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IMAGE SENSORS INCLUDING
CONDUCTIVE PIXEL SEPARATION
STRUCTURES

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

NOTICE

Morve than one reissue application has been filed for the

reissue of U.S. Pat. No. 9,780,142. The reissue applications
are (1) the present application, (2) U.S. patent application
Ser. No. 16/592,515, filed on Oct. 3, 2019 based on which the

present application is a continuation reissue.

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is an application for reissue of

US. Pat. No. 9,780,142, issued on Oct. 3, 2017, and is a
continuation of U.S. patent application Sev. No. 16/592,515

filed Oct. 3, 2019, which is also an application for reissue of

U.S. Pat. No. 9,750,142, issued on Oct. 3, 2017 from U.S.
patent application Ser. No. 15/630,498 filed on Jun. 22,
2017, which 1s a continuation of U.S. patent application Ser.
No. 15/349,227, filed Nov. 11, 2016, (row U.S. Pat. No.
9,754,994), which 1s a continuation of U.S. patent applica-
tion Ser. No. 14/191,670, filed Feb. 27, 2014 (now U.S. Pat.
No. 9,524,993), and claims priority under 35 U.S.C. § 119
to Korean Patent Application No. 10-2013-0022838, filed
Mar. 4, 2013, 1n the Korean Intellectual Property Oflice, the
entire contents of which are hereby incorporated herein by
reference 1n their entireties.

BACKGROUND

Example embodiments of the inventive concept relate to
image sensors and methods of forming the same.

Image sensors are semiconductor devices capable of

converting electric signals into optical 1images. Image sen-
sors may be classified into various types, including charge
coupled device (CCD) type and complementary metal oxide
semiconductor (CMOS) type. A CMOS 1mage sensor (CIS)
may include pixels arranged 1n two dimensions. Each of the
pixels may include a photodiode (PD), which converts
incident light 1nto electric signal.

As semiconductor devices become more highly inte-
grated, 1mage sensors may likewise become highly inte-
grated. Accordingly, the corresponding pixels may be scaled
down, such that cross talk may increasingly occur between
pixels.

SUMMARY

Example embodiments of the mventive concept provide
highly-integrated 1mage sensors capable of improving dark
current properties and methods of fabricating the same.

According to example embodiments of the nventive
concepts, an 1mage sensor includes a substrate having adja-
cent pixel regions comprising respective photodiode regions
therein, and a pixel separation portion comprising trench
extending into the substrate between the adjacent pixel
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2

regions. The trench includes a conductive common bias line
therein and an 1nsulating device 1solation layer between the
common bias line and surfaces of the trench. A conductive
interconnection 1s coupled to the common bias line and 1s
configured to provide a voltage thereto.

In example embodiments, the trench including the com-
mon bias line therein may define a grid including the pixel
regions therebetween 1n plan view.

In example embodiments, the trench including the com-
mon bias line therein may not extend completely through the
substrate. The pixel separation portion may further include
a channel stop region between the insulating device 1solation
layer 1n the trench and a surface of the substrate. The channel
stop region has a conductivity type opposite to that of the
respective photodiode regions.

In example embodiments, the surface of the substrate may
be a light-receiving surface adjacent the respective photo-
diode regions. The channel stop region may continuously
extend from the isulating device isolation layer in the
trench to the surface of the substrate.

In example embodiments, the trench may have differing
depths such that the common bias line therein has a non-
planar surface. A distance from the surface of the substrate
to the msulating device 1solation layer 1n the trench may be
greater 1n portions of the trench separating two of the
adjacent pixel regions than in portions of the trench defining
an tersection between four of the adjacent pixel regions.

In example embodiments, the surface of the substrate may
be opposite a light-receiving surface thereof.

In example embodiments, the pixel separation portion
may further include a shallow trench 1solation region
between the channel stop region and the surface of the
substrate. The channel stop region may continuously extend
from the msulating device 1solation layer 1n the trench to the
shallow trench 1solation region. A depth of the shallow
trench 1solation region may be less than that of the insulating
device 1solation region.

According to further example embodiments of the inven-
tive concepts, an 1mage sensor may include a substrate, in
which a plurality of pixel regions are provided and which
has a first surface and a second surface facing or opposite
cach other, a photoelectric conversion part formed 1n each of
the pixel regions of the substrate, a gate electrode provided
on the photoelectric conversion part, and a pixel separation
portion provided in the substrate to separate the pixel
regions from each other. The pixel separation portion may
include a deep device 1solation layer and a common bias line
provided 1n the deep device 1solation layer, and the common
bias line may be configured to be applied with a negative
voltage. Here, light may be incident into the image sensor
through the second surface.

In example embodiments, 1n plan view, the common bias
line may have a mesh shape.

In example embodiments, the common bias line may have
a curved top or bottom surface.

In example embodiments, the common bias line may be
clectrically 1solated from the substrate.

In example embodiments, the common bias line may have
a bottom surface positioned adjacent to the first surface and
clectrically connected to an external-voltage-applying wire.
Alternatively, the common bias line may have a top surface
positioned adjacent to the second surface and electrically
connected to an external-voltage-applying wire.

In example embodiments, the substrate may further
include an optical black region provided spaced apart from
the pixel regions, and the 1image sensor may further include
an optical black pattern provided on the optical black region.
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The optical black pattern and the external-voltage-applying
wire mnclude the same material.

In example embodiments, the substrate may further
include a pad region provided spaced apart from the pixel
region, and the 1mage sensor may further include a through
via provided through the pad region. The through via and the
external-voltage-applying wire include the same matenal.

