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METHOD OF MANUFACTURING IMAGE
SENSOR FOR REDUCING CROSSTALK
CHARACTERISTIC

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.

CROSS-REFERENCE TO RELATED
APPLICATION[S]

This 1s a Reissue of U.S. Pat. No. 9,837,465 B2 issued
Dec. 5, 2017, and which is a continuation application based
on [pending] application Ser. No. 14/814,829 filed Jul. 31,

2015, now U.S. Pat. No. 9,595,556, the entire contents of
which is hereby incorporated by referencel.l, and claims all
benefits accruing under 35 U.S.C. § 119 from Korean Patent

Application No. 10-2014-0099137/, filed on Aug. 1, 2014,
entitled, “Image Sensor for Reducing Crosstalk Character-
istic and Method of Manufacturing the Same,” which 1s
incorporated by reference herein 1n 1ts entirety.

BACKGROUND

1. Field

One or more embodiments described herein relate to an
image sensor and a method for manufacturing an image
SEeNnsor.

2. Description of the Related Art

An 1mage sensor converts an optical image into an
clectrical signal. As the computer and communication imndus-
tries continue to develop, the demand for image sensors with
improved performance increases in various lields, including
but not limited to digital cameras, camcorders, personal
communication systems, game devices, security cameras,
medical micro-cameras, and robotics,

An 1mage sensor generally includes a pixel array, where
cach pixel has a photo diode that performs a photoelectric
conversion function. Each pixel may also have a color filter
to filter light of a specific wavelength region. In these and
other types of 1image sensors, optical crosstalk may occur,
for example, based on a spectral difference between adjacent
pixels.

SUMMARY

In accordance with one or more embodiment, an 1mage
sensor includes a semiconductor substrate; a plurality of
photoelectric detectors; a plurality of color filters spaced
from the semiconductor substrate; and at least one pixel
isolation region having a predetermined depth, wherein the
at least one pixel 1solation region 1s between adjacent ones
of the photoelectric detectors, wherein the color filters
include a white color filter, and wherein the color filters
correspond to respective ones of the photoelectric detectors.

The color filters may include one of a green filter, a red
filter, or a blue filter. The at least one pixel isolation region
may extend between the semiconductor substrate a layer
including the color filters, and the at least one pixel 1solation
region may contact the semiconductor substrate. The at least
one pixel 1solation region may include an insulating mate-
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2

rial. The at least one pixel 1solation region may include a
bottom at a higher level than a bottom of at least one of the
photoelectric detectors.

In accordance with another embodiment, an 1mage sensor
includes a semiconductor substrate; at least one pixel 1so-
lation region 1n a trench over the semiconductor substrate; a
plurality of photoelectric detectors separated from each
other by the at least one pixel 1solation region; an antire-
flection layer on the at least one pixel 1solation region and
the photoelectric detectors; a plurality of color filters on the
anti-reflection layer; and a plurality of microlenses on the
color filters, wherein the color filters include a white filter.

The at least one pixel 1solation region may be between the
semiconductor substrate and a layer including the color
filters, and the at least one pixel 1solation region may contact
the semiconductor substrate. The at least one pixel 1solation
region may include silicon oxide. The at least one pixel
1solation region may include an oxide of a high permittivity.

The at least one pixel 1solation layer may include an
insulating layer surrounding a conductive metal layer. The at
least one pixel 1solation region may extend in a direction
toward the semiconductor substrate, and a bottom of the at
least one pixel 1solation region may be at a higher level than
a bottom of one or more of the photoelectric detectors. A
refractive index of the at least one pixel 1solation region may
be diflerent from a refractive index of one or more of the
photoelectric detectors. The color filters may include a green
filter, a red filter, or a blue filter. The color filters may
correspond to the photoelectric detectors, respectively. The
microlenses may correspond to the color filters, respectively.

In accordance with another embodiment, a method of
manufacturing an 1mage sensor includes providing a semi-
conductor substrate; forming a photoelectric detector layer
on the semiconductor substrate; limning at least one trench
in the photoelectric detector layer to a predetermined depth;
filling the at least one trench with an 1nsulating material to
form at least one 1solation region; forming a color filter layer
on the photoelectric detector layer and the at least one
1solation region, the color filter layer including a white filter
and at least one of a red filter, a green {ilter, or a blue filter;
and forming microlenses on the color filter layer.

Forming the at least one trench may include etching the
photoelectric detector layer in a direction of the semicon-
ductor substrate. Forming the at least one trench may include
ctching the photoelectric detector layer so that a height of the
at least one trench 1s substantially equal to a height of the
photoelectric detector layer and so that a surface of the
semiconductor substrate 1s exposed. Forming the at least one
trench may include etching the photoelectric detector layer
so that a bottom of the at least one trench 1s higher than a
bottom of the photoelectric detector layer. The at least one
trench may be between adjacent photoelectric detectors in
the photoelectric detector layer. The msulating material may
have a refractive index different from a refractive index of
the photoelectric detector layer.

The method may 1nclude forming an anti-reflection layer
before forming the color filter layer. The method may
include forming a polysilicon layer iside the at least one
trench. Use microlenses may correspond to the white filter
and at least one of the red filter, the green filter, or the blue
filter, respectively. The white filter and at least one of the red
filter, green filter, and blue filter may correspond to the
photoelectric detectors, respectively.

In accordance with another embodiment, an 1mage sensor
includes a first pixel; a second pixel; and an 1solation region
between the first and second pixels, wherein each of the first
and second pixels includes a photodetector and a color filter,
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the 1solation region under the color filter and extending
along and optically separating the photodetectors of the first
and second pixels. The 1solation region may include a first
surface to reflect incident light 1n a direction toward the
photodetector of the first pixel and a second surface to retlect
incident light 1n a direction toward the photodetector of the
second pixel.

The 1mage sensor may include a first color filter and a
second color filter, wherein the first color filter may corre-
spond to the photodetector of the first pixel and the second
color filter may correspond to the photodetector of the
second pixel, and wherein the first color filter may be a white
color filter. The 1solation region and the photodetectors of
the first and second pixels may have substantially a same
height. The 1solation region may have a first length, the
photodetectors of the first and second pixels may have a
second length, and the first length may be less than the
second length.

