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Description
4T-4S STEP & REPEAT UNIT PIXEL AND IMAGE SENSOR

INCLUDING THE UNIT PIXEL
Technical Field

[1] The present invention relates to a unit pixel of an image sensor, and more par-
ticularly, to a 4T-4S step and repeat unit pixel obtained by combining four unit pixels

into a single one and an image sensor having the same.

Background Art

[2] An image sensor is obtained by arranging a plurality of unit pixels in a 2-dimensional
array structure. A process of repeatedly arranging unit pixels in both of horizontal and
vertical directions in a design stage of the image sensor is called a step & repeat
process. In this process, a horizontal unit line is formed by repeatedly arranging a
single type of unit pixels in a horizontal direction, and vertical unit lines are extended
from each unit pixel of the horizontal unit line by repeatedly arranging the unit pixels
in a vertical direction, thereby implementing a single image sensor.

[3] A AT unit pixel, a 4T-2S unit pixel, and a 4T-4S unit pixel, which will be referred
herein can be defined as follows.

[4] The 4T unit pixel includes a single photodiode and an image signal conversion
circuit having four transistors (i.e., 4T) for processing image signals detected from the
photodiode.

[5] The 4T-2S unit pixel is an image sensor unit cell obtained by combining two 4T unit
pixels into a single one by sharing the transistors (i.e., 2S) used for the image signal
conversion circuit.

[6] The 4T-4S unit pixel is an image sensor unit cell obtained by combining four 4T unit
pixels into a single one by sharing the transistors (i.e., 4S) used for the image signal
conversion circuit.

[7] FIG. 1 illustrates a process of creating a conventional 4T-2S step & repeat unit pixel.

[8] Referring to FIG. 1, the 4T-28S step & repeat unit pixel 100 shown in the right-hand
side is obtained by combining two 4T unit pixels 10 and 20 shown in the left-hand
side. A first unit pixel 10 includes a single photodiode PD1 and an image signal
conversion circuit having four transistors M11, M12, M13 and M 14 for converting the
image signals generated from the photodiode PD1 into electrical signals. A second unit
pixel 20 has a similar structure to the first unit pixel 10, but their components are
denoted by different symbols in order to distinguish them from one another.

[9] In the 4T-28S step & repeat unit pixel 100, a reset transistor M12 or M22, a

conversion transistor M13 or M23, and a selection transistor M 14 or M24 are shared
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between two 4T unit pixels 10 and 20, each of which has four transistors. Therefore,
the number of transistors required for the reset, conversion, and selection transistors
can be reduced to three if two 4T unit pixels share them, while six transistors are
required if two 4T unit pixels are separately arranged as shown in FIG. 1. The 4T-2S
step & repeat unit pixel 100 outputs a conversion voltage corresponding to the image
signals generated in two photodiodes PD1 and PD2 using two transmission transistors
M11 and M21 and three transistors MC2, MC3, and MC4 commonly shared.

The reset signal Rx12 applied to the gate of the reset transistor MC2 is enabled at a
predetermined time point before either of the transmission control signal Tx1 or Tx2
applied to the gates of the transmission transistors M11 and M21 is enabled. The
reference numeral “12” in the “Rx12” has been named for this reason. Similarly, the
reference numeral “12” of the selection signal Sx12 applied to the gate of the selection
transistor MC4 has been named for the same reason.

As described above, since a single common image signal conversion circuit is shared
by two unit pixels, the image signals applied to two unit pixels are converted into
electrical signals using two photodiodes and five transistors M11, M21, MC2, MC3,
and MC4 in the 4T-2S step & repeat unit pixel 100. Therefore, the number of
transistors required for each pixel becomes 2.5.

When four 4T unit pixels commonly share a single image signal conversion circuit,
the number of transistors required for each pixel is reduced to 1.75. If other conditions
are the same, the area that can be occupied by the photodiode increases in comparison
to the above case in which only two 4T unit pixels commonly share a single image
signal conversion circuit. This will improve the aperture ratio of the image sensor.

FIG. 2 is a circuit diagram of a conventional 4T-4S step & repeat unit pixel.

Referring to FIG. 2, a 4T-4S step & repeat unit pixel 200 includes four photodiodes
PDO to PD3 for generating image chares corresponding to incident image signals, four
transmission transistors M21 to M24 for switching image charges generated from four
photodiodes, and a common image signal conversion circuit having three transistors
M25, M26, and M27 for converting the detected image charges into corresponding
electrical signals. Transmission control signals Tx01, Tx11, Tx00, and Tx10 are
applied to the gates of the transmission transistors M21, M22, M23, and M24, re-
spectively.

