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[What is claimed is]

[Claim 1] An X-Y address type solid-state image sensing
element comprising a plurality of pixels arranged in a two-
dimensional matrix and a plurality of output terminals for
outputting a signal of the pixels,

characterized in that a signal of a specific pixel arranged

in a checkered pattern among the pixels is output from one
output terminal, and a signal of another pixel is output
from the other output terminal.

[Claim 2] A solid-state image sensing element comprising:
a plurality of pixels arranged in a two-dimensional

matrix;

a plurality of vertical signal lines to which the pixels are
connected; and

two horizontal signal lines to which the vertical signal
lines are connected via a switch,

characterized in that pixels in an odd-numbered row of
one pixel column of two pixel columns adjacent to each
vertical signal line and pixels in an even-numbered row of
the other pixel column are connected to each of the
vertical signal lines, and

said odd-numbered vertical signal line is connected to one
of said horizontal signal lines, and said even-numbered
vertical signal line is connected to the other horizontal
signal line.

[Claim 3] The solid-state image sensing element according
to claim 1 or 2, wherein said pixel comprises a
photoelectric conversion unit that generates an electric
charge according to incident light, and

an output unit that outputs a signal corresponding to the
electric charge to a vertical signal line.

[Claim 4] The solid-state image sensing element according
to claim 3, wherein said pixel further comprises a transfer
unit that transfers the charge from the photoelectric
conversion unit to the output unit and

a control unit that controls the output unit.

[Claim 5] The solid-state image sensing element according
to any one of claims 1 to 4, wherein a light-shielding
region is formed in a part of said pixels, and the shape of
said light-shielding region is the same between the pixels
arranged on the odd-numbered rows and the pixels
arranged on the even-numbered rows.

[Claim 6] The solid-state image sensing element according
to any one of claims 1 to 5, wherein a plurality of different
color filters are arranged corresponding to said pixels, and
at least one kind of the color filters is arranged in a
checkered pattern.

[Claim 7] The solid-state image sensing element according
to any one of claims 1 to 5, wherein green color filters are
arranged in a checkered pattern corresponding to the
pixels, and red and blue color filters are arranged line-
sequentially corresponding to the other pixels.

[Claim 8] A CCD-type solid-state image sensing element
comprising a plurality of photoelectric conversion units
arranged in a two-dimensional matrix and a plurality of
output terminals for outputting signals of the photoelectric
conversion unit,

wherein of the photoelectric conversion units, a signal of a
specific photoelectric conversion unit arranged in a
checkered pattern is output from one output terminal, and
a signal of the other photoelectric conversion unit is output
from the other output terminal.
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[Claim 9] A solid-state image sensing element comprising:
a plurality of photoelectric conversion units arranged in a
two-dimensional matrix;

a plurality of vertical transfer registers that receive a signal
charge from said photoelectric conversion unit and
transfer the same in a column direction; and

two horizontal transfer registers that receive said signal
charge from said vertical transfer register and transfer the
same in a row direction,

wherein each of the vertical transfer registers receives a
signal charge from the photoelectric conversion unit in an
odd-numbered row of one column of two columns of the
photoelectric conversion units adjacent to the vertical
transfer register and from the photoelectric conversion unit
in an even-numbered row in the other column,

wherein one of said horizontal transfer registers receives a
signal charge from said odd-numbered vertical transfer
register, and the other horizontal transfer register receives
a signal charge from the even-numbered vertical transfer
register.

[Claim 10] The solid-state image sensing element
according to claim 8 or 9, wherein a light-shielding region
is formed in a part of said photoelectric conversion unit,
and the shape of the light-shielding region is the same
between the photoelectric conversion unit arranged on the
odd-numbered rows and the photoelectric conversion unit
arranged on the even-numbered rows.

[Claim 11] The solid-state image sensing element
according to any one of claims 8 to 10, wherein a plurality
of different color filters are arranged corresponding to said
photoelectric conversion unit, and at least one kind of said
color filters is arranged in a checkered pattern.

[Claim 12] The solid-state image sensing element
according to any one of claims 8 to 10, wherein green
color filters are arranged in a checkered pattern
corresponding to said photoelectric conversion unit, and
red and blue color filters are arranged line-sequentially
corresponding to the other photoelectric conversion units.
[Detailed Description of the Invention]

[0001]

[Technical Field of the Invention] The present invention
relates to a solid-state image sensing element, and more
specifically, to a solid-state image sensing element having
a parallel output configuration. The solid-state image
sensing element of the present invention is suitable for
color imaging using color filters arranged in a checkered
pattern.

[0002]

[Background Art] To date, various methods such as an X-
Y address type and a CCD type have been proposed for a
solid-state image sensing element, and they have been put
into practical use. First, a conventional X-Y address type
solid-state image sensing element will be described with
reference to the drawings. FIG. 23 is a circuit diagram
showing a main configuration of a conventional X-Y
address type solid-state image sensing element. The
conventional XY address type solid-state image sensing
element comprises a plurality of pixels Px1-1 to Px3-4
arranged in a two-dimensional matrix, vertical signal lines
22ato 22d to which the above pixels are connected, and a
horizontal signal line 27a and 27b to which the vertical
signal lines are connected via a column buffer amplifier
29a-29d, the clamp capacitances Ccl to Cc4 and the
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column selection transistors TH1 to TH4, and the output
buffer amplifiers 28a and 28b connected to the horizontal
signal lines, a vertical scanning circuit 7 for driving the
pixels Px1-1 to Px3-4 and a horizontal scanning circuit 8
for driving the column selection transistors TH1 to TH4
respectively.

[0003] A plurality of horizontal signal lines are arranged
as shown in the figure. If the solid-state image sensing
element has a small number of pixels, one series of
horizontal signal lines may be used. However, the
increased number of pixels causes a problem of
insufficient sensitivity and operating speed, so it is more
preferable to form a plurality of horizontal signal lines and
output in parallel. The signals of the pixels Px1-1 to Px3-4
are output from the source (S) of the JFET2 to the vertical
signal lines 22a to 22d, and passing through the column
buffer amplifiers 29a to 29d, the clamp capacitances Ccl
to Cc4, and the column selection transistors TH1 to TH4,
and then output to the horizontal signal lines 27a and 27b,
and output (Voutl and Vout2) from the output terminals
35a and 35b via the output buffer amplifiers 28a and 28b.
[0004] Clamp transistors Tcl to Tc4 are connected
between the clamp capacitances Ccl to Cc4 and the
column selection transistors TH1 to TH4, and a constant
voltage (ground potential GND in FIG. 23) can be applied
to one electrode of the clamp capacitance. This is arranged
to remove the noise generated in each pixel. Next, the
pixel structure will be described with reference to FIGS.
23 and 24. FIG. 24 is a plan view of a plurality of pixels
arranged in a matrix. Each pixel has a photodiode 1 that
generates and stores an electric charge according to the
incident light, and a junction field effect transistor 2
(hereinafter referred to as JFET) that outputs a signal
corresponding to the electric charge from the source (S) by
a source follower operation, a transfer gate 3 that transfers
the electric charge from the photodiode 1 to the JFET 2,
and a reset drain 4 and a reset gate 5 that control the JFET
2, . Each JFET 2 is connected to the vertical signal lines
22a to 22d for each row. Further, the details of the unit
pixel structure are disclosed in Japanese Unexamined
Patent Application Publication No. H8-293591A.

