL . At least two of the 
plurality of meta structures 630 may have different refractive 
indices from each other . For example , at least two of the 
plurality of meta structures 630 may have different shape 
measures , such as different heights , breadths , widths , 
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pitches , etc. , from each other , and thus , may have different 
refractive indices from each other . 
[ 0091 ] FIG . 9 is a lateral cross - sectional view schemati 
cally showing a structure of a light modulator array 2100 
according to an embodiment . FIG . 10 is a lateral cross 
sectional view schematically showing a structure of a con 
trol circuit 2200 for controlling the light modulator array 
2100 of FIG . 9. FIG . 11 is a lateral cross - sectional view 
schematically showing a beam steering device 2000 accord 
ing to an embodiment . 
[ 0092 ] Referring to FIG . 9 , the light modulator array 2100 
may include a plurality of light modulators 2110 arranged on 
a substrate 2120. For example , the plurality of light modu 
lators 2110 may be substantially the same as the light 
modulators 1100 , 1110 , 1120 , and 1130 of FIGS . 1 , 6 , 7 , and 
8. For example , each of the plurality of light modulators 
2110 may include at least one quantum dot . Furthermore , a 
distribution density of the quantum dot of each of the 
plurality of light modulators 2110 may be the same . Accord 
ingly , a gain of each of the plurality of light modulators 2110 
may be the same . However , it is not limited thereto and the 
distribution density of the quantum dot of each of the 
plurality of light modulators 2110 may be different from 
each other , and thus , the gain of each of the plurality of light 
modulators 2110 may be different from each other . 
[ 0093 ] Referring to FIG . 10 , the control circuit 2200 may 
include a plurality of transistors Tr1 through Tr4 . The first 
transistor Tr1 may be provided on a substrate sub and may 
include a source electrode 1 and a drain electrode 2 facing 
each other . The source electrode 1 and the drain electrode 2 
may be doped with an n - type or a p - type material . A channel 
layer 3 may be formed between the source electrode 1 and 
the drain electrode 2. The channel layer 3 may be a region 
including an n - type material or a p - type material . For 
example , when both of the source electrode 1 and the drain 
electrode 2 are doped with an n - type material , the channel 
layer 3 may be a region including a p - type material . In this 3 
case , the first transistor Tr1 may be referred to as an 
n - channel metal oxide semiconductor ( NMOS ) . Alterna 
tively , when both of the source electrode 1 and the drain 
electrode 2 are doped with a p - type material , the channel 
layer 3 may be a region including an n - type material . In this 
case , the first transistor Tr1 may be referred to as a p - channel 
metal oxide semiconductor ( PMOS ) . When the first transis 
tor Tr1 is an NMOS , the second transistor Tr2 adjacent to the 
first transistor Tr1 may be a PMOS . In this case , the first 
transistor Trl and the second transistor Tr2 may be con 
nected to each other to form a complementary metal oxide 
semiconductor ( CMOS ) . For example , the drain electrodes 2 
of the first transistor Trl and the second transistor Tr2 may 
be connected to each other to form a CMOS . Also , the first 
transistor Tr1 may further include a gate electrode 4 pro 
vided on a region on the substrate sub , the region corre 
sponding to the channel layer 3. A gate insulating layer 5 
may further be provided between the gate electrode 4 and the 
channel layer 3. An insulating layer 7 covering the gate 
electrode 4 may be provided on the substrate sub . A plurality 
of holes H may be formed in the insulating layer 7. A 
plurality of first electrodes El and a plurality of second 
electrodes E2 may be formed in the plurality of holes H. The 
plurality of first electrodes E1 may contact the plurality of 
source electrodes 1. Also , the plurality of first electrodes E1 
may be formed to be exposed to the outside of the insulating 
layer 7. The plurality of second electrodes E2 may contact 

the plurality of drain electrodes 2. The plurality of drain 
electrodes 2 may be connected to each other in the insulating 
layer 7. FIG . 10 does not illustrate that the drain electrodes 
2 are directly connected to each other , but the drain elec 
trodes 2 may be connected to each other through a different 
route . The control circuit 2200 of FIG . 10 includes the four 
transistors Tr1 through Tr4 . However , it is for convenience 
of explanation , and the control circuit 2200 may include 
more than four transistors . 