Considering a general photodiode array in an image sensor, the 4T-4S step & repeat
unit pixel 200 is obtained by combining into a single cell two photodiodes used to
detect a green component from the image signals, one photodiode used to detect a blue
component, and one photodiode used to detect a red component. Referring to FIG. 2,
two photodiodes PDO and PD3 used to detect a green component are diagonally

arranged. The photodiode PD1 used to detect a blue component and the photodiode
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PD2 used to detect a red component are also diagonally arranged.
When the 4T-4S step & repeat unit pixel 200 is implemented in practice, the pho-

todiodes are arranged in the same locations as those shown in the circuit diagram of
FIG. 2. Therefore, the 4T-4S step & repeat unit pixel 200 has a square structure
obtained by combining four most adjacent photodiodes.

FIG. 3 is a circuit diagram of another conventional 4T-4S step & repeat unit pixel.
Referring FIG. 3, the 4T-4S step & repeat unit pixel 300 includes four photodiodes
PDO to PD3 for receiving image signals, four transmission transistors M21, M22, M23,

and M24 for switching image charges generated from the photodiodes PDO to PD3,
and a common image signal conversion circuit M25, M26, and M27 for converting the
detected image charges into corresponding electrical signals. The transmission control
signals Tx00, Tx10, Tx20, and Tx30 are applied to the gates of the transmission
transistors M21, M22, M23, and M24, respectively.

When the 4T-4S step & repeat unit pixel 300 is implemented in practice, the pho-
todiodes are arranged in the same locations as those shown in the circuit diagram of
FIG. 3. Therefore, the 4T-4S step & repeat unit pixel 200 has a structure obtained by
combining four photodiodes vertically disposed into a single cell. The 4T-4S step &
repeat unit pixel 300 has a rectangular structure, and transmission control signals Tx00,
Tx10, Tx20, and Tx30 are applied to the gates of the transmission transistors M21,
M22, M23, and M24, respectively, connected to the four photodiodes.

Comparing the 4T-4S step & repeat unit pixels 200 and 300 of FIGS. 2 and 3 with
each other, the 4T-4S step & repeat unit pixel 200 of FIG. 2 is formed by combining a
total of four photodiodes arranged in two horizontal lines, each of which has two pho-
todiodes, whereas the 4T-4S step & repeat unit pixel 300 of FIG. 3 is formed by
combining four photodiodes arranged in series along a single vertical line. For this
reason, the 4T-4S step & repeat unit pixel 200 of FIG. 2 requires the transmission
control signals to be applied to two lines 0 and 1, while the 4T-4S step & repeat unit
pixel 300 of FIG. 3 requires the transmission control signals to be applied to four lines
0,1, 2, and 3.

Disclosure of Invention

Technical Problem

As described above, since two photodiodes used to detect a green component are di-
agonally arranged, one of the photodiodes should be arranged in a first vertical line,
and the other photodiode should be arranged in a second vertical line as shown in FIG.
2. Therefore, in the 4T-4S step & repeat unit pixel 200 of FIG. 2, proposed by Micron
Technology, Inc., the photodiode for detecting a green component and the photodiode

for detecting a red or blue component are alternately enabled. Accordingly, there may
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be errors in processing the green component, which is considered as a most important

color component.
Generally, when a certain unit pixel is failed, a recovery algorithm may be applied to

the image signals detected from other neighboring unit pixels in order to compensate
for the failure as if it normally operates. On the other hand, since the 4T-4S step &
repeat unit pixel 300 of FIG. 3, proposed by SAMSUNG Electronics, Inc., has a
rectangular structure having pixels vertically connected in series, a conventional
recovery algorithm cannot be applied without change when any unit pixel is failed.
Therefore, a processing circuit should be redesigned in consideration of the afore-

mentioned layout difference, and the size of the image sensor also increases.

Technical Solution

The present invention provides a 4T-4S step & repeat unit pixel by which little error
is generated during the processing of the green component and the conventional
recovery algorithm can be applied to the failed unit pixel without change.

In addition, the present invention provides an image sensor including a plurality of
4T-4S step & repeat unit pixels having the aforementioned advantages.