[0005] Next, a conventional CCD type solid-state image
sensing element will be described with reference to the
drawings. FIG. 25 is a schematic configuration diagram of
a conventional CCD type solid-state image sensing
element. This device comprises: a plurality of photodiodes
210 arranged in a two-dimensional matrix; a plurality of
vertical transfer registers 220 that receive signal charges
from the photodiodes 210 and transfer the charges in the
column direction; a horizontal transfer registers 240a and
240b that receives signal charges from the vertical transfer
registers 220 and transfer the charges in the row direction;
and charge detection units 250a and 250b.

[0006] A signal charge generated by the photodiode 210 is
transferred via the vertical transfer registers 220 to the
horizontal transfer registers 240a and 240b, converted into
voltage signals by the charge detectors 250a and 250b, and
output from the output terminals 260a and 260b (Voutl,
Vout2). FIG. 26 is a cross-sectional view of the CCD type
solid-state image sensing element along the line X1-X2 of
FIG. 25. A P-type well 201 is provided on the N-type
semiconductor substrate 200. The photodiode 210 is
arranged in this P-shaped well.

[0007] The signal charge generated by the photodiode 210
is stored in the N-type charge storage region 211. The
signal charge accumulated in the N-type charge storage
region 211 is first transferred to the N-type transfer
channel region 221 of the vertical transfer register 220 by
the operation of the transfer electrode 224, and then
sequentially transferred in the column direction. By the
way, when the solid-state image sensing element is used
for color imaging, any one of red (R), green (G), and blue
(B) color filters is arranged on each photodiode of the
solid-state image sensing element. Each pixel outputs a
color signal corresponding to the filter arranged in each
pixel.

[0008] Various arrangements of the above R, G, and B
color filters have been proposed. FIG. 27 and FIG. 28
show a typical color filter array to be arranged on the
solid-state image sensing element during color imaging. In
the arrangement shown in FIG. 27, green (G) color filters
are arranged in stripes every other column corresponding
to pixels, and red (R) and blue (B) color filters are
arranged corresponding to the remaining pixels.

[0009] In the arrangement shown in FIG. 28, the green (G)
color filters are arranged in a checkered pattern, and the
red (R) and blue (B) color filters are line-sequentially
arranged corresponding to the remaining pixels (generally
called a Bayer array). As a conventional solid-state image
sensing element, the color filter arrangement shown in
FIG. 27 in which green (G) color filters are arranged in
stripes every other column is preferable. This is because
the signal of the pixel provided with the green (G) color
filter, which is the main component of the luminance
signal, is output from one output terminal (35a or 35b in
FIG. 23, 260a or 260b in FIG. 25) through one horizontal
signal line (27a or 27b in FIG. 23) or one horizontal
transfer register (240a or 240b in FIG. 25), so that signal
processing in the subsequent stage may be facilitated and
fixed pattern noise is reduced to improve S/N ratio of
video signal.

[0010]

[Problem to be Solved by the Invention] However, in the
conventional solid-state image sensor, for example, when
the color filter array is provided with the green (G) color
filter being arranged in a checkered pattern as shown in
FIG. 28, it causes the problem of the generation of fixed
pattern noise and the decreased S / N ratio. This is because
the signals of the checkered pixels are output from two
different output terminals via two different paths
(horizontal signal lines or horizontal transfer registers).
[0011] The present invention has been made in view of the
above problems. An object of the present invention is to
provide a solid-state image sensing element having a
parallel output configuration with reduced signal variation
of pixels (or photoelectric conversion units) arranged in a
checkered pattern as well as a high S/ N ratio.

[0012]

[Means for Solving the Problem] The invention according
to claim 1 is a X-Y address type solid body image sensing
element comprising a plurality of pixels arranged in a two-
dimensional matrix and a plurality of output terminals for
outputting signals of the pixels, characterized in that the
signals of specific pixels arranged in a checkered pattern
among the pixels are output from one output terminal, and
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the signals of other pixels are output from the other output
terminals.

[0013] Since the signals of the checkered pixels are output
from one output terminal, the fixed pattern noise of the
signals output from the checkered pixels may be reduced
and the S/ N ratio is improved. It is particularly suitable
when color filters are provided in a checkered pattern. The
invention according to claim 2 is a solid-state image
sensing element comprising: a plurality of pixels arranged
in a two-dimensional matrix; a plurality of vertical signal
lines to which the pixels are connected; and two horizontal
signals to which the vertical signal lines are connected via
a switch, wherein of two pixel columns adjacent to each of
vertical signal lines, pixels in an odd-numbered row of one
pixel column and pixels in an even-numbered row of the
other pixel column are connected to each of vertical signal
lines, respectively, one of the horizontal signal lines is
connected to an odd-numbered vertical signal line, and the
other horizontal signal line is connected to an even-
numbered vertical signal line.

[0014] This configuration allows the signals of the pixels
arranged in a checkered pattern to output via one
horizontal signal line, so that a fixed pattern noise may be
reduced, and the S/ N ratio may be improved. It is
particularly suitable when color filters are provided in a
checkered pattern. The invention according to claim 3 is
characterized in that, in the solid-state image sensing
element according to claim 1 or 2, the pixel has a
photoelectric conversion unit that generates an electric
charge according to an incident light and an output unit
that outputs a signal corresponding to the electric charge
to a vertical signal line. Further, the invention according to
claim 4 is characterized in that, in the solid-state image
pickup device according to claim 3, the pixel has a transfer
unit that transfers the electric charge from the
photoelectric conversion unit to the output unit and a
control unit that controls the output unit.

[0015] These configurations allow the device to output a
signal converted by this charge (for example, a charge-
amplified signal or a current-amplified signal) instead of
the charge itself generated by the incident light. The
invention according to claim 5 is characterized in that, in
the solid-state image sensing element according to any one
of claims 1 to 4, wherein a light-shielding region is formed
in a part of the pixels, and the shape of the light-shielding
region is the same between the pixels arranged in odd-
numbered rows and the pixels arranged in even-numbered
rows.

[0016] This configuration allows for the same light
receiving characteristics in pixels, the reduced fixed
pattern noise, and the improved S/ N ratio. The invention
according to claim 6 is characterized in that, in the solid-
state image sensing element according to any one of
claims 1 to 5, a plural kinds of color filters are arranged
corresponding to the pixels, and at least one kind of color
filters are arranged in a checkered pattern.

[0017] In the case of color imaging, a color filter is
arranged in each pixel of the solid-state image sensing
element. Color filters generally have a plurality of colors.
In the invention of claim 7, of the plurality of color filters
at least one color filter is arranged in a checkered pattern.
Therefore, a signal corresponding to this color has a
reduced fixed pattern noise and an improved S / N ratio.

