IMAGE SENSOR FOR MEASURING DISTANCE
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This patent application claims priority to Korean Patent Application No.
10-2017-0075815, filed on June 15, 2017 in the Korean Intellectual Property Office,

the disclosure of which is incorporated herein in its entirety by reference.

TECHNICAL FIELD
[0002] The present disclosure relates to an image sensor. More particularly,

the present disclosure relates to an image sensor for measuring a distance.

BACKGROUND
[0003] A general image sensor does not have information about a distance to a subject.
In order to obtain accurate information about a distance to a subject, a time-of-flight
(ToF) image sensor has been developed. A time-of-flight image sensor may obtain
information about a distance to a subject by measuring a time of flight between a time
when light is emitted to the subject and a time when light reflected from the subject is

received.

SUMMARY

[0004] The present disclosure provides an image sensor for measuring a
distance that may miniaturize a pixel and may increase a sensitivity.

[0005] According to an aspect of the present disclosure, an image sensor
includes: a semiconductor substrate, a first vertical transfer gate and a second vertical
transfer gate, a photoelectric conversion region, and a wiring structure. The
semiconductor substrate has a first conductivity type and includes a first surface, a
second surface opposite to the first surface, and a well region adjacent to the first surface.
The first vertical transfer gate and the second vertical transfer gate are spaced apart
from each other and extend in a thickness direction of the semiconductor substrate from
the first surface to pass through at least a part of the well region. The photoelectric

conversion region has a second conductivity type, which is different from the first



conductivity type. The photoelectric region is located in the semiconductor substrate
between the well region and the second surface, and overlaps the first vertical transfer
gate and the second vertical transfer gate in the thickness direction of the semiconductor
substrate. The wiring structure is located on the first surface of the semiconductor
substrate.

[0006] According to another aspect of the present disclosure, an image sensor
includes: a wiring structure; a well region, a photoelectric conversion region, a
microlens, and at least two transfer gate structures. The well region includes a
demodulation region and is located on the wiring structure. The photoelectric
conversion region is located on the well region. The microlens is located on the
photoelectric conversion region. The at least two transfer gate structures are spaced
apart from each other with the demodulation region therebetween and each include a
vertical transfer gate extending in a thickness direction of the well region to pass
through at least a part of the well region and a transfer gate insulating film surrounding
the vertical transfer gate.

[0007] According to another aspect of the present disclosure, an image sensor
has a backside illumination (BSI) structure and includes: a semiconductor substrate,
multiple vertical transfer gates, a first photoelectric conversion region, and a second
photoelectric conversion region. The semiconductor substrate has a first conductivity
type and includes a first surface, a second surface opposite to the first surface, and a
well region adjacent to the first surface. The vertical transfer gates are spaced apart
from one another and extend from the first surface to the second surface to pass through
at least a part of the well region. The first photoelectric conversion region is located
in the semiconductor substrate adjacent to the second surface. The second
photoelectric conversion region has a second conductivity type, which is different from
the first conductivity type, is located between the first photoelectric conversion region
and the well region, and has a width and an impurity concentration respectively less
and greater than a width and an impurity concentration of the first photoelectric

conversion region.

BRIEF DESCRIPTION OF THE DRAWINGS



[0008] Embodiments of the present disclosure will be more clearly understood
from the following detailed description taken in conjunction with the accompanying
drawings in which:

[0009] FIG. 1 is a block diagram of a system according to an embodiment;
[0010] FIG. 2 is a diagram for explaining an operation of the system according
to an embodiment;

[0011] FIG. 3A is a cross-sectional view illustrating elements of a unit pixel of
an image sensor according to an embodiment;

[0012] FIG. 3B is an equivalent circuit diagram of the unit pixel of the image
sensor according to an embodiment;

[0013] FIG. 3C s a plan view illustrating elements of the unit pixel of the image
sensor according to an embodiment;

[0014] FIG. 4A is a timing diagram for explaining an operation of the image
sensor for measuring a distance according to an embodiment;

[0015] FIG. 4B is a plan view of a pixel array of the image sensor according to
an embodiment;

[0016] FIGS. 4C and 4D are plan views of the pixel array for explaining an
operation of the image sensor for measuring a distance according to an embodiment;
[0017] FIG. 5A is a timing diagram for explaining an operation of the image
sensor for measuring a distance according to an embodiment;

[0018] FIG. 5B is a plan view of a pixel array of the image sensor according to
an embodiment;

[0019] FIGS. 5C and 5D are plan views of the pixel array for explaining an
operation of the image sensor for measuring a distance according to an embodiment;
[0020] FIGS. 6A through 6E are cross-sectional views illustrating elements of
a unit pixel of an image sensor according to an embodiment;

[0021] FIG. 7A is a cross-sectional view illustrating elements of a unit pixel of
an image sensor according to an embodiment;

[0022] FIG. 7B is an equivalent circuit diagram of the unit pixel of the image
sensor according to an embodiment;

[0023] FIG. 7C is a plan view illustrating elements of the unit pixel of the image

sensor according to an embodiment;



[0024] FIG. 8 is a plan view illustrating elements of a unit pixel of an image
sensor according to an embodiment;

[0025] FIG. 9A is a cross-sectional view illustrating elements of a unit pixel of
an image sensor according to an embodiment;

[0026] FIG. 9B is an equivalent circuit diagram of the unit pixel of the image
sensor according to an embodiment;

[0027] FIG. 10A is a cross-sectional view illustrating elements of a unit pixel
of an image sensor according to an embodiment; and

[0028] FIG. 10B is an equivalent circuit diagram of the unit pixel of the image

sensor according to an embodiment.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0029] Embodiments will be explained in detail with reference to the

accompanying drawings to fully describe elements and effects of the inventive

concept(s).
[0030] FIG. 1 is a block diagram of a system 15 according to an embodiment.
[0031] Referring to FIG. 1, the system 15 may include an imaging module 17

that communicates with a processor 19 or a host. In some embodiments, the system 15
may further include a memory module 20 that is connected to the processor 19 and
stores information such as image data received from the imaging module 17. In some
embodiments, the system 15 may be integrated into one semiconductor chip. In other
embodiments, each of the imaging module 17, the processor 19, and the memory
module 20 may be provided as a separate semiconductor chip. In some embodiments,
the memory module 20 may include one or more memory chips. In some embodiments,
the processor 19 may include multiple processing chips.

[0032] The system 15 may be a low power electronic apparatus for application
of an image sensor for measuring a distance according to an embodiment. The system
15 may be portable or stationary. When the system 15 is portable, examples of the
system 15 may include a mobile device, a mobile phone, a smartphone, user equipment
(UE), atablet, a digital camera, a laptop, a desktop computer, an electronic smart watch,

a machine-to-machine (M2M) communication device, a virtual reality (VR) device, a



VR module, and a robot. When the system 15 is stationary, examples of the system 15
may include a game console of a video game room, an interactive video terminal, a
vehicle, a machine vision system, an industrial robot, a VR device, and a car interior
camera (e.g., a camera for monitoring whether a driver is sleepy).

[0033] In some embodiments, the imaging module 17 may include a light
source 22 and an image sensor unit 24. The light source 22 may be, for example, a laser
diode (LD) or a light-emitting diode (LED) emitting infrared or visible light, a near-
infrared (NIR) laser, a point light source, a white lamp, a monochromatic light source
combined with a monochromator, or a combination of another laser source. In some
embodiments, the light source 22 may emit infrared light having a wavelength ranging
from about 800 nm to about 1000 nm. The image sensor unit 24 may include a pixel
array and auxiliary processing circuits as shown and described in FIG. 2.