In example embodiments, the pixel separation portion
may further include a channel-stop region in contact with the
deep device 1solation layer.

In example embodiments, the 1mage sensor may further
include a shallow device 1solation layer that 1s provided 1n
contact with the first surface and spaced apart from the deep
device isolation layer. The shallow device isolation layer
may have a depth smaller than that of the deep device
isolation layer. The channel-stop region may be provided
between the deep device i1solation layer and the shallow
device 1solation layer.

According to example embodiments of the inventive
concepts, a method of fabricating an 1mage sensor may
include forming a pixel separation portion 1n a substrate to
define pixel regions. The substrate may have a first surface
and a second surface facing each other. Therealter, a pho-
toelectric conversion part and a gate electrode may be
formed 1n or on each of the pixel regions. The pixel
separation portion may be formed to include a deep device
1solation layer and a common bias line that 1s provided in the
deep device 1solation layer and 1s applied with a negative
voltage. Here, light may be incident 1nto the image sensor
through the second surface.

In example embodiments, the forming of the pixel sepa-
ration portion may include etching a portion of the substrate
adjacent to the first surface to form a deep trench, forming
the deep device 1solation layer to cover conformally side and
bottom surface of the deep trench, and forming the common
bias line to fill the deep trench.

In example embodiments, the forming of the pixel sepa-
ration portion may include etching a portion of the substrate
adjacent to the second surface to form a deep trench,
forming the deep device 1solation layer to cover conformally
side and bottom surface of the deep trench, and forming the
common bias line to fill the deep trench.

In example embodiments, the substrate may {further
include an optical black region spaced apart from the pixel
regions. In this case, the method may further include form-
ing an insulating layer to cover the second surface, and
forming an optical black pattern in the insulating layer on the
optical black region and an external-voltage-applying wire
connected to the common bias line. The optical black pattern
and the external-voltage-applying wire may be formed using
the same process.

In example embodiments, the substrate may further
include a pad region spaced apart from the pixel regions. In
this case, the method may further include forming an insu-
lating layer to cover the second surface, and forming a
through via and an external-voltage-applying wire. The
through via may be formed to penetrate the insulating layer
and the pad region of the substrate, and the external-voltage-
applying wire may be connected to the common bias line.
The through via and the external-voltage-applying wire may
be formed using the same process.

BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments will be more clearly understood
from the following brief description taken in conjunction
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4

with the accompanying drawings. The accompanying draw-
ings represent non-limiting, example embodiments as

described herein.

FIG. 1 1s a circuit diagram of an 1image sensor according,
to example embodiments of the imnventive concept

FIG. 2 15 a layout illustrating an 1mage sensor according,
to example embodiments of the mventive concept.

FIGS. 3A and 3B are sectional views taken along lines
A-A'" and B-B', respectively, of FIG. 2.

FIGS. 4A through 9A are sectional views taken parallel to
the line A-A' of FIG. 2 to 1llustrate a process of fabricating
the 1mage sensor of FIG. 2.

FIGS. 4B through 9B are sectional views taken parallel to
the line B-B' of FIG. 2 to illustrate a process of fabricating
the 1mage sensor of FIG. 2.

FIG. 10 15 a layout illustrating an image sensor according,
to other example embodiments of the inventive concept.

FIG. 11 1s a sectional view taken along a line C-C' of FIG.
10 to illustrate the 1mage sensor according to other example
embodiments of the mventive concept.

FIGS. 12 through 17 are sectional views illustrating a
process ol fabricating the image sensor of FIG. 11.

FIG. 18 1s a sectional view taken along a line C-C' of FIG.
10 to illustrate an i1mage sensor according to still other
example embodiments of the inventive concept.

FIG. 19 1s a block diagram illustrating an electronic
device including an 1mage sensor, according to example
embodiments of the mventive concept.

FIGS. 20 through 24 show examples of multimedia
devices, to which 1mage sensors according to example
embodiments of the mventive concept can be provided.

It should be noted that these figures are intended to
illustrate the general characteristics of methods, structure
and/or materials utilized 1n certain example embodiments
and to supplement the written description provided below.
These drawings are not, however, to scale and may not
precisely retlect the precise structural or performance char-
acteristics of any given embodiment, and should not be
interpreted as defimng or limiting the range of values or
properties encompassed by example embodiments. For
example, the relative thicknesses and positioning of mol-
ecules, layers, regions and/or structural elements may be
reduced or exaggerated for clarity. The use of similar or
identical reference numbers in the various drawings 1is
intended to indicate the presence of a similar or i1dentical
clement or feature.

DETAILED DESCRIPTION

Example embodiments of the inventive concepts will now
be described more fully with reference to the accompanying
drawings, in which example embodiments are shown.
Example embodiments of the inventive concepts may, how-
ever, be embodied 1n many different forms and should not be
construed as being limited to the embodiments set forth
herein; rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the concept of example embodiments to those of
ordinary skill in the art. In the drawings, the thicknesses of
layers and regions are exaggerated for clarty. Like reference
numerals 1n the drawings denote like elements, and thus
their description will be omitted. As used herein the term
“and/or” includes any and all combinations of one or more
of the associated listed 1tems.

It will be understood that when an element is referred to
as being “connected” or “coupled” to another element, 1t can
be directly connected or coupled to the other element or




US RE49.,793 E

S

intervening elements may be present. In contrast, when an
clement 1s referred to as being “directly connected” or
“directly coupled” to another element, there are no inter-
vening elements present. Other words used to describe the
relationship between elements or layers should be inter-
preted 1n a like fashion (e.g., “between” versus “directly
between,” “adjacent” versus “directly adjacent,” “on” versus
“directly on”).