The invention according to claim 7 is the solid-state image
sensing element according to any one of claims 1 to 5,
wherein a green color filter is arranged in a checkered
pattern corresponding to the pixels, and the red and blue
color filters are arranged line-sequentially corresponding
to the other pixels. This claim specifies a specific kind of
color filter.

[0018] The invention according to claim 8 is a CCD-type
solid-state image sensing element comprising a plurality
of photoelectric conversion units arranged in a two-
dimensional matrix and a plurality of output terminals for
outputting signals of the photoelectric conversion unit,
wherein, of the photoelectric conversion units, a signal of
a specific photoelectric conversion unit arranged in a
checkered pattern is output from one output terminal, and
a signal of the other photoelectric conversion unit is output
from the other output terminal.

[0019] Since the signal of the photoelectric conversion
unit arranged in a checkered pattern is output from one
output terminal, the fixed pattern noise of the signal output
from the photoelectric conversion unit arranged in a
checkered pattern is reduced, and the S/ N ratio is
reduced. It is particularly suitable when color filters are
provided in a checkered pattern. The invention according
to claim 9 is the solid-state image sensing element
comprising: a plurality of photoelectric conversion units
arranged in a two-dimensional matrix; a plurality of
vertical transfer registers that receive signal charges from
the photoelectric conversion units and transfer the signal
charges in a column direction; and two horizontal transfer
registers that receive the signal charge from the vertical
transfer register and transfer the signal charge in a row
direction, wherein each of the vertical transfer registers
receives the signal charge from the photoelectric
conversion unit in an odd-numbered row of one column of
two adjacent columns of the photoelectric conversion units
and from the photoelectric conversion units in an even-
numbered row of the other column, one horizontal transfer
register receives the signal charge from the vertical
transfer register in an odd-numbered column and the other
horizontal transfer register receives the signal charge from
the vertical transfer register in an even-numbered column.
[0020] The signal of the photoelectric conversion unit
arranged in a checkered pattern is output via one
horizontal transfer register. Therefore, the fixed pattern
noise is reduced, and the S/ N ratio is improved. It is
particularly suitable when provided with a checkered color
filter. The invention according to claim 10 is the solid-
state image sensing element according to claim 8 or 9,
wherein a light-shielding region is formed in a part of the
photoelectric conversion unit, and the shape of the light-
shielding region is the same between the photoelectric
conversion unit arranged in an odd-numbered row and the
photoelectric conversion unit arranged in an even-
numbered row.

[0021] This configuration realizes the uniform light
receiving characteristics of each photoelectric conversion
unit, reduces the fixed pattern noise, and improves the S /
N ratio. The invention according to claim 11 is the solid-
state image sensing element according to any one of
claims 8 to 10, wherein a plurality of different color filters
are arranged corresponding to the photoelectric conversion
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unit, and at least one kind of color filters is arranged in a
checkered pattern.

[0022] In the case of color imaging, a color filter is
arranged in each photoelectric conversion unit of the
solid-state image sensing element. Color filters generally
have a plurality of colors. In the invention of claim 11, of
the plurality of color filters at least one color filter is
arranged in a checkered pattern. Therefore, a signal
corresponding to this color has a reduced fixed pattern
noise and an improved S/ N ratio.

[0023] The invention according to claim 12 is the solid-
state image sensing element according to any one of
claims 8 to 10, wherein the green color filters are arranged
in a checkered pattern corresponding to the photoelectric
conversion units and the red and blue color filters are
arranged line-sequentially corresponding to the other
photoelectric conversion units. This claim specifies a
specific kind of color filter.

[0024]

[Preferred Embodiments] Hereinafter, embodiments of the
present invention will be described with reference to the
drawings. In each figure, the same reference numerals
indicate the same or corresponding parts, and duplicate
descriptions will be omitted.

[Embodiment 1] FIG. 1 is a circuit diagram showing an
outline of a solid-state image sensing element according to
the first embodiment of the present invention.

[0025] The solid-state image sensing element according to
the first embodiment is an X-Y address type solid-state
image sensing element comprising: a plurality of pixels
Px1-1 to Px3-4 arranged in a two-dimensional matrix;
vertical signal lines 22a to 22d to which pixels of two
adjacent columns are alternately connected every other
pixel; horizontal signal lines 27a and 27b to which vertical
signal lines 22a to 22d are alternately connected via
column selection transistors TH1 to TH4; output terminals
35a and 35b installed in horizontal signal lines 27a, 27b;
vertical scanning circuit 7 for driving the pixels Px1-1 to
Px3-4; and horizontal scanning circuit 8 for driving the
column selection transistors TH1 to TH4.

[0026] According to the solid-state image sensing element
of the actual embodiment, one hundred or more pixels are
arranged in both the row direction and the column
direction. FIG. 1 (and each circuit diagram showing
another embodiment) shows a part thereof for
convenience. Here, the number of pixels is set as
described above, but the present invention is not limited to
this. For example, 1000 or more pixels may be arranged in
both the row direction and the column direction depending
on the application.

[0027] In the solid-state image sensing element of the first
embodiment, of two pixel columns adjacent to each of
vertical signal lines 22a to 22d, pixels in an odd-numbered
row of one pixel column and pixels in an even-numbered
row of the other pixel column are connected to each of
vertical signal lines, respectively, and each of vertical
signal lines has two horizontal signal lines. In other words,
in the vertical signal line 22a, the first row is connected to
the pixel on the left side (Px1-1), the second row is
connected to the pixel on the right side (Px2-2), and the
third row is connected to the pixel on the left side (Px3-1).
Further, the vertical signal lines 22a and 22c are connected
to one of the horizontal signal lines 27a via the column
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selection transistors TH1 and TH3. The vertical signal
lines 22b and 22d are connected to the other horizontal
signal line 27b via the column selection transistors TH2
and TH4.

[0028] When connected in this way, the signal output
from the pixels of Px1-1, Px1-3, Px2-2, Px2-4, Px3-1,
Px3-3 (pixels arranged in a checkered pattern) can be
output to the outside of the solid-state image sensing
element via the same horizontal signal line. Fixed pattern
noise is reduced because it goes through the same
horizontal signal line. Further, green (G) color filters are
provided in a checkered pattern and arranged on the
corresponding pixels (Px1-1, Px1-3, Px2-2, Px2-4, Px3-1,
Px3-3). Red (R) and blue (B) color filters are arranged
line-sequentially (Bayer arrangement) on the remaining
pixels.

[0029] When the color filters are arranged in this way, the
green (G) signal is output from the output terminal 35a via
the same horizontal signal line 27a. Further, the red (R)
and blue (B) signals are output from the output terminal
35b via the other horizontal signal line 27b. As described
above, in the solid-state image sensing element of the first
embodiment, the signal of the pixel having the green (G)
color filter arranged in a checkered pattern is output from
one output terminal 35a through one horizontal signal line
27a. Therefore, as compared with the conventional X-Y
address type solid-state image sensing element, the signal
processing in the subsequent stage becomes easier, the
fixed pattern noise is reduced, and the S / N ratio is
improved.