[ 0094 ] Referring to FIG . 11 , the beam steering device 
2000 may include the light modulator array 2100 and the 
control circuit 2200. The light modulator array 2100 and the 
control circuit 2200 may be electrically connected to each 
other via bonding portions 2300. For example , the plurality 
of light modulators included in the light modulator array 
2100 and the plurality of transistors included in the control 
circuit 2200 may be respectively electrically connected to 
each other . For example , the first transistor Tr1 electrically 
connected to a first light modulator OM1 may be an NMOS 
and the second transistor Tr2 electrically connected to a 
second light modulator OM2 adjacent to the first light 
modulator OM1 may be a PMOS . In this case , the first 
transistor Trl and the second transistor Tr2 may form a 
CMOS . In other words , the first light modulator OM1 and 
the second light modulator OM2 adjacent to each other may 
be electrically connected to a CMOS including the first 
transistor Trl and the second transistor Tr2 . As described 
with reference to FIG . 10 , the control circuit 2200 may 
include the plurality of transistors Tr1 through Tr4 , and thus , 
the CMOS may be formed in a multiple number . Currents 
applied to the plurality of CMOSs included in the control 
circuit 2200 may be different from each other . Accordingly , 
different electrical signals may be transmitted to the light 
modulators electrically connected to the plurality of 
CMOSs . Accordingly , the control circuit 2200 including the 
plurality of CMOSs may separately control characteristics of 
the plurality of light modulators . For example , the control 
circuit 2200 may separately control refractive indices of the 
plurality of light modulators . In this case , each of the 
plurality of light modulators may have the same saturation 
gain . Accordingly , the intensity of the light output from each 
of the plurality of light modulators may be the same . 
[ 0095 ] FIG . 12 is a block diagram showing a schematic 
structure of an electronic device 3000 according to an 
embodiment . 

[ 0096 ] Referring to FIG . 12 , the electronic device 3000 
may include an illumination device 3100 configured to 
radiate light toward an object OBJ , a sensor 3300 configured 
to receive light reflected from the object OBJ , and a pro 
cessor 3200 configured to perform calculation for obtaining 
information about the object OBJ from the light received 
from the sensor 3300. The electronic device 3000 may also 
include a memory 3400 in which a code or data for execut 
ing the processor 3200 is stored . 
[ 0097 ] The illumination device 3100 may include a light 
source 3120 and a beam steering device 3110. The light 
source 3120 may generate a source light for scanning the 
object OBJ . The source light may be a pulse laser beam . The 
beam steering device 3110 may illuminate the object OBJ by 
changing a proceeding direction of light from the light 
source 3120 and may include the beam steering device 2000 
of FIG . 11. It is described with reference to FIG . 11 that the 
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light modulators 1100 , 1110 , 1120 , and 1130 described with 
reference to FIGS . 1 , 6 , 7 , and 8 may be applied in the beam 
steering device 2000 . 
[ 0098 ] Optical devices for modulating a direction of light 
from the illumination device 3100 such that the light is 
toward the object OBJ or optical devices for additional 
modulation may further be arranged between the illumina 
tion device 3100 and the object OBJ . 
[ 0099 ] The sensor 3300 may sense the light L , reflected by 
the object OBJ . The sensor 3300 may include an array of 
light detecting elements . The sensor 3300 may further 
include a spectroscopic device for analyzing the light 
reflected from the object OBJ for each wavelength . In FIG . 
12 , the illumination device 3100 and the sensor 3300 may be 
integrated into a single sensing device , and in that case , the 
illumination device 3100 and the sensor 3300 may perform 
light emitting and light detecting operations , respectively . 
[ 0100 ] The processor 3200 may perform calculation for 
obtaining information about the object OBJ from the light 
received from the sensor 3300. Also , the processor 3200 
may generally process and control the electronic device 
3000. The processor 3200 may obtain and process the 
information about the object OBJ . For example , the proces 
sor 3200 may obtain and process two - dimensional or three 
dimensional image information . In addition , the processor 
3200 may operate a light source included in the illumination 
device 3100 or generally control an operation of the sensor 
3300. For example , the processor 3200 may calculate a 
value of a current applied to a light modulator included in 
the illumination device 3100. The processor 3200 may 
determine whether a user is authenticated or not , etc. based 
on the information obtained from the object OBJ , and may 
also execute other applications . 
[ 0101 ] The memory 3400 may store codes for executions 
by the processor 3200. In addition , the memory 3400 may 
store various execution modules executed by the electronic 
device 3000 , and data for the execution modules . For 
example , the memory 3400 may store a program code used 
by the processor 3200 to perform calculation for obtaining 
the information about the object OBJ , and a code , such as an 
application module , etc. , executed by using the information 
about the object OBJ . Also , the memory 3400 may further 
store a communication module , a camera module , a video 
playing module , an audio playing module , etc. as a program 
for driving a device which may be additionally provided in 
the electronic device 3000 . 
[ 0102 ] After the calculation of the processor 3200 , the 
information about a shape and a location of the object OBJ 
may be transmitted to other devices or units as required . For 
example , the information about the object OBJ may be 
transmitted to a controller of another electronic device using 
the information about the object OBJ . The other unit to 
which the information is transmitted may include a display 
device or a printer outputting a result . In addition , the other 
unit may include , but is not limited to , a smart phone , a 
cellular phone , a personal digital assistant ( PDA ) , a laptop , 
a personal computer ( PC ) , various wearable devices , and 
other mobile or non - mobile computing devices . 
[ 0103 ] The memory 3400 may include a flash type 
memory , a hard disk type memory , a multi - media micro type 
memory , a card type memory ( e.g. , an SD or XD memory ) , 
random - access memory ( RAM ) , static random - access 
memory ( SRAM ) , read - only memory ( ROM ) , electrically 
erasable programmable read - only memory ( EEPROM ) , pro 