[0034] For example, the processor 19 may be a central processing unit (CPU)
that is a general-purpose processor. The "processor" and "CPU" may be
interchangeably used for convenience of explanation. In some embodiments, the
processor 19 may be or further include a microcontroller, a digital signal processor
(DSP), a graphics processing unit (GPU), and/or an application-specific integrated
circuit (ASIC) processor in addition to the CPU. Also, the processor 19 may include
one or more CPUs that operate in a distributed processing environment. The processor
19 may be configured to execute instructions and process data in accordance with an
instruction set architecture (ISA) such as x86 ISA (e.g., 32-bit version or 64-bit version),
PowerPC® ISA, or microprocessor without interlocked pipeline stages (MIPS) ISA,
depending on reduced instruction set computer (RISC) ISA. For example, the processor
19 may be a system on chip (SoC) having functions in addition to a function of the CPU.
[0035] The memory module 20 may be, for example, a dynamic random-access
memory (DRAM) such as a synchronous DRAM (SDRAM), a high bandwidth memory
(HBM) module, or a DRAM-based three-dimensional stacked (3DS) memory module
such as a hybrid memory cube (HMC) memory module. The memory module 20 may
be, for example, a solid-state drive (SSD), a DRAM module, or a semiconductor-based
storage such as a static random-access memory (SRAM), a phase-change random-

access memory (PRAM), a resistive random-access memory (RRAM), a conductive-



bridging RAM (CBRAM), a magnetic RAM (MRAM), or a spin-transfer torque
MRAM (STT-MRAM).

[0036] FIG. 2 is a diagram for explaining an operation of the system 15
according to an embodiment.

[0037] Referring to FIG. 2, the system 15 may be used to obtain depth
information about a 3D object 26, which may be an individual object or an object in a
scene (not shown), in the Z-axis direction. In some embodiments, the depth information
may be calculated by the processor 19 based on scan data received from the image
sensor unit 24. In some embodiments, the depth information may be calculated by the
image sensor unit 24. In some embodiments, the depth information may be used as a
part of a 3D user interface by the processor 19 so that a user of the system 15 may
interact with or use a 3D image of the 3D object 26 in a game or an application executed
in the system 15.

[0038] The X-axis is a horizontal direction along a front surface of the system
15, the Y-axis is a vertical direction out of the page, and the Z-axis is a depth direction
that may be oriented toward the 3D object 26 to be imaged. In some embodiments,
optical axes of the light source 22 and the image sensor unit 24 may be parallel to the
Z-axis in order to measure a depth.

[0039] The light source 22 may illuminate the 3D object 26 as marked by
arrows 28 and 29. The arrows 28 and 29 respectively correspond to dashed lines 30 and
31 indicating paths of a light beam or light radiation. The light beam or the light
radiation may be used to perform point scanning on the 3D object 26 within a wide
viewing angle. Line-by-line scanning over a surface of an object is performed by using
an optical radiation source that may be a light emitting device 33 operated and
controlled by a light controller 34. A light beam from the light emitting device 33 may
be point-scanned in X-Y directions over a surface of the 3D object 26 through a
projection lens 35, under the control of the light controller 34. In some embodiments,
during the point scanning, light spots may be projected to the surface of the 3D object
26 along a scan line. The projection lens 35 may be a concentration lens having a glass
or plastic surface or a cylindrical optical element for concentrating a laser beam from
the light emitting device 33 on one point on the surface of the 3D object 26. For example,

the projection lens 35 may be a concentration lens having a convex structure. However,



embodiments are not limited thereto, and another appropriate lens design may be
selected for the projection lens 35. The 3D object 26 may be located at a focal point
where illumination light from the light emitting device 33 is concentrated on a light
spot by the projection lens 35. Accordingly, during the point scanning, a narrow area
or a point on the surface of the 3D object 26 may be sequentially illuminated by a light
beam concentrated by the projection lens 35.

[0040] In some embodiments, the light emitting device 33 may a laser diode or
a light-emitting diode for emitting infrared or visible light, a NIR laser, a point light
source, a white lamp, a monochromatic light source combined with a monochromator,
or a combination of another laser source. The light emitting device 33 may be fixed at
one position in a housing of the system 15 and may rotate in the X-Y directions. The
light emitting device 33 may be controlled in the X-Y directions by the light controller
34, and may perform point scanning on the 3D object 26. In some embodiments, the
visible light may be green light. Light emitted from the light emitting device 33 may be
emitted to the surface of the 3D object 26 by using a mirror (not shown). Alternatively,
the point scanning may be performed without a mirror. For example, the light source
22 may include fewer or more elements than those illustrated in FIG. 2.

[0041] Light reflected from the point scanning of the 3D object 26 may travel
along light collecting paths marked by arrows 36 and 37 and dashed lines 38 and 39.
As light from the light emitting device 33 is received through the light collecting paths,
photons scattered by or reflected from the surface of the 3D object 26 may move. In
FIG. 2, various paths marked by arrows and dashed lines are exemplary. Paths through
which an optical signal actually travels are not limited to the illustrated paths.

[0042] Light received from the illuminated 3D object 26 may be concentrated
on one or more pixels of a two-dimensional (2D) pixel array 42 by a collection lens 44
of the image sensor unit 24. Like the projection lens 35, the collection lens 44 may be
a concentration lens having a glass or plastic surface or another cylindrical optical
element for concentrating reflected light received from the 3D object 26 on one or more
pixels of the 2D pixel array 42. In some embodiments, the collection lens 44 may be,
but is not limited to, a concentration lens having a convex structure. Also, for
convenience of explanation, the 2D pixel array 42 is a 3x3 pixel array in FIG. 2.

However, it will be understood that the 2D pixel array 42 may include thousands or



millions of pixels. The 2D pixel array 42 may be an RGB pixel array in which different
pixels collect optical signals of different colors. The 2D pixel array 42 may be a 2D
sensor such as a 2D RGB sensor including an infrared (IR) cut-off filter, a 2D IR sensor,
a 2D NIR sensor, a 2D RGBW sensor, or a 2D RGB-IR sensor. The system 15 may use
the 2D pixel array 42 not only for 3D imaging (including depth measurement) of the
3D object 26 but also for 2D RGB color imaging of the 3D object 26 (or a scene
including the 3D object 26).

[0043] The 2D pixel array 42 may convert the received photons into electrical
signals, and a pixel array controller/processor 46 may process the electrical signals to
determine a 3D depth image of the 3D object 26. For example, the pixel array
controller/processor 46 may combine and calculate phase information in order to
measure a depth. The pixel array controller/processor 46 may include associated
circuits for controlling an operation of the 2D pixel array 42.

[0044] The processor 19 may control operations of the light source 22 and the
image sensor unit 24. For example, the system 15 may include a mode switch (not
shown) that is controlled by the user and switches between a 2D imaging mode and a
3D imaging mode. When the user selects the 2D imaging mode by using the mode
switch, the processor 19 may activate the image sensor unit 24 and may not activate the
light source 221 because the 2D imaging mode uses ambient light. In contrast, when
the user selects the 3D imaging mode by using the mode switch, the processor 19 may
activate both the light source 22 and the image sensor unit 24, and may trigger a change
in a level of a reset signal in the pixel array controller/processor 46 and may switch
from a linear mode to a logarithmic mode when the ambient light is too strong and is
not reflected in the linear mode. Processed image data received from the pixel array
controller/processor 46 may be stored in the memory module 20 by the processor 19.
The processor 19 may display a 2D or 3D image selected by the user on a display screen
(not shown) of the system 15. The processor 19 may be programmed with software or
firmware for performing the above-described various processing tasks. In some
embodiments, the processor 19 may include programmable hardware logic circuits for
performing some or all of the above functions. For example, the memory module 20
may store program code, a lookup table, or intermediate calculation results so that the

processor 19 may perform a corresponding function.



[0045] The processor 19 of the system 15 may perform one-dimensional (1D)
point scanning on the 3D object 26 along a scan line by using the light source 22. During
the point scanning, the light source 22 may be controlled by the processor 19 to project
successive light spots (or a series of light spots) to the surface of the 3D object 26 line
by line. The pixel array controller/processor 46 of the system 15 may select one row of
pixels in an image sensor such as the 2D pixel array 42. The image sensor such as the
2D pixel array 42 includes multiple pixels arranged in a 2D array that form an image
plane. The selected row of pixels forms an epipolar line of the scan line in the image
plane. Incidentally, an epipolar line is a line of intersection of an epipolar plane with
an imaging plane, where the epipolar plane is defined by a 3D point and optical centres
of two perspective cameras. The pixel array controller/processor 46 is controlled by the
processor 19 to detect each light spot by using a corresponding pixel in the row of pixels.
When light reflected from a light spot is concentrated on two or more neighbouring
pixels by the collection lens 44, the light reflected from the light spot may be detected
by a single pixel or one or more pixels. In other words, light reflected from two or more
light spots may be collected in a single pixel of the 2D pixel array 42. The pixel array
controller/processor 46 is controlled by the processor 19 to generate a pixel-specific
output in response to pixel-specific detection of a corresponding light spot in the
successive light spots. Accordingly, the pixel array controller/processor 46 may
determine a 3D distance (or a depth) to a corresponding light spot on the surface of the
3D object 26, based on at least the pixel-specific output and a scan angle used by the
light source 22 that projects the corresponding light spot.

