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(54) IMAGE SENSOR AND ELECTRONIC SYSTEM INCLUDING THE SAME

(57) Provided are an image sensor and an electronic
system including the same. An image sensor includes a
substrate having a pixel region in which an active region
is defined, and a gate electrode on the active region,

wherein the active region includes an edge portion ex-

tending along an outline of a top surface thereof, the edge
portion including a local round edge portion having a first
radius of curvature that is greater than a second radius

of curvature of other portions of the edge portion, wherein
the gate electrode includes a lateral gate portion on a
portion of the top surface of the active region, a vertical
gate portion on a sidewall of the active region, and a
round inner corner portion integrally connected to the lat-
eral gate portion and the vertical gate portion, the round
inner corner portion facing the local round edge portion.
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Description
TECHNICAL FIELD

[0001] The inventive concept relates to an image sen-
sor and an electronic system including the image sensor,
and more particularly, to an image sensor including a
transistor and an electronic system including the image
sensor.

BACKGROUND

[0002] Image sensors thatacquireimages and convert
the acquired images into electrical signals have been
used in various fields, such as digital cameras, camcord-
ers, personal communication systems (PCS), game de-
vices, security cameras, and medical micro cameras,
with the development of the computer industry and the
communication industry. As image sensors become
highly integrated and pixel sizes are miniaturized, there
is a need for an image sensor including a transistor hav-
ing a structure that may provide stable electrical charac-
teristics.

SUMMARY

[0003] The inventive concept provides an image sen-
sor, which may improve noise characteristics of pixels
even when image sensors are highly integrated and a
pixel size is reduced or miniaturized, and may improve
electrical properties of a transistor and low-luminance
resolution not only by increasing a channel area of the
transistor but also by ensuring a required level of limit
voltage.

[0004] The inventive concept also provides an elec-
tronic system including an image sensor, which may im-
prove noise characteristics of pixels even when image
sensors are highly integrated and a pixel size is minia-
turized, and may improve electrical properties of a tran-
sistor and low-luminance resolution not only by increas-
ing a channel area of the transistor but also by ensuring
a required level of limit voltage.

[0005] Accordingtoan aspectoftheinventive concept,
there is provided an image sensor including a substrate
having a pixel region in which an active region is defined,
and a gate electrode on the active region, wherein the
active region includes a top surface, a plurality of side-
walls extending in different directions from the top sur-
face, and an edge portion extending along an outline of
the top surface between the top surface and the plurality
of sidewalls, the edge portionincluding alocalround edge
portion having a first radius of curvature that is greater
than a second radius of curvature of other portions of the
edge portion, wherein the gate electrode includes a lat-
eral gate portion on a portion of the top surface of the
active region, a vertical gate portion on one sidewall ad-
jacent to the local round edge portion, from among the
plurality of sidewalls of the active region, and a round
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inner corner portion integrally connected to the lateral
gate portion and the vertical gate portion, the round inner
corner portion facing the local round edge portion.
[0006] According to another aspect of the inventive
concept, there is provided an image sensor including a
substrate having a pixel region in which an active region
is defined by a device isolation insulating structure, and
a source follower transistor including a gate electrode on
a portion of the active region, wherein the active region
includes an edge portion extending along an outline of a
top surface ofthe active region, the edge portion including
anormal edge portion in contact with the device isolation
insulating structure and a local round edge portion apart
from the device isolation insulating structure, and a first
radius of curvature of the local round edge portion is
greater than a second radius of curvature of the normal
edge portion, wherein the gate electrode includes a lat-
eral gate portion on a portion of the top surface of the
active region, a vertical gate portion on one sidewall ad-
jacent to the local round edge portion, from among a plu-
rality of sidewalls of the active region, and a round inner
corner portion integrally connected to the lateral gate por-
tion and the vertical gate portion, the round inner corner
portion facing the local round edge portion.

[0007] According to another aspect of the inventive
concept, there is provided an electronic system including
at least one camera module including an image sensor,
and a processor configured to process image data re-
ceived from the atleast one camera module, wherein the
image sensor includes a substrate having a pixel region
in which an active region is defined, and a gate electrode
on the active region, wherein the active region includes
atop surface, a plurality of sidewalls extending in different
directions from the top surface, and an edge portion ex-
tending along an outline of the top surface between the
top surface and the plurality of sidewalls, the edge portion
including a local round edge portion having a first radius
of curvature that is greater than a second radius of cur-
vature of other portions of the edge portion, wherein the
gate electrode includes a lateral gate portion on a portion
of the top surface of the active region, a vertical gate
portion on one sidewall adjacent to the local round edge
portion, from among the plurality of sidewalls of the active
region, and a round inner corner portion integrally con-
nected to the vertical gate portion, the round inner corner
portion facing the local round edge portion.

[0008] At least some of the above and other features
of the invention are set out in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Embodiments of the inventive concept will be
more clearly understood from the following detailed de-
scription taken in conjunction with the accompanying
drawings in which:

FIG. 1is ablock diagram of an image sensor accord-
ing to an embodiment;
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FIG. 2 is a circuit diagram of a unit pixel that may be
included in an image sensor, according to an em-
bodiment;

FIG. 3 is a circuit diagram of a unit pixel that may be
included in an image sensor, according to an em-
bodiment;

FIG. 4A is a plan layout diagram of a transistor ac-
cording to embodiments;

FIG. 4B is a cross-sectional view taken along line Y1
- Y1 of FIG. 4A;

FIG. 4C is a cross-sectional view taken along line
Y2 -Y2 of FIG. 4A;

FIG. 5A is a plan layout diagram of a transistor ac-
cording to embodiments;

FIG. 5B is a cross-sectional view taken along line Y1
- Y1 of FIG. 5A;

FIG. 5C is a cross-sectional view taken along line
Y2 -Y2 of FIG. 5A;

FIG. 6 is a plan layout diagram of a transistor ac-
cording to embodiments;

FIG. 7A is a plan layout diagram of a transistor ac-
cording to embodiments;

FIG. 7B is a cross-sectional view taken along line X1
- X1 of FIG. 7A;

FIG. 7C is a cross-sectional view taken along line
Y1-Y1 of FIG. 7A;

FIG. 8 is a plan layout diagram of a transistor ac-
cording to embodiments;

FIG. 9 is a plan layout diagram of a transistor ac-
cording to embodiments;

FIG. 10 is a plan layout diagram of a transistor ac-
cording to embodiments;

FIG. 11Ais a plan layout diagram of a transistor ac-
cording to embodiments;

FIG. 11B is a cross-sectional view taken along lines
X1- X1 and Y1 - Y1 of FIG. 11A;

FIG. 12A is a plan layout diagram of an example
structure of a pixel region included in an image sen-
sor according to embodiments;

FIG. 12B is a cross-sectional view taken along line
A1 - A1 of FIG. 12A;

FIG. 12C is a cross-sectional view taken along line
A2 - A2’ of FIG. 12A;

FIG. 12D is a cross-sectional view taken along line
Y12 -Y12 of FIG. 12A;

FIGS. 13A to 13H are cross-sectional views of a
method of manufacturing an image sensor, accord-
ing to embodiments;

FIG. 14A is a block diagram of an electronic system
according to embodiments; and

FIG. 14B is a detailed block diagram of a camera
module included in the electronic system of FIG.
14A.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0010] Hereinafter, embodiments will be described in
detail with reference to the accompanying drawings. The
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same reference numerals are used to denote the same
elements in the drawings, and repeated descriptions
thereof are omitted. It will be understood that, although
the terms first, second, etc. may be used herein to de-
scribe various elements, these elements should not be
limited by these terms. These terms are only used to
distinguish one element from another element. Thus, for
example, a first element, a first component or a first sec-
tion discussed below could be termed a second element,
a second component or a second section without depart-
ing from the teachings of the present inventive concept.
As used herein, the term "and/or" includes any and all
combinations of one or more of the associated listed
items. It is noted that aspects described with respect to
one embodiment may be incorporated in different em-
bodiments although not specifically described relative
thereto. That is, all embodiments and/or features of any
embodiments can be combined in any way and/or com-
bination.

[0011] FIG. 1 is a block diagram of an image sensor
100 according to an embodiment.

[0012] Referring to FIG. 1, the image sensor 100 ac-
cording to embodiments may include a pixel array 10 and
circuits configured to control the pixel array 10. In em-
bodiments, the circuits configured to control the pixel ar-
ray 10 may include a column driver 20, a row driver 30,
a timing controller 40, and a readout circuit 50.

[0013] Theimage sensor 100 may operate in response
to a control command received from an image processor
70. The image sensor 100 may convert light transmitted
from an external objectinto an electrical signal and output
the electrical signal to the image processor 70. The image
sensor 100 may be a complementary metal-oxide-sem-
iconductor (CMOS) image sensor.

[0014] The pixel array 10 may include a plurality of unit
pixels PXU having atwo-dimensional (2D) array structure
arranged in a matrix form along a plurality of row lines
and a plurality of column lines.

[0015] Each of the plurality of unit pixels PXU may in-
clude a photodiode. The photodiode may generate elec-
trical charges in response to receiving light transmitted
from the object. Theimage sensor 100 may be configured
to perform an autofocus function by using a phase differ-
ence between pixel signals generated from a plurality of
photodiodes included in the plurality of unit pixels PXU.
Each of the unit pixels PXU may include a pixel circuit
configured to generate a pixel signal from the electric
charges generated by the photodiode.

[0016] The column driver 20 may include a correlated
double sampler (CDS), an analog-to-digital converter
(ADC), and/or the like. The CDS may be connected,
through column lines, to a unit pixel PXU included in a
row selected by a row selection signal supplied by the
row driver 30 and may perform correlated double sam-
pling to detect a reset voltage and a pixel voltage. The
ADC may be configured to convert the reset voltage and
the pixel voltage each detected by the CDS into digital
signals and transmit the digital signals to the readout cir-
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cuit 50.

[0017] The readout circuit 50 may include a latch or
buffer circuit configured to temporarily store the digital
signal and/or an amplification circuit. The readout circuit
50 may be configured to generate image data by tempo-
rarily storing or amplifying the digital signal received from
the column driver 20. The operation timing of the column
driver 20, the row driver 30, and the readout circuit 50
may be determined by the timing controller 40, and the
timing controller 40 may operate based on a control com-
mand transmitted from the image processor 70.

[0018] The image processor 70 may be configured to
signal-process image data output from the readout circuit
50 and output the signal-processed image data to a dis-
play device or store the signal-processed image data in
a storage device, such as a memory. When the image
sensor 100 is mounted on an autonomous vehicle, the
image processor 70 may be configured to signal-process
image data and transmit the signal-processed image da-
ta to a main controller that controls the autonomous ve-
hicle.

[0019] FIG. 2 is a circuit diagram of a unit pixel PXU
that may be included in an image sensor 100, according
to an embodiment.

[0020] Referring to FIG. 2, each of the plurality of unit
pixels PXU included in the pixel array 10 of the image
sensor 100 shown in FIG. 1 may constitute a 2-shared
pixel including two photodiodes, that is, first and second
photodiodes PD1 and PD2.

[0021] In one unit pixel PXU, the first and second pho-
todiodes PD1 and PD2 may share one floating diffusion
region FD with each other by using first and second trans-
fer transistors TX1 and TX2. That is, the first transfer
transistor TX1 corresponding to the first photodiode PD1
and the second transfer transistor TX2 corresponding to
the second photodiode PD2 may share one floating dif-
fusion region FD as a common drain region with each
other.

[0022] Inthe one unit pixel PXU, a reset transistor RX,
a source follower transistor SF, and a selection transistor
SX may be shared between the first and second photo-
diodes PD1 and PD2. Gate electrodes of the reset tran-
sistor RX, the first and second transfer transistors TX1,
and TX2, and the selection transistor SX may be respec-
tively connected to driving signal lines RG, TG1, TG2,
and SG. The first and second photodiodes PD1 and PD2
may constitute source regions of the first and second
transfer transistors TX1 and TX2 corresponding respec-
tively thereto. The floating diffusion region FD may con-
stitute a common drain region of the first and second
transfer transistors TX1 and TX2. The floating diffusion
region FD may be connected to each of a source region
of the reset transistor RX and a gate electrode of the
source follower transistor SF. A drain region of the reset
transistor RX and a drain region of the source follower
transistor SF may be connected to a power supply volt-
age Vpix. Asource region of the source follower transistor
SF and a drain region of the selection transistor SX may
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be shared with each other. An output voltage Vout may
be connected to a source region of the selection transistor
SX.