[Embodiment 2] FIG. 2 is a circuit diagram showing an
outline of a solid-state image sensing element according to
the second embodiment of the present invention.

[0030] The solid-state image sensing element according to
the second embodiment is a X-Y address type solid-state
image sensing element, wherein one pixel (for example,
Px1-1) comprises a photodiode 41 that generates and
accumulates electric charges according to incident light
and a row selection transistor 42 that transfers the electric
charge of the photodiode 41 to the vertical signal line 22a.
Each pixel may be coated with a film having a light-
shielding property (light-shielding film) in a region other
than the photodiode 41, and the shape of the light-
shielding region may be the same between pixels in an
odd-numbered row and pixels in an even-numbered row.
This allows the pixels in an odd-numbered row and the
pixels in the even-numbered rows to have the same area,
shape, and position of the optical center of gravity of the
light-receiving portion, and variations in light-receiving
characteristics are reduced. The other configurations are
the same as those of the solid-state image sensing element
of the first embodiment.

[0031] Further, corresponding to the photodiodes 41 of
each pixel Px1-1 to Px3-4, the color filters of red (R),
green (G), and blue (B) are placed as similar to those of
the solid-state image sensing element of the first
embodiment. Therefore, all the green (G) signals are
output from the output terminal 35a via one of the
horizontal signal lines 27a. Further, the red (R) and blue
(B) signals are output from the output terminal 35b via the
other horizontal signal line 27b.

[0032] Therefore, like the solid-state image sensing
element of the first embodiment, the solid-state image
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sensing element of the second embodiment may facilitate
signal processing in the subsequent stage, and at the same
time, reduce fixed pattern noise, and improve the S/ N
ratio.

[Embodiment 3] FIG. 3 is a circuit diagram showing an
outline of a solid-state image sensing element according to
the third embodiment of the present invention.

[0033] The solid-state image sensing element according to
the third embodiment is an X-Y address type solid-state
image sensing element in which one pixel (for example,
Px1-1) comprising: a photodiode 51 that generates and
accumulates a charge according to incident light; a
transistor 52 that detects the potential of the photodiode 51
and outputs the charge from the source (S) by a source
follower operation; a row selection transistor 54 that
connects the source (S) of the transistor 52 and the vertical
signal line 22a; and a reset transistor 53 that initializes a
photodiode 51 and a transistor 52. Further, the potential of
the photodiode 51 fluctuates according to an amount of
accumulated electric charge.

[0034] The signals of the pixels Px1-1 to Px3-4 are output
from the source (S) of the transistor 52 to the vertical
signal lines 22a to 22d via the row selection transistor 54,
and output via the column buffer amplifiers 29a to 29d,
the clamp capacitance Ccl to Cc4 and the column
selection transistors TH1 to TH4 to the horizontal signal
lines 27a and 27b, and output (Voutl and Vout2) from the
output terminals 35a and 35b via the output buffer
amplifiers 28a and 28b.

[0035] By the way, the connection relationship between
pixels and the vertical signal lines 22a to 22d is the same
as in the first embodiment, and pixels of two rows
adjacent to each of the vertical signal lines 22a to 22d are
alternately connected to each vertical signal line every
other pixel. Further, the vertical signal lines 22a to 22d are
connected to the vertical load capacitances Cvl to Cv4,
connected to the clamp transistors TC1 to TC4 via the
column buffer amplifiers 29a to 29d, and the clamp
capacitances Ccl to Cc4, and further connected via the
column selection transistors TH1 to TH4 to the horizontal
signal lines 27a and 27b.

[0036] Therefore, like the solid-state image sensing
element of the first embodiment, the solid-state image
sensing element of the third embodiment may facilitate
signal processing in the subsequent stage, and at the same
time, reduce fixed pattern noise and improve the S / N
ratio. Further, in the solid-state image sensing element of
the third embodiment, the region other than the
photodiode 51 of each pixel is covered with a light-
shielding film like the solid-state image sensing element
of the second embodiment, and the shape of the light-
shielded region may be the same between pixels in an
odd-numbered row and pixels in an even-numbered row.
[0037] Further, since the band of the source follower
operation of the transistor 52 is limited by the vertical load
capacitances Cv1 to Cv4, the noise is further reduced. In
other words, the solid-state image sensing element of the
present embodiment conducts the subtraction processing
for a source follower output when the photodiode 51
accumulates the signal charge and a source follower
output after resetting the signal charge of the photodiode
51 via the clamp capacitances Ccl to Cc4. This processing
may reduce fixed pattern noise due to variation in the
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threshold voltage of the transistor 52, 1/ f noise during
source follower operation, and fixed pattern noise due to
variation in the offset voltage of the column buffer
amplifiers 29a to 29d, and further improve the S/ N ratio.
[Embodiment 4] FIG. 4 is a circuit diagram showing a
configuration of a solid-state image sensing element
according to the fourth embodiment of the present
invention. The solid-state image sensing element
according to the fourth embodiment is an X-Y address
type solid-state image sensing element, which has a pixel
configuration different from the solid-state image sensing
element according to the third embodiment. Along with
this, the vertical scanning circuit and the scanning wiring
connected to the vertical scanning circuit are different.
[0038] One pixel of the solid-state image sensing element
according to the fourth embodiment, for example, Px1-3,
comprises: a photodiode 1 that generates and stores an
electric charge according to the incident light; a junction
type electric field effect transistor (hereinafter referred to
as JFET) 2 for outputting a signal corresponding to the
electric charge from source S by a source follower
operation; a transfer gate 3 for transferring the electric
charge from the photodiode 1 to the JFET 2; and a reset
drain 4 and a reset gate 5 for controlling the JFET 2.
[0039] Other configurations are substantially the same as
those of the solid-state image sensing element of the third
embodiment. FIG. 5 is a plan view of a plurality of pixels
of the solid-state image sensing element according to the
present embodiment. Each pixel is composed of a
photodiode 1, a JFET 2, a transfer gate 3, a reset drain 4,
and a reset gate 5. Further, pixels arranged in an odd-
numbered row and pixels arranged in an even-numbered
row have inverted structure, and the JFETSs 2 of pixels of
the adjacent two columns are alternately connected to the
vertical signal lines 22 (corresponding to the vertical
signal lines 22a to 22d of FIG.4) every other pixel.
[0040] The transfer gate 3 is connected to the transfer gate
wiring 20 (corresponding to the transfer gate wirings 20a
to 20c in FIG. 4), and the reset gate 5 is connected to the
reset gate wiring 21 (corresponding to the reset gate
wirings 21a to 21c in FIG. 4). The reset drain 4 is
connected to the reset drain wiring 24 (corresponding to
the reset drain wirings 24a to 24c in FIG. 4) via the relay
wiring 23 (see FIG. 7).

[0041] A region other than the photodiode 1 of each pixel
is shielded by a reset drain wiring 24 and a vertical signal
line 22 formed of a material having a light-shielding
property such as aluminum. This makes the pixels in an
odd-numbered row and the pixels in an even-numbered
row have the same area, shape, and optical center of
gravity of the light receiving region. Therefore, the fixed
pattern noise is further reduced, and the S / N ratio is
further improved.