[0046] FIG. 3A is a cross-sectional view illustrating elements of a unit pixel of
an image sensor 1 according to an embodiment. FIG. 3B is an equivalent circuit
diagram of the unit pixel of the image sensor 1 according to an embodiment. FIG. 3C
is a plan view illustrating elements of the unit pixel of the image sensor 1 according to
an embodiment.

[0047] For convenience of explanation, a cross-sectional view and/or a plan
view, and an equivalent circuit diagram are illustrated and explained together, and the
same reference numerals are used in the cross-sectional view and/or the plan view, and

the equivalent circuit diagram.



[0048] Referring to FIGS. 3A through 3C, the image sensor 1 includes a
semiconductor substrate 210, a photoelectric conversion region 230, at least two
vertical transfer gates, e.g., a first vertical transfer gate 244 and a second vertical
transfer gate 254, and a wiring structure 300. The semiconductor substrate 210 has a
first surface 202 and a second surface 204 that are opposite to each other, and a well
region 220 adjacent to the first surface 202. The term "adjacent" as used herein may
be taken to mean that two elements are adjoined such as by sharing a common side, but
when specified or shown may also be taken to mean that two elements are proximate
and without an intervening element of the image sensor therebetween. The
photoelectric conversion region 230 is located in the semiconductor substrate 210
between the well region 220 and the second surface 204. The at least two vertical
transfer gates, e.g., first vertical transfer gate 244 and second vertical transfer gate 254,
are spaced apart from each other and extend in a thickness direction of the
semiconductor substrate 210 that is perpendicular to each of the first surface 202 and
the second surface 204 to pass through at least a part of the well region 220. The
wiring structure 300 is located on the first surface 202 of the semiconductor substrate
210. The wiring structure 300 may include a first reset gate RG1 282, a second reset
gate RG2 284, and a wiring, a contact plug, and an interlayer insulating film for forming
associated circuits.

[0049] As shown in FIG. 3A, the first surface 202 and the second surface 204
are opposite to each other by being on opposite sides of the semiconductor substrate
210. The first surface 202 and the second surface 204 may be in parallel or
substantially parallel (e.g., within 5 degrees of parallel) planes defining the opposite
sides of the semiconductor substrate 210. The well region 220 may be adjacent to the
first surface 202 by sharing part or all of the first surface 202 with the overall
semiconductor substrate 210 as a side (i.e., border). The first vertical transfer gate 244
and the second vertical transfer gate 254 may extend in the thickness direction by
having the longest of four sides shown in FIG. 3A extending in the depth direction.
As shown in FIG. 3 A, the first vertical transfer gate 244 and the second vertical transfer
gate 254 may also extend beyond the first surface 202 in the depth direction so as to
extend beyond the well region 220.

10



[0050] The semiconductor substrate 210 may include at least one selected from
among, for example, silicon (Si), germanium (Ge), silicon germanium (SiGe), silicon
carbide (SiC), gallium arsenide (GaAs), indium arsenide (InAs), and indium phosphide
(InP). In some emediments, the semiconductor substrate 210 may have a first
conductivity type. For example, the first conductivity type may be a p-type.

[0051] The well region 220 may be located on the wiring structure 300. The
well region 220 may have, for example, the first conductivity type. The well region 220
may be formed by doping the semiconductor substrate 210 with impurities having the
first conductivity type. An impurity concentration of the well region 220 may be greater
than an impurity concentration of a portion of the semiconductor substrate 210 other
than the well region 220.

[0052] The photoelectric conversion region 230 may be located on the well
region. The photoelectric conversion region 230 may have a second conductivity type.
For example, the second conductivity type may be an n-type. The photoelectric
conversion region 230 may constitute a photodiode (PD). The photoelectric conversion
region 230 may include a first photoelectric conversion region 232 (D-PD) and a second
photoelectric conversion region 234 (S-PD). An impurity concentration of the second
photoelectric conversion region 234 (S-PD) may be greater than an impurity
concentration of the first photoelectric conversion region 232 (D-PD). Since the first
photoelectric conversion region 232 (D-PD) is formed relatively far from the first
surface 202 of the semiconductor substrate 210 and the second photoelectric conversion
region 234 (S-PD) is formed relatively close to the first surface 202 of the
semiconductor substrate 210, the first photoelectric conversion region 232 (D-PD) and
the second photoelectric conversion region 234 (S-PD) may be respectively referred to
as a deep-photodiode (D-PD) and a shallow-photodiode (S-PD).

[0053] In a direction parallel to the first surface 202 or the second surface 204
of the semiconductor substrate 210, a width of the first photoelectric conversion region
232 (D-PD) may be greater than a width of the second photoelectric conversion region
234 (S-PD). The first photoelectric conversion region 232 (D-PD) may overlap all of
the second photoelectric conversion region 234 (S-PD), for example, in the thickness
direction of the semiconductor substrate 210. In other words, when viewed from the

direction of the bottom of the page in FIG. 3A looking in the depth direction towards
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the top of the page, the first photoelectric conversion region 232 may have a cross-
section that encompasses all of a cross-section of the second photoelectric conversion
region 234.  Stated even differently, in the horizontal direction the second
photoelectric conversion region 234 has a width inside of the width of the first
photoelectric conversion region 232 on both the left and the right in FIG. 3A. Thus,
the term "overlap" as used is representative of a comparison between two comparable
elements, such as a cross-sectional dimension of one element (e.g., the first
photoelectric conversion region 232) encompassing a comparable cross-sectional
dimension of another element (e.g., the second photoelectric conversion region 234).
Accordingly, photo-charges generated in the photoelectric conversion region 230 may
be concentrated by moving from the first photoelectric conversion region 232 (D-PD)
that is relatively wide to the second photoelectric conversion region 234 (S-PD) that is
relatively narrow.

[0054] Each of the at least two vertical transfer gates, e.g., the first vertical
transfer gate 244 and second vertical transfer gate 254, may extend in the thickness
direction of the semiconductor substrate 210 to have a length ranging from about 50
nm to about 500 nm. In some embodiments, a thickness of the well region 220 may be
similar to the length of each of the at least two vertical transfer gates, e.g., the first
vertical transfer gate 244 and second vertical transfer gate 254. In some embodiments,
the at least two vertical transfer gates, e.g., the first vertical transfer gate 244 and second
vertical transfer gate 254, may extend in the thickness direction of the semiconductor
substrate 210 to completely pass through the well region 220.

[0055] The well region 220 may include a demodulation region 222. The
demodulation region 222 in the well region 220 may be a region where photo-charges
generated in the photoelectric conversion region 230 move due to the at least two
vertical transfer gates, e.g., the first vertical transfer gate 244 and second vertical
transfer gate 254. Accordingly, the demodulation region 222 may include portions of
the well region 220 surrounding and adjacent to the at least two vertical transfer gates,
e.g., the first vertical transfer gate 244 and second vertical transfer gate 254, for
example, portions of the well region 220 adjacent to surfaces opposite to facing surfaces
of the at least two vertical transfer gates, e.g., the first vertical transfer gate 244 and

second vertical transfer gate 254. Nevertheless, for convenience of explanation, only
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a portion of the well region 220 between the at least two vertical transfer gates, e.g., the
first vertical transfer gate 244 and second vertical transfer gate 254 that are spaced apart
from each other, is referred to as the demodulation region 222.  In other words, despite
what is shown in FIG. 3A, the demodulation region 222 may also include portions of
the well region 220 on the sides of the first vertical transfer gate 244 and second vertical
transfer gate 254 that do not face one another. Accordingly, the at least two vertical
transfer gates, e.g., the first vertical transfer gate 244 and second vertical transfer gate
254, may be spaced apart from each other with the demodulation region 222
therebetween. In some embodiments, the demodulation region 222 may have the first
conductivity type. In some embodiments, the demodulation region 222 may have the
first conductivity type, and may have an impurity concentration that is the same as that
of other portions of the well region 220. In other embodiments, the demodulation region
222 may have an impurity concentration that is different from that of other portions of
the well region 220. In other embodiments, the demodulation regioh 222 may have the
second conductivity type.