[0023] Thefirstand second photodiodes PD1and PD2
may generate and accumulate charges in proportion to
the amount of light incident from the outside. The gate
electrodes of the first and second transfer transistors TX1
and TX2 may transfer the charges accumulated in the
firstand second photodiodes PD1 and PD2 to the floating
diffusion region FD. Complementary signals may be re-
spectively applied from the driving signal lines TG1 and
TG2to the gate electrodes of the first and second transfer
transistors TX1 and TX2, and the charges may be trans-
ferred from any one of the first and second photodiodes
PD1 and PD2 to the floating diffusion region FD. The
floating diffusion region FD may receive and store the
charges generated by the first and second photodiodes
PD1 and PD2.

[0024] The floating diffusion region FD may be period-
ically reset by the reset transistor RX. When the reset
transistor RX is turned on by a reset signal, the power
supply voltage Vpix supplied to the reset transistor RX
may be transferred to the floating diffusion region FD,
and charges accumulated in the floating diffusion region
FD may be emitted. Accordingly, the floating diffusion
region FD may be reset.

[0025] The gate electrode of the source follower tran-
sistor SF may be connected to the floating diffusion re-
gion FD. The source follower transistor SF may function
as a source follower buffer amplifier and amplify a change
in electric potential of the floating diffusion region FD. A
pixel signal amplified by the source follower transistor SF
may be output to an output line through the selection
transistor SX. The drain region of the source follower
transistor SF may be connected to the power supply volt-
age Vpix, and the source region of the source follower
transistor SF may be connected to the drain region of the
selection transistor SX.

[0026] The selection transistor SX may select a unit
pixel PXU to be read in units of rows. When the selection
transistor SX is turned on, the power supply voltage Vpix
connected to the drain region of the source follower tran-
sistor SF may be transferred to the drain region of the
selection transistor SX.

[0027] FIG. 3 is a circuit diagram of a unit pixel PXU
that may be included in an image sensor 100, according
to an embodiment.

[0028] Referring to FIG. 3, each of the plurality of unit
pixels PXU included in the pixel array 10 of the image
sensor 100 shown in FIG. 1 may constitute a 4-shared
pixel including four photodiodes, that is, first to fourth
photodiodes PD1, PD2, PD3, and PD4. In one unit pixel
PXU, the first to fourth photodiodes PD1, PD2, PD3, and
PD4 may share one floating diffusion region FD with each
other by using first to fourth transfer transistors TX1, TX2,
TX3, and TX4. The first transfer transistor TX1 corre-
sponding to the first photodiode PD1, the second transfer
transistor TX2 corresponding to the second photodiode
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PD2, the third transfer transistor TX3 corresponding to
the third photodiode PD3, and the fourth transfer transis-
tor TX4 corresponding to the fourth photodiode PD4 may
share one floating diffusion region FD as a common drain
region with each other. In the one unit pixel PXU, a reset
transistor RX, a source follower transistor SF, and a se-
lection transistor SX may be shared among the first to
fourth photodiodes PD1, PD2, PD3, and PD4. In re-
sponse to signals applied to the first to fourth transfer
transistors TX1, TX2, TX3, and TX4 through driving sig-
nal lines TG1, TG2, TG3, and TG4, charges may be
transferred from one of the first to fourth photodiodes
PD1, PD2, PD3, and PD4 to the floating diffusion region
FD.

[0029] The image sensor 100 according to embodi-
ments may detect a reset voltage and a pixel voltage
from each of the unit pixels PXU each having the circuit
configuration illustrated in FIG. 2 or FIG. 3 and obtain a
pixel signal by calculating a difference between the reset
voltage and the pixel voltage. The pixel voltage may be
a voltage reflecting electrical charges generated by a
photodiode included in each of the plurality of unit pixels
PXU illustrated in FIG. 1.

[0030] The unitpixel PXU included in the image sensor
100 is illustrated as constituting the 2-shared pixel or the
4-shared pixel in FIGS. 2 and 3, but embodiments of the
inventive concept are not limited thereto. A unit pixel PXU
according to an embodiment may constitute an N-shared
pixel including N photodiodes (N is an integer of 2 or
more). For example, each of the plurality of unit pixels
PXU included in the image sensor 100 may include a 2-
shared pixel including 2 photodiodes, a 4-shared pixel
including 4 photodiodes, or an 8-shared pixel including
8 photodiodes.

[0031] FIGS. 4A, 4B, and 4C are diagrams of a tran-
sistor TR1 according to embodiments. More specifically,
FIG. 4A is a plan layout diagram of the transistor TR1.
FIG. 4B is a cross-sectional view of an example config-
uration according to the cross-section taken along line
Y1- Y1 of FIG. 4A. FIG. 4C is a cross-sectional view of
an example configuration according to the cross-section
taken along line Y2- Y2’ of FIG. 4A. The transistor TR1
shown in FIGS. 4A, 4B, and 4C may constitute an image
sensor according to embodiments. In embodiments, the
transistor TR1 shown in FIGS. 4A, 4B, and 4C may con-
stitute one or more of the reset transistor RX, the source
follower transistor SF, the selection transistor SX, and
the first and second transfer transistors TX1 and TX2,
which are shown in FIG. 2. In other embodiments, the
transistor TR1 may constitute one or more of the reset
transistor RX, the source follower transistor SF, the se-
lection transistor SX, and the first to fourth transfer tran-
sistors TX1, TX2, TX3, and TX4, which are shown in FIG.
3.

[0032] ReferringtoFIGS.4A,4B,and4C, the transistor
TR1 may include an active region AC1 and a gate elec-
trode G1 on the active region AC1.

[0033] The active region AC1 may be defined by a de-
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vice isolation insulating structure 116. The active region
AC1 may include a semiconductor layer. In embodi-
ments, the active region AC1 may include a semiconduc-
tor layer doped with P-type impurities. For example, the
active region AC1 may include a semiconductor layer
including silicon (Si), germanium (Ge), silicon germani-
um (SiGe), a group II-VI compound semiconductor, a
group 1ll-V compound semiconductor, or a combination
thereof, without being limited thereto. The device isola-
tion insulating structure 116 may include an insulating
film, which may include a silicon oxide film, a silicon ni-
tride film, or a combination thereof, without being limited
thereto. The gate electrode G1 may include doped poly-
silicon. For example, the gate electrode G1 may include
polysilicon doped with N-type impurities, such as phos-
phorus (P) or arsenic (As).

[0034] The active region AC1 may include a first
source/drain region SD1, a second source/drain region
SD2, and a channel region C1 between the first
source/drain region SD1 and the second source/drain
region SD2 in the active region AC1. A gate dielectric
film 128 may be between the active region AC1 and the
gate electrode G1. The gate dielectric film 128 may in-
clude a silicon oxide film, a high-k dielectric film, or a
combination thereof. The high-k dielectric film may in-
clude a film (e.g., a hafnium oxide film) having a higher
dielectric constant than a silicon oxide film, without being
limited thereto.

[0035] The active region AC1 may include a top sur-
face T1 and a plurality of sidewalls S1 extending in dif-
ferent directions from the top surface T1. The top surface
T1 may define a first direction (e.g. an X-axis) and a sec-
ond direction (e.g. a Y-axis). The first direction and the
second direction may be perpendicular to each other,
and parallel to the top surface T1. The first direction and
the second direction may be horizontal directions and
may define a horizontal plane. A third direction (e.g. a Z-
axis) may be defined perpendicular to the top surface T1.
The third direction may be a vertical direction. The plu-
rality of sidewalls S1 may contact or face a device isola-
tion insulating structure 116. The active region AC1 may
include an edge portion, which extends along an outline
of the top surface T1 between the top surface T1 and the
plurality of sidewalls S1. The edge portion of the active
region AC1 may include a normal edge portion E1 in con-
tact with the device isolation insulating structure 116 and
a local round edge portion RE1 apart from the device
isolation insulating structure 116. The local round edge
portion RE1 may constitute a portion of the edge portion
ofthe active region AC1. As used herein, theterm"normal
edge portion" refers to other portions of the edge portion,
except for the local round edge portion RE1, in the top
surface T1 of the active region AC1.

[0036] The local round edge portion RE1 of the active
region AC1 may have aradius of curvature thatis greater
than that of the other portions of the edge portion of the
top surface T1 of the active region AC1. In the active
portion of the active region AC1, a first radius of the local
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round edge portion RE1 may be greater than a second
radius of curvature of the normal edge portion E1. In em-
bodiments, a radius of curvature of the local round edge
portion RE1 of the active region AC1 may be at least
about 20 nm. Of the edge portion of the active region
AC1, a portion other than the local round edge portion
RE1 may have a radius of curvature of about 8 nm or
less. In embodiments, the first radius of curvature may
be in a range of about 20 nm to about 50 nm, and the
second radius of curvature may be in a range of about
0.1 nm to about 8 nm. In embodiments, the first radius
of curvature of the local round edge portion RE1 may be
in a range of about 20 nm to about 50 nm, a range of
about 25 nm to about 45 nm, or a range of about 25 nm
to about 40 nm. For example, the first radius of curvature
of the local round edge portion RE1 may be in a range
of about 30 nm to about 35 nm, without being limited
thereto. As described herein, the radius of curvature may
be measured around a horizontal axis (e.g. an axis run-
ning parallel to the top surface of the top surface T1).
The radius of curvature may be measured along an arc
running between the top surface T1 and a corresponding
sidewall at the respective point along the edge portion.
[0037] AsshowninFIG.4A, the active region AC1 may
have an L-shaped planar form having a bending portion
and linear extensions extending from the bending portion
in a lateral direction. As used herein, the term "bending
portion" may refer to a portion at which a direction in
which an active region extends is changed in a view from
above (e.g. changed along a horizontal plane).

[0038] The local round edge portion RE1 of the active
region AC1 may be in a local region LA1, which is a por-
tion of the edge portion of the active region AC1. The
local region LA1 may be a region including a portion of
each of the bending portion and the linear extensions of
the active region AC1. The local round edge portion RE1
of the active region AC1 may include a portion that ex-
tends along the edge portion of the active region AC1 in
the local region LA1. The local round edge portion RE1
of the active region AC1 may be a portion of the channel
region C1. A portion of an outer edge portion of the active
region AC1 in the channel region C1 may include the
local round edge portion RE1, while another portion
thereof may include the normal edge portion E1. As used
herein, the term "outer edge portion" refers to an edge
portion having a greater length, out of both edge portions
between the first source/drain region SD1 and the second
source/drain region SD2 in the active region AC1.
[0039] As shown in FIG. 4B, in the active region AC1,
the local round edge portion RE1 may be in only one of
both side portions of the active region AC1 in a direction
orthogonal to a channel direction formed in the channel
region C1. In embodiments, as shown in FIG. 4A, the
first source/drain region SD1 and the second
source/drain region SD2 may be at different distances
from the local round edge portion RE1 in the channel
direction.

[0040] A local top surface adjacent to the local round
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edge portion RE1, of the top surfaces T1 of the active
region AC1, and a local sidewall adjacent to the local
round edge portion RE1, from among the plurality of side-
walls S1 of the active region AC1, may be at least partially
covered by the gate electrode G1, and a sidewall oppo-
site to the local sidewall may be at least partially covered
by the device isolation insulating structure 116.

[0041] As shown in FIGS. 4B and 4C, the gate elec-
trode G1 may include a lateral gate portion GH1, a vertical
gate portion GV1, and a round inner corner portion GC1.
The lateral gate portion GH1 may be on and at least par-
tially cover a portion of the top surface T1 of the active
region AC1 with the gate dielectric film 128 therebe-
tween. The vertical gate portion GV1 may be on and at
least partially cover one of the plurality of sidewalls S1
of the active regions AC1, which is adjacent to the local
round edge portion RE1, with the gate dielectric film 128
therebetween. The round inner corner portion GC1 may
be integrally connected to the lateral gate portion GH1
and the vertical gate portion GV1, for example, to form
amonolithic structure, and face the local round edge por-
tion RE1 with the gate dielectric film 128 therebetween.
In embodiments, the gate electrode G1 may include
doped polysilicon. For example, the gate electrode G1
may include polysilicon doped with N-type impurities,
such as phosphorus (P) or arsenic (As).

[0042] As shown in FIG. 4A, in an outer edge portion
of the active region AC1 in a first lateral direction (X di-
rection) and a second lateral direction (Y direction), the
gate electrode G1 may be on and at least partially cover
the local round edge portion RE1 of the active region
AC1inthelocalregion LA1andbeon and atleastpartially
cover the normal edge portion E1 outside the local region
LA1. The vertical gate portion GV1 of the gate electrode
G1 may be in only a region corresponding to the local
region LA1.

