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(57) ABSTRACT

A method for fabricating an image sensor in accordance with
an embodiment of the inventive concepts may include
forming first and second photodiodes within a substrate,
forming first and second gate electrodes over the substrate,
the first gate electrode vertically partially overlapping the
first photodiode and the second gate electrode vertically
partially overlapping the second photodiode, forming an
impurity injection region comprising first and second type
impurities between the first and the second gate electrodes,
and performing an annealing process to form a floating
diffusion region comprising the first type impurities and a
channel region comprising the second type impurities. The
channel region surrounds lateral surfaces and a bottom
surface of the floating diffusion region.
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IMAGE SENSOR AND METHOD FOR
FABRICATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] The present application claims priority under 35
U.S.C. 119(a) to Korean Patent Application No. 10-2016-
0034103 filed on Mar. 22, 2016, which is herein incorpo-
rated by reference in its entirety.

BACKGROUND

[0002] 1. Field

[0003] Exemplary embodiments of the present invention
present invention provide generally image sensors for con-
verting an optical image into an electric signal and methods
for fabricating the same.

[0004] 2. Description of the Related Art

[0005] Recently, as the information communication indus-
try is advancing and electronic devices are digitalized, image
sensors having improved performance are being used in
various fields, such as digital cameras, camcorders, mobile
phones, personal communication systems (PCSs), gaming
machines, cameras for surveillance, and micro-cameras for
medicine.

[0006] Generally, an image sensor includes pixel region
including a photodiode and a peripheral region. A unit pixel
includes the photodiode and a transfer transistor. The trans-
fer transistor is disposed between the photodiode and a
floating diffusion region and transfers charges generated by
the photodiode to the floating diffusion region.

SUMMARY

[0007] Exemplary embodiments of the present invention
provide image sensors.

[0008] Exemplary embodiments of the present invention
provide methods for fabricating image sensors.

[0009] The technical objectives of the present invention
are not limited to the above mentioned embodiments, and
those skilled in the art to which the present invention
pertains will understand other technical objectives related to
the embodiments can be derived from the following descrip-
tion.

[0010] In accordance with an exemplary embodiment of
the inventive concepts, a method for forming an image
sensor may include forming first and second photodiodes
within a substrate, forming first and second gate electrodes
over the substrate, the first gate electrode vertically partially
overlapping the first photodiode and the second gate elec-
trode vertically partially overlapping the second photodiode,
forming an impurity injection region comprising first and
second type impurities between the first and the second gate
electrodes, and performing an annealing process to form a
floating diffusion region comprising the first type impurities
and a channel region comprising the second type impurities.
The channel region surrounds lateral surfaces and a bottom
surface of the floating diffusion region.

[0011] The second type impurities have a greater thermal
diffusivity than the first impurities.

[0012] The second type impurities have a smaller atom
size than the first type impurities.

[0013] The method may further include injecting an amor-
phizing material into the substrate prior to the forming of the
impurity injection region.
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[0014] The method may further include injecting a clus-
tering material into the substrate prior to the forming of the
impurity injection region.

[0015] The method may further include forming gate
spacers between sides of the first and the second gate
electrodes.

[0016] The channel region partially overlaps corners of
regions of the first and the second photodiodes.

[0017] The impurity injection region may include a
reserved floating diffusion region comprising the first type
impurities, and a reserved channel region comprising the
second type impurities.

[0018] The reserved channel region surrounds lateral sur-
faces and a bottom surface of the reserved floating diffusion
region.

[0019] The method may further include forming a pixel
field region between the first and the second photodiodes,
wherein the pixel field region has a lower second type
impurity ion concentration than the channel region.

[0020] Inaccordance with an embodiment of the inventive
concepts, a method of forming an image sensor may include
forming a first photodiode within a substrate, forming a first
gate electrode vertically partially overlapping the first pho-
todiode and a second gate electrode spaced apart from the
first gate electrode and not vertically overlapping the first
photodiode on the substrate, forming a first impurity injec-
tion region by injecting n-type impurities and p-type impu-
rities into the substrate between first sides of the first gate
electrode and the second gate electrode, and performing an
annealing process to form a floating diffusion region and a
channel region surrounding the floating diffusion region by
diffusing the n-type impurities and the p-type impurities
within the first impurity injection region.

[0021] The method may further include forming a second
photodiode vertically partially overlapping the second gate
electrode within the substrate.

[0022] The method may further include forming a device
voltage node and a reset channel region within the substrate
and adjacent to a second side of the second gate electrode.
[0023] The forming of the device voltage node and the
reset channel region may include forming a second impurity
injection region by injecting n-type impurities and p-type
impurities into the substrate adjacent to the second side of
the second gate electrode, and performing an annealing
process to form the device voltage node and the reset
channel region surrounding the device voltage node by
diffusing the n-type impurities and the p-type impurities
within the second impurity injection region.

[0024] The device voltage node and the floating diffusion
region may have an identical depth, and the reset channel
region and the channel region may have an identical depth.
[0025] Inaccordance with an embodiment of the inventive
concepts, a method of forming an image sensor may include
forming a first photodiode within a substrate, forming a first
transistor having a first side vertically partially overlapping
the first photodiode on the substrate, forming an impurity
injection region by injecting first and second type impurities
into the substrate adjacent to a second side of the first
transistor, and performing an annealing process to form a
floating diffusion region by diffusing the first type impurities
within the impurity injection region and a channel region
surrounding lateral surfaces and a bottom surface of the
floating diffusion region by diffusing the second type impu-
rities within the impurity injection region.
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[0026] The method may further include forming a second
photodiode spaced apart from the first photodiode within the
substrate, and forming a second transistor having a first side
vertically partially overlapping the second photodiode on the
substrate, wherein the impurity injection region is formed
between the first photodiode and the second photodiode.
[0027] The floating diffusion region may include a first
overlap region vertically overlapping the first transistor and
a second overlap region vertically overlapping the second
transistor, and a length of the first overlap region is identical
to a length of the second overlap region.

[0028] The channel region may include a first channel
region vertically overlapping the first transistor and a second
channel region vertically overlapping the second transistor,
and a length of the first channel region may be identical to
a length of the second channel region.