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

Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper’” and the like, may be used herein
for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as 1llustrated
in the figures. It will be understood that the spatially relative
terms are intended to encompass diflerent orientations of the
device 1n use or operation in addition to the ornentation
depicted 1n the figures. For example, 1f the device i the
figures 1s turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90
degrees or at other ornientations) and the spatially relative
descriptors used herein interpreted accordingly.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not mtended to be
limiting of example embodiments. As used herein, the
singular forms “a,” “an” and “the” are intended to include
the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“comprises”, “‘comprising’, “includes” and/or “including,”
i used herein, specily the presence of stated features,
integers, steps, operations, elements and/or components, but
do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components
and/or groups thereof.

Example embodiments of the inventive concepts are
described herein with reference to cross-sectional 1llustra-
tions that are schematic illustrations of 1dealized embodi-
ments (and intermediate structures) of example embodi-
ments. As such, variations from the shapes of the
illustrations as a result, for example, of manufacturing
techniques and/or tolerances, are to be expected. Thus,
example embodiments of the inventive concepts should not
be construed as limited to the particular shapes of regions
illustrated herein but are to include deviations 1n shapes that
result, for example, from manufacturing. For example, an
implanted region illustrated as a rectangle may have rounded
or curved features and/or a gradient of implant concentration
at 1ts edges rather than a binary change from implanted to
non-implanted region. Likewise, a buried region formed by
implantation may result in some implantation 1n the region
between the buried region and the surface through which the
implantation takes place. Thus, the regions illustrated in the
figures are schematic in nature and their shapes are not
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intended to illustrate the actual shape of a region of a device
and are not mtended to limit the scope of example embodi-
ments.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which example embodiments of the iventive concepts
belong. It will be further understood that terms, such as those
defined 1n commonly-used dictionaries, should be inter-
preted as having a meaning that 1s consistent with their
meaning 1n the context of the relevant art and will not be
interpreted 1 an idealized or overly formal sense unless
expressly so defined herein.

FIG. 1 1s a circuit diagram of an image sensor according,
to example embodiments of the mventive concept.

Referring to FIG. 1, the image sensor may include a
plurality of unit pixels, each of which includes a photoelec-
tric conversion region PD, a transfer transistor Tx, a source
follower transistor Sx, a reset transistor Rx, and a selection
transistor Ax. The transter transistor Tx, the source follower
transistor Sx, the reset transistor Rx, and the selection
transistor AXx may include a transfer gate TG, a source
tollower gate SE, a reset gate RG, and a selection gate SEL,
respectively. A photoelectric conversion portion may be
provided in the photoelectric conversion region PD. The
photoelectric conversion portion may be a photodiode
including an n-type impurity region and a p-type impurity
region. The transter transistor Tx may include a drain region
serving as a floating diffusion region FD. The floating
diffusion region FD may also serve as a source region of the
reset transistor Rx. The floating diffusion region FD may be
clectrically connected to the source follower gate SF of the
source follower transistor Sx. The source follower transistor
Sx may be connected to the selection transistor Ax. The reset
transistor Rx, the source follower transistor Sx, and the
selection transistor Ax may be shared by adjacent pixels, and
this makes it possible to increase an integration density of
the 1mage sensor.

Herematter, an operation of the image sensor will be
described with reference to FIG. 1. In particular, when 1n a
light-blocking state, a power voltage VDD may be applied
to a drain region of the reset transistor Rx and a drain region
of the source follower transistor Sx to turn on the reset
transistor Rx and discharge electric charges from the floating
diffusion region FD. Thereafter, 1f the reset transistor Rx 1s
turned-ofl and external light 1s incident into the photoelectric
conversion region PD, electron-hole pairs may be generated
in the photoelectric conversion region PD. Holes may be
moved toward the p-type doped region, and electrons may
be moved toward and accumulated in the n-type doped
region. If the transfer transistor Tx 1s turned on, the electric
charges (e.g., electrons) may be transterred to and accumu-
lated 1n the floating diffusion region FD. A change 1n amount
of the accumulated charges may lead to a change 1n gate bias
of the source follower transistor Sx, and this may lead to a
change 1n source potential of the source follower transistor
Sx. Accordingly, 1t the selection transistor Ax 1s turned on,
an amount of the charges may be transmitted or read out as
a signal through a column line.

FIG. 2 15 a layout illustrating an 1mage sensor according
to example embodiments of the mnventive concept, FIGS. 3A
and 3B are sectional views taken along lines A-A' and B-B',
respectively, of FIG. 2.

Referring to FIGS. 1, 2, 3A and 3B, a substrate 2 may be
provided to include unit pixel regions UP. The substrate 2
may be a silicon wafer, a silicon-on-insulator (SOI) sub-
strate, or a substrate including a semiconductor epitaxial
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layer. The substrate 2 may include a first surface 2a and a
second surface 2b opposite each other. The second surface
2b may be arranged or configured 1n the image sensor such
that light may be incident thereon, and 1s also referred to
herein as a light-receiving surface 2b.