[0056] A first transfer gate insulating film 242 and a second transfer gate
insulating film 252 for insulating the at least two vertical transfer gates, e.g., the first
vertical transfer gate 244 and second vertical transfer gate 254, and the well region 220
may be located around the at least two vertical transfer gates, e.g., the first vertical
transfer gate 244 and second vertical transfer gate 254. When the image sensor 1
includes two vertical transfer gates, that is, the first vertical transfer gate 244 (TG1) and
the second vertical transfer gate 254 (TG2), the first vertical transfer gate 244 and the
first transfer gate insulating film 242 surrounding the first vertical transfer gate 244 may
be referred to as a first transfer gate structure 240, and the second vertical transfer gate
254 and the second transfer gate insulating film 252 surrounding the second vertical
transfer gate 254 may be referred to as a second transfer gate structure 250. A first
modulation voltage Vmodl and a second modulation voltage Vmod2 may be
respectively applied to the first vertical transfer gate 244 and the second vertical transfer
gate 254. The first vertical transfer gate 244 and the second vertical transfer gate 254
may respectively constitute a first transfer transistor TS1 and a second transfer

transistor TS2.
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[0057] The photoelectric conversion region 230 may overlap the demodulation
region 222 in the thickness direction of the semiconductor substrate 210. In other words,
when viewed from the direction of the bottom of the page in FIG. 3A looking in the
depth direction towards the top of the page, the photoelectric conversion region 230
may have a cross-section that encompasses all of a cross-section of the demodulation
region 222. Also, the photoelectric conversion region 230 may overlap each of the
first transfer gate structure 240 including the first vertical transfer gate 244 and the
second transfer gate structure 250 including the second vertical transfer gate 254 in the
thickness direction of the semiconductor substrate 210. In other words, when viewed
from the direction of the bottom of the page in FIG. 3A looking in the depth direction
towards the top of the page, the photoelectric conversion region 230 may have a cross-
section that encompasses all of cross-sections of the first transfer gate structure 240 and
the second transfer gate structure 250. For example, the photoelectric conversion
region 230 may overlap each of the demodulation region 222, the first transfer gate
structure 240 including the first vertical transfer gate 244, and the second transfer gate
structure 250 including the second vertical transfer gate 254 in the thickness direction
of the semiconductor substrate 210. Stated differently, in the horizontal direction in
FIG. 3A, the photoelectric conversion region 230 may extend both to the right and the
left of the demodulation region 222, the first transfer gate structure 240, and the second
transfer gate structure 250.  The horizontal direction in FIG. 3A corresponds to a width
direction as described herein.

[0058] In some embodiments, the second photoelectric conversion region 234
(S-PD) may overlap the demodulation region 222 in the thickness direction of the
semiconductor substrate 210. Also, the second photoelectric conversion region 234 (S-
PD) may overlap each of the first transfer gate structure 240 including the first vertical
transfer gate 244 and the second transfer gate structure 250 including the second vertical
transfer gate 254 in the thickness direction of the semiconductor substrate 210. The first
photoelectric conversion region 232 (D-PD) may overlap, for example, each of the
demodulation region 222, the first transfer gate structure 240 including the first vertical
transfer gate 244, and the second transfer gate structure 250 including the second
vertical transfer gate 254 in the thickness direction of the semiconductor substrate 210.

Stated differently, in the horizontal direction in FIG. 3A, the second photoelectric
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conversion region 234 may extend both to the right and the left of the demodulation
region 222, the first transfer gate structure 240, and the second transfer gate structure
250. Additionally, in the horizontal direction in FIG. 3A, the first photoelectric
conversion region 232 may extend both to the right and the left of the demodulation
region 222, the first transfer gate structure 240, and the second transfer gate structure
250.

[0059] Accordingly, photo-charges generated in the photoelectric conversion
region 230 may be concentrated by moving from the first photoelectric conversion
region 232 (D-PD) to the second photoelectric conversion region 234 (S-PD), and then
may be transferred to the demodulation region 222.

[0060] A first charge storage region FD1 262 and a second charge storage
region FD2 272 respectively located adjacent to the first vertical transfer gate 244 and
the second vertical transfer gate 254 may be located in the well region 220 adjacent to
the first surface 202. In some embodiments, the first charge storage region FD1 262
and the second charge storage region FD2 272 may have the second conductivity type,
respectively. For example, the first charge storage region FD1 262 may share a planar
or substantially planar (e.g., more than 90% planar) interface with the first transfer gate
structure 240, and another planar or substantially planar (e.g., more than 90% planar)
interface with the first surface 202. The second charge storage region FD2 272 may
share a planar or substantially planar (e.g., more than 90% planar) interface with the
second transfer gate structure 250, and another planar or substantially planar (e.g., more
than 90% planar) interface with the first surface 202. The first charge storage region
FD1 262 and the second charge storage region FD2 272 may be located in the well
region 220 adjacent to the first surface 202 at sides of the first vertical transfer gate 244
and the second vertical transfer gate 254 that are opposite to the demodulation region
222. In detail, the first charge storage region FD1 262 may be located at a side of the
first vertical transfer gate 244 that is opposite to (on the other side of the first vertical
transfer gate 244 from) the second vertical transfer gate 254, and the second charge
storage region FD2 272 may be located at a side of the second vertical transfer gate 254
that is opposite to (on the other side of the second vertical transfer gate 254 from) the
first vertical transfer gate 244.
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[0061] The first charge storage region FD1 262 and the second charge storage
region FD2 272 may be respectively connected to gates of a first source follower
transistor SF1 and a second source follower transistor SF2. A source and a drain of the
first source follower transistor SF1 may be respectively connected to a source of a first
selection transistor SEL1 and a voltage supply Vdd. A first output voltage Voutl may
be output from a drain of the first selection transistor SEL1. A source and a drain of the
second source follower transistor SF2 may be respectively connected to a source of a
second selection transistor SEL2 and a voltage supply Vdd. A second output voltage
Vout2 may be output from a drain of the second selection transistor SEL2. The sources
of the first source follower transistor SF1 and second source follower transistor SF2
and the first selection transistor SEL1 and second selection transistor SEL2 may be
regions denoted by N+ in FIG. 3C.

[0062] In some embodiments, the gates of the first source follower transistor
SF1 and second source follower transistor SF2 and the first selection transistor SEL1
and second selection transistor SEL2 may be located at a level that is the same as that
of the first reset gate RG1 282 and second reset gate 284 in the wiring structure 300. In
some embodiments, the sources and the drains of the first source follower transistor
SF1 and second source follower transistor SF2 and the first selection transistor SEL1
and second selection transistor SEL2 may be located at a level that is the same as that
of the first charge storage region FD1 262 and the second charge storage region FD2
272 in the well region 220.

[0063] The first reset gate RG1 282 and the second reset gate RG2 284 may be
located on the first surface 202 of the semiconductor substrate 210 at sides of the first
charge storage region FD1 262 and the second charge storage region FD2 272 that are
opposite to the first vertical transfer gate 244 and the second vertical transfer gate 254.
That is, the first reset gate RG1 282 may be on an opposite side of the first charge
storage region FD1 262 from the first vertical transfer gate 244. The second reset gate
RG2 284 may be on an opposite side of the second charge storage region FD2 272 from
the second vertical transfer gate 254. The first reset gate RG1 282 and the second reset
gate 284 may respectively constitute a first reset transistor RS1 and a second reset

transistor RS2.
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[0064] A gate insulating film 280 may be located between the first surface 202
of the semiconductor substrate 210 and the first reset gate RG1 282 and the second reset
gate 284. Although the gate insulating film 280 covers most of the first surface 202 of
the semiconductor substrate 210 in FIG. 3A, embodiments are not limited thereto. In
some embodiments, the gate insulating film 280 may be located only between the first
surface 202 of the semiconductor substrate 210 and the first reset gate RG1 282 and the
second reset gate 284.