[0029] A portion of the first photodiode overlapping the
channel region may be an inverted region.

[0030] In accordance with an embodiment of the inventive
concepts, an image sensor may include photodiodes suitable
for being formed within a substrate, transfer transistors
suitable for partially vertically overlapping the photodiodes
on the substrate, and a floating diffusion region and a
channel region suitable for being formed within the substrate
between the transfer transistors. The channel region sur-
rounds lateral surfaces and a bottom surface of the diffusion
region.

[0031] The channel region may partially overlap corners
of the photodiodes.

[0032] The floating diffusion region may partially verti-
cally overlap the transfer transistors.

[0033] The floating diffusion region may be electrically
insulated from the substrate by the channel region.

[0034] The channel region may have a higher p-type
impurity concentration than the substrate.

[0035] In accordance with an embodiment of the inventive
concepts, an image sensor may include a first photodiode
suitable for being formed within a substrate, a first transistor
suitable for being formed within the substrate and partially
vertically overlapping the first photodiode, a second tran-
sistor suitable for being spaced apart from the first transistor,
and a first n-type impurity region suitable for being formed
within the substrate between the first transistor and the
second transistor and a first p-type impurity region suitable
for surrounding lateral surfaces and a bottom surface of the
first n-type impurity region.

[0036] The first n-type impurity region and the first p-type
impurity region may partially vertically overlap the first and
the second transistors.

[0037] The first p-type impurity region may partially over-
lap a corner of the first photodiode.

[0038] The image sensor may further include a second
n-type impurity region suitable for being formed within the
substrate adjacent to a second side of the second transistor,
and a second p-type impurity region suitable for surrounding
lateral surfaces and a bottom surface of the second n-type
impurity region.

[0039] The first n-type impurity region and the second
n-type impurity region may be spaced apart from each other.
The first p-type impurity region and the second p-type
impurity region may be contiguous.

[0040] In accordance with an embodiment of the inventive
concepts, an image sensor may include a first photodiode
suitable for being formed within a substrate, a first transistor
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suitable for being formed on the substrate and having a first
side vertically overlapping the first photodiode, and a first
n-type impurity region suitable for being formed within the
substrate and vertically overlapping a second side of the first
transistor and a first p-type impurity region suitable for
being formed within the substrate and surrounding lateral
surfaces and a bottom surface of the first n-type impurity
region.

[0041] The image sensor may further includes a second
photodiode suitable for being formed within the substrate
and spaced apart from the first photodiode, and a second
transistor suitable for being formed on the substrate and
having a first side vertically overlapping the second photo-
diode. The first n-type impurity region and the first p-type
impurity region may partially overlap a second side of the
second transistor.

[0042] The first n-type impurity region may include a first
n-type overlap region vertically overlapping the first tran-
sistor and a second n-type overlap region vertically over-
lapping the second transistor. A length of the first n-type
overlap region may be identical with a length of the second
n-type overlap region.

[0043] The first p-type impurity region may include a first
p-type overlap region vertically overlapping the first tran-
sistor and a second p-type overlap region vertically over-
lapping the second transistor. A length of the first p-type
overlap region may be identical with a length of the second
p-type overlap region.

[0044] The image sensor may further include a pixel field
region suitable for being formed between the first photo-
diode and the second photodiode. The pixel field region may
have a lower p-type impurity ion concentration than the first
p-type impurity region.

[0045] The image sensor may further include a second
transistor suitable for being formed on the substrate and
spaced apart from the first transistor. The first n-type impu-
rity region and the first p-type impurity region may verti-
cally overlap a first side of the second transistor.

[0046] The image sensor may further include a second
n-type impurity region suitable for vertically overlapping a
second side of the second transistor within the substrate, and
a second p-type impurity region suitable for surrounding
lateral surfaces and a bottom surface of the second n-type
impurity region.

[0047] A length of a region in which the first n-type
impurity region vertically overlaps the first transistor may be
identical with a length of a region in which the second n-type
impurity region vertically overlaps the second transistor.
[0048] The first p-type impurity region and the second
p-type impurity region may be contiguous within the sub-
strate under the second transistor.

[0049] The first photodiode and the channel region may
partially overlap.

[0050] The details of other embodiments are included in
the detailed description and the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0051] The above and other features and advantages of the
present invention will become more apparent to those skilled
in the art to which the present invention belongs by describ-
ing in detail various embodiments thereof with reference to
the attached drawings in which:
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[0052] FIG.1 is a block diagram schematically illustrating
an image sensor in accordance with an embodiment of the
present invention;

[0053] FIGS. 2A to 2C are simplified layout diagrams of
pixels of image sensors in accordance with various embodi-
ments of the present invention;

[0054] FIGS. 3A to 3D are simplified longitudinal sec-
tional views of the image sensors taken along line I-I' of
FIG. 2A or II-II' of FIG. 2B in accordance with various
embodiments of the present invention;

[0055] FIG. 4 is a simplified longitudinal sectional view of
the image sensor in accordance with an embodiment of the
present invention, which is taken along line II-III' of FIG.
2C;

[0056] FIGS. 5A to 5D are longitudinal sectional views
taken along line I-I' of FIG. 2A or line II-II' of FIG. 2B for
describing a method for forming an image sensor in accor-
dance with an embodiment of the present invention;
[0057] FIGS. 6A to 6D are longitudinal sectional views
taken along line I-I' of FIG. 2A or line II-II' of FIG. 2B for
describing a method for forming an image sensor in accor-
dance with an embodiment of the present invention;
[0058] FIGS. 7A and 7B are longitudinal sectional views
taken along line I-I' of FIG. 2A or line II-II' of FIG. 2B for
describing methods for forming an image sensor in accor-
dance with various embodiments of the present invention;
[0059] FIG. 8A is a longitudinal sectional view taken
along line I-I' of FIG. 2A or line II-II' of FIG. 2B for
describing a method for forming an image sensor in accor-
dance with an embodiment of the present invention;
[0060] FIGS. 8B and 8C are longitudinal sectional views
taken along line III-IIT' of FIG. 2C for describing methods
for forming an image sensor in accordance with embodi-
ments of the present invention; and

[0061] FIG. 9 is diagram schematically showing an elec-
tronic device including at least one of the image sensors in
accordance with various embodiments of the present inven-
tion.