A pixel separation portion 12 may be provided in the
substrate 2 to separate the unit pixel regions UP from each
other. In plan view, the pixel separation portion 12 may be
shaped like a mesh or grid. In example embodiments, the
pixel separation portion 12 may have a height that 1s
substantially equivalent to a thickness of the substrate 2. The
pixel separation portion 12 may be formed through the
substrate 2 to connect or otherwise extend between the first
and second surfaces 2a and 2b. The pixel separation portion
12 may include an insulating deep device 1solation layer 11
and a conductive common bias line 13 therein. The deep
device 1solation layer 11 and the common bias line 13 may
be 1n contact with each other. The pixel separation portion 12
may further include a channel-stop region 10 that 1s in
contact with the deep device 1solation layer 11. The deep
device 1solation layer 11 may be formed of an insulating
material, whose refractive index 1s different from that of the
substrate 2. For example, the deep device 1solation layer D11
may be formed of at least one of a silicon oxide layer, a
silicon nitride layer, or a silicon oxynitride layer. In the
present embodiment, the deep device 1solation layer 11 may
be provided in contact with the first surface 2a and spaced
apart from the second surface 2b. A top surface of the deep
device 1solation layer 11 adjacent to the second surface 2b
may have a curved or uneven structure. A distance from the
second surface 2b to a top surface 6 of the deep device
isolation layer 11 may be a first distance D1 between two
adjacent pixel regions UP, and a second distance D2 (which
1s less than or equal to D1) at an intersection of four adjacent
pixel regions UP.

The common bias line 13 may be formed of at least one
of an undoped or doped polysilicon layer, a metal silicide
layer, or a metal-containing layer. Since the deep device
1solation layer 11 has the curved or uneven top surface, the
common bias line 13 may have a curved or uneven top
surface. A line-shaped edge or linear portion 13a may be
provided at an end portion of the common bias line 13. The
line-shaped edge 13a may be electrically connected to an
edge contact 130 and an external-voltage-applying wire 132
that are provided adjacent to the first surface 2a. The
common bias line 13 may be applied with a negative voltage
via the external-voltage-applying wire 132. The negative
voltage applied to the common bias line 13 may fix or attract
holes to a surface of the deep device 1solation layer 11, and
this makes 1t possible to improve a dark current property of
the 1mage sensor.

The channel-stop region 10 may be in contact with the
second surface 2b. For example, the photoelectric conver-
sion part PD may be doped with n-type impurities, and the
channel-stop region 10 may be doped with p-type impuri-
ties. Since the pixel separation portion 12 1s formed to
penetrate and extend through the substrate 2 from the first
surface 2a to the second surface 2b, each of the unit pixel
regions UP can be electrically or optically 1solated from the
others, and thus, 1t 1s possible to reduce or prevent cross talk
between the unmit pixel regions UP from occurring by a
slantingly incident light (that 1s, in response to incident light
at oblique angles relative to the light-receiving surface 2b).
Further, the photoelectric conversion part PD may be formed
to be in contact with the sidewall of the pixel separation
portion 12 and may have the same area as the umt pixel
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region UP, which can allow the image sensor to have an
increased light-receiving area and/or an increased {ill factor.

A plurality of transistors Tx1, Tx2, Rx, Dx, and Sx and a
plurality of wires may be provided on the first surface 2a. A
well region PW may be provided on the photoelectric
conversion part PD. In example embodiments, the well
region PW may be doped with p-type impurities. Shallow
device 1solation layers STI may be provided on the well
region PW to define active regions AR of the transistors Tx1,
Tx2, Rx, Dx, and Sx. The shallow device 1solation layer STI
may be formed to have a depth smaller than the deep device
isolation layer 11. In example embodiments, the shallow
device 1solation layer STI and the deep device 1solation layer
11 may be connected to each other, thereby constituting or
defining a single body or region. For example, as shown 1n
FIG. 3 A, the shallow device 1solation layer ST1 and the deep
device 1solation layer 11 may be formed between the unit
pixel regions UP to have an inverted ‘T’ shape.

In each of the unit pixel regions UP, the transfer gate TG
serving as the gate electrode of the transfer transistor Tx1
may be provided on the first surface 2a of the substrate 2. A
gate insulating layer 24 may be interposed between the
transier gate TG and the substrate 2. A top surface of the
transier gate TG may be higher than the first surface 2a of
the substrate 2, and a bottom surface thereof may be
positioned 1n the substrate 2 or the well PW. For example,
the transter gate TG may include a protruding portion 21
positioned on the substrate 2 and a buried portion 22 mserted
into the substrate 2. The floating diflusion region FD may be
formed 1n a portion of the substrate 2 between an upper
sidewall of the buried portion 22 and the shallow device
isolation layer STI. The floating diffusion region FD may be
doped with impurities having a diflerent conductivity type
from that of the well region PW. For example, the tloating
diffusion region FD may be doped with n-type impurities.

A doped ground region 26 may be formed 1n a portion of
the active region AR, which 1s spaced apart from the transter
gate TG by the shallow device 1solation layer STI. The
doped ground region 26 may be doped with impurities
having the same conductivity type as that of the well region
PW. For example, the doped ground region 26 may be doped
with p-type impurities. In example embodiments, an 1mpu-
rity concentration of the doped ground region 26 may be
higher than that of the well region PW. The floating diflfusion
region FD and the doped ground region 26 may be electri-
cally connected to at least one of contact plugs and wires 30
that are disposed on the first surface 2a. The first surface 2a
may be covered with a plurality of interlayered insulating
layers 32.

An anti-reflecting layer 38 may be formed to cover wholly
the second surface 2b. In each of the unit pixel regions UP,
a color filter 42 and a micro-lens 44 may be provided on the
anti-reflecting layer 38. The color filter 42 may be a portion
of a color filter array including a plurality of color filters
arranged 1n the form of matrix. In example embodiments,
the color filter array may be provided to form the Bayer
pattern including a red filter, a green filter, and a blue filter;
however, embodiments of the present mnventive concept are
not limited to particular filter colors. For example, 1n other
embodiments, the color filter array may be configured to
include a yellow filter, a magenta filter and a cyan filter. In
certain embodiments, the color filter array may further
include a whate filter.