[0065] A first reset impurity region 264 and a second reset impurity region 274
may be located in the well region 220 adjacent to the first surface 202 at sides of the
first reset gate RG1 282 and the second reset gate 284 that are opposite to the first
charge storage region FD1 262 and the second charge storage region FD2 272. As
shown, the first reset impurity region 264 may share a planar or substantially planar
(e.g., more than 90% planar) edge with the first surface 202 and another planar or
substantially planar (e.g., more than 90% planar) edge with the image sensor 1. The
second reset impurity region 274 may share a planar or substantially planar (e.g., more
than 90% planar) edge with the first surface 202 and another planar or substantially
planar (e.g., more than 90% planar) edge with the image sensor 1. A first reset drain
voltage Vrdl and a second reset drain voltage Vrd2 may be respectively applied to the
first reset impurity region 264 and the second reset impurity region 274. In some
embodiments, the first reset drain voltage Vrd1 and the second reset drain voltage Vrd2
may have the same potential.

[0066] The image sensor 1 further includes a microlens 296 located on the
second surface 204 of the semiconductor substrate 210. The microlens 296 may be
located on the photoelectric conversion region 230. Accordingly, the second surface
204 of the semiconductor substrate 210 may be a surface on which light is incident. At
least one of a negative fixed charge layer 292 and an anti-reflection layer 294 may be
located between the microlens 296 and the second surface 204 of the semiconductor
substrate 210. In some embodiments, the negative fixed charge layer 292, the anti-
reflection layer 294, and the microlens 296 may be sequentially stacked on the second
surface 204 of the semiconductor substrate 210, so that each interfaces the next such as
with a planar or substantially planar interface. In some embodiments, the negative fixed

charge layer 292 may directly contact the second surface 204 of the semiconductor
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substrate 210 and may cover the second surface 204 of the semiconductor substrate 210.
In some embodiments, a buffer layer or a color filter layer (not shown) may be further
located between the microlens 296 and the anti-reflection layer 294.

[0067] The negative fixed charge layer 292 may be formed of a material having
a high dielectric constant such as HfOx, AlOx, or ZrOx. The anti-reflection layer 294
may be formed of, for example, SiON, SiC, SiCN, or SiCO. The color filter layer may
transmit light incident through the microlens 296 therethrough and may allow only light
having a necessary wavelength to be incident through the second surface 204 into the
photoelectric conversion region 230.

[0068] The image sensor 1 according to the present disclosure may include the
at least two vertical transfer gates, e.g., the first vertical transfer gate 244 and second
vertical transfer gate 254, and may have a backside illumination (BSI) structure.
Accordingly, since a pixel of the image sensor 1 may be miniaturized and the first
vertical transfer gate TG1 and second vertical transfer gate TG2 of the first transfer
transistor TS1 and second transfer transistor TS2 may be relatively long, the
demodulation performance and the sensitivity per unit area of the image sensor 1 may
be improved.

[0069] FIG. 4A is a timing diagram for explaining an operation of the image
sensor 1 for measuring a distance according to an embodiment. FIG. 4B is a plan view
of a pixel array of the image sensor 1 according to an embodiment. FIGS. 4C and 4D
are plan views of the pixel array for explaining an operation of the image sensor 1 for
measuring a distance according to an embodiment.

[0070] Referring to FIG. 4A, output light from the light source 22 (see FIG. 2)
and reflected light reflected by the 3D object 26 (see FIG. 2) and received by the image
sensor 1 (see FIG. 3A) may have a delay time Td. The output light may be a pulse
optical signal according to a pulse voltage. In some embodiments, the pulse optical
signal may have a frequency ranging from about 10 MHz to about 100 MHz.

[0071] The first modulation voltage Vmod]1 applied to the first vertical transfer
gate TG1 (see FIG. 3A) may be a pulse voltage synchronized with the pulse optical
signal. The second modulation voltage Vmod2 applied to the second vertical transfer

gate TG2 (see FIG. 3A) may be a pulse voltage having a predetermined phase difference
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from the pulse optical signal. In some embodiments, the phase difference may be about
180°. ‘

[0072] As a difference (T1-T2) between a time T1 during which a pulse signal
of the reflected light and a pulse voltage of the first vertical transfer gate TG1 overlap
each other and a time T2 during which the pulse signal of the reflected light and a pulse
voltage of the second vertical transfer gate TG2 overlap each other increases, a
measured distance decreases. The first output voltage Voutl may be generated during
the time T1 where the pulse signal of the reflected light and the pulse voltage of the
first vertical transfer gate TG1 overlap each other, and the second output voltage Vout2
may be generated during the time T2 where the pulse signal of the reflected light and
the pulse voltage of the second vertical transfer gate TG2 overlap each other.
Accordingly, a distance between the image sensor 1 and the 3D object 26 may be
determined by analyzing a difference between the first output voltage Voutl and the
second output voltage Vout2, for example, by using a 2-phase algorithm. The first
output voltage Voutl and the second output voltage Vout2 may be expressed by using
a sum of multiple reflected light pulse signals as well as a single reflected light pulse
signal.

[0073] In some embodiments, a distance between the image sensor 1 and the
3D object 26 may be determined by analyzing, by using a 4-phase algorithm, the first
output voltage Voutl and the second output voltage Vout2 obtained by applying a pulse
voltage synchronized with the pulse optical signal and a pulse voltage having a phase
difference of 180° from the pulse optical signal as the first modulation voltage Vmod1
and second modulation voltage Vmod2 and the first output voltage Voutl and the
second output voltage vout2 additionally obtained by applying a pulse voltage having
a phase difference of 90° and a pulse voltage having a phase difference of 270° from
the pulse optical signal as the first modulation voltage Vmod1 and second modulation
voltage Vmod2.

[0074] Referring to FIGS. 4B and 4C, reflected light having phases of 0° and
180° may be collected in a first pixel, i.e., PIXEL 1, and reflected light having phases
of 90° and 270° may be collected in a third pixel, i.e., PIXEL 3. For example, in the
first pixel, i.e., PIXEL1, the first modulation voltage Vmod1 (see FIG. 4A) may be a

pulse voltage synchronized with a pulse optical signal and the second modulation
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voltage Vmod?2 (see FIG. 4A) may be a pulse voltage having a phase difference of 180°
from the pulse optical signal. Also, in the third pixel, i.e., PIXEL 3, the first modulation
voltage Vmodl may be a pulse voltage having a phase difference of 90° from the pulse
optical signal and the second modulation voltage Vmod2 may be a pulse voltage having
a phase difference of 270° from the pulse optical signal. In this case, a distance between
the image sensor 1 and the 3D object 26 may be determined by analyzing, by using a
4-phase algorithm, the first output voltage Voutl and second output voltage Vout2 (see
FIG. 3A) of the first pixel, i.e., PIXEL 1 and the third pixel, i.e., PIXEL 3. Likewise, a
distance between the image sensor 1 and the 3D object 26 may be determined by
analyzing, by using a 4-phase algorithm, the first output voltage Voutl and second
output voltage Vout2 of the other two pixels, that is, the second pixel, i.e., PIXEL 2 and
the fourth pixel, i.e., PIXEL 4. That is, one distance information may be obtained from
two pixels.

[0075] Referring to FIG. 4D, a distance may be determined by analyzing the
first output voltage Voutl and second output voltage Vout2 of the first pixel, i.e.,
PIXEL 1 and the third pixel, i.e., PIXEL 3 and analyzing the first output voltage Voutl
and second output voltage Vout2 of the third pixel, i.e., PIXEL 3 and another first pixel,
i.e., PIXEL la. That is, the first output voltage Voutl and second output voltage Vout2
of the third pixel, i.e., PIXEL 3 may be used to analyze the first output voltage Voutl
and second output voltage Vout2 of the first pixel, i.e., PIXEL 1 and to analyze the first
output voltage Voutl and second output voltage Vout2 of the other first pixel, i.e.,
PIXEL 1la. Also, the other first pixel, i.e., PIXEL 1a may be used to analyze the third
pixel, i.e., PIXEL 3 and to analyze another third pixel, i.e., PIXEL 3a. Likewise, the
fourth pixel, i.e., PIXEL 4 may be used to analyze the second pixel, i.e., PIXEL 2 and
another second pixel, i;e., PIXEL 2a, and the other second pixel, i.e., PIXEL 2a may be
used to analyze another fourth pixel, i.e., PIXEL 4a.