DETAILED DESCRIPTION

[0062] Various embodiments will be described below in
more detail with reference to the accompanying drawings.
The present invention may, however, be embodied in dif-
ferent forms and should not be construed as being limited to
the embodiments set forth herein. Rather, these embodi-
ments are provided so that this disclosure will be thorough
and complete, and will fully convey the present invention to
those skilled in the art. Throughout the disclosure, like
reference numerals refer to like parts throughout the various
figures and embodiments of the present invention.

[0063] The drawings are not necessarily to scale and in
some instances, proportions may have been exaggerated to
clearly illustrate features of the embodiments.

[0064] When a first layer is referred to as being “on” a
second layer or “on” a substrate, it not only refers to a case
in which the first layer is formed directly on the second layer
or the substrate but also a case in which a third layer exists
between the first layer and the second layer or the substrate.
[0065] It will be understood that, although the terms
“first”, “second”, “third”, and so on may be used herein to
describe various elements, these elements are not limited by
these terms. These terms are used to distinguish one element
from another element. Thus, a first element described below
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could also be termed as a second or third element without
departing from the spirit and scope of the present invention.
[0066] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the present invention. As used herein,
singular forms are intended to include the plural forms as
well, unless the context clearly indicates otherwise.

[0067] It will be further understood that the terms “com-
prises”, “comprising”, “includes”, and “including” when
used in this specification, specify the presence of the stated
elements and do not preclude the presence or addition of one
or more other elements. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0068] Unless otherwise defined, all terms including tech-
nical and scientific terms used herein have the same meaning
as commonly understood by one of ordinary skill in the art
to which the present invention belongs in view of the present
disclosure. It will be further understood that terms, such as
those defined in commonly used dictionaries, should be
interpreted as having a meaning that is consistent with their
meaning in the context of the present disclosure and the
relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.
[0069] In the following description, numerous specific
details are set forth in order to, provide a thorough under-
standing of the present invention. The present invention may
be practiced without some or all of these specific details. In
other instances, well-known process structures and/or pro-
cesses have not been described in detail in order not to
unnecessarily obscure the present invention.

[0070] Itis also noted, that in some instances, as would be
apparent to those skilled in the relevant art, an element also
referred to as a feature, described in connection with one
embodiment may be used singly or in combination with
other elements of another embodiment, unless specifically
indicated otherwise.

[0071] Hereinafter, the various embodiments of the pres-
ent invention will be described in detail with reference to the
attached drawings.

[0072] Referring to FIG. 1, an image sensor in accordance
with an embodiment of the present invention may include a
pixel array 100 configured to have a plurality of unit pixel
groups 110 arranged in a matrix for a correlated double
sampler (CDS) 120, an analog digital converter (ADC) 130,
a buffer 140, a row driver 150, a timing generator 160, a
control register 170, and a ramp signal generator 180.
[0073] The timing generator 160 may generate one or
more control signals CSD, CSC, CSA, and CSR for con-
trolling the operations of the row driver 150, the CDS 120,
the ADC 130, and the ramp signal generator 180, respec-
tively. The control register 170 may generate control signals
CRSR, CRST, and CRSB for controlling the operations of
the ramp signal generator 180, the timing generator 160, and
the buffer 140.

[0074] The row driver 150 may drive the pixel array 100
in a row line unit. For example, the row driver 150 may
generate a selection signal capable of selecting any one of a
plurality of row lines RL.. Each row line RL. may be coupled
to a plurality of unit pixel groups 110.

[0075] Each of the plurality of unit pixel groups 110 may
detect incident light and output an image reset signal RS and
an image signal IS to the CDS 120 through a column line
CL. The CDS 120 may perform sampling on each received
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image reset signal RS and each received image signal IS.
The plurality of unit pixel groups 110 may be coupled to a
plurality of column lines CL, respectively. Furthermore, a
plurality of the unit pixel groups 110 in each column of the
pixel array 100 may be coupled to one column line CL.. The
ADC 130 may compare a ramp signal RSG received by the
ramp signal generator 180, with a sampling signal SS
received by the CDS 120 and output a comparison signal CS
to the Buffer. The ADC 130 may count the level transition
time of the comparison signal CS in response to a clock
signal CSA also referred to ecarlier as a control signal,
provided by the timing generator 160, and may output a
count value CV to the buffer 140. The ramp signal generator
180 may operate under the control of the timing generator
160.

[0076] The buffer 140 may store a plurality of digital
signals output by the ADC 130 that is, the comparison
signals CS and may sense, amplify, and output each of the
digital signals. Accordingly, the buffer 140 may include a
memory (not shown) and a sense amplifier (not shown). The
memory may store the count values. A count value may
mean a count value associated with signals output by the
plurality of unit pixel groups 110. The sense amplifier may
sense and amplify each of the count values output by the
memory.

[0077] FIGS. 2A to 2C are simplified layout diagrams of
pixels of image sensors in accordance with various embodi-
ments of the present invention.

[0078] Referring to FIG. 2A, a unit pixel PX1 of an image
sensor in accordance with an embodiment of the present
invention may include photodiodes PD1-PD4, pixel field
regions PF, transfer transistors Tt1-Tt4, a floating diffusion
region FD, a reset transistor Tr, a drive transistor Td, and a
select transistor Ts. In the unit pixel PX1 in accordance with
the embodiment of FIG. 2A, at least four photodiodes
PD1-PD4 and at least four transfer transistors Tt1-Tt4 may
share a single floating diffusion region FD and may arranged
around the floating diffusion region FD to surround the
floating diffusion region FD. For example, as illustrated in
FIG. 2A, the four photodiodes PD1-PD4 and the four
transfer transistors Ttl1-Tt4 may be arranged in an axial-
symmetrical or a point-symmetrical form, respectively. The
four transfer transistors Ttl-Tt4 may be positioned sym-
metrically around the centrally disposed floating diffusion
region FD and the four photodiodes PD1-PD4 ray be posi-
tioned around the four transfer transistors Tt1-Tt4.