grammable read - only memory ( PROM ) , a magnetic 
memory , a magnetic disk , an optical disk , etc. 
[ 0104 ] The electronic device 3000 may include , for 
example , a portable mobile communication device , a smart 
phone , a smart watch , a PDA , a laptop , a PC , and other 
mobile or non - mobile computing devices , and is not limited 
thereto . Also , the electronic device 3000 may include 
autonomous driving machines , such as a self - driving 
vehicle , an autonomous vehicle , a robot , a drone , etc. , or an 
Internet of things ( IoT ) device . 
[ 0105 ] A phase and an intensity of light may be separately 
controlled by using a light modulator having a saturation 
gain , according to various embodiments of the disclosure . 
[ 0106 ] A light proceeding direction may be efficiently 
modulated by using a beam steering device including the 
light modulator having the saturation gain , according to 
various embodiments of the disclosure . 
[ 0107 ] While not restricted thereto , an example embodi 
ment can be embodied as computer - readable code on a 
computer - readable recording medium . The computer - read 
able recording medium is any data storage device that can 
store data that can be thereafter read by a computer system . 
Examples of the computer - readable recording medium 
include read - only memory ( ROM ) , random - access memory 
( RAM ) , CD - ROMs , magnetic tapes , floppy disks , and opti 
cal data storage devices . The computer - readable recording 
medium can also be distributed over network - coupled com 
puter systems so that the computer - readable code is stored 
and executed in a distributed fashion . Also , an example 
embodiment may be written as a computer program trans 
mitted over a computer - readable transmission medium , such 
as a carrier wave , and received and implemented in general 
use or special - purpose digital computers that execute the 
programs . Moreover , it is understood that in example 
embodiments , one or more units of the above - described 
apparatuses and devices can include circuitry , a processor , a 
microprocessor , etc. , and may execute a computer program 
stored in a computer - readable medium . 
[ 0108 ] The foregoing exemplary embodiments are merely 
exemplary 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 exemplary embodi 
ments 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 . 
What is claimed is : 
1. A light modulator for amplifying an intensity of inci 