According to an aspect of the present invention, a 4T-4S step & repeat unit pixel
comprises diffusion area patterns for four photodiodes. A second photodiode diffusion
area pattern is provided in an upper right diagonal direction from a first photodiode
diffusion area pattern, and the upper right corner of the first photodiode diffusion area
pattern and the lower left corner of the second photodiode diffusion area pattern are
connected to each other by extension. A third photodiode diffusion area pattern is
provided above the second photodiode diffusion area pattern. A fourth photodiode
diffusion area pattern is provided in an upper left diagonal direction from the third
photodiode diffusion area pattern over the first photodiode diffusion area pattern. The
upper left corner of the third photodiode diffusion area pattern and the lower right
corner of the fourth photodiode diffusion area pattern are connected to each other by
extension.

According to another aspect of the present invention, a 4T-4S step & repeat unit
pixel comprises four diffusion area patterns for photodiodes. A second photodiode
diffusion area pattern is provided in an upper left diagonal direction from a first
photodiode diffusion area pattern. A third photodiode diffusion area pattern is provided
in an upper right diagonal direction from the second photodiode diffusion area pattern
over the first photodiode diffusion area pattern. A fourth photodiode diffusion area
pattern is provided in an upper left diagonal direction from the third photodiode
diffusion area pattern over the second photodiode diffusion area pattern. Most adjacent

corners of the first and second photodiode diffusion area patterns are connected to each
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other by extension, and most adjacent corners of the third and fourth photodiode

diffusion area patterns are connected to each other by extension.
According to further another aspect of the present invention, there is provided an

image sensor comprising a plurality of 4T-4S step & repeat unit pixels arranged in ho-
rizontal and vertical directions, each of unit pixels having: a first photodiode diffusion
area pattern; a second photodiode diffusion area pattern provided in a diagonal
direction from the first photodiode diffusion area pattern; a third photodiode diffusion
area pattern provided above the second photodiode diffusion area pattern; and a fourth
photodiode diffusion area pattern provided in a diagonal direction from the third
photodiode diffusion area pattern over the first photodiode diffusion area pattern,
wherein a green color filter is provided on top of the first and second photodiode
diffusion area patterns, a red color filter is provided on top of the third photodiode
diffusion area pattern, and a blue color filter is provided on top of the fourth
photodiode diffusion area pattern in one of the 4T-4S step & repeat unit pixels, and
wherein a red color filter is provided on top of the first photodiode diffusion area
pattern, a blue color filter is provided on top of the second photodiode diffusion area
pattern, and a green color filter is provided on top of the third and fourth photodiode
diffusion area patterns in another neighboring 4T-4S step & repeat unit pixel.

According to still another aspect of the present invention, there is provided there is
provided an image sensor comprising a plurality of 4T-4S step & repeat unit pixels
arranged in horizontal and vertical directions, each of unit pixels having: a first
photodiode diffusion area pattern; a second photodiode diffusion area pattern provided
in a diagonal direction from the first photodiode diffusion area pattern; a third
photodiode diffusion area pattern provided in a diagonal direction from the second
photodiode diffusion area pattern above the first photodiode diffusion area pattern; and
a fourth photodiode diffusion area pattern provided in a diagonal direction from the
third photodiode diffusion area pattern over the second photodiode diffusion area
pattern, wherein a green color filter is provided on top of the first, second, third, and
fourth photodiode diffusion area patterns of one of the 4T-4S step & repeat unit pixels,
and wherein a blue color filter is provided on top of the first and third photodiode
diffusion area patterns while a red filter is provided on top of the second and fourth
photodiode diffusion area patterns of another neighboring 4T-4S step & repeat unit
pixel.
Advantageous Effects

The 4T-4S step & repeat unit pixel according to the present invention is obtained by
combining four 4T unit pixels into a single one and allowing four unit pixels to share a

common image signal conversion circuit. Therefore, the number of transistors required
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for each pixel is reduced to 1.75. Supposed that other conditions are the same, the area
that can be occupied by the photodiode increases in comparison with the case that only
two 4T unit pixels commonly share a single image signal conversion circuit. This will
improve the aperture ratio of the image sensor. Since four photodiodes used to detect
only a green component from image signals are processed by a single common image
signal conversion circuit, it is possible to minimize data processing errors that can be
generated when green components are detected from different unit pixels and
processed. In addition, it is possible to apply the conventional recovery algorithm
without change to any failed unit pixel to allow the failed pixel to be processed as if it
normally operates.