[0079] Each of the photodiodes PD1-PD4 may receive
light and generate photoelectrons. The pixel field regions PF
may separate the photodiodes PD1-PD4 spatially and/or
electrically. In more detail, each pixel field region PF is
disposed between two neighboring photodiodes, for
example, as illustrated in FIG. 2A, a first pixel field region
PF is disposed between photodiodes PD1 and PD2, a second
pixel field region PF is disposed between photodiodes PD2
and PD3, a third pixel field region PF is disposed between
photodiodes PD3 and PD4, and a fourth pixel field region is
disposed between photodiodes PD4 and PD1.

[0080] The first pixel field region PF also separates the
first transfer transistor Tt1 from the second transfer transis-
tor Tt2, the second pixel field region PF separates the second
transfer transistor Tt2 from the third transfer transistor Tt3,
the third pixel field region PF separates the third transfer
transistor Tt3 from the fourth transfer transistor Tt4, and the
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fourth pixel field region PF separates the fourth transfer
transistor Tt4 from the first transfer transistor Ttl.

[0081] Each transfer transistor Tt1-Tt4 may transfer pho-
toelectrons, generated in its respective photodiode PD1-
PDA4, to the shared floating diffusion region FD in response
to respective turn-on signals. In FIG. 2A, the transfer
transistors Tt1-Tt4 may be interpreted as gate electrodes.
[0082] The floating diffusion region FD may temporarily
store the photoelectrons that were generated from the pho-
todiodes PD1-PD4 transferred by the transfer transistors
Tt1-Tt4, and may transfer the photoelectrons to the drive
transistor Td.

[0083] A gate electrode of the drive transistor Td may be
electrically connected to the floating diffusion region FD.
Accordingly, the drive transistor Td may be driven in
response to the amount of electrons in the floating diffusion
region FD, and output various voltages and currents.
[0084] The select transistor Ts may transfer a device
voltage to a source electrode of the drive transistor Td in
response to a selection signal. Accordingly, a voltage output
to a drain electrode of the drive transistor Td may be
changed depending on the amount of photoelectrons of the
floating diffusion region FD. The drain electrode of the drive
transistor Td may be electrically connected to an output
node. The reset transistor Tr may reset the floating diffusion
region FD to the same level as the device voltage or a reset
voltage, in response to a reset signal.

[0085] Referring to FIG. 2B, a unit pixel PX2 of an image
sensor in accordance with an embodiment of the present
invention may include photodiodes PD1 and PD2, transfer
transistors Tt1 and Tt2, pixel field regions PF, a floating
diffusion region FD, a reset transistor Tr, a drive transistor
Td, and a select transistor Ts. In the unit pixel PX2 two
photodiodes PD1 and PD2 and two transfer transistors Tt1l
and Tt2 may share a single floating diffusion region FD. The
two photodiodes PD1 and PD2 and the two transfer tran-
sistors Ttl and Tt2 may be arranged in an axial-symmetrical
form on either side of a first elongated pixel field region PF.
In more detail, the first elongated pixel field region PF
separates the first photodiode PD1 and the first transfer
transistor Ttl from the second photodiode PD2 and the
second transfer transistor Tt2.

[0086] The first and second transfer transistors Tt1 and Tt2
may be adjacent to a first side of the floating diffusion region
and the corresponding first and second photodiodes PD1 and
PD2 may be adjacent to the first and second transfer tran-
sistors, respectively.

[0087] A first side of the reset transistor Tr may be
adjacent to a second side of the floating diffusion region FD.
The other side of the reset transistor Tr may be adjacent to
a reset voltage node Vr. Thus, when viewed from the top, the
first elongated pixel field region PF, the floating diffusion
FD, the reset transistor Tr and the reset voltage node Vr are
positioned in series in a first direction extending along the
elongated axis of symmetry of the first elongated pixel field
region PF.

[0088] Referring to FIG. 2C, a unit pixel PX3 of an image
sensor in accordance with an embodiment of the present
invention may include a photodiode PD, pixel field regions
PF, a transfer transistor Tt, a floating diffusion region FD, a
reset transistor Tr, a drive transistor Td, and a select tran-
sistor Ts. One electrode of the reset transistor Tr and one
electrode of the drive transistor Td may be electrically
coupled to a reset voltage node Vr. The transfer transistor Tt,
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the floating diffusion region FD, the reset transistor Tr, the
drive transistor Td, and the select transistor Ts may be
sequentially coupled in this order to form a generally
L-shaped region with the reset voltage node Vr coupling the
reset transistor Tr with the drive transistor at the right angle
transition point of the generally L. shaped region. The
transfer transistor Tt may be coupled to the photodiode PD.
The photodiode PD when viewed from the top has a gen-
erally rectangular shape and occupies a first part of the unit
pixel PX3 area. Two pixel field regions PF occupy the rest
of the unit pixel PX3 area on either side of the L-shaped
region.

[0089] FIG. 3Ato 3D are simplified longitudinal sectional
views of the image sensors taken along line I-I' of FIG. 2A
or [I-IT' of FIG. 2B in accordance with various embodiments
of the present invention.

[0090] Referring to FIG. 3A, an image sensor in accor-
dance with an embodiment of the present invention may
include the photodiodes PD1 and PD2 and the pixel field
region PF formed within a substrate 210, the transfer tran-
sistors Ttl, and Tt2 formed on the substrate 210, and the
floating diffusion region FD and a channel region CH
formed in the substrate 210 between the transfer transistors
Ttl and Tt2. The image sensor may further include an
interlayer dielectric layer 240 configured to cover the trans-
fer transistors Ttl and Tt2 on the substrate 210.

[0091] The substrate 210 may include at least one of a
silicon substrate, a silicon on insulator (SOI) substrate, or a
substrate having an epitaxial growth layer. For example, in
an embodiment of the present invention, the photodiodes
PD1 and PD2 may be formed within an epitaxial growth
layer. The substrate 210 may include p-type impurities, such
as boron (B).