dent light and modulating a phase of the incident light , the 
light modulator comprising : 

a first distributed Bragg reflector ( DBR ) layer having a 
first reflectivity and comprising at least two first refrac 
tive index layers that have different refractive indices 
from each other and are repeatedly alternately stacked ; 

a second DBR layer having a second reflectivity and 
comprising at least two second refractive index layers 
that have different refractive indices from each other 
and are repeatedly alternately stacked ; and 

an active layer disposed between the first DBR layer and 
the second DBR layer , and comprising a quantum well 
structure , the quantum well structure having a stack 
structure including a well layer and a first barrier layer 
that are alternately stacked , wherein at least one quan 
tum dot is provided in the well layer . 
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2. The light modulator of claim 1 , wherein the at least one 
quantum dot has a single gain satisfying Gs 2 * RE * Rb < 1 , 
and 

wherein Gs , Rf , and Rb denote the single gain , the second 
reflectivity , and the first reflectivity . 

3. The light modulator of claim 1 , wherein the at least one 
quantum dot has a single gain satisfying Gs ̂ 2 > 1 / Rb , and 

wherein Gs , Rf , and Rb denote the single gain , the second 
reflectivity , and the first reflectivity . 

4. The light modulator of claim 1 , wherein 
the active layer comprises a plurality of stack structures , 

and each of the plurality of stack structures comprises 
the well layer and the first barrier layer that are alter 
nately stacked . 

5. The light modulator of claim 1 , wherein the active layer 
comprises 

a first multi - stack structure having a first plurality of stack 
structures and 

a second multi - stack structure having a second plurality of 
stack structures . 

6. The light modulator of claim 5 , further comprising a 
second barrier layer between the first multi - stack structure 
and the second multi - stack structure . 

7. The light modulator of claim 6 , wherein a thickness of 
the second barrier layer is greater than a thickness of the first 
barrier layer . 

8. The light modulator of claim 1 , wherein the band gap 
energy of the at least one quantum dot is equal to an energy 
of the incident light . 

9. The light modulator of claim 1 , wherein the active layer 
has a saturation gain at an applied current having a value 
greater than or equal to a predetermined value . 

10. The light modulator of claim 1 , wherein the first 
reflectivity is greater than the second reflectivity . 

11. The light modulator of claim 1 , further comprising a 
processor configured to separately modulate a refractive 
index and a gain of the active layer by applying a current 
between the first DBR layer and the second DBR layer . 

12. The light modulator of claim 1 , further comprising a 
plurality of meta structures disposed on the second DBR 
layer . 

13. The light modulator of claim 12 , wherein at least two 
of the plurality of meta structures have different refractive 
indices from each other . 

14. The light modulator of claim 1 , further comprising a 
first contact layer disposed on the first DBR layer and a 
second contact layer disposed on the second DBR layer . 

15. A beam steering device comprising : 
a light modulator array comprising a plurality of light 

modulators comprising the light modulator of claim 1 , 
the plurality of light modulators having a same struc 
ture ; and 

a control circuit configured to separately control refractive 
indices of the plurality of light modulators . 

16. The beam steering device of claim 15 , wherein the 
plurality of light modulators have a same quantum dot 
distribution density . 

17. The beam steering device of claim 15 , wherein the 
control circuit comprises a plurality of complementary 
metal - oxide - semiconductor ( CMOS ) devices each being 
connected to two adjacent light modulators of the plurality 
of light modulators . 

18. An electronic device comprising : 
a light source ; 
the beam steering device of claim 15 , which is configured 

to modulate a proceeding direction of the light incident 
from the light source toward an object ; 

a sensor configured to receive the light that is reflected 
from the object ; and 

a processor configured to analyze the light received by the 

> 

sensor . 

19. The electronic device of claim 18 , wherein the at least 
one quantum dot has a single gain satisfying 1 / Rb < Gs 2 < 1 / 
( RfRb ) , and 

wherein Gs , Rb , and Rf denote the single gain , the first 
reflectivity , and the second reflectivity . 

* * 