BRIEF DESCRIPTION OF THE DRAWINGS

Features will become apparent to those of skill in the art
by describing 1in detail exemplary embodiments with refer-
ence to the attached drawings in which:

FIG. 1 illustrates one type of 1image sensor;

FIGS. 2A and 2B 1llustrate examples of color filter arrays;

FIG. 3 illustrates an embodiment of a unit pixel;

FI1G. 4 1llustrates a pixel circuit having a 4-transistor (471)
structure;

FIG. 5 illustrates an embodiment of a backside-1llumi-
nated 1mage sensor;

FIGS. 6A to 6E illustrate stages in an embodiment of a
method for manufacturing the image sensor 1n FIG. 5;

FI1G. 7 1llustrates another embodiment of an 1image sensor;

FIG. 8 illustrates another embodiment of an image sensor;

FI1G. 9 illustrates another embodiment of an 1mage sensor;

FIG. 10 illustrates an embodiment of a pixel circuit with
a 41-2 shared structure;

FIG. 11 1llustrates an embodiment of a pixel circuit with
a 3-transistor structure;

FIGS. 12A to 12C illustrate embodiments of multimedia
devices; and

FIG. 13 1llustrates an embodiment of a processor-based
system.

DETAILED DESCRIPTION

Example embodiments are described more irilly herein-
alter with reference to the accompanying drawings; how-
ever, they may be embodied 1n different forms and should
not be construed as 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 exemplary implementations to those skilled in the
art.

In the drawings, the dimensions of layers and regions may
be exaggerated fur clarity of illustration. It will also be
understood that when a layer or element 1s referred to as
being “on” another layer or substrate, 1t can be directly on
the other layer or substrate, or intervening layers may also
be present. Further, 1t will be understood that when a layer
1s referred to as being “under” another layer, 1t can be
directly under, and one or more intervening layers may also
be present. In addition, 1t will also be understood that when
a layer 1s referred to as being “between” two layers, it can
be the only layer between the two layers, or one or more
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4

intervening layers may also be present. Like reference
numerals refer to like elements throughout.

Hereinaftter, exemplary embodiments will be described 1n
detaill with reference to the accompanying drawings. In
detailled descriptions of the exemplary embodiments,
detailed descriptions of well-known configurations unre-
lated to the exemplary embodiments will be omitted. In this
specification, when reference numerals are assigned to com-
ponents ol each drawing, 1t should be noted that, although
the same components are illustrated 1n different drawings,
the same numerals are assigned as much as possible.

It will be understood that, although the terms “first.”
“second,” etc. may be used herein to describe various
clements, these elements should not be limited by these
terms. These terms are only used to distinguish one element
front another. For example, a first element could be teamed
a second element, and similarly, a second element could be
termed a first element.

It will be understood that when an element 1s referred to
as being “connected” or “coupled” to another element, 1t can
be directly connected or coupled to the other element or
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 should be interpreted in a like
fashion, that 1s, “between” versus “directly between,” adja-
cent versus “directly adjacent,” efc.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of claim scope. 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,” “compris-
ing,” “includes,” and/or “including,” when used in this
specification, specily the presence of stated features, inte-
gers, steps, operations, elements, and/or components, but do
not preclude the presence or addition of one or more other
features, 1ntegers, steps, operations, elements, components,
and/or groups thereof.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein are to be interpreted as 1s
customary in the art to which the embodiments belong. It
will be further understood that terms 1n common usage
should also be interpreted as 1s customary 1n the relevant art
and not 1n an i1dealized or overly formal sense unless
expressly so defined herein.

FIG. 1 1illustrates one type of image sensor 10 which
includes a timing controller (ICON) 1, a row driver 2, a
pixel array 3, a correlated double sampler (CDS) 4, a ramp
generator 3, and an output butler 6.

The TCON 1 generates control signals for driving the
pixel array 3 and provides the generated control signals to
the row driver 2 and the CDS 4. For example, the TCON 1
may recerve 1image data and various control signals from an
external source and control operations of the row driver 2
and the CDS 4.

The row driver 2 provides pixel selection-related signals
to control driving of the pixel array 3. The row dniver 2
provides a control signal which, for example, may select a
row (e.g., a row control signal) for decoding or which 1s
based on a decoded address signal. At least one row of the
pixel array 3 may he selected by the row control signal.

The pixel array 3 may include pixels which are connected
to a plurality of rows and columns 1n a matrix form. Each
pixel may include, for example, a red pixel for electrically
converting the light 1n a red spectral region, a green pixel for
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clectrically converting the light 1n a green spectral region, a
blue pixel for electrically converting, the light in a blue
spectral region, or a white pixel capable of electrically
converting all spectra 1n the visible light region. When the
pixel array 3 uses a white pixel, the formation of a highly
sensitive display 1s possible.

In one embodiment, a unit pixel may include four color
filters, e.g.. white, red, blue, and green filters. For example,
cach of the color filters for transmitting the light 1n a specific
spectral region may be arranged on an upper part of each
pixel. Each pixel includes a photo detector. The pixel array

3 may electrically convert an optical signal 1n response to a
control of the TCON 1 and the row driver 2, and the
clectrically converted signal may be displayed.

The unit pixel may be arranged 1n a 2x2 array pattern or
a different pattern. For example, the unit pixel may include
a 4x4 array form, a 6x6 array form, or an array form 1in
which a green pixel 1s removed. Arrangements such as
illustrated in FIGS. 2A and 2B may include various arrange-
ments of filters to increase sensitivity of a display.

FIG. 2A 1llustrates a color filter array 30 which includes
a plurality of color filters R, G, W, and B. In the color filter
array 30, the location and arrangement of the color filters
may be changed to appropriate locations, while maintaining,
a basic pattern 60. However, sizes of unit areas in which the
color filters R, G, W, and B are implemented are substan-
tially the same.

FIG. 2B 1llustrates a color filter array 50 that has a 4x4
array, where the white filter W 1nstead of the green filter G
may be at an appropriate location or the white filter W may
be appropnately at only a necessary location. For example,
the color filter array 50 may be configured in various ways
depending on the intent of a designer or a required specifi-
cation of a panel.