[0092] The photodiodes PD1 and PD2 may include n-type
impurities, such as phosphorous (P) or arsenic (As). Some
regions of the photodiodes PD1 and PD2 overlapping the
channel region CH may be inversion regions IR1 and IR2.
For example, the inversion regions IR1 and IR2 may be
regions inverted from an n-type impurity region to a p-type
impurity region.

[0093] The pixel field region PF may be formed between
the photodiodes PD1 and PD2. The pixel field region PF
may be part of the substrate 210 including p-type impurities,
such as boron (B), or may include an insulating region, such
as a shallow trench isolation (STI) or a deep trench isolation
(DTI). In various embodiments of the present invention, the
pixel field region PF may include a p-type impurity region
formed between the photodiodes PD1 and PD2 and/or an
STI or DTI formed between unit pixels PXn. When the pixel
field region PF includes a p-type impurity region, the pixel
field region PF may have a higher p-type impurity concen-
tration than the substrate 210.

[0094] The transfer transistors Ttl and Tt2 may include
gate insulating layers 221 and 222 and gate electrodes 231
and 232, respectively. The gate insulating layers 221 and 222
may include silicon oxide. For example, the gate insulating
layers 221 and 222 may include at least one of an oxidized
silicon layer which is oxidized from a surface of the sub-
strate 210 or a silicon oxide layer deposited on a surface of
the substrate 210. The gate electrodes 231 and 232 may
include at least one of doped polysilicon, silicide, metal, a
metal compound, or combinations thereof.

[0095] The floating diffusion region FD may include
n-type impurities. For example, the floating diffusion region
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FD may include at least one of arsenic (As), phosphorous
(P), or antimony (Sb). The floating diffusion region FD may
vertically partially overlap the gate insulating layers 221 and
222 and gate electrodes 231 and 232 of the transfer transis-
tors Ttl and Tt2. The floating diffusion region FD may be
extended to portions below the transfer transistors Tt1 and
Tt2. For example, the width, length, or area size of a region
E1 in which the floating diffusion region FD partially
vertically overlaps the first transfer transistor Ttl and the
width, length, or area size of a region E2 in which the
floating diffusion region FD partially vertically overlaps the
second transfer transistor Tt2 may be the same.

[0096] The channel region CH may surround lateral sur-
faces and a bottom surface of the floating diffusion region
FD so that the floating diffusion region FD may be spaced
apart from the substrate 210. The channel region CH may
include p-type impurities. For example, the channel region
CH may include at least one of boron (B) or indium (In). The
channel region CH may have a higher p-type impurity ion
concentration than the substrate 210 and the pixel field
region PF. For example, the channel region CH may have a
higher impurity concentration than the photodiodes PD1 and
PD2. The width or lengths CLL1 and CL2 of the channel
region CH overlapping the transfer transistors Tt1 and Tt2
may be the same.

[0097] The transfer transistors Ttl and Tt2, the floating
diffusion region FD, and the channel region CH may have a
left and right axial-symmetrical shape along an axis of
symmetry extending along the elongated axis of symmetry
of the pixel field region PF.

[0098] The interlayer dielectric layer 240 may include
silicon oxide, such as tetra-ethyl-ortho-silicate (TEOS).

[0099] In the image sensor in accordance with an embodi-
ment of the present invention, the leakage current of the
floating diffusion region FD can be small due to the channel
region CH having a higher p-type impurity ion concentration
than the substrate 210 surrounding the floating diffusion
region FD. The channel region CH can provide a short
channel length since it inverts the polarity of the photodiode
PD. Accordingly, the operating speed of the image sensor
can be improved.

[0100] The transfer transistors Ttl and Tt2, the floating
diffusion region FD, and the channel region CH can have
uniform electrical characteristics since they have a left and
right line-symmetrical shape. Accordingly, all of pixels can
have uniform electrical characteristics, and the distortion of
an image of the image sensor can be greatly reduced.

[0101] Referring to FIG. 3B, the transfer transistors Ttl
and Tt2 of an image sensor in accordance with an embodi-
ment of the present invention may further include spacers
251 and 252 formed on the sides of the gate insulating layers
221 and 222 and the gate electrodes 231 and 232 compared
to the image sensor of FIG. 3A. The spacers 251 and 252
may include, for example, one of silicon nitride, silicon
oxide, or a combination thereof.

[0102] Referring to FIG. 3C, in an image sensor in accor-
dance with an embodiment of the present invention, the
transfer transistors Ttl and Tt2 may further include gate
capping layers 261 and 262 formed on the gate electrodes
231 and 232 compared to the image sensors of FIGS. 3A and
3B. The gate capping layers 261 and 262 may include an
insulating material such as silicon nitride or silicon oxide. In
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some embodiments the gate capping layers 261 and 262 may
include a conductor, such as metal, metal silicide, or a metal
compound.

[0103] Referring to FIG. 3D, an image sensor in accor-
dance with an embodiment of the present invention may
include the spacers 251 and 252 and the gate capping layers
261 and 262 compared to the image sensors of FIGS. 3A to
3C.

[0104] FIG. 4 is a simplified longitudinal sectional view of
the image sensor in accordance with an embodiment of the
present invention, which is taken along line II-III' of FIG.
2C.

[0105] Referring to FIG. 4, the image sensor in accordance
with an embodiment of the present invention may include
the photodiode PD formed within a substrate 210, the
transfer transistor Tt and the reset transistor Tr formed on the
substrate 210, the floating diffusion region FD and the
channel region CH formed within the substrate 210 between
one side of the transfer transistor Tt and one side of the reset
transistor Tr, and the reset voltage node Vr and a reset
channel region CHr adjacent to the other side of the reset
transistor Tr and formed within the substrate 210. The
floating diffusion region FD and the reset voltage node Vr
may have the same depth and n-type impurities. The channel
region CH and the reset channel region CHr may have the
same depth and p-type impurities. The floating diffusion
region FD and the reset voltage node Vr may be spaced apart
from each other. The channel region CH and the reset
channel region CHr may be contiguous within the substrate
210 under the reset transistor Tr without a boundary. The
width, length and/or area size of a region Et in which the
floating diffusion region FD vertically overlaps the transfer
transistor Tt and the width, length and/or area size of a
region Et in which the floating diffusion region FD vertically
overlaps the reset transistor Tr may be the same.