[0043] As shown in FIGS. 4B and 4C, the transistor
TR1 may be at least partially covered by an interlayer
insulating film 160. The interlayer insulating film 160 may
include a silicon oxide film, without being limited thereto.
[0044] FIGS. 5A, 5B, and 5C are diagrams of a tran-
sistor TR2 according to embodiments. More specifically,
FIG. 5A is a plan layout diagram of the transistor TR2.
FIG. 5B is a cross-sectional view of an example config-
uration according to the cross-section taken along line
Y1- Y1 of FIG. 5A. FIG. 5C is a cross-sectional view of
an example configuration according to the cross-section
taken along line Y2- Y2’ of FIG. 5A. The transistor TR2
shown in FIGS. 5A, 5B, and 5C may constitute an image
sensor according to the inventive concept. In FIGS. 5A,
5B, and 5C, the same reference numerals are used to
denote the same elements as in FIGS. 4A, 4B, and 4C,
and repeated descriptions thereof are omitted.

[0045] Referringto FIGS.5A, 5B, and 5C, the transistor
TR2 may substantially have the same configuration as
the transistor TR1 described with reference to FIGS. 4A,
4B, and 4C. However, the transistor TR2 may include an
active region AC2 and a gate electrode G2 on the active
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region AC2.

[0046] The active region AC2 may substantially have
the same configuration as the active region AC1 de-
scribed with reference to FIGS. 4A, 4B, and 4C. However,
the active region AC2 may include a channel region C2
between a first source/drain region SD1 and a second
source/drain region SD2. A gate dielectric film 128 may
be between the active region AC2 and the gate electrode
G2.

[0047] The active region AC2 may include a top sur-
face T2 and a plurality of sidewalls S2 extending in dif-
ferent directions from the top surface T2. The plurality of
sidewalls S2 may contact or face a device isolation insu-
lating structure 116. The active region AC2 may include
an edge portion, which extends along an outline of the
top surface T2 between the top surface T2 and the plu-
rality of sidewalls S2. The edge portion of the active re-
gion AC2 may include a normal edge portion E2in contact
with the device isolation insulating structure 116 and a
local round edge portion RE2 apart from the device iso-
lation insulating structure 116. The local round edge por-
tion RE2 may constitute a portion of the edge portion of
the active region AC2.

[0048] The local round edge portion RE2 of the active
region AC2 may have a radius of curvature thatis greater
than that of other portions of the edge portion of the top
surface T2 of the active region AC2. Details of the normal
edge portion E2 and the local round edge portion RE2
of the active region AC2 may substantially be the same
as those of the normal edge portion E1 and the local
round edge portion RE1, which have been described with
reference to FIGS. 4A, 4B, and 4C. However, the local
round edge portion RE2 of the active region AC2 may be
inalocalregion LA2, which is a portion of the edge portion
of the active region AC2 as shown in FIG. 5A. The local
region LA2 may include a region including the bending
portion of the active region AC2 and a portion of a linear
extension extending long from the bending portion to-
ward the first source/drain region SD1. The local round
edge portion RE2 of the active region AC2 may include
aportion that extends along the edge portion of the active
region AC2 in the local region LA2. As shown in FIG. 5A,
the first source/drain region SD1 and the second
source/drain region SD2 may be at substantially the
same distance from the local round edge portion RE2 in
a channel direction.

[0049] A local top surface adjacent to the local round
edge portion RE2, of the top surfaces T2 of the active
region AC2, and a local sidewall adjacent to the local
round edge portion RE2, from among the plurality of side-
walls S2 of the active region AC2, may be atleast partially
covered by the gate electrode G2, and a sidewall oppo-
site to the local sidewall may be at least partially covered
by the device isolation insulating structure 116.

[0050] AsshowninFIG.5B, the gate electrode G2 may
include a lateral gate portion GH2, a vertical gate portion
GV2, and a round inner corner portion GC2. The lateral
gate portion GH2 may be on and at least partially cover
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a portion of the top surface T2 of the active region AC2
with the gate dielectric film 128 therebetween. The ver-
tical gate portion GV2 may be on and at least partially
cover portions of the plurality of sidewalls S2, which are
adjacent to the local round edge portion RE2, with the
gate dielectric film 128 therebetween. The round inner
corner portion GC2 may be integrally connected to the
lateral gate portion GH2 and the vertical gate portion
GV2, for example, to form a monolithic structure, and
face the local round edge portion RE2 with the gate die-
lectric film 128 therebetween.

[0051] As shown in FIG. 5A, in an outer edge portion
of the active region AC2 in a first lateral direction (X di-
rection) and a second lateral direction (Y direction), the
gate electrode G2 may be on and at least partially cover
the local round edge portion RE1 in the local region LA2
without covering or overlapping the normal edge portion
E2 outside the local region LA2 in the Z direction. Details
of the gate electrode G2 may substantially be the same
as those of the gate electrode G1 described with refer-
ence to FIGS. 4A, 4B, and 4C.

[0052] FIG. 6 is a plan layout diagram of a transistor
TR3 according to embodiments. The transistor TR3
shown in FIG. 6 may constitute an image sensor accord-
ing to theinventive concept. In FIG. 6, the same reference
numerals are used to denote the same elements as in
FIGS. 4A, 4B, and 4C, and repeated descriptions thereof
are omitted.

[0053] Referringto FIG. 6, the transistor TR3 may sub-
stantially have the same configuration as the transistor
TR1 described with reference to FIGS. 4A, 4B, and 4C.
However, the transistor TR3 may include an active region
AC3 and a gate electrode G3 on the active region AC3.
[0054] The active region AC3 may substantially have
the same configuration as the active region AC1 de-
scribed with reference to FIGS. 4A, 4B, and 4C. However,
the active region AC3 may include a channel region C3
between a first source/drain region SD1 and a second
source/drain region SD2. The active region AC3 may in-
clude a normal edge portion E3 and a local round edge
portion RE3. A portion of an outer edge portion of the
active region AC3 in the channel region C3 may include
the local round edge portion RE3, while another portion
thereof may include the normal edge portion E3.

[0055] The local round edge portion RE3 of the active
region AC3 may have aradius of curvature thatis greater
than that of the normal edge portion E3. Details of the
normal edge portion E3 and the local round edge portion
RE3 of the active region AC3 may substantially be the
same as those of the normal edge portion E1 and the
local round edge portion RE1, which have been de-
scribed with reference to FIGS. 4A, 4B, and 4C. However,
the local round edge portion RE3 of the active region
AC3 may be in a local region LA3, which is a portion of
the edge portion of the active region AC3. The local re-
gion LA3 may be aregion including a portion of a bending
portion of the active region AC3 and a portion of a linear
extension extending lengthwise from the bending portion
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toward the first source/drain region SD1. The local round
edge portion RE3 of the active region AC3 may include
the bending portion of the active region AC3 and a portion
extending along an edge portion of the linear extension
in the local region LA3. The first source/drain region SD1
and the second source/drain region SD2 may be at dif-
ferent distances from the local round edge portion RE3
in a channel direction.

[0056] In the outer edge portion of the active region
AC3 in afirst lateral direction (X direction), the gate elec-
trode G3 may be on and at least partially cover the local
round edge portion RE3 of the active region AC3 in the
local region LA3 without overlapping or covering the nor-
mal edge portion E3 outside the local region LA3 in the
Z direction. In the outer edge portion of the active region
AC3 in a second lateral direction (Y direction), the gate
electrode G3 may at least partially cover the local round
edge portion RE3 of the active region AC3 in the local
region LA3 and at least partially cover the normal edge
portion E3 outside the local region LA3. Details of the
gate electrode G3 may substantially be the same as
those of the gate electrode G1 described with reference
to FIGS. 4A, 4B, and 4C. Configurations according to the
cross-sections taken along lines Y1-Y1’ and Y2-Y2’ of
FIG. 6 are substantially the same as those described with
reference to FIGS. 5B and 5C, respectively.

[0057] FIGS. 7A, 7B, and 7C are diagrams of a tran-
sistor TR4 according to embodiments. More specifically,
FIG. 7A is a plan layout diagram of the transistor TR4.
FIG. 7B is a cross-sectional view of an example config-
uration according to the cross-section taken along line
X1- X1’ of FIG. 7A. FIG. 7C is a cross-sectional view of
an example configuration according to the cross-section
taken along line Y1- Y1’ of FIG. 7A. The transistor TR4
shown in FIGS. 7A, 7B, and 7C may constitute an image
sensor according to the inventive concept. In FIGS. 7A,
7B, and 7C, the same reference numerals are used to
denote the same elements as in FIGS. 4A, 4B, and 4C,
and repeated descriptions thereof are omitted.

[0058] ReferringtoFIGS.7A,7B,and7C, the transistor
TR4 may substantially have the same configuration as
the transistor TR1 described with reference to FIGS. 4A,
4B, and 4C. However, the transistor TR4 may include an
active region AC4 and a gate electrode G4 on the active
region AC4.

[0059] The active region AC4 may substantially have
the same configuration as the active region AC1 de-
scribed withreference to FIGS. 4A, 4B, and 4C. However,
the active region AC4 may include a channel region C4
between a first source/drain region SD1 and a second
source/drain region SD2. A gate dielectric film 128 may
be between the active region AC4 and the gate electrode
G4.

[0060] The active region AC4 may include a top sur-
face T4 and a plurality of sidewalls S4 extending in dif-
ferent directions from the top surface T4. The plurality of
sidewalls S4 may contact or face a device isolation insu-
lating structure 116. The active region AC4 may include
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an edge portion, which extends along an outline of the
top surface T4 between the top surface T4 and the plu-
rality of sidewalls S4. The edge portion of the active re-
gion AC4 may include a normal edge portion E4 in contact
with the device isolation insulating structure 116 and a
local round edge portion RE4 apart from the device iso-
lation insulating structure 116. The local round edge por-
tion RE4 may constitute a portion of the edge portion of
the active region AC4.

[0061] The local round edge portion RE4 of the active
region AC4 may have aradius of curvature thatis greater
than the other portions of the edge portion of the top
surface T4 of the active region AC4. Details of the normal
edge portion E4 and the local round edge portion RE4
of the active region AC4 may substantially be the same
as those of the normal edge portion E1 and the local
round edge portion RE1, which have been described with
reference to FIGS. 4A, 4B, and 4C. However, the local
round edge portion RE4 of the active region AC4 may be
inalocalregion LA4, whichis a portion of the edge portion
of the active region AC4 as shown in FIG. 7A. The local
region LA4 may be a region including a bending portion
of the active region AC4 and a linear extension extending
lengthwise from the bending portion toward the second
source/drain region SD2. The local round edge portion
RE4 of the active region AC4 may include a portion that
extends along the edge portion of the active region AC4
in the local region LA4. As shown in FIG. 7A, the first
source/drain region SD1 and the second source/drain
region SD2 may be at different distances from the local
round edge portion RE4 in a channel direction.

[0062] A local top surface adjacent to the local round
edge portion RE4, of the top surface T4 of the active
region AC4, and a local sidewall adjacent to the local
round edge portion RE4, from among the plurality of side-
walls S4 of the active region AC4, may be at least partially
covered by the gate electrode G4, and a sidewall oppo-
site to the local sidewall may be at least partially covered
by the device isolation insulating structure 116.

[0063] As shown in FIGS. 7B and 7C, the gate elec-
trode G4 may include a lateral gate portion GH4, a vertical
gate portion GV4, and a round inner corner portion GC4.
The lateral gate portion GH4 may be on and at least par-
tially cover a portion of the top surface T4 of the active
region AC4 with the gate dielectric film 128 therebe-
tween. The vertical gate portion GV4 may be on and at
least partially cover portions of the plurality of sidewalls
S4 of the active region AC4, which are adjacent to the
local round edge portion RE4, with the gate dielectric film
128 therebetween. The round inner corner portion GC4
may be integrally connected to the lateral gate portion
GH4 and the vertical gate portion GV4, for example, to
form a monolithic structure, and face the local round edge
portion RE4 with the gate dielectric film 128 therebe-
tween.

[0064] In an outer edge portion of the active region
AC4 in afirst lateral direction (X direction), the gate elec-
trode G4 may be on and at least partially coverthe normal
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edge portion E4 outside the local region LA4. In the outer
edge portion of the active region AC4 in a second lateral
direction (Y direction), the gate electrode G4 may be on
and at least partially cover the local round edge portion
RE4 of the active region AC4 in the local region LA4
without overlapping or covering the normal edge portion
E4 outside the local region LA4 in the Z direction. A de-
tailed configuration of the gate electrode G4 may be the
same as that of the gate electrode G1, which has been
described with reference to FIGS. 4A, 4B, and 4C.
[0065] FIG. 8 is a plan layout diagram of a transistor
TR5 according to embodiments. The transistor TR5
shown in FIG. 8 may constitute an image sensor accord-
ing tothe inventive concept. InFIG. 8, the same reference
numerals are used to denote the same elements as in
FIGS. 4A, 4B, and 4C, and repeated descriptions thereof
are omitted.