The CDS 4 receives an electrical signal formed on the
pixel array 3 through a vertical signal line and performs a
sampling operation or maintains the electrical signal. The
CDS 4 performs double sampling of a specific noise level
and a signal level 1in the generated electrical signal. As a
result, a fine voltage 1s output corresponding to a difference
between the noise level and the signal level.

The ramp generator 5 generates a reference voltage (e.g.,
a ramp voltage) used in the CDS 4 and provides the
reference voltage. For example, the ramp generator S may be
an integrator and may generate a ramp voltage ol a wave-
form having a level that 1s changed to an 1inclined level or a
stepped level as time passes. The output buller 6 receives the
double-sampled signal from the CDS 4.

FIG. 3 illustrates an embodiment of a umt pixel, which,
for example, may be included 1n FIG. 1. Referning FIG. 3,
the unit pixel includes a photo-detecting device layer 14, an
anti-reflection layer 13, a color filter layer 12, and a micro-
lens layer 11.

The unit pixel may be included 1n a backside 1lluminated
image sensor, in which incident light 1s 1lluminated through
a back surface of a semiconductor substrate and 1s photo-
clectrically converted so that the pixels have an improved
light receiving efliciency and light sensitivity.

First, the photo-detecting device layer 14 may include a
material capable of detecting light. For example, formation
of the photo-detecting device layer 14 may be performed
through an 1on 1mplantation process with an N-type impu-
rity. When the photo-detecting device layer 14 1s formed, the
ion 1mplantation process 1s performed on a region, which
may be a lower part of each filter, with a different doping
concentration so as to form a potential barrier.
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The anti-reflection layer 13 1s termed on the photodetect-
ing device layer 14. For example. the anti-reflection layer 13
may include a silicon oxide based material. The anti-reflec-
tion layer 13 may be or include a layer having an anti-
reflection function using, for example, S1ION, S1C, S1CN, or
S1CO. A caption layer to protect the substrate may be
included with or instead of the anti-reflection layer 13.

The color litter layer 12 1s formed on the anti-reflection
layer 13. The color litter layer 12 has an array structure
including, for example, a blue filter, a green filter, a red filter,
and a whate filter. The color filter layer 12 may be formed,
for example, by coating and patterning a material of forming
a color filter using an appropriate mask. A dyed photoresist
may be mainly used as the material of forming a color filter.

Such a color filter layer 12 includes four filters of red,
green, blue, and white. For example, the white filter may be
formed by a transparent planarizing layer so that all wave-
lengths 1n the visible light region (e.g., 1n a red region, a
green region, and a blue region) are transmitted. Alterna-
tively, the white filter may be formed by a material in which
a pigment 1s removed from a photoresist material, or may
not be formed by any material 1n a region for a white filter
by forming an opening. However, since the latter case may

cause expansion ol regions ol adjacent pixels, caution 1is
needed.

The microlens layer 11 may be formed on the color filter
layer 12, and may use a photoresist having an excellent light
transmission. The microlens layer 11 1s arranged and formed
at a location corresponding to the color filter layer 12. For
example, the microlens layer 11 1s formed by coating and
patterning a photoresist for a microlens. Then, the microlens
layer 11 having a hemispherical dome form may be formed
when performing a reflow process using a thermal process.
An over-coating layer may be interposed between the color
filter layer 12 and the microlens layer 11.

In the process of forming the unit pixel of the image
sensor, the photo-detecting device layer 14 i1s formed, a
potential barrier 1s formed 1n a region corresponding to a
lower part of each filter, and then the filters are distin-
guished. For example, device isolation between photo
diodes may be performed based on a doping profile. How-
ever, 1n the case of a white filter, since a spectral range
thereof 1s relatively wider than those of the other filters and
light 1s incident on an adjacent pixel, a crosstalk phenom-
enon between the adjacent pixels may occur.

FIG. 4 1llustrates a pixel circuit having a 4-transistor (41)
structure. The pixel includes a photo-detecting device PD
and four transistors N1, N2, N3, and N4.

The photo-detecting device PD photoelectrically converts
incident light to a number of electrons corresponding to a
quantity of the light. The photo-detecting device PD may
include at least one of a photo diode, a photo transistor, a
photo gate, a pinned photo diode (PPD), or a combination
thereof.

A transfer transistor N2 1s electrically connected between
the photo-detecting device PD and an output node A which
1s a floating diffusion region. When a drive signal VT 1is
applied, the transfer transistor N2 turns on to transfer the
clectrons photoelectrically converted from the photo-detect-
ing device PD, which 1s a photoelectric conversion device,
to the output node A.

A reset transistor N1 1s electrically connected between a
pixel voltage VDD and the output node A. The reset tran-
sistor N1 1s controlled by a reset signal RST to reset an
clectric potential of the output node A based on a level of the
pixel voltage VDD.
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An amplifying transistor N3 1s electrically connected to
the output node A. The amplifying transistor N3 may be, for
example, a source follower with a selection transistor N4.

The selection transistor N4 1s controlled by a selection
signal RSEL and may be ce¢lectrically connected, for
example, between a correlated double sampling (CDS) cir-
cuit and the amplitying transistor N3. When the selection
signal RSEL 1s activated, the selection transistor N4 may be
turned on, and the electric potential of the output node A may
be amplified and output through the amplifying transistor
N3.

An analog voltage output from each pixel in the pixel
array 1s converted into a digital value and processed accord-
ing to a subsequent operation. For example, an analog-to-
digital (A/D) conversion may be performed by two read
operations on a row. During a first read operation, the reset
level of the pixel 1s read and then the A/D conversion 1s
performed. A variation may occur for each unit pixel at the
reset level. During a second read operation, an actual signal,
which 1s photoelectrically converted, 1s read from the pixel
and then the A/D conversion 1s performed. In this case, since
a variation may also occur for each unit pixel, a CDS may
be performed. As described above, a signal 1s converted to
a digital signal and provided as a final output through a
subsequent circuit, for example, the output buller 6 (see FIG.
1).

In one type of 1mage sensor, light passes through a lens to
illuminate a photoelectric conversion device formed on a
multilavered wiring layer. The photoelectric conversion
device detects light which 1s transmitted between or among
the wiring layers. However, the amount of incident light
which actually reaches the photoelectric conversion device
may not be enough, because a layout which includes the
multilayered wiring layer serves as a obstacle that attenuates
light transmission to the photoelectric conversion device.
For example, since an aperture ratio with respect to the
photoelectric conversion device 1s reduced by the layout
having the multilayered wiring layer, the amount of light
incident on the photoelectric conversion device 1s signifi-
cantly reduced. Therelore, sensitivity may be degraded.