[0106] FIGS. 5A to 5D are longitudinal sectional views
taken along line I-I' of FIG. 2A or line II-II' of FIG. 2B for
describing a method for forming an image sensor in accor-
dance with an embodiment of the present invention.
[0107] Referring to FIG. 5A, the method for forming an
image sensor in accordance with an embodiment of the
present invention may include forming the photodiodes PD1
and PD2 and the pixel field region PF within the substrate
210 and forming the gate insulating layers 221 and 222 and
gate electrodes 231 and 232 of the transfer transistors Tt1
and Tt2 on a surface of the substrate 210.

[0108] In an embodiment of the present invention, the
substrate 210 may have an epitaxial growth layer. For
example, the method may include growing an epitaxial layer
on a silicon wafer by performing an epitaxial growth process
and forming the photodiodes PD1 and PD2 within the
epitaxial growth layer. Forming the photodiodes PD1 and
PD2 may include injecting n-type impurities, such as phos-
phorous (P) or arsenic (As), into the substrate 210 or the
epitaxial growth layer. Forming the pixel field region PF
may include injecting p-type impurities, such as boron (B),
into the substrate 210 or the epitaxial growth layer.

[0109] Forming the gate insulating layers 221 and 222
may include oxidizing the surface of the substrate 210 by
performing an oxidation process or forming silicon oxide on
the substrate 210 by performing a deposition process. Form-
ing the gate electrodes 231 and 232 may include forming one
or more of doped polysilicon, silicide, metal, and a metal
compound by performing a deposition process.
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[0110] Referring to FIG. 5B, the method may inc ode
forming a mask pattern M exposing the region between the
photodiodes PD1 and PD2 and forming an impurity injec-
tion region R by injecting both n-type impunities and p-type
impurities into the substrate 210 using the mask pattern M
and the gate electrodes 231 and 232 as an ion implantation
mask. In the embodiment of the present invention, the p-type
impurities may have a relatively smaller atom size or greater
thermal diffusivity than the n-type impurities. For example,
the p-type impurities may include boron (B), and the n-type
impurities may include arsenic (As). In some embodiments
of the present invention, the p-type impurities may include
indium (In), and the n-type impurities may include antimony
(Sb). The mask pattern M may include a photoresist. After
the impurity injection process is performed, the mask pattern
M may be removed.

[0111] Referring to FIG. 5C, the method may include
diffusing the n-type impurities and p-type impurities of the
impurity injection region R into the substrate 210 by per-
forming an annealing process. The n-type impurities having
a smaller thermal diffusivity, for example, arsenic (As)
atoms may be diffused into the substrate 210 relatively
shallowly and narrowly, thereby being capable of forming
the floating diffusion region FD. The p-type impurities
having a greater thermal diffusivity, for example, boron (B)
atoms may be diffused into the substrate 210 relatively
deeply and widely, thereby being capable of forming the
channel region CH. The channel region CH may fully
surround the lateral surfaces and bottom surface of the
floating diffusion region FD so that the floating diffusion
region FD is electrically insulated from the substrate 210.
The channel region CH may partially overlap the top corners
of the photodiodes PD1 and PD2. The regions of the
photodiodes PD1 and PD2 overlapping the channel region
CH may be inverted from an n-type conductive layer to a
p-type conductive layer.

[0112] Thereafter, referring to FIG. 3A, the method may
further include forming the interlayer dielectric layer 240
configured to cover the gate insulating layers 221 and 222
and gate electrodes 231 and 232 of the transfer transistors
Ttl and Tt2 on the substrate 210. The interlayer dielectric
layer 240 may include silicon oxide.

[0113] Referring to FIG. 5D, a method for forming an
image sensor in accordance with an embodiment of the
present invention may include forming the mask pattern M
configured to expose the region between the photodiodes
PD1 and PD2 and forming the impurity injection region R
including a reserved floating diffusion region p-FD and a
reserved channel region p-CH by injecting both the n-type
impurities and the p-type impurities into the substrate 210
using the mask pattern M and the gate electrodes 231 and
232 as an ion implantation mask, compared to FIG. 5B. For
example, the method may include injecting the p-type impu-
rities into the substrate 210 deeper than the n-type impuri-
ties. Accordingly, the reserved channel region p-CH includ-
ing the p-type impurities may be formed under the reserved
floating diffusion region p-FD including the n-type impuri-
ties. Thereafter, the processes described with reference to
FIGS. 5C and 3A may be performed.

[0114] FIGS. 6A to 6D are longitudinal sectional views
taken along line I-I' of FIG. 2A or line II-II' of FIG. 2B for
describing a method for forming an image sensor in accor-
dance with an embodiment of the present invention.
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[0115] Referring to FIG. 6A, the method for forming an
image sensor in accordance with an embodiment of the
present invention may include forming the photodiodes PD1
and PD2 within the substrate 210, forming a buffer layer 215
on the substrate 210, and forming a mask pattern M on the
buffer layer 215. The buffer layer 215 may include silicon
oxide.