[0066] Referringto FIG. 8, the transistor TR5 may sub-
stantially have the same configuration as the transistor
TR1 described with reference to FIGS. 4A, 4B, and 4C.
However, the transistor TR5 may include an active region
AC5 and a gate electrode G5 on the active region AC5.
[0067] The active region AC5 of the transistor TR5 may
substantially have the same configuration as the active
region AC1 described with reference to FIGS. 4A, 4B,
and 4C. However, the active region AC5 of the transistor
TR5 may include a channel region C5 between a first
source/drain region SD1 and a second source/drain re-
gion SD2.

[0068] The active region AC5 may include a normal
edge portion E5 and a local round edge portion RE5. The
local round edge portion RE5 of the active region AC5
may have a radius of curvature that is greater than that
of the normal edge portion E5. Details of the normal edge
portion E5 and the local round edge portion RE5 of the
active region AC5 may substantially be the same as those
of the normal edge portion E1 and the local round edge
portion RE1, which have been described with reference
to FIGS. 4A, 4B, and 4C. However, the local round edge
portion RE5 of the active region AC5 may be in a local
region LA5, which is a portion of the edge portion of the
active region AC5. The local region LA5 may be a region
including a portion of a bending portion of the active re-
gion AC5 and a portion of a linear extension extending
lengthwise from the bending portion toward the first
source/drain region SD1. The local round edge portion
RES5 of the active region AC5 may include the bending
portion of the active region AC5 and a portion extending
along an edge portion of the linear extension in the local
region LA5. The first source/drain region SD1 and the
second source/drain region SD2 may be at different dis-
tances from the local round edge portion RE3 inachannel
direction.

[0069] In an outer edge portion of the active region
AC5 in afirst lateral direction (X direction), the gate elec-
trode G5 may be on and at least partially cover the local
round edge portion RES5 of the active region ACS5 in the
local region LA5 without overlapping or covering the nor-
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mal edge portion E5 outside the local region LAS in the
Z direction. In the outer edge portion of the active region
AC5 in a second lateral direction (Y direction), the gate
electrode G5 may be on and at least partially cover the
local round edge portion RE5 of the active region AC5 in
the local region LA5 and be on and at least partially cover
the normal edge portion E5 outside the local region LA5.
Details of the gate electrode G5 may substantially be the
same as those of the gate electrode G1 described with
reference to FIGS. 4A, 4B, and 4C.

[0070] FIG. 9 is a plan layout diagram of a transistor
TR6 according to embodiments. The transistor TR6
shown in FIG. 9 may constitute an image sensor accord-
ing to theinventive concept. In FIG. 9, the same reference
numerals are used to denote the same elements as in
FIGS. 4A, 4B, and 4C, and repeated descriptions thereof
are omitted.

[0071] Referringto FIG. 9, the transistor TR6 may sub-
stantially have the same configuration as the transistor
TR1 described with reference to FIGS. 4A, 4B, and 4C.
However, the transistor TR6 may include an active region
AC6 and a gate electrode G6 on the active region AC6.
[0072] The active region AC6 of the transistor TR6 may
substantially have the same configuration as the active
region AC1 described with reference to FIGS. 4A, 4B,
and 4C. However, the active region AC6 of the transistor
TR6 may include a channel region C6 between a first
source/drain region SD1 and a second source/drain re-
gion SD2.

[0073] The active region AC6 may include a normal
edge portion E6 and a local round edge portion RE6. The
local round edge portion RE6 of the active region AC6
may have a radius of curvature that is greater than that
of the normal edge portion E6. Details of the normal edge
portion E6 and the local round edge portion RE6 of the
active region AC6 may substantially be the same as those
of the normal edge portion E1 and the local round edge
portion RE1, which have been described with reference
to FIGS. 4A, 4B, and 4C. However, the local round edge
portion RE6 of the active region AC6 may be in a local
region LAG, which is a portion of the edge portion of the
active region AC6. The local region LA6 may be a region
including a portion of a bending portion of the active re-
gion AC6 and a portion of a linear extension extending
lengthwise from the bending portion toward the second
source/drain region SD2. The local round edge portion
REG6 of the active region AC6 may include the bending
portion of the active region AC6 and a portion extending
along an edge portion of the linear extension in the local
region LA6. The first source/drain region SD1 and the
second source/drain region SD2 may be at different dis-
tances fromthe localround edge portion RE6 in achannel
direction.

[0074] In an outer edge portion of the active region
AC6 in afirst lateral direction (X direction), the gate elec-
trode G6 may be on and at least partially cover the local
round edge portion RE6 of the active region ACG6 in the
local region LA6 and be on and at least partially cover
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the normal edge portion E6 outside the local region LAG.
In the outer edge portion of the active region AC6 in a
second lateral direction (Y direction), the gate electrode
G6 may be on and at least partially cover the local round
edge portion REG6 of the active region AC6 in the local
region LA6 without overlapping or covering the normal
edge portion E6 outside the local region LA6 in the Z
direction. Details of the gate electrode G6 may substan-
tially be the same as those of the gate electrode G1 de-
scribed with reference to FIGS. 4A, 4B, and 4C.

[0075] FIG. 10 is a plan layout diagram of a transistor
TR7 according to embodiments. The transistor TR7
shown in FIG. 10 may constitute an image sensor ac-
cording to the inventive concept. In FIG. 10, the same
reference numerals are used to denote the same ele-
ments as in FIGS. 4A, 4B, and 4C, and repeated descrip-
tions thereof are omitted.

[0076] Referring to FIG. 10, the transistor TR7 may
substantially have the same configuration as the transis-
tor TR1 described with reference to FIGS. 4A, 4B, and
4C. However, the transistor TR7 may include an active
region AC7 and a gate electrode G7 on the active region
ACT7.

[0077] Theactive region AC7 of the transistor TR7 may
substantially have the same configuration as the active
region AC1 described with reference to FIGS. 4A, 4B,
and 4C. However, the active region AC7 of the transistor
TR7 may include a channel region C7 between a first
source/drain region SD1 and a second source/drain re-
gion SD2.

[0078] The active region AC7 may include a normal
edge portion E7 and a local round edge portion RE7. The
local round edge portion RE7 of the active region AC7
may have a radius of curvature that is greater than that
of the normal edge portion E7. Details of the normal edge
portion E7 and the local round edge portion RE7 of the
active region AC7 may substantially be the same as those
of the normal edge portion E1 and the local round edge
portion RE1, which have been described with reference
to FIGS. 4A, 4B, and 4C. However, the local round edge
portion RE7 of the active region AC7 may be in a local
region LA7, which is a portion of the edge portion of the
active region AC7. The local region LA7 may not include
a bending portion of the active region AC7 but may be a
region including only a portion of a linear extension ex-
tending lengthwise from the bending portion toward the
second source/drain region SD2. The bending portion of
the active region AC7 may include the normal edge por-
tion E7 but may not include the local round edge portion
RE7.

[0079] The local round edge portion RE7 of the active
region AC7 may include a portion extending along an
edge portion of the linear extension of the active region
ACY in the local region LA7. The first source/drain region
SD1 and the second source/drain region SD2 may be at
different distances from the local round edge portion RE7
in a channel direction.

[0080] In an outer edge portion of the active region
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ACY in afirst lateral direction (X direction), the gate elec-
trode G7 may be on and at least partially coverthe normal
edge portion E7 outside the local region LA7. In an outer
edge portion of the active region AC7 in a second lateral
direction (Y direction), the gate electrode G7 may be on
and at least partially cover the local round edge portion
RE?7 of the active region AC7 in the local region LA7 and
be on and at least partially cover the normal edge portion
E7 in the bending portion outside the local region LA7.
Details of the gate electrode G7 may substantially be the
same as those of the gate electrode G1 described with
reference to FIGS. 4A, 4B, and 4C.

[0081] FIGS. 11A and 11B are diagrams of a transistor
TR8 according to embodiments. More specifically, FIG.
11A is a plan layout diagram of the transistor TR8. FIG.
11B is a cross-sectional view of an example configuration
according to a cross-section taken along lines X1-X1’
and Y1 - YT of FIG. 11A. The transistor TR8 shown in
FIGS. 11A and 11B may constitute an image sensor ac-
cording to the inventive concept. In FIGS. 11A and 11B,
the same reference numerals are used to denote the
same elementsasin FIGS. 4A,4B,and 4C, and repeated
descriptions thereof are omitted.

[0082] Referring to FIGS. 11A and 11B, the transistor
TR8 may include a dual transistor in which two local tran-
sistors configured to share one source region S80 ther-
ebetween are connected in parallel to each other. The
transistor TR8 may include an active region AC8 and a
gate electrode G8 on the active region AC8.

[0083] In a view from above (or in an X-Y plane), the
active region AC8 may have a substantially L-shaped
planar form including a bending portion. The source re-
gion S80 may be in the bending portion of the active
region AC8, a first drain region D81 may be at one end
of the active region AC8, and a second drain region D82
may be at another end of the active region AC8. In the
active region ACS8, a first channel region C81 may be
between the source region S80 and the first drain region
D81, and a second channel region C82 may be between
the source region S80 and the second drain region D82.
A gate dielectric film 128 may be between the active re-
gion AC8 and the gate electrode G8.

[0084] The active region AC8 may include a top sur-
face T8 and a plurality of sidewalls S8 extending in dif-
ferent directions from the top surface T8. The plurality of
sidewalls S8 may contact or face a device isolation insu-
lating structure 116. The active region AC8 may include
an edge portion that extends along an outline of the top
surface T8 between the top surface T8 and the plurality
of sidewalls S8. The edge portion of the active region
AC8 may include a normal edge portion E8, which is in
contact with the device isolation insulating structure 116,
and a first local round edge portion RE81 and a second
local round edge portion RE82, which are apart from the
device isolation insulating structure 116. Each of the first
local round edge portion RE81 and the second local
round edge portion RE82 may constitute a portion of the
edge portion of the active region AC8.
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[0085] Each of the first local round edge portion RE81
and the second local round edge portion RE82 of the
active region AC8 may have a radius of curvature that is
greater than that of another portion of the edge portion
of the top surface T8 of the active region AC8. Details of
the normal edge portion E8 of the active region AC8 may
substantially be the same as those of the normal edge
portion E1, which have been described with reference to
FIGS. 4A, 4B, and 4C. Details of the firstlocal round edge
portion RE81 and the second local round edge portion
RE82 of the active region AC8 may substantially be the
same as that of the local round edge portion RE1, which
has been described with reference to FIGS. 4A, 4B, and
4C. However, as shown in FIG. 11A, the first local round
edge portion RE81 of the active region AC8 may be in a
first local region LA81, which is a portion of the edge
portion of the active region AC8, and the second local
round edge portion RE82 of the active region AC8 may
be in a second local region LA82, which is another portion
of the edge portion of the active region AC8. The first
local region LA81 may be a region including a portion of
a linear extension, which extends lengthwise from the
bending portion toward the first drain region D81, at a
position outside the bending portion of the active region
AC8. The second local region LA82 may be a region in-
cluding a portion of the linear extension, which extends
lengthwise from the bending portion toward the second
drain region D82, at a position outside the bending portion
of the active region ACS8.

[0086] As shown in FIG. 11B, the gate electrode G8
may include a lateral gate portion GH8, a pair of vertical
gate portions GV8, and a pair of round inner corner por-
tions GC8. The lateral gate portion GH8 may be on and
at least partially cover a portion of the top surface T8 of
the active region AC8 with the gate dielectric film 128
therebetween. Each of the pair of vertical gate portions
GV8 may be on and at least partially cover one of the
plurality of sidewalls S8 of the active region AC8, which
is adjacent to a selected one of the first local round edge
portion RE81 and the second local round edge portion
RE82, with the gate dielectric film 128 therebetween. The
pair of round inner corner portions GC8 may be integrally
connected to the lateral gate portion GH8 and the pair of
vertical gate portions GV8, for example, to form a mon-
olithic structure, and face the firstlocal round edge portion
RE81 and the second local round edge portion RE82 with
the gate dielectric film 128 therebetween.

[0087] Asshown in FIG. 11A, in an outer edge portion
of the active region AC8 in a second lateral direction (Y
direction), the gate electrode G8 may be on and at least
partially cover the first local round edge portion RE81 of
the active region AC8 in the first local region LA81. In an
outer edge portion of the active region AC8in afirstlateral
direction (X direction), the gate electrode G8 may be on
and at least partially cover the second local round edge
portion RE82 of the active region AC8 in the second local
region LA82. A detailed configuration of the gate elec-
trode G8 may be the same as that of the gate electrode
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G1, which has been described with reference to FIGS.
4A, 4B, and 4C.