[0076] Accordingly, considering the entire pixel array, since one distance
information may be obtained from one pixel, a resolution for the distance information
may be increased.

[0077] FIG. 5A is a timing diagram for explaining an operation of the image
sensor 1 for measuring a distance according to an embodiment. FIG. 5B is a plan view

of a pixel array of the image sensor 1 according to an embodiment. FIGS. 5C through
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5D are plan views of the pixel array for explaining an operation of the image sensor 1
for measuring a distance according to an embodiment.

[0078] FIGS. 5A through 5D are views for explaining an operation of the image
sensor 1 for measuring a distance when the second reset transistor RS2, the second
source follower transistor SF2, and the second selection transistor SEL2 do not operate
and only the first reset transistor RS1, the first source follower transistor SF1, and the
first selection transistor SEL1 operate in the image sensor 1 of FIG. 3A.

[0079] Referring to FIG. 5A, output light from the light source 22 (see FIG. 2)
and reflected light reflected by the 3D object 26 (see FIG. 2) and received by the image
sensor 1 (see FIG. 3A) may have a delay time Td. The output light may be a pulse
optical signal according to a pulse voltage. A distance between the image sensor 1 and
the 3D object 26 may be determined by sequentially applying a pulse voltage
synchronized with the pulse optical signal, a pulse voltage having a phase difference of
90° from the pulse optical signal, a pulse voltage having a phase difference of 180°
from the pulse optical signal, and a pulse voltage having a phase difference of 270°
from the pulse optical signal to the first vertical transfer gate TG1 (see FIG. 3A) and
analyzing, by using a 4-phase algorithm, the first output voltages Vout generated during
a time T3 where a pulse signal of the reflected light and a pulse voltage of the first
vertical transfer gate TG1 overlap each other. The first output voltages Vout may be
expressed by using a sum of multiple reflected light pulse signals as well as a single
reflected light pulse signal. The second modulation voltage Vmod2 applied to the
second vertical transfer gate TG2 (see FIG. 3A) may be a pulse voltage having a phase
difference of 180° from the first modulation voltage Vmod].

[0080] In some embodiments, a distance between the image sensor 1 and the
3D object 26 may be determined by sequentially applying a pulse voltage synchronized
with the pulse optical signal and a pulse voltage having a phase difference of 180° from
the pulse optical signal as the first modulation voltage Vmodl to the first vertical
transfer gate TG1 and analyzing, by using a 2-phase algorithm, the first output voltages
Vout generated during the time T3 where a pulse signal of reflected light and a pulse
voltage of the first vertical transfer gate TG1 overlap each other. The first output
voltages Vout may be expressed by using a sum of multiple reflected light pulse signals

as well as a single reflected light pulse signal.
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[0081] Referring to FIGS. 5B and 5C, reflected light having a phase of 0° may
be collected in the first pixel, i.e., PIXEL 1, reflected light having a phase of 90° may
be collected in the second pixel, i.e., PIXEL 2, reflected light having a phase of 180°
may be collected in the third pixel, i.e., PIXEL 3, and reflected light having a phase of
270° may be collected in the fourth pixel, i.e., PIXEL 4. In this case, a distance between
the image sensor 1 and the 3D object 26 may be determined by analyzing, by using a
4-phase algorithm, the first output voltages Voutl (see FIG. 3A) of the first through
fourth pixels, i.e., PIXEL 1, PIXEL 2, PIXEL 3, and PIXEL 4. That is, one distance
information may be obtained from four pixels.

[0082] Referring to FIG. 5D, a distance between the image sensor 1 and the 3D
object 26 may be determined by analyzing, by using a 4-phase algorithm, the first
output voltages Voutl (see FIG. 3A) of four neighbouring pixels such as PIXEL 1,
PIXEL 2, PIXEL 3, and PIXEL 4; PIXEL 1b, PIXEL 2, PIXEL 3b, and PIXEL 4; or
PIXEL 1a, PIXEL 2a, PIXEL 3, and PIXEL 4. That is, one distance information may
be obtained from one pixel.

[0083] Although not shown, a distance may be determined by analyzing first
output voltages of two pixels by using a 2-phase algorithm in some embodiments, and
in this case, one distance information may be obtained from two pixels or one pixel.
[0084] FIGS. 6A through 6E are cross-sectional views illustrating elements of
a unit pixel of an image sensor 1a according to an embodiment. The same elements as
those in FIG. 3A will not be repeatedly explained in FIGS. 6A through 6E.

[0085] Referring to FIG. 6A, the image sensor la may further include first
barrier impurity regions 224 located on portions of the well region 220 adjacent to the
photoelectric conversion region 230. In detail, portions of the first barrier impunity
regions 224 may be adjacent to a boundary line of the well region 220 that is opposite
to (i.e., on the opposite side of the well region 220 from) the first surface 202. The first
barrier impurity regions 224 may be respectively spaced apart from the first transfer
gate structure 240 and second transfer gate structure 250.

[0086] The first barrier impurity regions 224 may have the first conductivity
type. In some embodiments, an impurity concentration of the first barrier impurity
regions 224 may be greater than an impurity concentration of the well region 220. The

first barrier impurity regions 224 may prevent photo-charges generated in the
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photoelectric conversion region 230 from moving. Accordingly, photo-charges
generated in the photoelectric conversion region 230 may be concentrated by moving
to the first transfer gate structure 240 and second transfer gate structure 250 and the
demodulation region 222.

[0087] Referring to FIG. 6B, an image sensor 1b may include a sub-well region
222alocated at a position corresponding to the demodulation region 222 (see FIG. 3A).
The sub-well region 222a may have the first conductivity type. In some embodiments,
an impurity concentration of the sub-well region 222a may be greater than an impurity
concentration of the well region 220.

[0088] The sub-well region 222a may prevent photo-charges from being
trapped between the first vertical transfer gate 244 and the second vertical transfer gate
254 or may prevent photo-charges from moving to an undesired position. Since the sub-
well region 222a performs the same function as that of the demodulation region 222,
the sub-well region 222a may be referred to as a demodulation region.

[0089] Although the image sensor 1b includes the first barrier impurity regions
224 in FIG. 6B, embodiments are not limited thereto and the first barrier impurity
regions 224 may be omitted.

[0090] Referring to FIG. 6C, an image sensor 1¢ may include a second barrier
impurity region 226 located on a portion of the demodulation region 222 adjacent to
the first surface 202. The second barrier impurity region 226 in FIG. 6C is on the
demodulation region 222, and the demodulation region 222 is a portion of the well
region 220, but the second barrier impurity region 226 is not an element of the well
region 220 in FIG. 6C.

[0091] The second barrier impurity region 226 may have the first conductivity
type. In some embodiments, an impurity concentration of the second barrier impurity
region 226 may be greater than an impurity concentration of the well region 220. In
some embodiments, an impurity concentration of the second barrier impurity region
226 may be greater than an impurity concentration of the demodulation region 222.
[0092] The second barrier impurity region 226 may enable photo-electrons
moved by the at least two vertical transfer gates, e.g., the first vertical transfer gate 244
and second vertical transfer gate 254, to be rapidly stored in the first charge storage

region FD1 262 and the second charge storage region FD2 272.
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[0093] Referring to FIG. 6D, an image sensor 1d may include a demodulation
region 222b and the second barrier impurity region 226. The demodulation region 222b
. may have the second conductivity type. In some embodiments, an impurity
concentration of the demodulation region 222b may be less than an impurity
concentration of the photoelectric conversion region 230.

[0094] The demodulation region 222b having the second conductivity type may
enable photo-charges to be gathered on a central portion of the demodulation region
222b from an interface between the demodulation region 222b and the first transfer gate
structure 240 and second transfer gate structure 250. Accordingly, the possibility that
photo-charges are trapped and lost at the interface between the first transfer gate
structure 240 and second transfer gate structure 250 and the demodulation region 222b
may be minimized.