FIG. 3§ illustrates an embodiment of a backside 1llumi-
nated 1image sensor (BIS) 100. The BIS 100 formed on the
backside of a semiconductor substrate 101. In operation,
light 1lluminates from the backside of the semiconductor
substrate 101 (e.g., opposite a wiring unit), and then the
photoelectric conversion device receives the light. Thus, an
ellective aperture ratio may be increased and sensitivity may
be significantly improved, without using a layout having a
multilayered wiring layer which serves as an obstacle 1n the
alorementioned 1mage sensor.

Referring to FIG. 3, the BIS 100 includes the semicon-
ductor substrate 101, photoelectric detecting devices 102,
pixel 1solation regions 103, an anti-reflection layer 104,
color filters 105, and microlenses 106. In this embodiment,
the photoelectric detecting devices 102 are defined (or
partitioned) by the pixel isolation regions 103, and are
provided under the plurality of color filters 105 including a
white filter W, respectively. Thus, an optical crosstalk phe-
nomenon between adjacent pixels may be reduced.

The semiconductor substrate 101 may be, for example, a
silicon waler, a silicon on insulator (SOI) substrate, or a
semiconductor epitaxial layer. Although the semiconductor
substrate 101 1s exemplified for convenience of description,
a plurality of transistors (see, €.g., the transier transistor N2,
the reset transistor N1, the amplifying transistor N3, and the
selection transistor N4 1n FIG. 4) may be provided. Further,
the semiconductor substrate 101 may include a metal wiring,
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layer of a conductive material. For example, the semicon-
ductor substrate 101 may be provided as a resultant structure
including the described above plurality of transistors and the
metal wiring layer.

The photoelectric detecting devices 102 may be provided
on the backside of the semiconductor substrate 101
described above. Each of the photoelectric detecting devices
102 may be defined by at least one of the pixel i1solation
regions 103. The photoelectric detecting device 102 may
include, for example, a photo diode, a photo transistor, a
photo gate, a PPD, or a combination thereof. In one embodi-
ment, the photoelectric detecting device 102 may corre-
spond to the photo-detecting device PD 1n FIG. 4.

Each of the pixel 1solation regions 103 may be included
in a layer formed using a deep trench 1solation (DTI)
process, so that the photoelectric detecting devices 102 are
spaced apart from each other, e.g., along the x and y axes.
For example, a trench formed to have a depth which 1s
substantially the same as a height of the photoelectric
detecting device(s) 102 1s filled (e.g., along the z axis) and,
thus, corresponding ones of the pixel 1solation regions 103
may be formed. The pixel 1solation regions 103 isolate the
light that targets corresponding ones of the photoelectric
detecting devices 102. Thus, dispersion of the light to
adjacent photoelectric detecting devices 102 may be mini-
mized.

Therefore, according to one embodiment, the photoelec-
tric detecting devices 102 corresponding to the pixel regions
are physically spaced apart and distinguished from each
other by the pixel 1solation regions 103. As a result, optical
and electrical crosstalk phenomena caused by a spectral
difference between the filters of the pixels may be reduced.

The anti-reflection layer 104 may be formed on the pixel
isolation layer 103 and the photoelectric detecting devices
102.

The color filters 105 are formed to correspond to the
photoelectric detecting devices 102, respectively. The color
filters 105 may be, for example, red, white, green, and blue
filters. The color filters may correspond to a diflerent com-
bination of colors 1n another embodiment.

The microlenses 106 may be formed on upper surfaces of
the color filters 105, respectively. For example, the micro-
lenses 106 may be arranged and formed on locations cor-
responding to the color filters 105, respectively.

FIGS. 6A to 6E are cross-sectional views of stages 1n an
embodiment of a method for manufacturing an 1image sensor
such as 1llustrated in FIG. 5. Referring to FIG. 6A, a
photoelectric detecting device layer 102a may be formed on
a semiconductor substrate 101 including a front side. In one
embodiment, after the front side of the semiconductor sub-
strate 101 1s completed, the photoelectric detecting device
layer 102a may be formed, for example, by implanting
N-type impurity 1ons onto a backside of the semiconductor
substrate 101. Alternatively, the photoelectric detecting
device layer 102a may be formed by implanting a plurality
of P-type and N-type 1ons. The photoelectric detecting
device layer 102a i1s therefore formed of a matenial that
receives and detects light.

Referring to FIG. 6B, a predetermined number of deep
trenches 103a are formed in the photoelectric detecting
device layer 102a. For example, predetermined regions of
the photoelectric detecting device layer 102a are etched, and
then the deep trenches 103a that expose an upper surface of
the semiconductor substrate 101 are formed.

The distance between the deep trenches 103a may be
determined within a predetermined range. The predeter-
mined range may be one in which suthicient light may be
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incident through color filters 105 (see FIG. 5) and photo-
clectric detecting devices 102 (see FIG. 5). Further, the
depth of the deep trench 103a may be substantially the same
as a height of the photoelectric detecting device layer 102a.
For example. the depth may be 1 um or more. In one
embodiment, the depth of the deep trench 103a may be 1n a
range of 2 to 3 um depending, for example, on the product.

Referring to FIG. 6C, the deep trenches 103a (see FIG.
6B) are filled with msulating material and then pixel 1sola-
tion regions 103 are formed. Thus, the photoelectric detect-
ing devices 102 may be separated from each other. Further,
cach of the completed photoelectric detecting devices 102
may receive and detect light of a predetermined spectrum.

The mnsulating material may be, for example, an insulating,
material having a different refractive index from the photo-
clectric detecting device 102. In one embodiment, the 1nsu-
lating material that forms an inside of the pixel 1solation
regions 103 may include silicon oxide.

The pixel 1solation region 103 not only may physically
separate the photoelectric detecting devices 102, but also
may retlect light, so that light incident on each correspond-
ing pixel 1s not mcident on an adjacent pixel. Because
regions ol the pixels are separated and spaced by the pixel
1solation regions 103, the optical crosstalk phenomenon may
be reduced. The pixel 1solation regions 103 may also be
referred to as light barrier regions, 1n terms ol suppressing,
the crosstalk phenomenon by retlecting the incident light.