[0088] FIGS. 12A to 12D are diagrams of an image
sensor 100 according to embodiments. More specifically,
FIG. 12Ais a plan layout diagram of an example structure
of a pixel region PXR included in the image sensor 100.
FIG. 12B is a cross-sectional view of an example config-
uration according to the cross-section taken along line
A1- A1’ of FIG. 12A. FIG. 12C is a cross-sectional view
of an example configuration according to the cross-sec-
tion taken along line A2-A2’ of FIG. 12A. FIG. 12D is a
cross-sectional view of an example configuration accord-
ing to the cross-section taken along line Y12- Y12’ of
FIG. 12A.

[0089] Referring to FIGS. 12A to 12D, the image sen-
sor 100 may include a substrate 102 having the pixel
region PXR. Although one pixel region PXR is illustrated
in FIG. 12A, the substrate 102 may include a plurality of
pixel regions PXR.

[0090] The pixel region PXR may be defined by a pixel
isolationinsulating film 120 in the substrate 102. The pixel
region PXR may include a photodiode PD formed in the
substrate 102. The pixel region PXR may be a region
configured to sense light incident from the outside. In
embodiments, the photodiode PD may be any one of the
first and second photodiodes PD1 and PD2 shown in
FIG. 2 or any one of the first to fourth photodiodes PD1,
PD2, PD3, and PD4 shown in FIG. 3.

[0091] The substrate 102 may include a semiconduc-
tor layer. In embodiments, the substrate 102 may include
a semiconductor layer doped with P-type impurities. For
example, the substrate 102 may include a semiconductor
layer including Si, Ge, SiGe, a group Il-VI compound
semiconductor, a group IlI-V compound semiconductor,
or a combination thereof, or a silicon on insulator (SOI)
substrate. In embodiments, the substrate 102 may in-
clude a P-type epitaxial semiconductor layer epitaxially
grown from a P-type bulk silicon substrate. The substrate
102 may have a front side surface 102A and a back side
surface 102B that are opposite surfaces.

[0092] The pixelisolation insulating film 120 may have
a planar structure bordering or surrounding the photodi-
ode PD in a plan view. The pixel isolation insulating film
120 may extend lengthwise from the front side surface
102A of the substrate 102 to the back side surface 102B
of the substrate 102 in a thickness direction of the sub-
strate 102. In embodiments, the pixel isolation insulating
film 120 may include silicon oxide, silicon nitride, silicon
carbonitride (SiCN), silicon oxynitride (SiON), silicon ox-
ycarbide (SiOC), polysilicon, a metal, a metal nitride, a
metal oxide, borosilicate glass (BSG), phosphosilicate
glass (PSG), borophosphosilicate glass (BPSG), plasma
enhanced tetraethyl orthosilicate (PE-TEOS), fluoride sil-
icate glass (FSG), carbon doped silicon oxide (CDO),
organosilicate glass (OSG), air, or a combination thereof.
Herein, the term "air" may refer to other gases that may
be in the atmosphere or during a manufacturing process.
For example, tungsten (W), copper (Cu), or a combina-
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tion thereof may be provided as a metal that may be
included in the pixel isolation insulating film 120. A metal
nitride that may be included in the pixel isolation insulat-
ing film 120 may include titanium nitride (TiN), tantalum
nitride (TaN), or a combination thereof. A metal oxide
that may be included in the pixel isolation insulating film
120 may include indium tin oxide (ITO), aluminum oxide
(AI,03), or a combination thereof.

[0093] A plurality of transistors and a wiring structure
MS may be on the front side surface 102A of the substrate
102. In embodiments, the plurality of transistors may in-
clude the first and second transfer transistors TX1 and
TX2, the reset transistor RX, the source follower transis-
tor SF, and the selection transistor SX, which have been
described with reference to FIG. 2. In other embodi-
ments, the plurality of transistors may include the first to
fourth transfer transistors TX1, TX2, TX3, and TX4, the
resettransistor RX, the source follower transistor SF, and
the selection transistor SX, which have been described
with reference to FIG. 3. A source follower transistor SF1
and a transfer transistor TX may be in the pixel region
PXR shown in FIG. 12A. The source follower transistor
SF1 may correspond to the source follower transistor SF
shown in FIG. 2 or the source follower transistor SF
shown in FIG. 3.

[0094] In the pixel region PXR shown in FIG. 12A, a
plurality of active regions (e.g., AC11, AC12, and AC13)
may be defined by a device isolation insulating structure
116. The plurality of active regions (e.g., AC11, AC12,
and AC13) may include a first active region AC11, a sec-
ond active region AC12, and a third active region AC13.
In embodiments, the device isolation insulating structure
116 may include an insulating film, which includes a sil-
icon oxide film, a silicon nitride film, or a combination
thereof. In other embodiments, the device isolation insu-
lating structure 116 may be a region heavily doped with
P-type impurities.

[0095] The first active region AC11 may substantially
have the same configuration as those of the active region
AC1, which have been described with reference to FIGS.
4A,4B, and 4C. The first active region AC11 may include
a normal edge portion E10 in contact with the device
isolation insulating structure 116 and a local round edge
portion RE10 apart from the device isolation insulating
structure 116. The local round edge portion RE10 may
constitute a portion of an edge portion of the first active
region AC11, which extends along an outline of a top
surface of the first active region AC11. The local round
edge portion RE10 of the first active region AC11 may
have a radius of curvature that is greater than that of
another portion of the edge portion of the top surface of
the first active region AC11. In the edge portion of the
first active region AC11, a first radius of curvature of the
local round edge portion RE10 may be greater than a
second radius of the normal edge portion E10. In em-
bodiments, the first radius of curvature may be in arange
of about 20 nm to about 50 nm, and the second radius
of curvature may be in a range of about 0.1 nm to about
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8 nm, without being limited thereto.

[0096] AsshowninFIG.12A,inaplanviewfromabove
(or looking down on the X-Y plane), the first active region
AC11 may have an L-shaped planar form including a
bending portion. The local round edge portion RE10 may
be in a local region LA10, which is a portion of the edge
portion of the first active region AC11. The local region
LA10 may be a region including the bending portion of
the first active region AC11. The local round edge portion
RE10 may be in the bending portion of the first active
region AC11. Details of the local round edge portion
RE10 may substantially be the same as those of the local
round edge portion RE1, which have been described with
reference to FIGS. 4A, 4B, and 4C.

[0097] Inthe pixel region PXR, the source follower tran-
sistor SF1 may include the first active region AC11 and
a gate electrode 150 on and at least partially covering a
portion of the first active region AC11. The source follow-
er transistor SF1 may include a first source/drain region
SD11 and a second source/drain region SD12 and a
channel region C10. The first source/drain region SD11
and the second source/drain region SD12 may be formed
in the first active region AC11 on both sides of the gate
electrode 150 and apart from each other with the local
round edge portion RE10 therebetween. The channel re-
gion C10 may be between the first source/drain region
SD11 and the second source/drain region SD12. The
first source/drain region SD11 may be at one end of the
first active region AC11, and the second source/drain
region SD12 may be at another end of the first active
region AC11.

[0098] The local round edge portion RE10 of the first
active region AC11 may include a portion that extends
along the edge portion of the first active region AC11 in
the local region LA10. In the first active region AC11, the
local round edge portion RE10 may be in only one of both
side portions of the first active region AC11 in a direction
orthogonal to a channel direction formed in the first active
region AC11. The first source/drain region SD11 and the
second source/drain region SD12 may be at different dis-
tances from the local round edge portion RE10 in a chan-
nel direction.

[0099] The gate electrode 150 may include a lateral
gate portion 150H, a vertical gate portion 150V, and a
round inner corner portion 150C, which are integrally con-
nected to each other, for example, to form a monolithic
structure. The lateral gate portion 150H of the gate elec-
trode 150 may be on and at least partially cover a portion
of the top surface of the first active region AC11. The
vertical gate portion 150V of the gate electrode 150 may
be on and at least partially cover a local sidewall, which
is a portion of one of a plurality of sidewalls of the first
active region AC11, which is adjacent to the local round
edge portion RE10. The vertical gate portion 150V may
be between the local round edge portion RE10 of the first
active region AC11 and the device isolation insulating
structure 116. In the first active region AC11, a sidewall
opposite to the local sidewall covered by the vertical gate
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portion 150V may be at least partially covered by the
device isolation insulating structure 116. The round inner
corner portion 150C may be integrally connected to the
lateral gate portion 150H and the vertical gate portion
150V, for example, to form a monolithic structure, and
face the local round edge portion RE10.

[0100] A gate dielectric film 128 may be between the
first active region AC11 and the gate electrode 150. A
gate dielectric film 128 may be between the first active
region AC11 and the vertical gate portion 150V and be-
tween the vertical gate portion 150V and the device iso-
lation insulating structure 116. A bottom surface of the
vertical gate portion 150V of the gate electrode 150 may
be at a lower vertical level (e.g. in the Z direction) than
the front side surface 102A of the substrate 102. In em-
bodiments, the gate electrode 150 may include doped
polysilicon. For example, the gate electrode 150 may in-
clude polysilicon doped with N-type impurities, such as
phosphorus (P) or arsenic (As).

[0101] A top surface of the lateral gate portion 150H
ofthe gate electrode 150 may be at least partially covered
by an insulating capping pattern (not shown). Sidewalls
of the lateral gate portion 150H may be at least partially
covered by insulating spacers (not shown). Each of the
insulating capping pattern and the insulating spacers
may include a silicon oxide film, a silicon nitride film, a
silicon oxynitride film, or a combination thereof. A contact
plug 162 may be connected to the top surface of the
lateral gate portion 150H of the gate electrode 150.
[0102] In the first active region AC11, the first
source/drain region SD11 and the second source/drain
region SD12 may be at different distances from the local
round edge portion RE10 in a channel direction formed
in the channel region C10 of the first active region AC11.
In an example, as shown in FIG. 12A, a distance from
the local round edge portion RE10 to the first source/drain
region SD11 may be greater than a distance from the
local round edge portion RE10 to the second
source/drain region SD12in the channel direction formed
in the channel region C10 of the first active region AC11.
In another example, different from that shown in FIG.
12A, the distance from the local round edge portion RE10
to the first source/drain region SD11 may be less than
the distance from the local round edge portion RE10 to
the second source/drain region SD12 in the channel di-
rectionformed in the channel region C10 of the first active
region AC11. However, embodiments of the inventive
concept are not limited thereto. For example, the first
source/drain region SD11 and the second source/drain
region SD12 may be at substantially the same distance
from the local round edge portion RE10 in the channel
direction formed in the channel region C10 of the first
active region AC11.

[0103] As shown in FIGS. 12B and 12D, each of the
local round edge portion RE10 of the first active region
AC11 and the vertical gate portion 150V of the gate elec-
trode 150 may overlap the photodiode PD in a vertical
direction (Z direction). A barrier region 122 may be be-

10

15

20

25

30

35

40

45

50

55

13

tween the first active region AC11 and the photodiode
PD. The barrier region 122 may be a region heavily doped
with P-type impurities. The barrier region 122 may serve
as a barrier configured to prevent electrons from migrat-
ing between the photodiode PD and the first active region
AC11.

[0104] AsshowninFIGS. 12A and 12B, atransfer tran-
sistor TX may be on the second active region AC12. The
transfer transistor TX may include a gate electrode TXG.
As shown in FIG. 12B, a portion of the gate electrode
TXG may be buried in the substrate 102. In the transfer
transistor TX, a recess channel may be formed along a
recess surface of the second active region AC12 sur-
rounding the portion of the gate electrode TXG, which is
buried in the substrate 102. A contact plug 162 may be
connected to a top surface of the gate electrode TXG.
The transfer transistor TX may constitute any one of the
first and second transfer transistors TX1 and TX2 de-
scribed with reference to FIG. 2 or any one of the first to
fourth the transfer transistors TX1, TX2, TX3, and TX4
described with reference to FIG. 3.

[0105] As shown in FIGS. 12A and 12B, a floating dif-
fusion region FD may be on one side of the transfer tran-
sistor TX in the second active region AC12. A contact
plug 162 may be connected to the floating diffusion region
FD.

[0106] As shown in FIG. 12A, the third active region
AC13 may include an impurity region (not shown), and
a contact plug 164 may be connected to the impurity re-
gion of the third active region AC13. The impurity region
of the third active region AC 13 may be a ground region,
and the contact plug 164 connected to the impurity region
may be a ground contact plug.

[0107] The plurality of transistors including the source
follower transistor SF1 and the transfer transistor TX may
be at least partially covered by an interlayer insulating
film 160 on the front side surface 102A of the substrate
102. An electrical signal converted by the photodiode PD
may be signal-processed by the plurality of transistors
and a wiring structure MS, which are on the front side
surface 102A of the substrate 102. The wiring structure
MS may include a plurality of contact plugs 162, which
are selectively connected to the plurality of transistors
including the source follower transistor SF1 and the
transfer transistor TX, a plurality of conductive lines 168
and 172, which are selectively connected to the plurality
of transistors through the contact plugs 162, and a plu-
rality of interlayer insulating films 170 and 174 at least
partially covering the plurality of conductive lines 168 and
172. In embodiments, the gate electrode 150 of the
source follower transistor SF1 and the floating diffusion
region FD may be electrically connectable to each other
through the plurality of contact plugs 162 and the con-
ductive line 168.