[0042] In the solid-state image sensing element of the
present embodiment, the scanning wiring and the vertical
signal line are used as a light-shielding film as described
above. Therefore, the number of manufacturing process is
reduced compared to the arrangement of a dedicated film
as the light-shielding film. Therefore, the yield is
improved, and the manufacturing cost is reduced.
However, conversely, an aluminum film may be formed
exclusively for the light-shielding film and patterned so
that the light-receiving region may open. This eliminates
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the need to use the wiring as a light-shielding film and
improves the degree of freedom in wiring design.

[0043] Further, in the solid-state image sensing element of
the present embodiment, red (R), green (G), and blue (B)
color filters are arranged in the photodiode 1 for each
pixel, similarly to the solid-state image sensing element
according to the first embodiment. Therefore, all the green
(G) signals are output from the output terminal 35a via
one of the horizontal signal lines 27a. Therefore, the signal
processing in the subsequent stage becomes easy, and at
the same time, the fixed pattern noise is reduced, and the S
/ N ratio is improved.

[0044] Hereinafter, the pixel structure of the solid-state
image sensing element of the fourth embodiment will be
described in more detail with reference to FIGS. 6 to 9.
FIG. 6 is a plan view of one pixel of the solid-state image
sensing element according to the present embodiment,
FIG. 7 is a cross-sectional view taken along line X1-X2 of
FIG. 6, and FIG. 8 is a cross-sectional view taken along
line Y1-Y2 of FIG. 6, and FIG. 9 is a cross-sectional view
taken along the line Y3-Y4 of FIG. 6. The color filter is
omitted in these figures.

[0045] As shown in FIGS. 8 and 9, the photodiode 1 is
composed of an N-type well region 11, a P-type charge
storage region 12, and a high-concentration N-type
semiconductor region 13 formed on the P-type
semiconductor substrate 10. As a result, an embedded
photodiode is formed with an NPNP type vertical
overflow drain structure. Specifically, a structure in which
an embedded photodiode (N, P, N) and a vertical overflow
drain structure (P, N, P) are combined is formed. The
configuration of an embedded photodiode with a vertical
overflow drain structure has the effects of reducing dark
current, afterimages, reset noise, blooming, and smearing.
[0046] As shown in FIGS. 7 and 8, the JFET 2 is
composed of an N-type source region 14, a P-type gate
region 15, an N-type drain region 16, and an N-type
channel region 17. As shown in FIG. 8, the transfer gate 3
is formed on the boundary region between the photodiode
1 and the JFET 2 via the insulating film 33. As shown in
FIGS. 7 and 9, the reset drain 4 is composed of a P-type
charge discharge region 18 in the N-type well region 11.
As shown in FIG. 7, the reset gate 5 is formed on the
boundary region between the JFET 2 and the reset drain 4
via the insulating film 33.

[0047] As described above, in the solid-state image
sensing element of the fourth embodiment, a signal of the
pixel having the green (G) color filter arranged in a
checkered pattern is output from one output terminal 35a
via one horizontal signal line 27a and one output buffer
amplifier 28a. Therefore, as in the solid-state image
sensing element of the first embodiment, the signal
processing in the subsequent stage is facilitated, the fixed
pattern noise is reduced, and the S / N ratio is improved.
[0048] Further, in the solid-state image sensing element of
the fourth embodiment, the region other than the
photodiode 1 of each pixel is shielded by the reset drain
wiring 24 and the vertical signal line 22, and the shape of
the light-shielding region is the same between pixels in an
odd-numbered row and pixels in an even-numbered row,
so that a fixed pattern noise may be reduced and the S/ N
ratio may be further improved. In addition, due to the
vertical overflow drain structure and the embedded
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photodiode structure, dark current, afterimage, reset noise,
blooming, and smear may be reduced. Further, the vertical
load capacitances Cv1 to Cv4 limit the band of the source
follower operation of the JFET2, so that the noise may be
reduced, and the S/ N ratio may further be improved.
[0049] Further, the source follower output of the JFET 2
after initialization (before the signal charge transfer) and
the source follower output of the JFET 2 after the signal
charge transfer from the photodiode 1 to the JFET 2 are
subtracted via the clamp capacitances Ccl to Cc4 (so-
called correlated double sampling processing). This
subtraction processing results in the reduction of fixed
pattern noise due to variation in the threshold voltage of
JFET 2, 1/ f noise during source follower operation, and
fixed pattern noise due to variation in offset voltage of
column buffer amplifiers 29a to 29b as well as the
reduction of the reset noise generated when the JFET 2 is
initialized via the reset gate 5. Therefore, the S/ N ratio is
further improved.

[Embodiment 5] FIG. 10 is a circuit diagram showing a
configuration of a solid-state image sensing element
according to the fifth embodiment of the present
invention, and FIG. 11 is a plan view of a plurality of
pixels arranged in a matrix thereof.

[0050] The solid-state image sensing element according to
the fifth embodiment is an X-Y address type solid-state
image sensing element, which has a pixel configuration
different from that of the solid-state image sensing
element according to the fourth embodiment. Other
configurations are the same as those of the solid-state
image sensing element of the fourth embodiment, and the
description thereof will be omitted. Here, the pixel
structure of the solid-state image sensing element
according to the present embodiment will be described
with reference to the drawings. FIG. 12 is a plan view of
one pixel of the solid-state image sensing element
according to the present embodiment, FIG. 13 is a cross-
sectional view taken along line X1-X2 of FIG. 12, and
FIG. 14 is taken along line Y1-Y2 of FIG. 12, and FIG. 15
is a cross-sectional view taken along the line Y3-Y4 of
FIG. 12.

[0051] One pixel is composed of a photodiode 1, a JFET
2, a transfer gate 3, a reset drain 4, two reset gates 5 per
pixel, and two overflow control regions 6a per pixel (see
FIG. 12). The photodiode 1, JFET 2, reset drain 4, and
overflow control region 6a are provided in the N-type
semiconductor layer 101 on the high-concentration N-type
semiconductor substrate 100. The transfer gate 3 and the
reset gate 5 are provided on the N-type semiconductor
layer 101 via an insulating film 33.

[0052] As shown in FIGS. 14 and 15, the photodiode 1 is
composed of an N-type semiconductor layer 101, a P-type
charge storage region 12 and a high-concentration N-type
semiconductor region 13 that are formed on a high-
concentration N-type semiconductor substrate 100. That
is, an NPN type embedded photodiode is provided. As
shown in FIGS. 13 and 14, the JFET 2 is provided in the
N-type semiconductor layer 101 on the high-concentration
N-type semiconductor substrate 100. Therefore, the drain
region 16 of the JFET 2 is electrically connected to the
high-concentration N-type semiconductor substrate 100
via the N-type semiconductor layer 101. Therefore, the
drain voltage VD (see FIG. 10) can be supplied to the
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drain region 16 of the JFET 2 via the high-concentration
N-type semiconductor substrate 100. Since the high-
concentration N-type semiconductor substrate 100 has a
small electrical resistance, it is possible to suppress
fluctuations in the drain voltage for each JFET even if a
large number of pixels are arranged.