Referring to FIG. 6D, an anti-reflection layer 104 1s
formed on the resultant structure 1llustrated 1n FIG. 6C. The
anti-reflection layer 104 may include a material performing
an anti-reflection function. For example, the anti-reflection
layer 104 may include a silicon based matenal, e.g., SION,
S1C, S1CN, or S1CO. In FIG. 6D, the anti-reflection layer
104 1s illustrated as a single layer.

In another embodiment, the anti-reflection layer 104
includes multiple layers 1n which materials having different
refractive indexes are stacked. For example, the anti-reflec-
tion layer 104 may be formed as a stacked layer (e.g., an
oxide layer/a nitride layer or a nitride layer/an oxide layer)
in which the oxide layer and the nitride layer are stacked. In
another embodiment, the anti-reflection layer 104 may be
formed from a stacked layer including at least one carbon-
based layer, e.g., an oxide layer/S1C layer or an S1C layer/an
oxide layer.

The oxide layer may include, for example, a borophos-
phosilicate glass (BPSG) layer, a phosphosilicate glass
(PSG) layer, a borosilicate glass (BSG) layer, an un-doped
silicate glass (USG) layer, a tetra ethyl ortho silicate (TEOS)

layer, or a high density plasma (HDP) layer. The nitride layer

may include, for example, a silicon nitride layer (SiN,,
where X and y are natural numbers) or a silicon oxynitride
layer (51,0, N_, where x, y, and z are natural numbers).

Referring to FIG. 6E, the color filters 105 are formed on
the resultant structure shown 1n FIG. 6D. The color filters
105 include a plurality of filters. The plurality of filters may
include, for example, a red filter R, a whate filter W, a green
filet G, and a blue filter B. The white filter W may be
included in the color filters 105, for example, to increase
sensitivity of image quality during display.

When the red filter R 1s referral to as a filter of a first type,
the filter of the first type may be replaced by a cyan filter, a
yellow filter, or a magenta filter.

When the green filter G 1s referred to as a filter of a second
type, the filter of the second type may he replaced by a cyan

filter, a yellow filter, or a magenta filter.
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When the blue filter B 1s referred to as a filter of a third
type, the filter of the third type may be replaced by a cyan
filter, a yellow filter, or a magenta filter.

When the white filter W 1s referred to as a filter of a fourth
type, the filter of the fourth type may be implemented by a
transparent filter or a filter that may block infrared light.
Although the white filter W 1s formed by the transparent
filter to transmuit all of the light 1n the visible light region, the
white filter may be different constructed in other embodi-
ments. In one embodiment, the white filter may transmit a
predetermined number of light colors less than all light
colors.

Referring again to FIG. 5. the microlenses 106 are formed
on the color filters 1035. The microlens 106 may use a photo
resist having excellent light transmission. The microlenses
106 are arranged and formed at locations corresponding to
respective ones of the color filters 105. For example, mate-
rial of the microlens 106 1s coated with a photo resist and
then patterned. Then, the microlens 106 having a hemi-
spherical dome form may be formed when performing a
reflow process using a thermal process.

The microlens 106 may be formed on the backside of the
semiconductor substrate 101. Thus, a BIS may be formed 1n
which light illuminates the backside of the semiconductor
substrate 101 and the light 1s incident on the photoelectric
detecting device 102 serving as a light receiving part. The
BIS may serve to reduce occurrence of the optical crosstalk
phenomenon between adjacent pixels. The pixel 1solation
regions 103 may be formed using another method than
described above.

FIG. 7 1llustrates another embodiment of an 1mage sensor
1100 1including pixel 1solation regions 107. Referring to FIG.
7, the structure and function of the image sensor 1100 may
be similar to those of the image sensor 100 in FIG. 5, but the
process for forming the pixel 1solation regions may be
different.

In accordance with this embodiment, the 1mage sensor
1100 includes the semiconductor substrate 101, photoelec-
tric detecting devices 102, pixel 1solation regions 107,
anti-reflection layer 104, color filters 1035, and microlenses
106.

The pixel 1solation regions 107 may be formed by a DTI
process, so that the photoelectric detecting devices 102 are
spaced apart from each other. In this case, the pixel 1solation
regions 107 may be formed by filling a trench to a depth
which 1s substantially the same as a height of the photo-
clectric detecting device 102. The pixel isolation regions 107
may be formed, for example, of a material having a permit-
tivity greater than that of silicon oxide (e.g., high-k) and a
refractive imndex less than the silicon oxide, e.g., hatnium
oxide (H1O).

As a result, mnsulating characteristics of the pixel 1solation
regions 107 1s improved, and a difference between refractive
indexes of the pixel isolation regions 107 and the photo-
clectric detecting device 102 1s increased. Thus, a total
reflection condition 1s improved. Further, the process of
forming the deep trench becomes easier, and thus formation
of the pixel 1solation regions 107 becomes simpler.

FIG. 8 1llustrates another embodiment of an 1mage sensor
1200 including pixel 1solation regions 108. Referring to FIG.
8, a structure and a function of the image sensor 1200 may
be similar to the image sensors 100 and 1100 1n FIGS. 5 and
7, but a process for forming the pixel 1solation regions is
different.

The pixel 1solation regions 108 may be formed by a DTI
process, so that the photoelectric detecting devices 102 are
spaced apart from each other. In this case, the pixel 1solation
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regions 108 may be formed from a material filling a trench
having a depth which 1s substantially the same as a height of
the photoelectric detecting device 102.

The pixel 1solation regions 108 may include an msulating,
layer 108a and a polysilicon layer 108b interposed inside the
isulating layer 108a. For example, a deep trench may be
tformed having a side wall (e.g., msulating layer 108a) with
an oxide of approximately 50 A thickness. The inside of the
deep trench may be filled with the polysilicon layer 108b,
and then the pixel 1solation regions 108 may be formed from
the polysilicon layer 108b. For example, the pixel 1solation
regions 108 may be formed by the interposition of the
polysilicon layer 108b, which 1s a conductive layer sur-
rounded with the insulating layer 108a. Thus. refractive
index may be improved and interference between the pixels
may also be reduced.