[0095] Referring to FIG. 6E, an image sensor le includes the semiconductor
substrate 210 having a second surface 204a that is uneven. In some embodiments, the
semiconductor substrate 210 may have multiple recesses 212, which are sunk toward
the first surface 202, in the second surface 204a. Scattering induction layers 214 may
be respectively located in the multiple recesses 212. The negative fixed charge layer
292 may surround the scattering induction layers 214 and may cover the second surface
204a of the semiconductor substrate 210. Accordingly, the scattering induction layers
214 may be spaced apart from the second surface 204a of the semiconductor substrate
210. As shown in FIG. 6E, the negative fixed charge layer 292 may be between
scattering induction layers 214. The scattering induction layers 214 may be formed of
an insulating material such as oxide.

[0096] A deep trench insulator structure 320 (DTI structure) may be located
between multiple pixels of the image sensor 1e. The DTI structure 320 may be located
in the semiconductor substrate 210 to surround the photoelectric conversion region 230,
in particular, the first photoelectric conversion region 232 (D-PD). The DTI structure
320 may extend from the second surface 204a of the semiconductor substrate 210 to
the first surface 202. In some embodiments, the DTT structure 320 may extend from the
second surface 204a of the semiconductor substrate 210 to the first surface 202 to be
spaced apart from the well region 220. The DTI structure 320 may be formed of an

insulating material such as oxide, nitride, oxynitride, or a combination thereof. In some
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embodiments, the DTT structure 320 may include a conductive material layer 322 and
a cover insulating layer 324 surrounding the conductive material layer 322. The
conductive material layer 322 may be formed of, for example, polysilicon, metal, or
metal nitride. The cover insulating layer 324 may be formed of an insulating material
including oxide, nitride, oxynitride, or a combination thereof.

[0097] Part L1 of light incident into the image sensor 1e through the microlens
296 may travel to the photoelectric conversion region 230. Another part L2 of the light
incident into the image sensor le through the microlens 296 may be scattered by the
scattering induction layers 214 and then may be reflected again by the DTI structure
320. Accordingly, the length of optical paths of the light L2 may be increased and an
absorptance of the photoelectric conversion region 230 may be increased.

[0098] The image sensor le may further include a rear reflective layer 310
located on the wiring structure 300. Light L3 that is not absorbed by the photoelectric
conversion region 230 may be reflected by the rear reflective layer 310 to the
photoelectric conversion region 230 again, and may be absorbed by the photoelectric
conversion region 230.

[0099] At least some of the scattering induction layers 214, the DTI structure
320, and the rear reflective layer 310 of FIG. 6E may be applied to the image sensors
la, 1b, 1c, and 1d of FIGS. 6A through 6D.

[00100] FIG. 7A is a cross-sectional view illustrating elements of a unit pixel of
an image sensor 2 according to an embodiment. FIG. 7B is an equivalent circuit
diagram of the unit pixel of the image sensor 2 according to an embodiment. FIG. 7C
is a plan view illustrating elements of the unit pixel of the image sensor 2 according to
an embodiment. The same elements as those in FIGS. 3A through 6E will not be
repeatedly explained in FIGS. 7A through 7C.

[00101] Referring to FIGS. 7A through 7C, the image sensor 2 includes the
semiconductor substrate 210 including the well region 220, the photoelectric
conversion region 230, the at least two vertical transfer gates, e.g., the first vertical
transfer gate 244 and second vertical transfer gate 254, the wiring structure 300, a first
reset gate RG1 282, a first reset impurity region 264, the first charge storage region
FD1 262, and the second charge storage region FD2 272. The first charge storage region

FD1 262 may be connected to a gate of a source follow transistor SF. A source and a
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drain of the source follower transistor SF may be connected to a source of a selection
transistor SEL and a voltage supply Vdd. An output voltage Vout may be output from
a drain of the selection transistor SEL. The first reset gate RG1 282 may constitute a
reset transistor RS. A first reset drain voltage Vrdl and a second reset drain voltage
Vrd2 may be respectively applied to the first reset impurity region 264 and the second
charge storage region 272. In some embodiments, the first rest drain voltage Vrdl and
the second reset drain voltage Vrd2 may have the same potential.

[00102] An operation of the image sensor 2 may be substantially the same as that
of the image sensor 1 of FIG. 3A when the second reset transistor RS2, the second
source follower transistor SF2, and the second selection transistor SEL2 do not operate
and only the first reset transistor RS1, the first source follower transistor SF1, and the
first selection transistor SEL1 operate as described with FIGS. 5A through 5D, and thus
a detailed explanation thereof will not be given.

[00103] That is, the image sensor 2 may not include the second reset transistor
RS2, the second source follower transistor SF2, and the second selection transistor
SEL2 that do not operate in the image sensor 1, and may include the reset transistor RS,
the source follower transistor SF, and the selection transistor SEL respectively
corresponding to the first rest transistor RS1, the first source follower transistor SF1,
and the first selection transistor SEL1 that operate in the image sensor 1.

[00104] FIG. 8 is a plan view illustrating elements of a unit pixel of an image
sensor 3 according to an embodiment.

[00105] Referring to FIG. 8, the image sensor 3 includes four vertical transfer
gates, 1.e., first through fourth vertical transfer gates TG1, TG2, TG3, and TG4 that are
spaced apart from one another and extend in a thickness direction of the semiconductor
substrate 210 (see FIG. 3A). The first through fourth vertical transfer gates TG1, TG2,
TG3, and TG4 may be spaced apart from one another with the demodulation region 222
therebetween (i.e., between any two of the first through fourth vertical transfer gates
TG1, TG2, TG3, TGA4). First through fourth transfer gate insulating films TOX1, TOX2,
TOX3, and TOX4 may be respectively located around the first through fourth vertical
transfer gates TG1, TG2, TG3, and TG4. First through fourth charge storage regions
FDI1, FD2, FD3, and FD4, first through fourth reset gates RG1, RG2, RG3, and RG4,
impurity regions to which first through fourth reset drain voltages Vrdl, Vrd2, Vrd3,
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and Vrd4 are applied, first through fourth source follower transistors SF1, SF2, SF3,
and SF4, and first through fourth selection transistors SEL1, SEL2, SEL3, and SEL4
may be located to correspond to the first through fourth vertical transfer gates TGI,
TG2, TG3, and TGA4. First through fourth output voltages Vol, Vo2, Vo3, and Vo4 may
be respectively output from drains of the first through fourth selection transistors SEL1,
SEL2, SEL3, and SEL4.

[00106] A cross-sectional view of the image sensor 3 taken along the first
vertical transfer gate TG1 and the third vertical transfer gate TG3, or the second vertical
transfer gate TG2 and the fourth vertical transfer gate TG4 is substantially the same as
that of the image sensor 1 of FIG. 3A, and thus a detailed explanation thereof will not
be given.

[00107] In the image sensor 3, a pulse voltage synchronized with a pulse optical
signal, a pulse voltage having a phase difference of 90° from the pulse optical signal, a
pulse voltage having a phase difference of 180° from the pulse optical signal, and a
pulse voltage having a phase difference of 270° from the pulse optical signal may be
respectively applied to the first through fourth vertical transfer gates TG1, TG2, TG3,
and TG4. Accordingly, the image sensor 3 may determine a distance between the image
sensor 3 and the 3D object 26 (see FIG. 2) by analyzing, by using a 4-phase algorithm,
the first through fourth output voltages Vol, Vo2, Vo3, and Vo4 obtained from one
pixel.

[00108] FIG. 9A is a cross-sectional view illustrating elements of a unit pixel of
an image sensor 4 according to an embodiment. FIG. 9B is an equivalent circuit
diagram of the unit pixel of the image sensor 4 according to an embodiment. The same
elements as those in FIGS. 3A and 3B will not be repeatedly explained in FIGS. 9A
and 9B.