[0053] The drain voltage VD may be supplied via the
semiconductor substrate 100 by providing contacts around
a pixel region (a region in which a plurality of pixels are
arranged in a matrix), or may be supplied by providing
contacts in a rear surface of the semiconductor substrate
100. As shown in FIG. 13, the P-type charge discharge
region 18 of the reset drain 4 is connected to the reset
drain wiring 24 via the relay wiring 23.

[0054] As shown in FIGS. 12 and 13, the reset gate 5 is
formed at a ratio of two per pixel. Therefore, the P-type
gate region 15 of the JFET 2 and the P-type charge
discharge region 18 of the reset drain 4 are connected in
series in a row direction via the reset gate 5. The overflow
control region 6a is arranged in the boundary region
between the photodiode 1 and the reset drain 4 due to
overflow. Generally, when an excessive amount of light is
incident on a photodiode and the generated charge exceeds
the capacitance (maximum charge accumulation amount)
of the photodiode, the excess charge overflows and
blooming occurs. The overflow control region 6a
discharges this excess charge to the reset drain 4 to
prevent blooming. The overflow control region 6a is
arranged between the photodiode 1 and the two reset
drains 4 adjacent thereto, as shown in FIGS. 12, 14, and
15. That is, the overflow control region 6a is arranged in
the boundary region between the photodiode 1 and the
reset drain 4 at a ratio of two per pixel.

[0055] As described above, the pixel structure of the solid-
state image sensing element of the present embodiment is
composed of the NPN type embedded photodiode 1, the
overflow control region 6a and the reset drain 4, thereby
forming an embedded photodiode and a horizontal
overflow drain structure. Here, it will be described back to
FIGS. 10 and 11. In the solid-state image sensing element
of the present embodiment, the above pixels are arranged
in a matrix. By the way, the gate region and the reset drain
4 of each pixel arranged in a row direction of the JFET 2
(in a lateral direction of FIGS. 10 and 11) are all
connected to each other in series via the reset gate 5. This
configuration reduces defects due to disconnection of the
reset drain wiring. That is, even if a defect in the release
mode occurs in which the connection between the reset
drain 4 and the reset drain wirings 24, 24a to 24c is
incomplete in a certain pixel, the reset drain 4 of another
pixel is connected to the JFET 2 of the pixel. Therefore,
the disconnection is unlikely to occur.

[0056] The other configurations are the same as those of
the solid-state image sensing element of the fourth
embodiment. Therefore, the solid-state image sensing
element of the fifth embodiment reduces the fixed pattern
noise and improves the S/ N ratio as similar to the solid-
state image sensing element of the fourth embodiment.
Further, in the solid-state image sensing element of the
fifth embodiment, the JFET 2 can be controlled even if a
defect in the release mode occurs in which the connection
to the reset drain 4 becomes incomplete, so that the
manufacturing yield is improved.
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[0057] Further, since the drain voltage VD is supplied to
the drain region 16 of the JFET 2 via the N-type
semiconductor substrate 100 having a high concentration
(low resistance), the fluctuation of the drain voltage for
each pixel becomes small and the fixed pattern noise is
decreased. Further, the P-type charge storage region 12 of
the photodiode 1 and the opposite conductive type of N-
type semiconductor substrate 100 are used. Therefore, the
signal charge (hole in this case) generated in the deep part
of the photodiode 1 is also accumulated in the photodiode
1 to improve the sensitivity.

[Embodiment 6] FIG. 16 is a plan view of a plurality of
pixels arranged in a matrix of the solid-state image sensing
element according to the sixth embodiment of the present
invention.

[0058] The solid-state image sensing element of the sixth
embodiment is an X-Y address type solid-state image
sensing element, which relative positional relationship of a
photodiode 1, JFET 2, a transfer gate 3, a reset drain 4, a
reset gate 5, and an overflow control region 6a arranged in
pixels and shape of the wiring portion are different from
the solid-state image sensing element of the fifth
embodiment. That is, in the solid-state image sensing
element of the sixth embodiment, pixels in an odd-
numbered row is the same as pixels in an even-numbered
row in terms of their shapes and arrangements of the reset
gate 5, the vertical signal line 22, and the relay wiring 23
in a light-shielding region covered with the reset drain
wiring 24 . Therefore, not only the top view of the light-
shielding region but also the cross-sectional view of the
entire pixel including the wiring and the insulating film
are the same. Therefore, the variation in the light receiving
characteristics is further reduced.

[0059] Other configurations including the circuit diagram
are the same as those of the solid-state image sensing
element of the fifth embodiment (see FIG. 10). Therefore,
the solid-state image sensing element of the sixth
embodiment reduces fixed pattern noise and improves the
S/ N ratio, the yield and the sensitivity as similar to the
solid-state image sensing element of the fifth embodiment.
Further, in the solid-state image sensing element of the
sixth embodiment, pixels in even-numbered rows and
pixels in odd-numbered rows have the same cross-
sectional shape of the wiring and the insulating film, so
that the fixed pattern noise may be reduced and the S/ N
ratio may further be improved.

[Embodiment 7] FIG. 17 is a circuit diagram showing an
outline of a solid-state image sensing element according to
the seventh embodiment of the present invention. The
solid-state image sensing element of the seventh
embodiment is an X-Y address type solid-state image
sensing element, which is different from that of the solid-
state image sensing element of the fifth embodiment in
terms of the configuration from the vertical signal lines
22ato 22d to the output terminals 35a and 35b.

[0060] Vertical signal lines 22a to 22d to which two
adjacent columns of pixels are alternately connected every
other pixel are connected to signal output storage
capacities CS1 to CS4 via signal output transfer transistors
TS1 to TS4. At the same time, vertical signal lines are
connected to the horizontal signal line 27a or 27¢ (signal
output line) via the column selection transistors THS1 to
THSA4. Further, the vertical signal lines 22a to 22d are
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connected to the dark output storage capacities CD1 to
CD4 via the dark output transfer transistors TD1 to TD4,
and connected to the horizontal signal lines 27b or 27d
(dark output line) through the column selection transistors
THD1 to THDA4. Specifically, the vertical signal lines 22a
to 22d are alternately connected to one set of horizontal
signal lines (signal output line 27a, dark output line 27b)
and another set of horizontal signal lines (signal output
line 27c¢, dark output line 27d).

[0061] The horizontal signal lines 27a to 27d are
connected to the differential amplifiers 34a and 34b via
the output buffer amplifiers 28a to 28d. In this way, four
horizontal signal lines 27a to 27d are arranged. However,
the horizontal signal lines 27a and 27b and the horizontal
signal lines 27c and 27d are paired. That is, two sets (two)
of horizontal signal lines are arranged.