FI1G. 9 1llustrates another embodiment of an 1mage sensor
1300 having a structure and a function similar to the image
sensor 100 1n FIG. 5, but a process for forming pixel
1solation regions 1s different.

The image sensor 1300 1ncludes the semiconductor sub-
strate 101, photoelectric detecting devices 102, pixel 1sola-
tion regions 109, anti-reflection layer 104, color filters 105,
and microlenses 106.

The pixel 1solation regions 109 may be formed by a trench
1solation process, so that the photoelectric detecting devices
102 are spaced apart from each other 1n a predetermined
region. In this case, the pixel 1solation regions 109 may be
formed to have a depth less than a height of the photoelectric
detecting devices 102. For example, the pixel isolation
regions 109 may extend 1n a direction of the semiconductor
substrate 101 from the color filter 105 by a predetermined
depth, and then may be formed to have a bottom at a higher
level than the photoelectric detecting devices 102.

For example, a trench having the predetermined depth
may be formed 1n the photoelectric detecting device layer
102a (see FIG. 6A), an insulating material may fill an 1nside
of the trench, and then the pixel 1solation regions 109 may
be formed.

According to another embodiment, the photoelectric
detecting devices 102 may be etched to have an appropriate
depth, so that light 1s appropriately incident thereon and 1s
reflected. Thus, 1n this embodiment, the photoelectric detect-
ing devices 102 are not completely 1solated. As a result,
ctching stress with respect to the semiconductor substrate
101 may be reduced.

At the same time, since the pixel isolation regions 109
separate the photoelectric detecting devices 102 1n a prede-
termined region (e.g., a region adjacent to light receiving
related devices (e.g., the microlens and the color filter)) and
physically block the light, optical crosstalk between the
adjacent photoelectric detecting devices 102 may be
reduced.

In the aforementioned embodiments, the photoelectric
detecting devices 102 corresponding to respective ones of
the pixel regions are physically spaced apart and distin-
guished from each other by the pixel 1solation regions 103,
107, 108, or 109. Thus, the optical and electrical crosstalk
phenomenon due to a spectral difference between the filters
of the pixels may be reduced.

These or other embodiments may be applied to pixel
circuits of various structures different from a 4T structure.

FIG. 10 1llustrates an embodiment of a pixel circuit
having a 4'1-2 shared pixel structure including pixels 21 and
31. Each of the pixels 21 and 31 includes a photo diode and
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a transier transistor coupled to the photo diode. The remain-
ing transistors 1n the pixels 21 and 31 are arranged 1n a
shared structure.

Retferring to FIG. 10, the first pixel 21 includes a first
photo diode PD1, a first transier transistor NM1, and a reset
transistor NM2. The second pixel 31 includes a second
photo diode PD2, a second transfer transistor NMS5, a source
follower transistor NM3, and a selection transistor NM4.

In this structure, the first transfer transistor NM1 1s
connected to the first photo diode PD1 and controlled by a
first drive signal TX1. The reset transistor NM2 1s between
a tloating diffusion region FD and a pixel voltage VPIX, and
controlled by a reset signal RST. The second transfer tran-
sistor NM3 1s connected to the second photo diode PD2 and
controlled by a second drive signal TX2. The source fol-
lower transistor NM3 1s controlled by the floating diffusion
region FD and constitutes a source follower with the selec-
tion transistor NM4. The selection transistor NM4 1s con-
trolled by a selection signal SEL and is electrically con-
nected to the source follower transistor NM3 to supply an
output voltage V ;-

The pixels 21 and 31 are vertically arranged and may
share the floating diffusion region FD. Although the pixels
are connected to different rows 1n this embodiment, signals
photoelectrically converted from the photo diodes PD1 and
PD2 may be transierred using the transfer transistors NM1
and NMS, respectively. The selection transistor NM4, the
source follower transistor NM3, and the reset transistor
NM2 may be shared and controlled by a common signal.
Since the number of the transistors of the pixel 1s decreased,
the si1ze of the pixel structure may be reduced.

FIG. 11 illustrates an embodiment of a pixel circuit having
a 3-transistor (37T) pixel structure. This pixel circuit excludes
a selection transistor N4 (compare to FIG. 4). In this
embodiment, the selection transistor N4 1s replaced by
controlling a reset transistor N2 as a read voltage VRD.

Referring to FIG. 11, the pixel circuit having the 3T
structure includes a photo diode PD1, a transier transistor
N1, a reset transistor N2, and a source follower transistor
N3. The photo diode PD1 1s electrically connected to the
transfer transistor N1. The transfer transistor N1 1s con-
trolled by a drive signal TX, and transiers a signal, which 1s
photoelectrically converted from the photo diode PD1, to a
floating diffusion region FD.

The reset transistor N2 1s electrically connected to the
floating diffusion region FD, and controlled by a reset signal
RST. For example, the read voltage VRD of the reset
transistor N2 1s controlled by a row to serve as a selection
transistor when needed. The source follower transistor N3
amplifies an electric charge of the floating diffusion region
FD, and provides the amplified electric charge as an output
voltage V 5,

In the aforementioned embodiments of pixel circuits, the
optical crosstalk phenomenon between the pixels may be
reduced.

FIGS. 12A to 12C illustrate embodiments of multimedia
devices which may include image sensors in accordance
with any of the aforementioned embodiments. FIG. 12A
illustrates a smart phone 150, and FIG. 12B illustrates a
smart TV 200. A high-resolution 1mage sensor 1n accordance
with one or more of the alorementioned embodiments 1s
mounted may mounted 1n the smart phone and a smart TV.
An embodiment of a tablet PC may also include one or more
of the aforementioned embodiments of the 1mage sensor.