Brief Description of the Drawings

The above and other features and advantages of the present invention will become
more apparent by describing in detail exemplary embodiments thereof with reference
to the attached drawings in which:

FIG. 1 illustrates a process of creating a conventional 4T-4S step & repeat unit pixel;

FIG. 2 is a circuit diagram of a conventional 4T-4S step & repeat unit pixel;

FIG. 3 is another circuit diagram of a conventional 4T-4S step & repeat unit pixel;

FIG. 4 is a layout of a 4T-4S step & repeat unit pixel according to the first em-
bodiment of the present invention;

FIG. 5 is a circuit diagram of a 4T-4S step & repeat unit pixel of FIG. 4 according to
the first embodiment;

FIG. 6 is a layout of a 4T-4S step & repeat unit pixel according to the second em-
bodiment of the present invention;

FIG. 7 is a circuit diagram of a 4T-4S step & repeat unit pixel of FIG. 6 according to
the second embodiment;

FIG. 8 is a layout of a 4T-4S step & repeat unit pixel according to the third em-
bodiment of the present invention;

FIG. 9 is a circuit diagram of a 4T-4S step & repeat unit pixel of FIG. 8 according to
the third embodiment;

FIG. 10 is a layout of a 4T-4S step & repeat unit pixel according to the fourth em-
bodiment of the present invention;

FIG. 11 is a circuit diagram of a 4T-4S step & repeat unit pixel of FIG. 10 according
to the fourth embodiment;

FIG. 12 is a layout of a 4T-4S step & repeat unit pixel in which contact regions and
metal lines are further provided on an active diffusion area pattern and a gate layer of
FIG. 5; and

FIG. 13 is a layout of a 4T-4S step & repeat unit pixel in which contact regions and
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metal lines are further provided on an active diffusion area pattern and a gate layer of
FIG. 7.
Best Mode for Carrying Out the Invention

Hereinafter, exemplary embodiments of the present invention will be described in
detail with reference to the accompanying drawings.

FIG. 4 is a layout of a 4T-4S step & repeat unit pixel according to the first em-
bodiment of the present invention.

FIG. 5 is a circuit diagram of the 4T-4S step & repeat unit pixel of FIG. 4 according
the first embodiment.

It should be noted that the circuit of FIG. 5 has been drawn in consideration of
location relationship of the photodiodes of FIG. 4, and is not different from those of
FIGS. 2 and 3 from the viewpoint of a circuit theory. Such a concept can be also
applied to FIGS. 7,9, and 11, which will be described later.

Referring to FIG. 4, diffusion area patterns PD1 to PD4 for four photodiodes and
diffusion area patterns D1 to D3 for an image signal conversion circuit are defined by
solid lines in the layout pattern of the 4T-4S step & repeat unit pixel according to the
first embodiment. Four transmission transistors M21, M22, M23, and M24 are
provided in portions where the the photodiode diffusion area patterns PD1 to PD4 for
the photodioes are connected to each other. Herein, the reference symbol G denotes a
green color, the reference symbol R denotes a red color, and the reference symbol B
denotes a blue color. This means the photodiode having a reference symbol R, G, or B
in parentheses detects a corresponding color component from image signals. It should
be noted that, hereinafter, although not specifically defined, this meaning will be con-
sistently applied whenever the corresponding photodiode is referred regardless of
whether the reference symbols R, G, and B are obviously marked or not.

In practice, color filters are provided on top of the photodiodes in order to allow each
of the photodiodes to detect one of green, red, and blue components. That is, referring
to FIG. 4, green color filters are provided on top of first and second photodiodes PD1
and PD2, and red and blue color filters are provided on top of third and fourth pho-
todiodes PD3 and PD4, respectively.

The second photodiode diffusion area pattern PD2 is provided in an upper right
diagonal direction from the first photodiode diffusion area pattern PD1. The upper
right corner of the first photodiode diffusion area pattern PD1 and the lower left corner
of the second photodiode diffusion area pattern PD2 are connected to each other by
extension. The third photodiode diffusion area pattern PD3 is provided above the
second photodiode diffusion area pattern PD2. The fourth photodiode diffusion area
pattern PD4 is provided in an upper left diagonal direction from the third photodiode
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diffusion area pattern PD3 over the first photodiode diffusion area pattern PD1. The
upper left corner of the third photodiode diffusion area pattern PD3 and the lower right
corner of the fourth photodiode diffusion area pattern PD4 are connected to each other
by extension.

The first diffusion area pattern D1 is provided between the second and third
photodiode diffusion area patterns PD2 and PD3. The second diffusion area pattern D2
is provided between second and third photodiode diffusion area patterns PD2 and PD3
in the left side of the first diffusion area pattern D1. The third diffusion area pattern D3
is provided in an upper right diagonal direction from the fourth photodiode diffusion
area pattern PD4 above the third photodiode diffusion area pattern PD3.