[00109] Referring to FIGS. 9A and 9B, the image sensor 4 further includes a first
storage diffusion region SD1 266 and a second storage diffusion region SD2 276
located in the well region 220 adjacent to the first surface 202. The first storage
diffusion region SD1 266 is between the first charge storage region FD1 262 and the
first vertical transfer gate 244. The second storage diffusion region SD2 276 is
between the second charge storage region FD2 272 and the second vertical transfer gate

254. The image sensor 4 further includes a first horizontal transfer gate TG3 286 and

27



a second horizontal transfer gate TG4 288 located on the first surface 202 of the
semiconductor substrate 210. The first horizontal transfer gate TG3 286 is located
between the first charge storage region FD1 262 and the first storage diffusion region
SD1 266 in the width direction, and offset in the depth direction. The second
horizontal transfer gate TG4 288 is located between the second charge storage region
272 and the second storage diffusion region 276 in the width direction, and offset in the
depth direction.

[00110] The first charge storage region FD1 262 and the second charge storage
region FD2 272 may be respectively connected to gates of the first source follower
transistor SF1 and the second source follower transistor SF2.

[00111] Since the image sensor 4 further includes the first storage diffusion
region SD1 266 and second storage diffusion region 276 and the first horizontal transfer
gate TG3 286 and second horizontal transfer gate 288, the image sensor 4 may function
as a global shutter. Also, since the image sensor 4 includes four transfer gates including
the first vertical transfer gate 244 and second vertical transfer gate 254 and the first
horizontal transfer gate TG3 286 and second horizontal transfer gate 288, noise may be
reduced.

[00112] FIG. 10A is a cross-sectional view illustrating elements of a unit pixel
of an image sensor 4a according to an embodiment. FIG. 10B is an equivalent circuit
diagram of the unit pixel of the image sensor 4a according to an embodiment. The same
elements as those in FIGS. 9A and 9B will not be repeatedly explained in FIGS. 10A
and 10B. |

[00113] Referring to FIGS. 10A and 10B, unlike in the image sensor 4 of FIGS.
9A and 9B, in the image sensor 4a, one source fbllower transistor SF and one selection
transistor SEL are connected to the first charge storage region FD1 262 and the second
charge storage region FD2 272, and one reset transistor RS is connected to the first
charge storage region FD1 262 and the second charge storage region FD2 272. That is,
the first storage diffusion region SD1 266 and the first charge storage region FD1 262,
and the second storage diffusion region SD2 276 and the second charge storage region
FD2 272 may share one source follower transistor SF, one selection transistor SEL, and

one reset transistor RS.

28



[00114] An image sensor according to the present disclosure may include at
least two vertical transfer gates and may have a BSI structure. Accordingly, since a
pixel of the image sensor may be miniaturized and a gate of a transfer transistor may
be relatively long, a sensitivity of the image sensor may be increased.

[00115] While the image sensor for measuring distance has been particularly
shown and described with reference to embodiments thereof, it will be understood that
various changes in form and details may be made therein without departing from the

spirit and scope of the followihg claims.
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WHAT IS CLAIMED IS:

1. An image sensor, comprising:

a semiconductor substrate having a first conductivity type and comprising a first
surface and a second surface that are opposite to each other and a well region adjacent
to the first surface;

a first vertical transfer gate and a second vertical transfer gate spaced apart from
each other and extending in a thickness direction of the semiconductor substrate from
the first surface to pass through at least a part of the well region;

a photoelectric conversion region having a second conductivity type, which is
different from the first conductivity type, located in the semiconductor substrate
between the well region and the second surface, and overlapping the first vertical
transfer gate and the second vertical transfer gate in the thickness direction of the
semiconductor substrate; and

a wiring structure located on the first surface of the semiconductor substrate.

2. The image sensor of claim 1, wherein the photoelectric conversion
region comprises a first photoelectric conversion region, and a second photoelectric
conversion region located between the first photoelectric conversion region and the well

region and having a width less than a width of the first photoelectric conversion region.

3. The image sensor of claim 2, wherein the second photoelectric
conversion region overlaps the first vertical transfer gate and the second vertical

transfer gate in the thickness direction of the semiconductor substrate.

4. The image sensor of claim 2 or claim 3, wherein an impurity
concentration of the second photoelectric conversion region is greater than an impurity

concentration of the first photoelectric conversion region.

5. The image sensor of any one of claims 2 to 4, wherein the first
photoelectric conversion region overlaps all of the second photoelectric conversion

region in the thickness direction of the semiconductor substrate.
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6. The image sensor of any one of claims 1 to 5, further comprising:
a negative fixed charge layer, an anti-reflection layer, and a microlens

sequentially stacked on the second surface of the semiconductor substrate.

7. The image sensor of claim 6, wherein the semiconductor substrate has a
plurality of recesses formed in the second surface to be sunk toward the first surface,

wherein the image sensor further comprises scattering induction layers
respectively located in the plurality of recesses and formed of an insulating material,

wherein the negative fixed charge layer surrounds the scattering induction
layers so that the scattering induction layers and the second surface of the

semiconductor substrate are spaced apart from each other.

8. The image sensor of claim 7, further comprising:
a deep trench insulator (DTI) structure surrounding the photoelectric conversion
region and extending from the second surface of the semiconductor substrate to the first

surface.

9. The image sensor of any one of claims 6 to 8, further comprising a rear

reflection layer located on the wiring structure.

10.  The image sensor of any one of claims 1 to 9, further comprising:
a first charge storage region and a second charge storage region each having the
second conductivity type and located in the well region adjacent to the first surface to

be spaced apart from each other.

11. The image sensor of claim 10, wherein the first charge storage region is
located at a side of the first vertical transfer gate to be opposite to the second vertical
transfer gate, and

the second charge storage region is located at a side of the second vertical

transfer gate to be opposite to the first vertical transfer gate.
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12.  The image sensor of any one of claims 1 to 11, wherein pulse voltages
having a phase difference of 180° therebetween are applied to the first vertical transfer

gate and the second vertical transfer gate.

13.  Animage sensor, comprising:

a wiring structure;

a well region comprising a demodulation region and located on the wiring
structure;

a photoelectric conversion region located on the well region;

a microlens located on the photoelectric conversion region; and

at least two transfer gate structures spaced apart from each other with the
demodulation region therebetween and each comprising a vertical transfer gate
extending in a thickness direction of the well region to pass through at least a part of

the well region and a transfer gate insulating film surrounding the vertical transfer gate.

14.  The image sensor of claim 13, further comprising:

first barrier impurity regions located on portions of the well region other than
the demodulation region and adjacent to the photoelectric conversion region to be
spaced apart from the at least two transfer gate structures, the first barrier impurity
regions having an impurity concentration greater than an impurity concentration of the

well region.

15. The image sensor of claim 14, further comprising:
a second barrier impurity region located on a portion of the demodulation region
adjacent to the wiring structure and having an impurity concentration greater than the

impurity concentration of the well region.
16.  The image sensor of claim 15, wherein the portion of the demodulation

region on the second barrier impurity region has a conductivity type different from a

conductivity type of each of the well region and the second barrier impurity region.
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17.  The image sensor of any one of claims 13 to 16, wherein the
photoelectric conversion region comprises a first photoelectric conversion region
located adjacent to the microlens and a second photoelectric conversion region located
adjacent to the well region,

wherein an impurity concentration of the first photoelectric conversion region
is less than an impurity concentration of the second photoelectric conversion region,
and a width of the first photoelectric conversion region is greater than a width of the

second photoelectric conversion region.

18.  An image sensor having a backside illumination (BSI) structure and
comprising:

a semiconductor substrate having a first conductivity type and comprising a first
surface, a second surface opposite to the first surface, and a well region adjacent to the
first surface;

a plurality of vertical transfer gates spaced apart from one another and extending
from the first surface to the second surface to pass through at least a part of the well
region;

a first photoelectric conversion region located in the semiconductor substrate
adjacent to the second surface; and

a second photoelectric conversion region having a second conductivity type,
which is different from the first conductivity type, located between the first
photoelectric conversion region and the well region, and having a width and an impurity
concentration respectively less and greater than a width and an impurity concentration

of the first photoelectric conversion region.

19.  The image sensor of claim 18, wherein the second surface of the

semiconductor substrate is a surface on which light is incident.

20.  The image sensor of claim 18 or claim 19, wherein the second
photoelectric conversion region overlaps each of the plurality of vertical transfer gates
in a thickness direction of the semiconductor substrate, and the first photoelectric

conversion region overlaps all of the second photoelectric conversion region.
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