FIG. 12C illustrates a digital camera 300 including one or
more embodiments of the image sensor. Referring to FIG.
12C, the digital camera 300 may include an 1image sensor for
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capturing an 1image or a moving picture, and a display device
for displaying an image or a moving picture to be captured.
FIG. 13 illustrates an embodiment of an processor-based
system 601 including an 1mage sensor according to one or
more of the aforementioned embodiments. Referring to FIG.
13, the processor-based system 601 1s a system 1n which
output 1mages ol a complementary metal-oxide-semicon-
ductor (CMOS) 1image sensor 610 are processed. The pro-
cessor-based system 601 may be, for example, a computer
system, a camera, a scanner, a mechanized clock, a naviga-
tor, a video phone, a supervision system, an auto focusing
system, a tracing system, a motion momtoring system, or an
image stabilization system, as well as other types of elec-
tronic devices or systems.
The processor-based system 601 (e.g., a computer sys-
tem) may include a central processing unit (CPU) 620 such
as a microprocessor for communicating with an input/output
device 630 through a bus 605. The CMOS 1mage sensor 610
may communicate with the processor-based system 601
through the bus 605 or another commumnication link.
The processor-based system 601 may further include a
RAM 640, a floppy disk drive 650 and/or a CD ROM drive
6535, and a port 660, which can communicate with the CPU
620 through the bus 605. The port 660 may be a port 1n
which a video card, a sound card, a memory card, a USB
device, and the like are coupled, or data 1s exchanged with
other systems. The CMOS 1mage sensor 610 may be inte-
grated with a CPU, a digital signal processing (DSP) device,
a microprocessor, and the like, and may be further integrated
with a memory. The CMOS 1mage sensor 610 may also be
integrated on a chip separated from a processor in some
cases.
In accordance with one or more of the aforementioned
embodiments, an insulating layer 1s interposed between
photoelectric detecting devices of an 1mage sensor, so that
the photoelectric detecting devices (e.g., photo detectors) are
physically separated from each other. As a result, optical
crosstalk 1n the 1mage sensor be reduced and high-resolution
images may be provided. Additionally, a mobile device, and
more specifically, an image sensor and a memory system
including the same, may include such an 1mage sensor.
Example embodiments have been disclosed herein, and
although specific terms are employed, they are used and are
to be interpreted 1n a generic and descriptive sense only and
not for purpose of limitation. In some instances, as would be
apparent to one of skill 1 the art as of the filing of the
present application, features, characteristics, and/or ele-
ments described 1n connection with a particular embodiment
may be used singly or in combination with features, char-
acteristics, and/or elements described in connection with
other embodiments unless otherwise indicated. Accordingly,
it will be understood by those of skill in the art that various
changes 1n form and details may be made without departing
from the spirit and scope of the present invention as set forth
in the following claims.
What 1s claimed 1s:
1. A method of manufacturing an 1image sensor, compris-
ng:
providing a semiconductor substrate, the semiconductor
substrate including a semiconductor material;

forming a photoelectric detector layer on the semicon-
ductor substrate by implanting impurities through a
surface of the semiconductor substrate;

forming at least one trench in the photoelectric detector

layer to a predetermined depth;

filling the at least one trench with an nsulating material

to form at least one isolation region, such that the at
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least one isolation region includes a high-k material,
and top surfaces of the at least one isolation region and
the photoelectric detector laver arve level with each
other:;
forming at least one of an anti-reflection layer and a
caption layer on the top surfaces of the at least one
isolation region and the photoelectric detector layer,
such that the anti-reflection laver includes multiple
lavers in which materials having different refractive
indexes arve stacked:
forming a color filter layer on the [photoelectric detector
layer and the at least one isolation region] at least one
of the anti-reflection laver and the caption layer, the
color filter layer including a whaite filter and at least one
of a red filter, a green filter, or a blue filter; and
forming microlenses on the color filter layer,
wherein the semiconductor substvate and the color filter
layver are on opposite sides of the photoelectric detector
laver, a wirving unit within the semiconductor substrate
being connected to the photoelectric detector layer,

wherein the color filter laver includes a plurality of four
by four (4x4) color filter arrays, and

wherein in each of the plurality of 4x4 color filter arrays,

a ratio of the red filter or the blue filter to the white filter
is 1:2.

2. The method as claimed 1n claim 1, wherein forming the
at least one trench includes etching the photoelectric detec-
tor layer 1n a direction of the semiconductor substrate.

3. The method as claimed 1n claim 2, wherein forming the
at least one trench includes etching the photoelectric detec-
tor layer so that a height of the at least one trench 1s
substantially equal to a height of the photoelectric detector
layer and so that a surface of the semiconductor substrate 1s
exposed.

4. The method as claimed 1n claim 2, wherein forming the
at least one trench 1ncludes etching the photoelectric detec-
tor layer so that a bottom of the at least one trench 1s higher
than a bottom of the photoelectric detector layer.

5. The method as claimed 1in claim 1, wherein the at least
one trench 1s between adjacent photoelectric detectors in the
photoelectric detector layer.

6. The method as claimed 1n claim 5, wherein the white
filter and at least one of the red filter, green filter, and blue
filter correspond to the photoelectric detectors, respectively.

7. The method as claimed in claim 1, [further comprising:]
wherein forming [an] the anti-reflection layer is before
forming the color filter layer.

8. The method as claimed 1n claim 1, wherein the 1nsu-
lating material has a refractive index different from a refrac-
tive mndex of the photoelectric detector layer.

9. The method as claimed in claim 8, turther comprising:
forming a polysilicon layer inside the at least one trench.

10. The method as claimed in claim 1, wherein the
microlenses correspond to the white filter and at least one of
the red filter, green filter, or blue filter, respectively.

11. The method as claimed in claim 1, wherein the
isolation region includes a material having a permittivity

greater than that of silicon oxide.

12. The method as claimed in claim [, wherein the
isolation region includes a material having a vefractive
index less than silicon oxide.

13. The method as claimed in claim 1, whevein a depth of
the isolation rvegion is less than a height of the photoelectric
detecting layer, such that the isolation vegion is spaced apart

65 from the semiconductor substrate.

14. The method as claimed in claim 1, whervein a depth of
the isolation vegion is the same as a height of the photo-
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electric detecting layer, such that the isolation vegion con-
tacts the semiconductor substrate.

15. The method as claimed in claim I, wherein a depth of
the trench is in a range of 2 um to 3 um.

16. The method as claimed in claim I, wherein the stacked 3
laver includes a first layer and a second layer, at least one
of the first layver and the second laver including an oxide.

17. The method as claimed in claim 1, wherein the
photoelectric detector laver includes N-type impurities.

18. The method as claimed in claim 1, wherein the
isolation rvegion includes an insulating layer and a polysili-
con layer surrounded by the insulating layer.