FIGS. 4A through 9A are sectional views taken parallel to
the line A-A' of FIG. 2 to 1llustrate a process of fabricating

the 1mage sensor of FIG. 2, and FIGS. 4B through 9B are
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sectional views taken parallel to the line B-B' of FIG. 2 to
illustrate a process of fabricating the 1image sensor of FIG.
2.

Referring to FIGS. 4A and 4B, the substrate 2 including,
first and second opposing surfaces 2a and 2b 1s prepared.
The substrate 2 may be a silicon wafer, a silicon-on-1nsulator
(SOI) substrate, and/or a substrate including a semiconduc-
tor epitaxial layer. The substrate 2 may be doped with, for
example p-type impurities. An 1on implantation process may
be performed to form the photoelectric conversion part PD
and the well region PW 1n the substrate 2. The photoelectric
conversion part PD may be doped with, for example, n-type
impurities, and the well region PW may be doped with, for
example, p-type impurities. The photoelectric conversion
part PD and/or the well region PW may be formed after the
formation of the pixel separation portion 12 1s complete. A
first mask pattern 3 may be formed on the first surface 2a.
The substrate 2 adjacent to the first surface 2a may be etched
using the first mask pattern 3 as an etch mask, thereby
forming the first trench 4 with a first depth D3.

Referring to FIGS. 5A and 3B, an insulating layer 1s
formed to {ill the first trench 4 and 1s planarized to expose
the first surface 2a and the shallow device isolation layer
STI.

Referring to FIGS. 6 A and 6B, a second mask pattern 5
may be formed to cover the first surface 1a and define the
pixel regions UP. The shallow device 1solation layer STI and
the substrate 2 may be etched using the second mask pattern
5 as an etch mask to form the second trench 6 having a
second depth D4. The second trench 6 may be formed to
include a plurality of grooves intersecting to each other,
thereby having a grid- or mesh-like shape in plan view. Here,
an amount of the substrate 2 that 1s etched 1s greater at an
intersection between four adjacent pixel regions UP than
between two adjacent pixel regions UP. That 1s, the etch
amount of the substrate 2 may be larger at the intersection
of the grooves, when compared with at each of the grooves.
Accordingly, at this stage, the second trench 6 may have a
third depth D5 that 1s equivalent to or greater than the second
depth D4. Further, the second trench 6 may have a curved or
uneven bottom surface. For example, a distance from the
second surface 2b to the bottom surface of the second trench
6 may be a first height H1 between two adjacent unit pixel
regions UP and a second height H2, which 1s equivalent to
or smaller than the first height H1, between four adjacent
unit pixel regions UP. An 1on implantation process P1 may
be performed to the substrate 2 covered with the second
mask pattern 5, and thus, the channel-stop region 10 may be
formed 1n portions of the substrate 2 exposed by the second
trench 6. The channel-stop region 10 may be doped with, for
example, p-type impurities.

Referring to FIGS. 7A and 7B, the second mask pattern 5
may be removed, and then, the mnsulating layer 11 may be
conformally deposited to cover the side and bottom surfaces
of the second trench 6. The conductive layer 13 may be
deposited to fill the second trench 6. A planarization process
may be performed to expose the first surface 2a, and thus,
the deep device 1solation layer 11, the common bias line 13,
and the line-shaped edge 13a may be formed 1n the second
trench 6. As a result, the pixel separation portion 12 includ-
ing the deep device 1solation layer 11, the channel-stop
region 10, and the common bias line 13 may be formed to
separate the unit pixel regions UP from each other.

Referring to FIGS. 8 A and 8B, the gate insulating layer 24
and the transfer gate TG may be formed on the first surface
2a, and the floating diffusion region FD and the doped
ground region 26 may be formed. The contact plugs and
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wires 30 and the interlayered insulating layers 32 may be
formed on the first surface 2a. In example embodiments, the
edge contact 130 and the external-voltage-applying wire
132, which are connected to the line-shaped edge 13a, may
be formed using the process of forming the contact plugs and
wires 30.

Referring to FIGS. 8A, 8B, 9A, and 9B, the substrate 2
may be inverted or rotated in such a way that the second
surface 2b faces upward. A grinding or CMP process may be
performed to remove a portion of the substrate 2 adjacent to
the second surface 2b by a first thickness 11 and thereby to
expose the channel-stop region 10. Meanwhile, a variation
in depth of the bottom surface of the deep device 1solation
layer 11 may be determined by that of the second trench 6.
Thus, 1f the pixel separation portion 12 included only the
deep device 1solation layer 11, the polished surface of the
substrate 2 (after the grinding or CMP process) may have a
deteriorated surface flatness or uniformity, owing at least to
the vanation in depth of the bottom surface of the deep
device 1solation layer 11. Further, during the grinding or
CMP process, a stress may be exerted to an interface
between the substrate 2 and the deep device i1solation layer
11 to create many defects. The deterioration 1n surface
uniformity or the increase of defects may result in increased
variation in color between pixels or a deteriorated dark
current property. In contrast, according to example embodi-
ments of the inventive concept, the grinding or CMP process
may be perform to expose the channel-stop region 10, not
the deep device 1solation layer 11, and thus, it 1s possible to
improve the surface uniformity and reduce the number of
defects 1n the grinding or CMP process. As a result, it 1s
possible to realize the 1mage sensor with an improved dark
current property and a high image quality.

Thereafter, as shown 1n FIGS. 3A and 3B, the anti-
reflecting layer 38, a first msulating layer 39, a second
insulating layer 40, the color filter 42, and the micro-lens 44
may be formed on the second surface 2b of the substrate 2.