In FIG. 4, the gate patterns are defined by dotted lines. A gate pattern for the first
transmission transistor M21 is provided near the corner of the first photodiode
diffusion area pattern PD1, and a gate pattern for the second transmission transistor
M?22 is provided near the second photodiode diffusion area pattern PD2 in the
extension between the upper right corner of the first photodiode diffusion area pattern
PD1 and the lower left corner of the second photodiode diffusion area pattern PD2. A
gate pattern for the third transmission transistor M23 is provided near the third
photodiode diffusion area pattern PD3, and a gate pattern for the fourth transmission
transistor M24 is provided near the fourth photodiode diffusion area pattern PD4 in the
extension between the upper left corner of the third photodiode diffusion area pattern
PD3 and the lower right corner of the fourth photodiode diffusion area pattern PD4.

The gate patterns for the reset transistor M25, the conversion transistor M26, and the
selection transistor M27 are provided on the first, second, and third diffusion area
patterns D1, D2, and D3, respectively.

Referring to FIGS. 4 and 5, after all processes are completed after forming the afore-
mentioned gate patterns, first, second, third and fourth transmission control signals
Tx00, Tx11, Tx21, and Tx30 are applied to the gates of the transmission transistors
M21, M22, M23 and M24, respectively. In addition, a reset signal Rx is applied to the
gate of the reset transistor M25. A common terminal of the transmission transistors
M21, M22, M23 and M24 and a terminal of the reset transistor M25 are connected to
the gate of the conversion transistor M26. A selection signal Sx is applied to the gate
of the selection transistor M27.

The former of the reference numerals of the four transmission control signals denotes
a horizontal line number, and the latter denotes a vertical line number. Therefore, the
first transmission control signal Tx00 enables the first transmission transistor M21
located on the first horizontal line O and the first vertical line 0. Similarly, the second
transmission control signal Tx11 enables the second transmission transistor M22

located on the second horizontal line 1 and the second vertical line 1, the third
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transmission control signal Tx21 enables the third transmission transistor M23 located
on the third horizontal line 2 and the second vertical line 1, and the fourth transmission
control signal Tx30 enables the fourth transmission transistor M24 located on the
fourth horizontal line 3 and the first vertical line 0.

While the gates of the first, second, third and fourth transmission transistors M21,
M?22, M23, and M24 of the 4T-4S step & repeat unit pixel 400 of FIG. 4 are connected
to four different signal lines Tx00, Tx11, Tx21, and Tx30, respectively, the gates of the
first, second, third, and fourth transmission transistors M21, M22, M23, and M24 of
the conventional 4T-4S step & repeat unit pixel 200 of FIG. 2 are connected to two
different signal lines Tx0 and Tx1.

The 4T-4S step & repeat unit pixel 400 according to the present invention and the
conventional 4T-4S step & repeat unit pixel 300 are similar to each other in that the
gates of the first, second, third, and fourth transmission transistors M21, M22, M23,
and M24 are connected to four different signal lines Tx0, Tx1, Tx2, and Tx3, re-
spectively. However, the locations of the photodiodes are different as follows.

In the conventional 4T-4S step & repeat unit pixel 300 of FIG. 3, four photodiodes
arranged across four horizontal lines O to 3 along a single vertical line 0 are combined
into a single unit pixel. However, in the 4T-4S step & repeat unit pixel 400 of FIG. 4
according to the present invention, four photodiodes arranged across four horizontal
lines O to 3 along two vertical lines 0 and 1 are combined into a single unit pixel. Since
two photodiodes are arranged in a diagonal direction, the area between neighboring
unit pixels increases in comparison with the unit pixel of FIG. 3. Therefore, even when
the corresponding unit pixel is failed, the signals can be processed using a conventional
recovery algorithm as if the failed unit pixel normally operates. It should be noted that
the case the unit pixel is failed includes when all transistors are failed as well as when
one of the transistors of the unit pixel is failed.

FIG. 6 is a layout of a 4T-4S step & repeat unit pixel according to the second em-
bodiment of the present invention.

FIG. 7 is a circuit diagram of the 4T-4S step & repeat unit pixel of FIG. 6 according
to the second embodiment.

Referring to FIG. 6, diffusion area patterns PD1 to PD4 for four photodiodes and
diffusion area patterns D1 to D3 for an image signal conversion circuit are defined by
solid lines in the layout of the 4T-4S step & repeat unit pixel according to the second
embodiment. Four transmission transistors M21, M22, M23, and M24 are provided
across respective extensions of the photodiode diffusion area patterns PD1 to PD4.