[0108] The plurality of contact plugs 162 and 164 and
the plurality of conductive lines 168 and 172 may each
include a metal, a conductive metal nitride, or a combi-
nation thereof. Forinstance, the plurality of contact plugs
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162 and 164 and the plurality conductive lines 168 and
172 may each include copper (Cu), aluminum (Al), tung-
sten (W), titanium (Ti), molybdenum (Mo), tantalum (Ta),
titanium nitride (TiN), tantalum nitride (TaN), zirconium
nitride (ZrN), tungsten nitride (WN), or a combination
thereof, without being limited thereto. The plurality of in-
terlayer insulating films 160, 170, and 174 may each in-
clude an oxide film, a nitride film, or a combination there-
of.

[0109] The number and arrangement of the interlayer
insulating films 160, 170, and 174 and the number and
arrangement of the plurality of conductive lines 168 and
172 are not limited to those illustrated in FIGS. 12B to
12D, and various changes and modifications may be
made in accordance with different embodiments of the
inventive concept. The plurality of conductive lines 168
and 172 in the wiring structure MS may include wirings
connected to a plurality of transistors electrically connect-
ed to the photodiode PD formed in the pixel region PXR.
The plurality of transistors may include the first and sec-
ond transfer transistors TX1 and TX2, the reset transistor
RX, the source follower transistor SF, and the selection
transistor SX, which are described with reference to FIG.
2, or include the first to fourth transfer transistors TX1,
TX2, TX3, and TX4, the reset transistor RX, the source
follower transistor SF, and the selection transistor SX,
which are described with reference to FIG. 3. In embod-
iments, the reset transistor RX may be arranged in a row
direction or a column direction around the plurality of pixel
regions PXR. Electrical signals converted by the photo-
diode PD may be signal-processed by the wiring struc-
ture MS. The arrangement of the plurality of conductive
lines 168 and 172 may be freely changed irrespective of
the arrangement of the photodiode PD.

[0110] AsshowninFIGS. 12Bto 12D, a light-transmit-
ting structure LTS may be arranged on the back side
surface 102B of the substrate 102. The light-transmitting
structure LTS may include a first planarization film 182,
a color filter CF, a second planarization film 184, a mic-
rolens ML, and a protective capping film 188 sequentially
stacked on the back side surface 102B. The microlens
ML may be protected by the protective capping film 188.
The light-transmitting structure LTS may condense and
filter light incident from the outside and provide the con-
densed and filtered light to the pixel region PXR. The
microlens ML may have an outwardly convex shape to
condense light incident on the photodiode PD. The pixel
region PXR may have a back sideillumination (BSI) struc-
ture that receives light from the back side surface 102B
of the substrate 102. The back side surface 102B may
be an opposite surface of the substrate 102 to the front
side surface 102A (e.g. in the Z direction).

[0111] In the light-transmitting structure LTS, the first
planarization film 182 may be used as a buffer film to
reduce or prevent damage to the substrate 102 during a
process of manufacturing the image sensor 100. The first
planarization film 182 and the second planarization film
184 may each include a silicon oxide film, a silicon nitride
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film, a resin, or a combination thereof, but embodiments
are not limited thereto.

[0112] In embodiments, the color filter CF may include
a red color filter, a green color filter, a blue color filter, or
a white color filter. The white color filter may be a trans-
parent color filter that transmits light in a visible wave-
length band. In embodiments, the pixel array 10 illustrat-
ed in FIG. 1 may include a plurality of color filter groups
in which a red color filter, a green color filter, a blue color
filter, and a white color filter are arranged in a two-dimen-
sional array of 2 x 2 to form one color filter group. The
plurality of color filter groups may be arranged in a matrix
form along a plurality of row lines and a plurality of column
lines. In other embodiments, the color filter CF may have
another color such as cyan, magenta, or yellow.

[0113] The light-transmitting structure LTS may further
include an anti-reflection film 186 formed on the first
planarization film 182. The anti-reflection film 186 may
be arranged at a position overlapping the pixel isolation
insulating film 120 defining the pixel region PXR in a ver-
tical direction (Z direction) on an edge portion of the pixel
region PXR. The top surface and sidewalls of the anti-
reflection film 186 may be covered by a color filter CF.
The anti-reflection film 186 may prevent incident light
passing through the color filter CF from being laterally
reflected or scattered. For example, the anti-reflection
film 186 may prevent photons reflected or scattered at
the interface between the color filter CF and the first
planarization film 182 from moving to another pixel re-
gion. The anti-reflection film 186 may include a metal.
For example, the anti-reflection film 186 may include
tungsten (W), aluminum (Al), copper (Cu), or a combina-
tion thereof.

[0114] Although a partial configuration of the pixel re-
gion PXR included in the plurality of unit pixels PXU
shown in FIG. 1 is illustrated in FIGS. 12A to 12D, the
substrate 102 of the image sensor 100 may include a
region including the plurality of unit pixels PXU described
with reference to FIG. 1, a peripheral circuit region (not
shown) arranged around the plurality of unit pixels PXU,
and a pad region (not shown). The peripheral circuit re-
gion may be a region including various types of circuits
configured to control the plurality of unit pixels (refer to
PXU in FIG. 1). For example, the peripheral circuit region
may include a plurality of transistors. The plurality of tran-
sistors in the peripheral circuit region may be driven to
provide a constant signal to the photodiode PD formed
in the pixel region PXR or control an output signal from
the photodiode PD. For example, the plurality of transis-
tors in the peripheral circuit region may constitute various
types of logic circuits such as a timing generator, a row
decoder, a row driver, a CDS, an ADC, a latch, and a
column decoder. The pad region may include conductive
pads electrically connected to the plurality of unit pixels
PXU and the circuits in the peripheral circuit region. The
conductive pads may function as connection terminals
configured to supply power and signals to the plurality of
unit pixels (refer to PXU in FIG. 1) and the circuits in the
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peripheral circuit region from the outside.

[0115] In the image sensor 100 described with refer-
ence to FIGS. 12A to 12D according to the inventive con-
cept, the source follower transistor SF1 in the pixel region
PXR may include the first active region AC11 and the
gate electrode 150 on the first active region AC11. The
edge portion, which extends along the outline of the top
surface of the first active region AC11, may include the
local round edge portion RE10 having a greater radius
of curvature than other portions of the edge portion. The
gate electrode 150 may include a lateral gate portion
150H on and at least partially covering the top surface
of the first active region AC11, a vertical gate portion
150V on and at least partially covering the sidewall of the
first active region AC11, and a round inner corner portion
150C facing the local round edge portion RE10 of the
first active region AC11. Accordingly, the source follower
transistor SF1 may have a local fin field-effect transistor
(FinFET) structure including the gate electrode 150 on
and at least partially covering only some of the sidewalls
of the first active region AC11. In the source follower tran-
sistor SF1 having the local FinFET structure, a partial
region of the first active region AC11, which faces the
gate electrode 150, may include the local round edge
portion RE10. Thus, even when the image sensor 100 is
highly integrated and a size of the pixel region PXR is
miniaturized, noise characteristics of pixels may be im-
proved. Also, not only by increasing a channel area of
the source follower transistor SF1 but also by easily en-
suring a required level of limit voltage, electrical proper-
ties of transistors and low-luminance resolution of the
image sensor 100 may be improved.

[0116] Although the image sensor 100 described with
reference to FIGS. 12A to 12D pertains to an example
structure in which the local round edge portion RE10 is
formed in the first active region AC11 constituting the
source follower transistor SF1, embodiments of the in-
ventive concept are not limited thereto. For example, the
second active region AC12 constituting the transfer tran-
sistor TX may also include a local round edge portion
having substantially the same structure as the local round
edge portion RE10.

[0117] In addition, although the image sensor 100 de-
scribed with reference to FIGS. 12A to 12D pertains to
an example in which the first active region AC11 consti-
tuting the source follower transistor SF1 has a similar
structure to the active region AC1 described with refer-
ence to FIGS. 4A, 4B, and 4C, embodiments of the in-
ventive concept are not limited thereto. For example, the
image sensor 100 may include at least one transistor
selected from the transistor TR1 described above with
reference to FIGS. 4A, 4B, and 4C, the transistor TR2
described above with reference to FIGS. 5A, 5B, and 5C,
the transistor TR3 described above with reference to FIG.
6), the transistor TR4 described above with reference to
FIGS. 7A, 7B, and 7C, the transistor TR5 described
above with reference to FIG. 8, the transistor TR6 de-
scribed above with reference to FIG. 9, the transistor TR7
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described above with reference to FIG. 10, the transistor
TR8 described above with reference to FIGS. 11A and
11B, and transistors variously modified and changed
therefrom in accordance with different embodiments of
the inventive concept.

[0118] FIGS. 13A to 13H are cross-sectional views of
a method of manufacturing an image sensor, according
to embodiments. An example method of manufacturing
the image sensor 100 described with reference to FIGS.
12A to 12D is described with reference to FIGS. 13A to
13H. FIGS. 13A to 13H each illustrate cross-sectional
configurations of a region corresponding to a cross-sec-
tion taken along line Y12 - Y12’ of FIG. 12A, according
to a process sequence.

[0119] Referringto FIG. 13A, a photodiode PD may be
formed in a substrate 102, a buffer oxide film 112 and a
mask pattern MP1 may be formed on a front side surface
102A of the substrate 102, and the substrate 102 may
be anisotropically etched by using the mask pattern MP1
as an etch mask to form a device isolation trench 114. A
plurality of active regions (referto AC11,AC12,and AC13
in FIG. 12A) may be defined in the substrate 102 by the
device isolation trench 114. In embodiments, the photo-
diode PD may be formed by doping N-type impurities into
a partial region of the substrate 102.

[0120] In embodiments, the mask pattern MP1 may
include a silicon nitride film or a silicon oxynitride film. A
lowermost surface of the device isolation trench 114 may
be formed apart from the photodiode PD. The process
of forming the device isolation trench 114 may be per-
formed before or after the process of forming the photo-
diode PD.

[0121] Referring to FIG. 13B, in the resultant structure
of FIG. 13A, a device isolation insulating film 116A may
be formed to at least partially fill the device isolation
trench 114 and cover a top surface of the mask pattern
MP1, and a portion of the device isolation insulating film
116A and a portion of the substrate 102 may be etched
to form a pixel isolation trench 118. The pixel isolation
trench 118 may be formed around the photodiode PD to
border or surround the photodiode PD in a plan view. A
pixel region PXR may be defined by the pixel isolation
trench 118 in the substrate 102.

[0122] Referringto FIG. 13C, in the resultant structure
of FIG. 13B, an insulating film may be formed to at least
partially fill the pixel isolation trench 118. Thereafter, the
mask pattern MP1 and the buffer oxide film 112 may be
removed, and the insulating film may be planarized to
expose the front side surface 102A of the substrate 102.
As a result, a portion of the device isolation insulating
film 116A, which at least partially fills the device isolation
trench 114 may be left as a device isolation insulating
structure 116, and a portion of the insulating film, which
at least partially fills the pixel isolation trench 118, may
be left as a pixel isolation insulating film 120.

[0123] In another example, the device isolation insu-
lating structure 116 may be formed by implanting P-type
impurities into the substrate 102.



29 EP 4 369 405 A1 30

[0124] Referringto FIG. 13D, in the resultant structure
of FIG. 13C, P-type impurities may be implanted into the
substrate 102 to form a barrier region 122 on the photo-
diode PD, and a mask pattern MP2 may be formed on
the front side surface 102A of the substrate 102. The
mask pattern MP2 may have an opening RH exposing a
portion of the device isolation insulating structure 116
and a portion of the first active region AC11. A position
of the opening RH formed in the mask pattern MP2 may
correspond to a position of the local region LA10 shown
in FIG. 12A. The mask pattern MP2 may include a ma-
terial having an etch selectivity with respect to each of
the device isolation insulating structure 116 and the first
active region AC11. For example, the mask pattern MP2
may include a silicon nitride film, without being limited
thereto.