FIG. 10 1s a layout illustrating an image sensor according,
to other example embodiments of the mmventive concept.
FIG. 11 1s a sectional view taken along a line C-C' of FIG.
10 to 1llustrate the 1mage sensor according to other example
embodiments of the inventive concept.

Referring to FIGS. 10 and 11, according to other example
embodiments of the iventive concept, the image sensor
may include the substrate 2 with the pixel region PR, the
optical black region OB, the pad region TR, and the edge
region ER. The unit pixel regions UP may be provided in the
pixel region PR, and the optical black region OB and the pad
region TR may be provided spaced apart from the pixel
region PR. The line-shaped edge 13a may be provided in the
edge region ER. The pixel separation portion 12 may include
the deep device 1solation layer 11, the common bias line 13,
the channel-stop region 10, and the shallow device 1solat1011
layer STI. In example embodiments, the deep device 1sola-
tion layer 11 may be provided in contact with the second
surface 2b and spaced apart from the first surface 2a. The
channel-stop region 10 may be provided between the shal-
low device 1solation layer STI and the deep device 1solation
layer 11. Each or at least one of the deep device 1solation
layer 11 and the common source line 13 may have a curved
or uneven bottom surface. An optical black pattern 50 may
be provided on the optical black region OB. A through via
52 may be provided 1n the pad region TR to penetrate the
first insulating layer 39, the anti-retlecting layer 38, and the
substrate 2. An 1insulating spacer 46 may be interposed
between the through via 52 and the substrate 2. A solder ball
54 may be attached to the through via 52. The edge contact
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130 and the external-voltage-applying wire 132 may be
provided 1n the first msulating layer 39 of the edge region
ER to be in contact with the line-shaped edge 13a. The
through via 52, the optical black pattern 50, and the external-
voltage-applying wire 132 may be formed of the same
material (e.g., tungsten) 1n some embodiments.

The optical black pattern 50 may reduce or prevent light
from being incident on or into a reference pixel provided
thereunder. Since the reference pixel 1s 1n the light-blocking,
state, an amount of electric charges generated 1n the refer-
ence pixel (hereinafter, referred as to a reference charge
amount) can be used to compare an amount of electric
charges from the unit pixel regions UP (heremafter, referred
as to a unit charge amount), and to calculate a difference
between the unit and reference charge amounts. This may
make 1t possible to obtain more accurate signals from each
unit pixel UP.

Except for the above described differences, the image
sensor according to other example embodiments of the
inventive concept may be configured to have substantially
similar features as those of the previously-described
embodiments.

FIGS. 12 through 17 are sectional views illustrating a
process of fabricating the image sensor of FIG. 11.

Referring to FIG. 12, the first trench 4 may be formed, as
shown 1n FIG. 4A, and then, the second mask pattern S may
be formed to cover the first mask pattern 3 and define a
region for the channel-stop region 10. The substrate 2 may
be doped with impurities using the second mask pattern 5 as
an 1on 1njection mask to form the channel-stop region 10.
The channel-stop region 10 may be doped with, for example,
p-type impurities.

Referring to FI1G. 13, the first and second mask patterns 3
and 5 may be selectively removed to expose the first trench
4. An 1insulating layer may be deposited to fill the first trench
4, and then, the insulating layer may be etched to form the
shallow device 1solation layer ST1 having a flat or planar top
surface.

Referring to FIG. 14, as described with reference to FIG.
9A, the gate insulating layer 24, the transfer gate TG, the
floating diffusion region FD, the doped ground region 26,
the contact plugs and wires 30, and the interlayered 1nsu-
lating layers 32 may be formed on or 1n the first surface 2a
of the substrate 2. In contrast to FIG. 9A, the edge contact
130 and the external-voltage-applying wire 132 may not be
formed at this stage.

Referring to FIG. 15, the substrate 2 may be inverted or
turned-over, and a grinding or CMP process may be per-
formed to remove a portion of the substrate 2 adjacent to the
second surface 2b by a predetermined thickness. Here, the
deep device 1solation layer 11 may not be exposed during the
egrinding or CMP process, and thus, 1t 1s possible to reduce
or prevent a polished surface of the substrate from having a
reduced or lowered flatness or uniformity and to suppress
surface defects from occurring. A portion of the substrate 2
adjacent to the second surface 2b may be etched to form the
second trench 6 exposing the channel-stop region 10. There-
after, an insulating layer and a conductive layer may be
sequentially formed to fill the second trench 6, and may be
planarized to form the deep device isolation layer 11, the
common bias line 13, and the line-shaped edge 13a. Due to
the presence of the channel-stop region 10, 1t 1s possible to
reduce a depth of the second trench 6, which may make 1t
possible to prevent or suppress an etch damage from occur-
ring.

Referring to FIG. 16, the anti-reflecting layer 38 and the
first mnsulating layer 39 may be sequentially stacked on the
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second surface 2b. The first 1nsulating layer 39, the anti-
reflecting layer 38, and the substrate 2 may be patterned to
form a through-via hole 51a exposing the wire 30 on the pad
region TR. The first insulating layer 39 may be patterned to
form a first recess region 31b on the optical black region OB.
The first msulating layer 39 and the anti-reflecting layer 38
may be patterned to form a second recess region 51c on the
edge region ER.

Referring to FIG. 17, a conductive layer may be deposited
and planarized to form the through via 32, the optical black
pattern 50, and the edge contact and external-voltage-apply-
ing wire 130 and 132 filling the through-via hole 51a, the
first recess region 31b, and the second recess region Slc,
respectively.