[0062] For example, pixels Px1-1, Px2-2, and Px3-1 are
connected to the vertical signal line 22a. The vertical
signal line 22a is connected to a path for accumulating and
outputting an optical signal including noise (dark output)
(i.e. TS1-CS1-THS1-27a-28a) and a path for accumulating
and outputting noise (dark output) (i.e. TD1-CD1-THD1-
27b-28Db). The output buffer amplifiers 28a and 28b
connected to the respective paths are connected to the
differential amplifier 34a. Then, a signal output from each
path is subjected to subtraction processing and output
from one output terminal 35a.

[0063] On the other hand, pixels Px1-2, Px2-3, Px3-2 are
connected to the vertical signal line 22b. The vertical
signal line 22b is connected to a path for accumulating and
outputting an optical signal including a dark output (i.e.
TS2-CS2-THS2-27¢-28c) and a path for accumulating and
outputting a dark output (i.e. TD2-CD2-THD2-27d-28d).
The output buffer amplifiers 28c and 28d connected to the
respective paths are connected to the differential amplifier
34b, and signal output from the respective paths is
subtracted and output from the other output terminal 35b.
[0064] Here, the operation of the solid-state image sensing
element of the present embodiment will be briefly
described. First, the source follower output (dark output)
of the JFET 2 after initialization (before signal charge
transfer) is stored in CD1 to CD4. Subsequently, the
source follower output of the JFET 2 after the signal
charge is transferred from the photodiode 1 to the JFET 2
(signal output. Including dark output component) is
accumulated in CS1 to CS4. Subsequently, the signal
output and the dark output are subtracted by the
differential amplifiers 34a and 34b via the column
selection transistors THS1 to THS4, THD1 to THD4,
horizontal signal lines 27a to 27d and output buffer
amplifiers 28a to 28d. This operation performs so-called
correlated double sampling processing and produces a true
signal output in which a dark output component
subtracted.

[0065] The dark output described herein includes "fixed
pattern noise due to variation in the threshold voltage of
JFET2", "fixed pattern noise due to variation in the offset
voltage of the column buffer amplifiers 29a to 29d", and
“1 / f noise during source follower operation™ and "reset
noise when the JFET 2 is initialized". The output buffer
amplifiers 28a to 28d are preferably provided inside the
solid-state image sensing element in order to avoid the
influence of external noise. On the other hand, the
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differential amplifiers 34a and 34b may be provided
outside the solid-state image sensing element.

[0066] Further, green (G) color filters are provided in a
checkered pattern and arranged on the corresponding
pixels (Px1-1, Px1-3, Px2-2, Px2-4, Px3-1, Px3-3).
Therefore, all the green (G) signals are output from the
output terminal 35a via one set of horizontal signal lines
27a and 27b. Further, the red (R) and blue (B) signals are
output from the output terminal 35b via the other set of
horizontal signal lines 27c and 27d. Therefore, the signal
processing in the subsequent stage becomes easy, and at
the same time, the fixed pattern noise is reduced, and the S
/ N ratio is improved.

[Embodiment 8] FIG. 18 is a configuration diagram
showing an outline of a solid-state image sensing element
according to the eighth embodiment of the present
invention. The solid-state image sensing element
according to the eighth embodiment is a CCD-type solid-
state image sensing element comprising: a plurality of
photodiodes 210 arranged in a two-dimensional matrix; a
plurality of vertical transfer registers 220 that receive
signals charges alternately from two columns of adjacent
photodiodes 210 every other photodiode and transfers in a
column direction; two horizontal transfer registers 240a
and 240b that receive signal charges from the vertical
transfer register 220 and transfer the signal charges in a
row direction; and charge detection units 250a and 250b.
[0067] A distribution transfer electrode (not shown) is
arranged between the horizontal transfer registers 240a
and 240b, and a signal charge is transferred to either the
horizontal transfer register 240a or the horizontal transfer
register 240b by this electrode. V1 to V3 are pulse
voltages applied to the transfer electrode (described later)
of the vertical transfer register 220, and ¢HG is the pulse
voltage applied to the distribution transfer electrode
between the horizontal transfer registers 240a and 240b.
[0068] Further, red (R), green (G), and blue (B) color
filters are arranged in each photodiode 210 with a similar
arrangement as in the first embodiment. A signal charge
generated by the photodiode 210 is transferred to the
vertical transfer registers 220 and the horizontal transfer
registers 240a and 240b, converted into voltage signals by
the charge detectors 250a and 250b, and output from the
output terminals 260a and 260b (Voutl, Vout2).

[0069] As described above, in the solid-state image
sensing element of the eighth embodiment, each of the
vertical transfer registers 220 receives signal charge
alternately from two rows of photodiodes 210 adjacent to
each register every other photodiode. That is, each vertical
transfer register receives a charge signal from the pixel on
the left side of the drawing in the first row, the pixel on
the right side in the second row, and the pixel on the left
side in the third row.

[0070] Subsequently, the signal charges output from the
respective vertical transfer registers 220 are alternately
transferred to the horizontal signal registers 240a and
240b. Connected in this way, the signal charge output
from the checkered pixels is output to the outside of the
solid-state image sensing element via the same horizontal
transfer register. Since it goes through the same horizontal
transfer register, fixed pattern noise is reduced.
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[0071] Hereinafter, the pixel structure of the solid-state
image sensing element of the fourth embodiment will be
described in more detail with reference to FIGS. 19 to 21.
FIG. 19 is a plan view of the region 300 surrounded by the
broken line in FIG. 18, FIG. 20 is a sectional view taken
along line X1-X2 of FIG. 19, and FIG. 21 is a sectional
view taken along line X3-X4 of FIG. 19. Further, color
filters are omitted in the figure. As shown in FIG. 20, the
photodiode 210 is composed of a P-type well region 201,
an N-type charge storage region 211, and a high-
concentration P-type semiconductor region 212 that are
formed on the N-type semiconductor substrate 200. As a
result, an embedded photodiode is formed with a PNPN
type vertical overflow drain structure. Specifically, a
structure is formed in which an embedded photodiode (P,
N, P) and a vertical overflow drain structure (N, P, N) are
combined. The configuration of the embedded photodiode
with the vertical overflow drain structure has the effect of
reducing dark current, afterimage, reset noise, blooming
and smear.

[0072] As shown in FIGS. 19 and 20, the vertical transfer
register 220 is composed of the N-type transfer channel
region 221, the second P-type well region 222 for
suppressing smear noise and transfer electrodes 223 to 225
formed above the N-type transfer channel region 221 via
the insulating film 202. The transfer electrodes 223 to 225
form a one-stage register (three-phase drive CCD) with
three electrodes in a column direction, to each of which
drive pulses V1 to V3 are applied. In other words, the
transfer electrodes 223 and 225 extending in a row
direction and the transfer electrodes 224 extending in a
column direction are arranged, and one-stage of vertical
transfer registers is provided for one photodiode 210.
Therefore, this solid-state image sensing element is a so-
called all-pixel readout type CCD-type solid-state image
sensing element.