The second photodiode diffusion area pattern PD2 is provided in an upper left
diagonal direction from the first photodiode diffusion area pattern PD1. The third

photodiode diffusion area pattern PD3 is provided in an upper right diagonal direction
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from the second photodiode diffusion area pattern PD2 over the first photodiode
diffusion area pattern PD1. The fourth photodiode diffusion area pattern PD4 is
provided in an upper left diagonal direction from the third photodiode diffusion area
pattern PD3 over the second photodiode diffusion area pattern PD2.

The first diffusion area pattern D1 is provided in an upper right diagonal direction
from the second photodiode diffusion area pattern PD2 below the third photodiode
diffusion area pattern PD3. The second diffusion area pattern D2 is provided in an
upper right diagonal direction from the first diffusion area pattern D1 below the third
photodiode diffusion area pattern PD3. The third diffusion area pattern D3 is provided
in an upper right diagonal direction from the fourth photodiode diffusion area pattern
PD4 over the third photodiode diffusion area pattern PD3.

The upper left corner of the third photodiode diffusion area pattern PD1 and the
lower right corner of the fourth photodiode diffusion area pattern PD2 are connected to
each other by extension. Similarly, the upper left corner of the third photodiode
diffusion area pattern PD3 and the lower right corner of the fourth photodiode
diffusion area pattern PD4 are connected to each other by extension.

In FIG. 6, the gate patterns are defined by dotted lines. The gate pattern for the first
transmission transistor M21 is provided near the corner of the first photodiode
diffusion area pattern PD1, and the gate pattern for the second transmission transistor
M?22 is provided near the corner of the second photodiode diffusion area pattern PD2
across a common diffusion area pattern connecting the first and second photodiode
diffusion area patterns PD1 and PD2 to each other by extension. The gate pattern for
the third transmission transistor M23 is provided near the corner of the third
photodiode diffusion area pattern PD3, and the gate pattern for the fourth transmission
transistor M24 is provided near the corner of the fourth photodiode diffusion area
pattern PD4 across a common diffusion area pattern connecting the third and fourth
photodiode diffusion area patterns PD3 and PD4 to each other by extension.

The first, second, and third diffusion area patterns D1, D2, and D3 are provided for
the gates of the reset transistor M25, the conversion transistor M26, and the selection
transistor M27, respectively.

Although not shown in FIG. 6, after all processes are completed after forming the
aforementioned gate patterns, first, second, third and fourth transmission control
signals Tx01, Tx10, Tx21, and Tx30 are applied to the gates of the transmission
transistors M21, M22, M23 and M24, respectively. In addition, a reset signal Rx is
applied to the gate of the reset transistor M25. A common terminal of the transmission
transistors M21, M22, M23 and M24 and a terminal of the reset transistor M25 are
connected to the gate of the conversion transistor M26. A selection signal Sx is applied

to the gate of the selection transistor M27.
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Referring to FIGS. 6 and 7, the first transmission control signal Tx01 is applied to
the gate of the first transmission transistor M21 located on the first horizontal line 0
and the second vertical line 1. The second transmission control signal Tx10 is applied
to the second transmission transistor M22 located on the second horizontal line 1 and
the first vertical line 0. The third transmission control signal Tx21 is applied to the gate
of the third transmission transistor M23 located on the third horizontal line 2 and the
second vertical line 1. The fourth transmission control signal Tx30 is applied to the
gate of the fourth transmission transistor M24 located on the fourth horizontal line 3
and the first vertical line 0.

Referring to FIG. 6, the first, second, third, and fourth photodiodes PD1, PD2, PD3,
and PD4 are used to detect a green component from the image signals applied to the
image sensor if green color filters are provide on top of the corresponding photodiodes.
This is reflected in a reference symbol G in parentheses. That is, four photodiodes of
the 4T-4S step & repeat unit pixel of FIG. 6 according to the second embodiment may
be used to detect a green component from the image signals. In this case, since all pho-
todiodes of a single unit pixel are used to detect the same color component, i.e., a green
component, it is possible to minimize data processing errors. Furthermore, it is
possible to compensate for inconsistency of the patterns of four photodiodes to some
extent.

In FIG. 6, all of the four photodiodes of the 4T-4S step & repeat unit pixel according
to the second embodiment detect a green component. However, a red or blue
component may be also detected from the image signals if a red or blue color filter is
provided on top of the photodiodes of the 4T-4S step & repeat unit pixel according to
the second embodiment. Although not shown in FIG. 6, an image sensor may detect
blue and red components as well as a green component from image signals if blue and
red color filters are appropriately provided on top of the photodiodes of a neighboring
unit pixel adjacent to the unit pixel having only a green color filter on top of the pho-
todiodes. For example, a blue color filter may be provided on top of the first and third
photodiodes PD1 and PD3, and a red color filter may be provided on top of the second
and fourth photodiodes PD2 and PD4.