19. An image sensov comprising.

a pixel array including a plurality of unit pixels,

wherein each of the plurality of unit pixels includes:

a plurality of photoelectric detectors including a first
photoelectric detector and a second photoelectric
detector;

a plurality of isolation regions including a first isola-
tion region that is disposed between the first photo-
electric detector and the second photoelectric detec-
tor, top surfaces of the first isolation region and the
first and second photoelectric detectors being level
with each other;

an anti-reflection layer disposed on the top surfaces of 25
the first isolation vegion and the first and second
photoelectric detectors, and including a first laver
and a second layer disposed on the first layer,

a plurality of color filters disposed on the anti-reflec-
tion laver; and

a plurality of microlenses disposed on the plurality of
color filters,

whevrein the anti-veflection laver includes multiple layers

in which materials having different vefractive indexes

are stacked,

whevrein the plurality of color filters include a white filter,

the plurality of color filters further include at least one

of a red filter, a green filter and a blue filter,

whevrein the first isolation region includes a high-k mate-

rial, and

wherein the plurality of color filters include a plurality of

Jour by four (4x4) color filter arrays, in each of the

plurality of 4x4 color filter arrays, a ratio of the red

filter or the blue filter to the white filter is 1:2.

20. The image sensor of claim 19, wherein each of the 45
plurality of two by two unit pixels includes two vellow filters,
one red filter, and one blue filter.

21. The image sensor of claim 19, wherein each of the
plurality of unit pixels includes two white filters, one red
filter and one blue filter.

22. The image sensor of claim 19, wherein the plurality of
photoelectric detectors ave separated from each other by the
plurality of isolation regions.

23. The image sensor of claim 19, whervein a height of the
first isolation vegion is the same as a height of the first
photoelectric detector.

24. The image sensor of claim 19, whervein a height of the
first isolation region is less than a height of the first
photoelectric detector.

25. The image sensor of claim 19, wherein each of the
plurality of isolation vegions include an insulating layer and
a polysilicon layer surrounded by the insulating layer.

26. The image sensor of claim 19, further comprising a
caption layer on the plurality of isolation regions and the
plurality of photoelectric detectors.

27. The image sensor of claim 19, wherein at least one of
the first laver and the second laver includes oxide.
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28. The image sensor of claim 19, wherein a height of the

fivst isolation vegion is in a range of 2 to 3 um.

29. An image sensorv comprising:

a pixel array including a plurality of unit pixels,

a row driver configured to provide a row control signal to
the pixel array;

a correlated double sampler configured to receive a first
signal from the pixel array and perform a sampling
operation on the first signal;

a ramp generator configurved to provide a reference volt-
age to the correlated double sampler; and

a timing controller configured to provide a control signal
to the vow driver and/or the correlated double sampler,

wherein each of the plurality of unit pixels includes.:

a plurality of photoelectric detectors including a first
photoelectric detector and a second photoelectric
detector;

a plurality of isolation regions including a first isola-
tion region that is disposed between the first photo-
electric detector and the second photoelectric detec-
tor, top surfaces of the first isolation region and the
first and second photoelectric detectors being level
with each other;

an anti-reflection laver disposed on the top surfaces of
the first isolation vegion and the first and second
photoelectric detectors, and including a first laver
and a second layer disposed on the first laver, at least
one of the first laver and the second layer including
oxide;

a plurality of filters disposed on the anti-veflection layer
and including at least one of a white filter, a vellow
filter and a transparent filter, the plurality of filters
Jurther including at least one of a ved filter, a green
filter and a blue filter; and

a plurality of microlenses disposed on the plurality of

filters,

whevrein the plurality of color filters include a plurality
of four by four (4x4) color filter arrays, in each of the
plurality of 4x4 color filter arrays, a ratio of the red
filter or the blue filter to the white filter is 1:2, and

wherein the anti-reflection layer includes multiple lay-
ers in which materials having different refractive
indexes ave stacked.

30. The image sensor of claim 29, wherein the plurality of
filters include the white filter, the red filter and the blue filter.

31. The image sensor of claim 29, wherein the plurality of
filters include the vellow filter, the ved filter and the blue
filter.

32. The image sensor of claim 29, wherein the plurality of
filters include at least one of the ved filter and the blue filter,

the plurality of filters do not include the green filter, and

the plurality of filters include either two vellow filters or
two white filters.

33. The image sensor of claim 29, further comprising a
caption layver disposed on the plurality of isolation regions
and the plurality of photoelectric detectors.

34. The image sensor of claim 29, wherein a height of the
fivst isolation vegion is in a range of 2 to 3 um.

3J. An image sensov comprising:

a pixel array including:

a plurality of photoelectric detectors including a first
photoelectric detector and a second photoelectric
detector;

a plurality of isolation regions including a first isola-
tion region that is disposed between the first photo-
electric detector and the second photoelectric detec-
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tor, top surfaces of the first isolation region and the wherein the first isolation vegion includes a high-k mate-

first and second photoelectric detectors being level vial,

with each other; whevrein at least one of the first layer and the second layer
an anti-reflection layer disposed on the top surfaces of includes oxide, and

the first isolation vegion and the first and second 3 wherein the plurality of color filters include a plurality of

photoelectric detectors, and including a first layer Jour b}’ Jour (4x4) color filter arrays, fnieach of the
and a second layer disposed on the first layer; plurality of 4x4 color filter arrays, a ratio of the red

a plurality of color filters disposed on the anti-reflec- Silter or the blue filter to _ﬂ?‘? yellowﬁ?ter IS ]2
tion layer- and 36. The image sensor of claim 35, wherein a height of the

a plurality of micrvolenses disposed on the plurality of 10 first isolation region is f_ﬂ @ range Of 2o 3u "
color filters, 37. The method as claimed in claim 1, whevein each of the

wherein the anti-reflection layver includes multiple layers plurality of 4x4 color filter arrays includes a two by two

in which materials having different refractive indexes (2x2) color filter array having two white filters, one red
are stacked filter, and one blue filter.

whevrein the plurality of color filters include a vellow filter, 13 138.21725? n:set};oj as Cla;'r;wd f}; claim I, wherein the color
the plurality of color filters further include at least one Silter layer includes a yellow filter.

of a red filter, a green filter and a blue filter, * ok ® kK
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