[0125] Afterwards, an etching process for etching a
portion of each of the device isolation insulating structure
116 and the first active region AC11 that are exposed
through the opening RH may be performed by using the
mask pattern MP2 as an etch mask. However, the etching
process may be performed in an etching atmosphere in
which an etch rate of the device isolation insulating struc-
ture 116 is higher than an etch rate of the first active
region AC11. As a result, a recess region exposing a
sidewall of the first active region AC11 may be formed in
the device isolation insulating structure 116, and a local
round edge portion RE10 may be formed in an upper
edge portion of a sidewall of the first active region AC11,
which faces the device isolation insulating structure 116.
An etching atmosphere and an etching time of the etching
process may be adjusted such that a radius of curvature
of the local round edge portion RE10 may be controlled
within a desired range.

[0126] Referring to FIG. 13E, the mask pattern MP2
may be removed from the resultant structure of FIG. 13D
to expose a top surface of the device isolation insulating
structure 116 and a top surface of the first active region
AC11. Thereafter, a gate dielectric flm 128 may be
formed to conformally at least partially cover exposed
surfaces of the first active region AC11 and surfaces ex-
posed on the front side surfaces 102A of the substrate
102.

[0127] During the formation of the gate dielectric film
128, gate dielectric films, which constitute the first and
second transfer transistor TX1 and TX2, the selection
transistor SX, and the reset transistor RX described with
reference to FIG. 2, or gate dielectric films, which con-
stitute the first to fourth transfer transistors TX1, TX2,
TX3, and TX4, the selection transistor SX, and the reset
transistor RX described with reference to FIG. 3, may be
formed together or simultaneously.

[0128] Referringto FIG. 13F, a gate electrode 150 may
be formed on the gate dielectric film 128. The gate elec-
trode 150 may include a lateral gate portion 150H, a
round inner corner portion 150C, and a vertical gate por-
tion 150V, which are integrally connected to each other,
for example, to form a monolithic structure.
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[0129] During the formation of the gate electrode 150,
gate structures included in MOS transistors constituting
readout circuits may be formed together on the front side
surface 102A of the substrate 102. For example, during
the formation of the gate electrode 150, gate structures,
which constitute the first and second transfer transistor
TX1 and TX2, the selection transistor SX, and the reset
transistor RX described with reference to FIG. 2, or gate
structures, which constitute the first to fourth transfer
transistors TX1, TX2, TX3, and TX4, the selection tran-
sistor SX, and the reset transistor RX described with ref-
erence to FIG. 3, may be formed together or simultane-
ously.

[0130] Referringto FIG. 13G, in the resultant structure
of FIG. 13F, impurity ions may be implanted into the plu-
rality of active regions (refer to AC11, AC12, and AC13
in FIG. 12A) including the first active region AC11, and
thus, a plurality of impurity regions may be formed. The
plurality of impurity regions may include a first
source/drain region SD11 and a second source/drain re-
gion SD12, which are in the first active region AC11. By
forming the first source/drain region SD11 and the sec-
ond source/drain region SD12 in the first active region
AC11, a source follower transistor SF1, which is on the
first active region AC11, may be obtained.

[0131] Referringto FIG. 13H, in the resultant structure
of FIG. 13G, an interlayer insulating film 160 may be
formed to be on and at least partially cover the front side
surface 102A of the substrate 102 and a plurality of tran-
sistors including the source follower transistor SF1.
Thereafter, a plurality of contact plugs 162 may be formed
to pass through the interlayer insulating film 160 and be
connected to the plurality of transistors. A plurality of con-
ductive lines 168 may be formed on the interlayer insu-
lating film 160. The plurality of conductive lines 168 may
be connectable to the plurality of transistors through the
plurality of contact plugs 162.

[0132] The plurality of contact plugs 162 may include
the contact plugs 162, which are respectively connected
to the lateral gate portion 150H, the first source/drain
region SD11, and the second source/drain region SD12
of the source follower transistor SF1. Although not
shown, the plurality of contact plugs 162 may further in-
clude contact plugs 162, which are respectively connect-
ed to the gate structures, which constitute the first and
second transfer transistor TX1 and TX2, the selection
transistor SX, and the reset transistor RX described with
reference to FIG. 2, and the impurity regions or further
include the contact plugs 162, which are respectively
connected to the gate structures, which constitute the
firstto fourth transfer transistors TX1, TX2, TX3,and TX4,
the selection transistor SX, and the reset transistor RX
described with reference to FIG. 3, and the impurity re-
gions. During the formation of the plurality of contact
plugs 162, the contact plug 164 shown in FIG. 12A may
be formed together.

[0133] Thereafter, a plurality of interlayer insulating
films (e.g., 170 and 174) and a plurality of conductive
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lines 172 may be formed. The plurality of interlayer insu-
lating films (e.g., 170 and 174) and the plurality of con-
ductive lines 172 may constitute a wiring structure MS
on and at least partially covering the front side surface
102A of the substrate 102 along the interlayer insulating
film 160 and the plurality of conductive lines 168.
[0134] After the wiring structure MS is formed, a thick-
ness of the substrate 102 may be reduced while adhering
a support substrate (not shown) onto the wiring structure
MS. To reduce the thickness of the substrate 102, a me-
chanical grinding process, a chemical mechanical pol-
ishing (CMP) process, a wet etching process, or a com-
bination thereof may be used. As a result, the pixel iso-
lation insulating film 120 may be exposed at a back side
surface 102B, which is an opposite surface of the front
side surface 102A of the substrate 102. A first planariza-
tion film 182 may be formed on an exposed back side
surface 102B of the substrate 102 and an exposed sur-
face of the pixel isolation insulating film 120.

[0135] Thereafter, as shown in FIGS. 12B to 12D, an
anti-reflection film 186, a color filter CF, a second planari-
zation film 184, a microlens ML, and a protective capping
film 188 may be sequentially formed on the first planari-
zation film 182 to form a light-transmitting structure LTS.
Afterwards, the support substrate covering the wiring
structure MS may be removed to manufacture the image
sensor 100 shown in FIGS. 12A to 12D.

[0136] Although the method of manufacturing the im-
age sensor 100 illustrated in FIGS. 12A to 12D has been
described with reference to FIGS. 13A to 13H, various
modifications and changes may be made within the
scope of the inventive concept to manufacture image
sensors variously modified and changed therefrom within
the scope of the inventive concept.

[0137] FIG. 14A is a block diagram of an electronic
system according to embodiments, and FIG. 14B is a
detailed block diagram of a camera module included in
the electronic system of FIG. 14A.

[0138] Referring to FIG. 14A, the electronic device
1000 may include a camera module group 1100, an ap-
plication processor 1200, a power management integrat-
ed circuit (PMIC) 1300, and an external memory 1400.
[0139] The camera module group 1100 may include a
plurality of camera modules (e.g., 1100a, 1100b, and
1100c). Although three camera modules 1100a, 1100b,
and 1100c are illustrated in FIG.15, embodiments of the
inventive concept are not limited thereto. In some em-
bodiments, the camera module group 1100 may be mod-
ified to include only two camera modules. In some em-
bodiments, the camera module group 1100 may be mod-
ified to include n camera modules, where n is a natural
number of 4 or more.

[0140] The detailed configuration of the camera mod-
ule 1100b will be described with reference to FIG. 14B
below. The descriptions below may be also applied to
the other camera modules 1100a and 1100c.

[0141] Referring to FIG. 14B, the camera module
1100b may include a prism 1105, an optical path folding
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element (OPFE) 1110, an actuator 1130, animage sens-
ing device 1140, and a storage 1150.

[0142] The prism 1105 may include areflective surface
1107 of a light reflecting material and may change the
path of light L incident from the outside.

[0143] In some embodiments, the prism 1105 may be
configured to change the path of the light L incident in a
first direction (X direction in FIG. 14B) into a second di-
rection (Y direction in FIG. 14B) that is perpendicular to
the first direction. The prism 1105 may be configured to
rotate the reflective surface 1107 of the light reflecting
material in a direction A around a central shaft 1106 or
rotate the central shaft 1106 in a direction B to change
the path of the light L incident in the first direction (X
direction in FIG. 14B) into the second direction (Y direc-
tion in FIG. 14B) perpendicular to the first direction. In
this case, the OPFE 1110 may move in a third direction
(Z direction in FIG. 14B), which is perpendicular to the
first direction (X direction in FIG. 14B) and the second
direction (Y direction in FIG. 14B).

[0144] In some embodiments, as shown in FIG. 14B,
an A-direction maximum rotation angle of the prism 1105
may be less than or equal to about 15 degrees in a plus
(+) A direction and greater than about 15 degrees in a
minus (-) A direction, but embodiments are not limited
thereto.

[0145] In some embodiments, the prism 1105 may be
configured to move by an angle of about 20 degrees or
in a range from about 10 degrees to about 20 degrees
or from about 15 degrees to about 20 degrees in a plus
or minus B direction. In this case, an angle by which the
prism 1105 moves in the plus B direction may be the
same as or similar, within a difference of about 1 degree,
to an angle by which the prism 1105 moves in the minus
B direction.

[0146] In some embodiments, the prism 1105 may be
configured to move the reflective surface 1107 of the light
reflecting material in the third direction (e.g., Z direction
in FIG. 14B) parallel with an extension direction of the
central shaft 1106.

[0147] The OPFE 1110 may include, for example, "m"
optical lenses, where "m" is a natural number. The m
lenses may be configured to move in the second direction
(or Y direction in FIG. 14B) and be configured to change
an optical zoom ratio of the camera module 1 100b. For
example, when the default optical zoom ratio of the cam-
era module 1 100b is Z, the optical zoom ratio of the
camera module 1 100b may be changed to 3Z or 5Z or
greater by moving the m optical lenses included in the
OPFE 1110.

[0148] The actuator 1130 may be configured to move
the OPFE 1110 or an optical lens to a certain position.
For example, the actuator 1130 may be configured to
adjust the position of the optical lens such that an image
sensor 1142 is positioned at a focal length of the optical
lens for accurate sensing.

[0149] The image sensing device 1140 may include
the image sensor 1142, a control logic 1144, and a mem-
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ory 1146. The image sensor 1142 may be configured to
sense an image of an object using the light L provided
through the optical lens. The control logic 1144 may be
configured to control all operations of the camera module
1100b. For example, the control logic 1144 may be con-
figured to control operation of the camera module 1 100b
according to a control signal provided through a control
signal line CSLb.

[0150] The memory 1146 may be configured to store
information, such as calibration data 1147, used in the
operation of the camera module 1100b. The calibration
data 1147 may include information, which is used by the
camera module 1100b to generate image data using the
light L provided from outside. The calibration data 1147
may include information about a degree of rotation, in-
formation about a focal length, information about an op-
tical axis, or the like. When the camera module 1100b is
implemented as a multi-state camera that has a focal
length varying with the position of the optical lens, the
calibration data 1147 may include a value of a focal length
for each position (or state) of the optical lens and infor-
mation about auto focusing.

[0151] The storage 1150 may be configured to store
image data sensed by the image sensor 1142. The stor-
age 1150 may be provided outside the image sensing
device 1140 and may form a stack with a sensor chip of
the image sensing device 1140. In some embodiments,
although the storage 1150 may include electrically eras-
able programmable read-only memory (EEPROM), em-
bodiments are not limited thereto.

[0152] The image sensor 1142 may include the image
sensor 100 described with reference to FIGS. 12Ato 12D
orimage sensors variously modified and changed there-
from within the scope of the inventive concept.

[0153] Referring to FIGS. 14A and 14B, in some em-
bodiments, each of the camera modules 1100a, 1100b,
and 1100c may include the actuator 1130. Accordingly,
the camera modules 1100a, 1100b, and 1100c may in-
clude the calibration data 1147, which is the same or
different among the camera modules 1100a, 1100b, and
1100c according to the operation of the actuator 1130
included in each of the camera modules 1 100a, 1 100b,
and 1 100c.

[0154] In some embodiments, one (e.g., the camera
module 1100b) of the camera modules 1100a, 1 100b,
and 1 100c may be of a folded-lens type including the
prism 1105 and the OPFE 1110, which are described
above, while the other camera modules (e.g., the camera
modules 1100a and 1100c) may be of a vertical type that
does not include the prism 1105 and the OPFE 1110.
However, embodiments are not limited thereto.

[0155] In some embodiments, one (e.g., the camera
module 1100c) of the camera modules 1100a, 1100b,
and 1100c may include a vertical depth camera, which
extracts depth information using an infrared ray (IR). In
this case, the application processor 1200 may generate
a three-dimensional (3D) depth image by merging image
data provided from the depth camera with image data
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provided from another camera module (e.g., the camera
module 1100a or 1100b).

[0156] In some embodiments, at least two camera
modules (e.g., 1100a and 1100b) among the camera
modules 1100a, 1 100b, and 1 100c may have different
field-of-views. In this case, for example, the two camera
modules (e.g., 1100a and 1100b) among the camera
modules 1100a, 1100b, and 1100c may respectively
have different optical lenses. However, embodiments are
not limited thereto.