In the neighboring unit pixel which has blue and red color filters appropriately
provided on top of the photodiodes and is neighbored to the unit pixel having only a
green color filter, the first, second, third, and fourth transmission control signal Tx01,
Tx10, Tx21, and Tx30 will be applied to the gates of the first, second, third, and fourth
transmission transistors, respectively.

FIG. 8 is a layout of a 4T-4S step & repeat unit pixel according to the third em-
bodiment of the present invention.

FIG. 9 is a circuit diagram of the 4T-4S step & repeat unit pixel of FIG. 8 according
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to the third embodiment.

[74] Referring to FIG. 8, the 4T-4S step & repeat unit pixel 800 according to the third em-
bodiment is symmetrical to the 4T-4S step & repeat unit pixel of FIG. 4 according to
the first embodiment with respect to a virtual y-axis connecting the first photodiode
PD1 with the fourth photodiode PD4. Preferably, color filters are provided on top of
corresponding photodiodes such that the first photodiode can detect a red component,
the second photodiode PD2 can detect a blue component, and the third and fourth pho-
todiodes PD3 and PD4 can detect a green component from image signals.

[75] The first, second, third, and fourth transmission control signals Tx01, Tx10, Tx20,
and Tx31 are applied to the gates of the first transmission transistor M21 located on the
first horizontal line O and the second vertical line 1, the second transmission transistor
M22 located on the second horizontal line 1 and the first vertical line O, the third
transmission transistor M23 located on the third horizontal line 2 and the first vertical
line 0, and the fourth transmission transistor M24 located on the fourth horizontal line
3 and the second vertical line 1, respectively.

[76] Since the locations of the photodiodes are symmetrical between the 4T-4S step &
repeat unit pixels 400 and 800 of FIGS. 4 and 8 according to the first and third em-
bodiments, the transmission control signals applied to the corresponding transmission
transistors connected to the photodiodes are also different. That is, while the
transmission control signals Tx01, Tx10, Tx20, and Tx31 are applied to the
transmission transistors of FIG. 8, the transmission control signals Tx00, Tx11, Tx21,
and Tx30 are applied to the transmission transistors of FIG. 4.

[77] FIG. 10 is a layout of a 4T-4S step & repeat unit pixel according to the fourth em-
bodiment of the present invention.

[78] FIG. 11 is a circuit diagram of the 4T-4S step & repeat unit pixel of FIG. 10
according to the fourth embodiment.

[79] Referring to FIG. 10, the 4T-4S step & repeat unit pixel 1000 according to the fourth
embodiment is symmetrical to the 4T-4S step & repeat unit pixel of FIG. 6 according
to the second embodiment with respect to a virtual y-axis passing through the center of
the drawing. Preferably, color filters are provided on top of corresponding photodiodes
such that the first and third photodiodes PD1(B) and PD3(B) can detect a blue
component, and the second and fourth photodiodes PD2(R) and PD4(R) can detect a
red component from image signals.

[80] The first, second, third, and fourth transmission control signals Tx00, Tx11, Tx20,
and Tx31 are applied to the gates of the first transmission transistor M21 located on the
first horizontal line O and the first vertical line O, the second transmission transistor
M?22 located on the second horizontal line 1 and the second vertical line 1, the third

transmission transistor M23 located on the third horizontal line 2 and the first vertical
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line 0, and the fourth transmission transistor M24 located on the fourth horizontal line
3 and the second vertical line 1, respectively.

Since the locations of the photodiodes are symmetrical between the 4T-4S step &
repeat unit pixels of FIGS. 6 and 10 according to the second and fourth embodiments,
the transmission control signals applied to the corresponding transmission transistors
connected to the photodiodes are also different. That is, while the transmission control
signals Tx00, Tx11, Tx20, and Tx31 are applied to the four transmission transistors of
FIG. 10, the transmission control signals Tx01, Tx10, Tx21, and Tx30 are applied to
the four transmission transistors of FIG. 6.

FIG. 12 is a layout of a 4T-4S step & repeat unit pixel in which contact regions and
metal lines are further provided on an active diffusion area pattern and a gate layer of
FIG. 5.

FIG. 13 is a layout of a 4T-4S step & repeat unit pixel in which contact regions and
metal lines are provided on an active diffusion area pattern and a gate layer of FIG. 7.