[0116] Referring to FIG. 6B, the method may include
forming an impurity injection region R by performing an ion
implantation process using the mask pattern M as an ion
implantation mask and using the buffer layer 215 as an ion
implantation buffer layer. The ion implantation process may
include injecting both n-type impurities having a relatively
larger atom size and smaller thermal diffusivity and p-type
impurities having a relatively smaller atom size and greater
thermal diffusivity. Thereafter, the mask pattern M may be
removed. In another embodiment of the present invention,
referring to FIG. 5D, the n-type impurities and the p-type
impurities may be injected into the substrate 210 so that they
have different depths. For example, referring to FIG. 5D, the
impurity injection region R including the reserved floating
diffusion region p-FD adjacent to a surface of the substrate
210 and the reserved channel region p-CH under the
reserved floating diffusion region p-FD may be formed.
[0117] Referring to FIG. 6C, the method may include
forming the floating diffusion region FD and the channel
region CH by diffusing the n-type impurities and p-type
impurities of the reserved floating diffusion region p-FD into
the substrate 210 by performing an annealing process. The
inversion regions IR1 and IR2 which overlap the channel
region CH and the photodiodes PD1 and PD2 may be
formed. For example, the polarity such as, n type of the
photodiodes PD1 and PD2 may be inverted to the polarity
such as, p type of the channel region CH. Thereafter, the
buffer layer 215 may be removed. The buffer layer 215 may
be removed before the annealing process is performed.
[0118] Referring to FIG. 6D, the method may include
forming the gate insulating layers 221 and 222 and gate
electrodes 231 and 232 of the transfer transistors Ttl and Tt2
on the substrate 210. The gate insulating layers 221 and 222
and the gate electrodes 231 and 232 vertically partially
overlap the photodiodes PD1 and PD2 and the pixel field
region PF. For example, the gate insulating layer 221 and the
gate electrode 231 are coextensive and extend partially over
the photodiode PD1 and the pixel field region PF. Likewise,
the gate insulating layer 222 and the gate electrode 232 are
coextensive and extend partially over the photodiode PD2
and the pixel field region PF. Thereafter, referring to FIG.
3A, the method may further include forming the interlayer
dielectric layer 240 configured to cover the gate insulating
layers 221 and 222 and gate electrodes 231 and 232 of the
transfer transistors Ttl and Tt2 on the substrate 210.
[0119] FIGS. 7A and 7B are longitudinal sectional views
taken along line I-I' of FIG. 2A or line II-II' of FIG. 2B for
describing methods for forming an image sensor in accor-
dance with various embodiments of the present invention.
[0120] Referring to FIG. 7A, a method of forming an
image sensor in accordance with an embodiment of the
present invention may include forming the photodiodes PD1
and PD2 within the substrate 210, forming an ion implan-
tation mask Mi on the substrate 210, and performing a
pre-amorphization process of forming an amorphous region
Ra within the substrate 210 by implanting ions. The pre-
amorphization process may convert the substrate 210 of a
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single crystal state into a polycrystalline and amorphous
state, thereby being capable of increasing a thermal diffu-
sivity of impurities injected into the amorphous region Ra in
a subsequent annealing process. That is, the annealing
process can be enhanced so that the floating diffusion region
FD and the channel region CH are formed deeper and wider.
Thereafter, the method may include forming the image
sensor of FIG. 3A by performing the processes described
with reference to FIGS. 4A to 5C, or FIGS. 6A to 6D.
[0121] Referring to FIG. 7B, a method for forming an
image sensor in accordance with an embodiment of the
present invention may include forming the photodiodes PD1
and PD2 within the substrate 210, forming the ion implan-
tation mask Mi on the substrate 210, and performing an ion
implantation process of forming a cluster region Re within
the substrate 210 by implanting clustering ions. Thermal
diffusivity of the impurities injected into the cluster region
Rc can be increased. The clustering ions may include carbon
(C). Thereafter, the method may include forming the image
sensor of FIG. 3A by performing the processes described
with reference to FIGS. 5A to 5C or 6A to 6D.

[0122] FIG. 8A is a longitudinal sectional view taken
along line I-I' of FIG. 2A or line II-II' of FIG. 2B for
describing a method for forming an image sensor in accor-
dance with an embodiment of the present invention, and
FIGS. 8B and 8C are longitudinal sectional views taken
along line III-III' of FIG. 2C for describing methods for
forming an image sensor in accordance with embodiments
of the present invention.

[0123] Referring to FIG. 8A, a method for forming an
image sensor may include forming the photodiodes PD1 and
PD2 within the substrate 210, forming the gate insulating
layers 221 and 222, the gate electrodes 231 and 232, and the
spacers 251 and 252 on the substrate 210, forming the mask
pattern M, and forming the impurity injection region R by
implanting the n-type and p-type impurities into the sub-
strate 210 between the spacers 251 and 252. Thereafter, the
method may include removing the mask pattern M and
forming the floating diffusion region FD and channel region
CH having the shape of FIG. 3B by thermally diffusing the
n-type impurities and the p-type impurities within the impu-
rity injection region R by performing an annealing process.
In another embodiment of the present invention, referring to
FIG. 5B, the impurity injection region R may include the
reserved floating diffusion region p-FD and the reserved
channel region p-CH under the reserved floating diffusion
region p-FD.

[0124] Referring to FIG. 8B, a method for forming an
image sensor in accordance with an embodiment of the
present invention may include forming the photodiode PD
within the substrate 210, forming the gate insulating layer
221 and gate electrode 231 of the transfer transistor Tt and
the gate insulating layer 223 and gate electrode 233 of the
reset transistor Tr on the substrate 210, forming the mask
pattern and forming first and second impurity injection
regions R1 and R2 by injecting n-type impurities and p-type
impurities into the substrate 210 The first impurity injection
region R1 may be formed within the substrate 210 between
one side of the transfer transistor Tt and one side of the reset
transistor Tr. The second impurity injection region R2 may
be formed within the substrate 210 adjacent to the other side
of'the reset transistor Tr. Thereafter, the method may include
removing the mask pattern M and forming the floating
diffusion region FD, channel region CH, reset voltage node
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Vr, and reset channel region CHr having the shape of FIG.
4 by thermally diffusing the n-type impurities and the p-type
impurities within the first and the second impurity injection
regions R1 and R2 by performing an annealing process.
[0125] Referring to FIG. 8C, a method for forming an
image sensor in accordance with an embodiment of the
present invention may include forming a first impurity
injection region R1, including a reserved floating diffusion
region p-FD and a reserved channel region p-CH under the
reserved floating diffusion region p-FD, and a second impu-
rity injection region R2, including a reserved reset voltage
node p-Vr and a reserved reset channel region p-CHr under
the reserved reset voltage node p-Vr, with reference to FIG.
5D.

[0126] FIG. 9 is diagram schematically illustrating an
electronic device including at least one of the image sensors
in accordance with the various embodiments of the present
invention.