Subsequent processes may be performed 1n the same or
similar manner as that described 1n example embodiments of
the 1ventive concept.

FIG. 18 1s a sectional view taken along a line C-C' of FIG.
10 to illustrate an 1mage sensor according to still other
example embodiments of the inventive concept.

Referring to FIG. 18, structural features of the image
sensors according to the aforementioned embodiments may
be combined to realize an 1mage sensor according to still
other example embodiments of the mventive concept. For
example, according to still other example embodiments of
the inventive concept, the image sensor may be configured
to include the pixel separation portion 12, whose structure 1s
similar to that of FIGS. 3A and 3B, and the edge contact 130
and the external-voltage-applying wire 132, whose disposi-
tion 1s similar to that of FIG. 11.

FIG. 19 1s a block diagram illustrating an electronic
device having an image sensor, according to example
embodiments of the imventive concept. The electronic
device may be any of various types of devices, such as a
digital camera or a mobile device, for example. Referring to
FIG. 19, an 1illustrative digital camera system includes an
image sensor 100, a processor 230, a memory 300, a display
410 and a bus 500. As shown 1n FIG. 19, the image sensor
100 captures an external image under control of the proces-
sor 230, and provides the corresponding 1mage data to the
processor 230 through the bus 500. The processor 230 may
store the 1mage data 1n the memory 300 through the bus 500.
The processor 230 may also output the image data stored 1n
the memory 300, ¢.g., for display on the display device 410.

FIGS. 20 through 24 show examples of multimedia
devices, to which 1mage sensors according to example
embodiments of the inventive concept can be applied. Image
sensors according to example embodiments of the inventive
concept can be applied to a variety of multimedia devices
with an 1maging function. For example, image sensors
according to example embodiments of the mnventive concept
may be applied to a mobile phone or a smart phone 2000 as
shown 1n FIG. 20, to a tablet PC or a smart tablet PC 3000
as shown 1n FIG. 21, to a laptop computer 4000 as shown 1n
FI1G. 22, to a television set or a smart television set 5000 as
shown 1n FIG. 23, and/or to a digital camera or a digital
camcorder 6000 as shown in FIG. 24.

According to example embodiments of the nventive
concept, the image sensor may include a common bias line,
to which a negative voltage can be applied, and which 1s
disposed 1n a deep device isolation layer. Accordingly, 1t
may be possible to fix or otherwise attract holes 1n a sidewall
of deep device isolation layer and thereby improve a dark
current property of the image sensor.

While example embodiments of the mventive concepts
have been particularly shown and described, 1t will be
understood by one of ordinary skill 1n the art that variations
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in form and detaill may be made therein without departing
from the spirit and scope of the attached claims.

What 1s claimed 1s:

[1. An image sensor, comprising:

a substrate comprising a plurality of pixel regions, the
substrate having a first surface and a second surface
opposite the first surface, wherein the second surface 1s
arranged to receive mcident light;

photoelectric conversion parts 1n the pixel regions of the
substrate;

gate electrodes and floating diffusion regions 1n the pixel
regions of the substrate;

a pixel separation structure including a first 1solation
region and a second 1solation region in the substrate
that separate the pixel regions from each other, wherein
the first 1solation region includes an insulating device
1solation layer and a metal element, and the second
1solation region includes an impurity-doped region; and

doped ground regions disposed between adjacent ones of
the floating diffusion regions,

wherein the first 1solation region 1s 1n contact with the
second surface and spaced apart from the first surface,
and the second 1solation region 1s disposed between the
first isolation region and the first surface.}

[2. The image sensor of claim 1, wherein the second
1solation region 1s doped with an impurnty type different
from the photoelectric conversion part.}

[3. The image sensor of claim 1, wherein the metal
element include a metal-containing layer.]

[4. The image sensor of claim 3, wherein the doped
ground regions are doped with an impurity type different
from the floating diffusion regions.]

[S. The image sensor of claim 1, further comprising a
shallow device 1solation layer in contact with the first
surface and spaced apart from the {first 1solation region, the
shallow device 1solation layer having a depth less than that
of the first isolation region.}

[6. The image sensor of claim 1, wherein in plan view, the
floating diffusion regions and the doped ground regions are
arranged in a straight line.]

[7. The image sensor of claim 1, wherein the gate elec-
trode includes a protruding portion positioned on the sub-
strate and a buried portion inserted into the substrate.]

[8. The image sensor of claim 6, wherein the substrate
turther comprises an optical black region spaced apart from
the pixel region,

wherein the 1mage sensor further comprises an optical
black pattern provided on the optical black region.]

[9. The image sensor of claim 6, wherein the substrate
turther comprises a pad region spaced apart from the pixel
region,

wherein the image sensor further comprises a through via
provided through the pad region.]

[10. The image sensor of claim 1, wherein at least a
portion of the photoelectric conversion part overlaps the
floating diffusion regions and the doped ground regions.]

[11. An image sensor, comprising:

a substrate comprising a plurality of pixel regions, the
substrate having a first surface and a second surface
opposite the first surface, wherein the second surface 1s
arranged to receive mcident light;

photoelectric conversion parts 1n the pixel regions of the
substrate;

gate electrodes and floating diffusion regions 1n the pixel
regions of the substrate;

a pixel separation structure including a first 1solation
region and a second 1solation region in the substrate
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that separate the pixel regions from each other, wherein
the first 1solation region 1ncludes an mnsulating device
1solation layer, and the second 1solation region includes
an 1mpurity-doped region; and

doped ground regions disposed between adjacent ones of
the floating diffusion regions,

wherein the {first 1solation region 1s in contact with the
second surface and spaced apart from the first surtace,
and the second 1solation region 1s disposed between the
first 1solation region and the first surface, and

wherein 1 plan view, the floating diffusion regions and
the doped ground regions are arranged in a straight
line.]