Referring to FIGS. 12 and 13, the box with an X refers to a contact region, which
will not be described in more detail as it would be apparent to those skilled in the art.

As described above, since four pixels share a common image signal conversion
circuit having three transistors M25, M26, and M27, the number of transistors required
for each pixel becomes 1.75. If other conditions are the same, the area that can be
occupied by the photodiode increases in comparison to the case in which only two
pixels commonly share a single image signal conversion circuit. This will improve the
aperture ratio of the image sensor.

While the present invention has been particularly shown and described with reference
to exemplary embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the

spirit and scope of the present invention as defined by the appended claims.
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Claims
A 4T-4S step & repeat unit pixel comprising:
a first photodiode diffusion area pattern;
a second photodiode diffusion area pattern provided in an upper right diagonal
direction from the first photodiode diffusion area pattern;
a third photodiode diffusion area pattern provided above the second photodiode
diffusion area pattern; and
a fourth photodiode diffusion area pattern provided in an upper left diagonal
direction from the third photodiode diffusion area pattern over the first
photodiode diffusion area pattern.
The 4T-4S step & repeat unit pixel according to claim 1, further comprising:
a first diffusion area pattern provided between the second and third photodiode
diffusion area patterns;
a second diffusion area pattern provided between the second and third
photodiode diffusion area pattern beside the first diffusion area pattern; and
a third diffusion area pattern provided in a diagonal direction from the fourth
photodiode diffusion area pattern over the third photodiode diffusion area
pattern.
The 4T-4S step & repeat unit pixel according to claim 1,
wherein most adjacent corners of the first and second photodiode diffusion area
patterns are connected to each other by extension, and
wherein most adjacent corners of the third and fourth photodiode diffusion area
patterns are connected to each other by extension.
The 4T-4S step & repeat unit pixel according to claim 3,
wherein a first transmission transistor is provided near the corner of the first
photodiode diffusion area pattern and a second transmission transistor is
provided near the corner of the second photodiode diffusion area pattern in a
common diffusion area pattern connecting the first and second photodiode
diffusion area patterns to each other by extension,
wherein a third transmission transistor is provided near the corner of the third
photodiode diffusion area pattern and a fourth transmission transistor is provided
near the corner of the fourth photodiode diffusion area pattern in a common
diffusion area pattern connecting the third and fourth photodiode diffusion area
patterns to each other by extension, and
wherein first, second, third, and fourth transmission control signals are applied to
gates of the first, second, third, and fourth transmission transistors.

The 4T-4S step & repeat unit pixel according to claim 4,
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wherein the first transmission control signal enables a transmission transistor
located on an nth horizontal line and an nth vertical line,

wherein the second transmission control signal enables a transmission transistor
located on an (n+1)th horizontal line and an (n+1) vertical line,

wherein the third transmission control signal enables a transmission transistor
located on an (n+2)th horizontal line and an (n+1)th vertical line, and

wherein the fourth transmission control signal enables a transmission transistor
located on an (n+3)th horizontal line and an nth vertical line (wherein, n denotes
any integer number).

The 4T-4S step & repeat unit pixel according to claim 2,

wherein a reset transistor is implemented in the first diffusion area pattern, a
conversion transistor is implemented in the second diffusion area pattern, and a
reset transistor is implemented in the third diffusion area pattern, and

wherein a select control signal is applied to a gate of the reset transistor, and a
selection signal is applied to a gate of the selection transistor.

An image sensor comprising a plurality of 4T-4S step & repeat unit pixels
arranged in horizontal and vertical directions, each of unit pixels having:

a first photodiode diffusion area pattern;

a second photodiode diffusion area pattern provided in an upper right diagonal
direction from the first photodiode diffusion area pattern;

a third photodiode diffusion area pattern provided above the second photodiode
diffusion area pattern; and

a fourth photodiode diffusion area pattern provided in an upper left diagonal
direction from the third photodiode diffusion area pattern over the first
photodiode diffusion area pattern,

wherein a green color filter is provided on top of the first and second photodiode
diffusion area patterns, a red color filter is provided on top of the third
photodiode diffusion area pattern, and a blue color filter is provided on top of the
fourth photodiode diffusion area pattern in one of the 4T-4S step & repeat unit
pixels, and

wherein a red color filter is provided on top of the first photodiode diffusion area
pattern, a blue color filter is provided on top of the second photodiode diffusion
area pattern, and a green color filter is provided on top of the third and fourth
photodiode diffusion area patterns in another neighboring 4T-4S step & repeat

unit pixel.
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