[0127] Referring to FIG. 9, the electronic device including
at least one of the image sensors, in accordance with the
various embodiments of the present invention, may be or
include a camera capable of capturing a still image or a
moving image. The electronic device may include an optical
system 310 or an optical lens, a shutter unit 311, an image
sensor 300, a driving unit 313 and a signal processing unit
312 configured to control/drive the shutter unit 311.
[0128] The optical system 310 guides image light that is,
incident light from a subject to the pixel array (refer to 100
of FIG. 1) of the image sensor 300. The optical system 310
may include a plurality of optical lenses. The shutter unit 311
controls the light radiation period and light shield period of
the image sensor 300. The driving unit 313 controls the
transmission operation of the image sensor 300 and the
shutter operation of the shutter unit 311. The signal process-
ing unit 312 performs various types of signal processing on
a signal output by the image sensor 300. An image signal
Dout after the signal processing is stored in a storage
medium, such as memory, or is output to a monitor.
[0129] The image sensors in accordance with various
embodiments of the present invention can have an excellent
arrangement and a short channel length since they employ
channel regions surrounding the floating diffusion regions.
Accordingly, the image sensors can have faster operating
speed without a malfunction.

[0130] The methods for forming an image sensor in accor-
dance with various embodiments of the present invention
can include forming the floating diffusion region and the
channel region by performing one photolithography process
and one annealing process. Accordingly, a process can be
simplified, and the floating diffusion region and the channel
region having a uniform shape can be formed without
misalignment.

[0131] In the methods for forming an image sensor in
accordance with various embodiments of the present inven-
tion, a process can be simplified since the size of the floating
diffusion region and the channel region can be set through
the annealing process.

[0132] A short channel can be implemented since the
channel region can invert the photodiode.

[0133] Although various embodiments have been
described for illustrative purposes, it will be apparent to
those skilled in the art that various changes and modifica-
tions may be made without departing from the spirit and
scope of the invention as defined in the following claims.
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What is claimed is:

1. A method for forming an image sensor, comprising:

forming first and second photodiodes within a substrate,

forming first and second gate electrodes over the sub-
strate, the first gate electrode vertically partially over-
lapping the first photodiode and the second gate elec-
trode vertically partially overlapping the second
photodiode,

forming an impurity injection region comprising first and

second type impurities between the first and the second
gate electrodes, and

performing an annealing process to form a floating dif-

fusion region comprising the first type impurities and a
channel region comprising the second type impurities,
wherein the channel region surrounds lateral surfaces
and a bottom surface of the floating diffusion region.

2. The method of claim 1, wherein the second type
impurities have a greater thermal diffusivity than the first
impurities.

3. The method of claim 1, wherein the second type
impurities have a smaller atom size than the first type
impurities.

4. The method of claim 1, further comprising injecting an
amorphizing material into the substrate prior to the forming
of the impurity injection region.

5. The method of claim 1, further comprising injecting a
clustering material into the substrate prior to the forming of
the impurity injection region.

6. The method of claim 1, further comprising forming gate
spacers between sides of the first and the second gate
electrodes.

7. The method of claim 1, wherein the channel region
partially overlaps corners of regions of the first and the
second photodiodes.

8. The method of claim 1, wherein the impurity injection
region comprises:

a reserved floating diffusion region comprising the first

type impurities, and

a reserved channel region comprising the second type

impurities.

9. The method of claim 8, wherein the reserved channel
region surrounds lateral surfaces and a bottom surface of the
reserved floating diffusion region.

10. The method of claim 1, further comprising forming a
pixel field region between the first and the second photo-
diodes, wherein the pixel field region has a lower second
type impurity ion concentration than the channel region.

11. A method of forming an image sensor, comprising:

forming a first photodiode within a substrate,

forming a first gate electrode vertically partially overlap-

ping the first photodiode and a second gate electrode
spaced apart from the first gate electrode and not
vertically overlapping the first photodiode on the sub-
strate,

forming a first impurity injection region by injecting

n-type impurities and p-type impurities into the sub-
strate between first sides of the first gate electrode and
the second gate electrode, and

performing an annealing process to form a floating dif-

fusion region and a channel region surrounding the
floating diffusion region by diffusing the n-type it and
the p-type impurities within the first impurity injection
region.
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12. The method of claim 11, further comprising forming
a second photodiode vertically partially overlapping the
second gate electrode within the substrate.
13. The method of claim 11, further comprising forming
a device voltage node and a reset channel region within the
substrate, and adjacent to a second side of the second gate
electrode.
14. The method of claim 13, wherein the forming of the
device voltage node and the reset channel region comprises:
forming a second impurity injection region by injecting
n-type impurities and p-type impurities into the sub-
strate adjacent to the second side of the second gate
electrode, and
performing an annealing process to form the device
voltage node and the reset channel region surrounding
the device voltage node by diffusing the n-type impu-
rities and the p-type impurities within the second
impurity injection region.
15. The method of claim 13, wherein:
the device voltage node and the floating diffusion region
have an identical depth, and
the reset channel region and the channel region have an
identical depth.
16. A method of forming an image sensor, comprising:
forming a first photodiode within a substrate,
forming a first transistor having a first side vertically
partially overlapping the first photodiode on the sub-
strate,
forming an impurity injection region by injecting first and
second type impurities into the substrate adjacent to a
second side of the first transistor, and
performing an annealing process to form a floating dif-
fusion region by diffusing the first type impurities
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within the impurity injection region and a channel
region surrounding lateral surfaces and a bottom sur-
face of the floating diffusion region by diffusing the
second type impurities within the impurity injection
region.

17. The method of claim 16, further comprising:

forming a second photodiode spaced apart from the first
photodiode within the substrate, and

forming a second transistor having a first side vertically
partially overlapping the second photodiode on the
substrate,

wherein the impurity injection region is formed between
the first photodiode and the second photodiode.

18. The method of claim 17, wherein:

the floating diffusion region comprises a first overlap
region vertically overlapping the first transistor and a
second overlap region vertically overlapping the sec-
ond transistor, and

a length of the first overlap region is identical to a length
of the second overlap region.

19. The method of claim 17, wherein:

the channel region comprises a first channel region ver-
tically overlapping the first transistor and a second
channel region vertically overlapping the second tran-
sistor, and

a length of the first channel region is identical to a length
of the second channel region.

20. The method of claim 16, wherein a portion of the first

photodiode overlapping the channel region is an inverted
region.