12. An image sensor, comprising.

a substrate comprising a plurality of pixel regions, the
substrate having a first surface and a second surface
opposite the first surface, wherein the second surface is
arranged to receive incident light;

a photoelectric conversion part in each of the plurality of
pixel regions of the substrate;

a floating diffusion vegion on the first surface of the
substrate;

a first pixel separation structure including a first isolation
region and a first p-type doped region in the substrate
that separate the plurality of pixel vegions from each
other, wherein the first isolation rvegion includes a
silicon oxide layer; and

a second p-type doped region disposed on the first surface
and adjacent to the floating diffusion region,

wherein the first isolation region is in contact with the
second surface and spaced apart from the first surface,
and the first p-type doped region is between the first
isolation region and the first surface, and

wherein a surface of the first isolation region facing the
first surface has an uneven structure.

13. The image sensor of claim 12, wherein the second

p-type doped vegion is a doped ground region.

14. The image sensor of claim 12, wherein the uneven
structurve is a curved structure.

15. The image sensor of claim 14, wherein the second

p-tyvpe doped region is electrically comnnected to a wire

disposed on the first surface.
16. The image semnsor of claim 14, wherein the first
isolation region further includes a metal containing layer.
17. The image senor of claim 16, wherein the metal
containing laver has an uneven ov a curved surface that

Jaces the first surface.

18. The image sensor of claim 17, further comprising an
optical black region adjacent to the plurality of pixel regions
and a second pixel separation structure in the optical black
region,

wherein the second pixel separation structuve includes a

second isolation region, and

wherein the second isolation vegion is in contact with the

second surface and spaced apart from the first surface.

19. The image sensor of claim 18, further comprising an
optical black pattern in the optical black region,

wherein the optical black pattern is disposed on the

second surface and includes tungsten.

20. The image senor of claim 19, wherein a surface of the
second isolation rvegion facing the first surface has the
uneven structure,

21. An image sensov, comprising:

a substrate comprising a plurality of pixel vegions and an

optical black pixel region adjacent to the plurality of
pixel vegions, the substrate having a first surface and a
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second surface opposite the first surface, wherein the
second surface is arranged to rveceive incident light,

a photoelectric conversion part in each of the plurality of

pixel regions of the substrate;

a floating diffusion vegion on the first surface of the
substrate;

a first pixel separation structure including a first isolation
region and a first p-type doped region in the substrate
disposed between the plurality of pixel vregions, wherein
the first isolation vegion includes a silicon oxide layer;

a second p-type doped region disposed on the first surface
and adjacent to the floating diffusion region; and

a second pixel separation structure including a second
isolation vegion and a third p-tvpe doped region in the
substrate, wherein the second pixel separation struc-
ture is disposed in the optical black pixel vegion,

whevrein the first isolation vegion is in contact with the
second surface and spaced apart from the first surface,
and the first p-type doped rvegion is disposed between
the first isolation region and the first surface,

wherein the second isolation region is in contact with the
second surface and spaced apart from the first surface,
and

wherein a surface of the first isolation vegion facing the
first surface has an uneven or a curved surface.

22. The image sensor of claim 21, wherein the first p-type
doped region vertically extends from the first isolation
region toward the first surface.

23. The image sensor of claim 22, wherein the second
p-type doped rvegion is electrically comnnected to a wire
disposed on the first surface.

24. The image sensor of claim 23, further comprising a
fourth p-tvpe doped region on the first surface,

wherein a distance from the second surface to the fourth
p-type doped region is closer than a distance from the
second surface to the second p-type doped region.

25. The image sensor of claim 24, whevein a surface of the
second isolation region facing the first surface has an
uneven structure,

26. The image sensor of claim 21, wherein the third p-type
doped region vertically extends from the second isolation
region toward the first surface.
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27. The image sensor of claim 26, further comprising a

Jourth p-type doped region on the first surface,

wherein a distance from the second surface to the fourth
p-type doped region is closer than a distance from the
second surface to the second p-type doped region.

28. An image sensov, comprising:

a substrate comprising a plurality of pixel vegions and an
optical black pixel region adjacent to the plurality of
pixel vegions, the substrate having a first surface and a
second surface opposite the first surface, wherein the
second surface is arranged to rveceive incident light,

a photoelectric conversion part in each of the plurality of
pixel regions of the substrate;

a floating diffusion vegion on the first surface of the
substrate;

a first pixel separation structure disposed between the
plurality of pixel regions, wherein the first pixel sepa-
ration structure vertically extends from the second
surface toward the first surface;

a second pixel separation structure in the optical black
pixel region, wherein the second pixel separation struc-
ture vertically extends from the second surface toward
the first surface; and

a first p-type doped region disposed on the first surface
and adjacent to the floating diffusion region,

wherein the first pixel separation structure includes a
silicon oxide laver and a metal containing layer,

wherein the first p-tvpe doped region is electrically con-
nected to a wire disposed on the first surface, and

wherein a distance from the second surface to a second
p-type doped vegion is closer than a distance from the
second surface to the first p-type doped region.

29. The image sensor of claim 28, further comprising an

x5 optical black pattern in the optical black pixel region,

wherein the optical black pattern is disposed on the
second surface and includes tungsten.
30. The image sensor of claim 29, wherein in a plan view,

the floating diffusion region and the first p-type doped region

a0 are arranged in a straight line.
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