[0157] In some embodiments, the camera modules
1100a, 1100b, and 1100c may have different field-of-
views from each other. In this case, although the camera
modules 1100a, 1100b, and 1100c may respectively
have different optical lenses, the inventive conceptis not
limited thereto.

[0158] In some embodiments, the camera modules
1100a, 1100b, and 1100c may be physically separated
from one another. In other words, a sensing region of the
image sensor 1142 is notdivided and used by the camera
modules 1100a, 1100b, and 1 100c, but the image sensor
1142 may be independently included in each of the cam-
era modules 1100a, 1100b, and 1100c.

[0159] ReferringtoFIG. 14A, the application processor
1200 may include an image processing device 1210, a
memory controller 1220, and an internal memory 1230.
The application processor 1200 may be separately im-
plemented from the camera modules 1100a, 1100b, and
1100c. For example, the application processor 1200 and
the camera modules 1100a, 1100b, and 1100c may be
implemented in different semiconductor chips and sep-
arated from each other.

[0160] The image processing unit 1210 may include a
plurality of sub-processors (e.g., 1212a, 1212b, and
1212c), an image generator 1214, and a camera module
controller 1216. The image processing device 1210 may
include sub-processors (e.g., 1212a, 1212b, and 1212c)
in number corresponding to the number of camera mod-
ules (e.g., 1100a, 1100b, 1100c).

[0161] Pieces ofimage datarespectively generated by
the camera modules 1100a, 1100b, and 1100c may be
respectively provided to the corresponding ones of the
sub-processors 1212a, 1212b, and 1212c through image
signal lines ISLa, ISLb, and ISLc separated from each
other. For example, image data generated by the camera
module 1100a may be provided to the sub-processor
1212a through the image signal line ISLa, image data
generated by the camera module 1100b may be provided
to the sub-processor 1212b through the image signal line
ISLb, and image data generated by the camera module
1100c may be provided to the sub-processor 1212c
through the image signal line ISLc. Such image data
transmission may be performed using, for example, a
mobile industry processor interface (MIPI)-based cam-
era serial interface (CSl). However, the inventive concept
is not limited thereto.

[0162] In some embodiments, a single sub-processor
may be arranged to correspond to a plurality of camera
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modules. Forexample, differently from FIG. 14A, the sub-
processors 1212a and 1212¢ may not be separated but
may be integrated into a single sub-processor, and the
image data provided from the camera module 1100a or
the camera module 1100c may be selected by a selection
element (e.g., a multiplexer) and then provided to the
integrated sub-processor.

[0163] The image data provided to each of the sub-
processors 1212a, 1212b, and 1212c may be provided
to the image generator 1214. The image generator 1214
may be configured to generate an outputimage by using
the image data provided from each of the sub-processors
1212a, 1212b, and 1212c according to image generation
information or a mode signal.

[0164] Specifically, the image generator 1214 may be
configured to generate the output image by merging at
least portions of respective pieces of image data, which
are respectively generated by the camera modules
1100a, 1100b, and 1100c having different field-of-views,
according to the image generation information or the
mode signal. Alternatively, the image generator 1214
may be configured to generate the output image by se-
lecting one of pieces of image data, which are respec-
tively generated by the camera modules 1100a, 1100b,
and 1100c having different field-of-views, according to
the image generation information or the mode signal.
[0165] In some embodiments, the image generating
information may include a zoom signal or a zoom factor.
In some embodiments, the mode signal may be based
on a mode selected by a user.

[0166] When the image generation information in-
cludes a zoom signal or a zoom factor and the camera
modules 1100a, 1100b, and 1100c have different field-
of-views, the image generator 1214 may be configured
to perform different operations according to different
kinds of zoom signals. For example, when the zoom sig-
nal is a first signal, the image generator 1214 may be
configured to merge image data output from the camera
module 1100a and image data output from the camera
module 1100c and then generate an output image by
using a merged image signal and image data output from
the camera module 1100b and not used for merging.
When the zoom signal is a second signal different from
the first signal, the image generator 1214 may generate
an output image by selecting one of the pieces of image
data respectively output from the camera modules
1100a, 1100b, and 1100c, instead of performing the
merging. However, embodiments of the inventive con-
cept are not limited thereto, and a method of processing
image data may be changed whenever necessary.
[0167] In some embodiments, the image generator
1214 may receive a plurality of pieces of image data,
which have different exposure times, from at least one
of the sub-processors 1212a, 1212b, and 1212c and per-
form high dynamicrange (HDR) processing on the pieces
of image data, thereby generating merged image data
having an increased dynamic range.

[0168] The camera module controller 1216 may pro-
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vide a control signal to each of the camera modules
1100a, 1100b, and 1100c. A control signal generated by
the camera module controller 1216 may be provided to
a corresponding one of the camera modules 1 100a, 1
100b, and 1100c through a corresponding one of control
signal lines CSLa, CSLb, and CSLc, which are separated
from one another.

[0169] One (e.g., the camera module 1100b) of the
camera modules 1100a, 1100b, and 1100c may be des-
ignated as a master camera according to the mode signal
or the image generation signal including a zoom signal,
and the other camera modules (e.g., the cameramodules
1100a and 1100c) may be designated as slave cameras.
Such designation information may be included in a con-
trol signal and provided to each of the camera modules
1100a, 1100b, and 1 100c through a corresponding one
of the control signal lines CSLa, CSLb, and CSLc, which
are separated from one another.

[0170] A camera module operating as a master or a
slave may be changed according to a zoom factor or an
operation mode signal. For example, when the field-of-
view of the camera module 1100a is greater than that of
the camera module 1 100b and the zoom factor indicates
alow zoom ratio, the camera module 1100b may operate
as a master and the camera module 1100a may operate
as a slave. Conversely, when the zoom factor indicates
a high zoom ratio, the camera module 1 100a may op-
erate as a master and the camera module 1 100b may
operate as a slave.

[0171] Insomeembodiments, acontrol signal provided
from the camera module controller 1216 to each of the
camera modules 1100a, 1100b, and 1100c may include
a sync enable signal. For example, when the camera
module 1100b is a master camera and the camera mod-
ules 1100a and 1100c are slave cameras, the camera
module controller 1216 may be configured to transmit
the sync enable signal to the camera module 1100b. The
camera module 1100b provided with the sync enable sig-
nal may be configured to generate a sync signal based
on the sync enable signal and may provide the sync sig-
nal to the camera modules 1100a and 1100c through a
sync signal line SSL. The camera modules 1100a,
1100b, and 1 100c may be synchronized with the sync
signal and may transmit image data to the application
processor 1200.

[0172] Insomeembodiments, acontrol signal provided
from the camera module controller 1216 to each of the
camera modules 1100a, 1100b, and 1100c may include
mode information according to the mode signal. The
camera modules 1100a, 1 100b, and 1 100c may operate
in a first operation mode or a second operation mode in
relation with a sensing speed based on the mode infor-
mation.

[0173] Inthefirstoperation mode, the camera modules
1100a, 1100b, and 1 100c may be configured to generate
animage signal at a first speed (e.g., at a first frame rate),
encode the image signal at a second speed higher than
the first speed (e.g., at a second frame rate higher than
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the first frame rate), and transmit an encoded image sig-
nal to the application processor 1200. In this case, the
second speed may be 30 times or less the first speed.
[0174] The application processor 1200 may be config-
ured to store the received image signal (i.e., the encoded
image signal) in the internal memory 1230 therein or the
external memory 1400 outside the application processor
1200. Thereafter, the application processor 1200 may
read the encoded image signal from the internal memory
1230 or the external memory 1400, decode the encoded
image signal, and display image data generated based
on a decoded image signal. For example, a correspond-
ing one of the sub-processors 1212a, 1212b, and 1212¢
of the image processing unit 1210 may be configured to
perform the decoding and may also perform image
processing on the decoded image signal.

[0175] Inthesecond operation mode, the camera mod-
ules 1100a, 1100b, and 1100c may be configured to gen-
erate an image signal at a third speed lower than the first
speed (e.g., ata third frame rate lower than the first frame
rate) and transmit the image signal to the application
processor 1200. The image signal provided to the appli-
cation processor 1200 may not have been encoded. The
application processor 1200 may be configured to perform
image processing on the image signal or store the image
signal in the internal memory 1230 or the external mem-
ory 1400.

[0176] The PMIC 1300 may provide power (e.g., a
power supply voltage) to each of the camera modules
1100a, 1100b, and 1100c. For example, under control
by the application processor 1200, the PMIC 1300 may
provide first power to the camera module 1100a through
a power signal line PSLa, second power to the camera
module 1100b through a power signal line PSLb, and
third power to the camera module 1 100c through a power
signal line PSLc.

[0177] The PMIC 1300 may be configured to generate
power corresponding to each of the camera modules 1
100a, 1 100b, and 1 100c and adjust the level of the
power, in response to a power control signal PCON from
the application processor 1200. The power control signal
PCON may include a power adjustment signal for each
operation mode of the camera modules 1100a, 1100b,
and 1100c. For example, the operation mode may in-
clude a low-power mode. In this case, the power control
signal PCON may include information about a camera
module configured to operate in the low-power mode and
a power level to be set. The same or different levels of
power may be respectively provided to the camera mod-
ules 1100a, 1100b, and 1100c. The level of power may
be dynamically changed.

[0178] While the inventive concept has been particu-
larly shown and described with reference to embodi-
ments thereof, it will be understood that various changes
in form and details may be made therein without depart-
ing from the scope of the following claims.
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Claims

1.

An image sensor comprising:

a substrate having a pixel region in which an
active region is defined; and

a gate electrode on the active region,

wherein the active region comprises a top sur-
face, a plurality of sidewalls extending in differ-
ent directions from the top surface, and an edge
portion extending along an outline of the top sur-
face between the top surface and the plurality
of sidewalls, the edge portion comprising a local
round edge portion having a first radius of cur-
vature that is greater than a second radius of
curvature of other portions of the edge portion,
wherein the gate electrode comprises a lateral
gate portion on a portion of the top surface of
the active region, a vertical gate portion on one
sidewall adjacent to the local round edge portion
from among the plurality of sidewalls of the ac-
tive region, and a round inner corner portion in-
tegrally connected to the lateral gate portion and
the vertical gate portion, the round inner corner
portion facing the local round edge portion.

The image sensor of claim 1, wherein the active re-
gion has an L-shaped planar form including a bend-
ing portion, and the local round edge portion is in the
bending portion.

The image sensor of claim 1 or claim 2, wherein the
active region comprises a bending portion and a lin-
ear extension extending in a first lateral direction
from the bending portion, and

wherein the local round edge portion comprises a
portion extending along the edge portion in the bend-
ing portion and the linear extension.

The image sensor of any preceding claim, wherein
the active region comprises a linear extension ex-
tending in a first lateral direction, and

wherein the local round edge portion comprises a
portion extending along the edge portion in the linear
extension.

The image sensor of any preceding claim, wherein
the gate electrode is on a local region in which the
local round edge portion of the edge portion of the
active region is located, and is on a normal edge
portion of the edge portion, which is outside the local
region, and

wherein the vertical gate portion is in the local region.

The image sensor of any preceding claim, wherein,
in the active region, the first radius of curvature is at
least about 20 nm, and the second radius of curva-
ture is about 8 nm or less.
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The image sensor of any preceding claim, further
comprising:

firstand second source/drain regions formed on
both sides of the gate electrode in the active
region, the firstand second source/drain regions
being apart from each other with the local round
edge portion therebetween; and

a gate dielectric film between the active region
and the gate electrode.

The image sensor of any preceding claim, wherein,
in the active region, the local round edge portion is
in only one of both side portions of the active region
in a direction orthogonal to a channel direction
formed in the active region.

The image sensor of any preceding claim, further
comprising a device isolation insulating structure de-
fining the active region,

wherein the gate electrode is on a local top sur-
face adjacent to the local round edge portion, of
the top surface of the active region, and a local
sidewall adjacent to the local round edge por-
tion, from among the plurality of sidewalls of the
active region, and

wherein the device isolation insulating structure
is on a sidewall opposite to the local sidewall.

The image sensor of any preceding claim, further
comprising first and second source/drain regions on
both sides of the gate electrode in the active region,
the first and second source/drain regions being at
differentdistances from the local round edge portion.

An image sensor according to any preceding claim,
wherein:

the active region is defined by a device isolation
insulating structure;

the gate electrode forms part of a source follower
transistor on a portion of the active region;

the edge portion comprises a normal edge por-
tion in contact with the device isolation insulating
structure and having the second radius of cur-
vature; and

the local round edge portion is apart from the
device isolation insulating structure.

Theimage sensor of claim 11, wherein the firstradius
of curvature is in a range of about 20 nm to about 50
nm, and the second radius of curvature is in a range
of about 0.1 nm to about 8 nm.
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