[0073] The P-type channel stopper 230 is formed around
the photodiode 210 to separate the photodiode 210 from
the vertical transfer register 220 and separate the
photodiodes 210 adjacent in a column direction from each
other. As shown in FIG. 19, the P-type channel stopper
230 is not formed below the transfer gate TG. Therefore, a
signal charge generated by each photodiode 210 is
accumulated in the photodiode 210 and transferred to the
vertical transfer register 220 via the lower region of the
transfer gate TG when the transfer gate TG is turned on. In
FIGS. 19 to 21, the directions in which signal charges
move are indicated by arrows.

[0074] Further, as shown in FIGS. 19 and 20, a light-
shielding film 226 is formed on the upper part of the
transfer electrodes 223 to 225 on the vertical transfer
register via the insulating film 202. The positions where
the transfer gate TG is arranged are inverted between the
odd-numbered rows and the even-numbered rows.
However, the light-shielding film 226 makes the shape of
the light-receiving portion the same, and the light-
receiving characteristics are made uniform. In this
embodiment, a three-phase drive CCD is used as the
vertical transfer register. However, the present invention is
not limited to this, and a four-phase drive CCD may be
used.

[0075] As described above, in the solid-state image
sensing element of the eighth embodiment, a signal charge
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of the photodiode 210 provided with the green (G) color
filter arranged in a checkered pattern is transferred to one
horizontal transfer register 240a, and converted into a
voltage signal by one charge detection unit 250a and
output from one output terminal 260a. Therefore, the
signal processing in a subsequent stage becomes easy, and
at the same time, the fixed pattern noise is reduced, and
the S/ N ratio is improved.

[0076] Further, in the solid-state image sensing element of
the eighth embodiment, since the plan view of the light-
shielding film 226 and the cross-sectional shape including
the wiring and the insulating film are the same between
the odd-numbered row and the even-numbered row, the
fixed pattern noise is reduced, and the S / N ratio is further
improved. In addition, since the embedded photodiode 210
is used in the vertical overflow drain structure, dark
current, afterimage, reset noise, blooming, and smear are
reduced, and in subsequent stages of the charge detectors
250a and 250b performed is so-called a correlated double
sampling process, thereby reducing the reset noise and 1 /
f noise generated in the charge detection units 250a and
250b. Therefore, the S/ N ratio is further improved.
[0077] Subsequently, a system for processing a signal
output from the solid-state image sensing element
according to the present invention will be described. FIG.
22 is a configuration diagram showing an example of a
signal processing device that processes a signal output
from the solid-state image sensing element according to
the present invention. The solid-state image sensing
element according to the present invention outputs signals
from pixels arranged in a checkered pattern from one
output terminal and signals from the remaining pixels
from the other signal terminal to the outside as described
above. Further, it is suitable as a solid-state image sensing
element in which a green (G) color filter is arranged line-
sequentially corresponding to the checkered pixels (Bayer
arrangement) and red (R) and blue (B) color filters are
arranged line-sequentially in the other pixels.

[0078] The signal processing apparatus performs color
imaging using the solid-state image sensing element of the
present invention in which a color filter is arranged in
each pixel as described above, and a signal output and
distributed into two terminals and converted to the time-
series signal corresponding to pixel position. In the solid-
state image sensing element of the present invention
shown in the first to eighth embodiments, pixel signals (G
signal and R / B signal) obtained from two output
terminals are output with the same drive clock. Therefore,
the drive frequency is half the frequency of the scanning
clock (PIXCLK) determined by the number of pixels.
Therefore, when it comes to the output timing in a
horizontal direction with reference to the scanning first
pixel of the first channel, a line that is output at the timing
that matches a pixel in the first channel and is output one
pixel earlier in the second channel and a line that is output
one pixel earlier in the first channel and is output two
pixels earlier in the second channel are alternately
arranged.
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[0079] This apparatus output the G signal as the first
channel, and output the line sequential signals of R and B
as the second channel. The G signal has the same
frequency as the signal output frequency of the solid-state
image sensing element, and is AD-converted into the
output signal in accordance with the timing. The AD
conversion frequency is 1/2 of PIXCLK. Since the G
signal is the first channel output, a signal that does not
shift the timing in a horizontal direction and a signal that
is delayed by one pixel at DL82 (actually DFF
synchronized with PIXCLK) are switched for every line
by the switching signal HMPX at MPX84. Both signals
are timed at the DFF86 synchronized with the PIXCLK
corresponding to the pixel position and sent to the signal
processing unit 89. For convenience of signal processing,
the signal of each G pixel is sent to the signal processing
unit with a size of two pixels in a horizontal direction.
This may be output by inserting a black pixel (0 level
signal) into a pixel in which a green (G) color filter is not
arranged.

[0080] The second channel, in which the B signal and the
R signal are output line-sequentially, is signal-processed
in the same manner as the first channel (G signal), and
then delayed by another pixel by the DFF 88, and is sent
to the signal processing unit 89. The signal processing unit
89 is a signal processing unit for Bayer arrangement, and
performs signal processing such as R / B color separation,
pixel interpolation of empty grid points of each RGB color
and y processing to output RGB color signals with all
pixels having RGB color signal.

[0081]

[Effects of the Invention] As described in detail above, the
solid-state image sensing element according to the present
invention can reduce fixed pattern noise of a signal output
from a checkered pixel or a photoelectric conversion unit,
and improve an S/ N ratio. Further, if at least one kind of
color filters are arranged in a checkered pattern in the
solid-state image sensing element of the present invention
to output a color video signal, a color video signal with
reduced fixed pattern noise can be obtained with good
image quality. The solid-state image sensing element of
the present invention is particularly suitable when using a
color filter having such an arrangement.

[0082] Further, if the solid-state image sensing element of
the present invention has the same planar shape of the
light-shielding region between pixels in odd-numbered
rows (or the photoelectric conversion unit) and pixels in
even-numbered rows (or the photoelectric conversion
unit), it causes the effects of reducing fixed pattern noise
and improving the S / N ratio. Further, if the cross-
sectional shapes of the entire pixel including the wiring
and the insulating film are the same, the fixed pattern
noise is further reduced, and the S/ N ratio is further
improved.

[0083] Further, if the output unit is arranged in the pixels
of the solid-state image sensing element of the present
invention, a signal converted by the electric charge
generated by the photoelectric conversion unit (for
example, a charge-amplified signal or a current-amplified
signal) may be output. The signal charge accumulated in
the output unit is retained until it is initialized. Therefore,
it is possible to read a plurality of times with such a
configuration.
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[BRIEF DESCRIPTION OF THE DRAWINGS]

FIG. 1 is a circuit diagram showing an outline of a solid-
state image sensing element according to a first
embodiment of the present invention.

FIG. 2 is a circuit diagram showing an outline of a solid-
state image sensing element according to a second
embodiment of the present invention.

FIG. 3 is a circuit diagram of a solid-state image sensing
element according to a third embodiment of the present
invention.

FIG. 4 is a circuit diagram showing a configuration of a
solid-state image sensing element according to a fourth
embodiment of the present invention.

FIG. 5 is a plan view of a plurality of pixels of the solid-
state image sensing element according to the fourth
embodiment.

FIG. 6 is a plan view of one pixel of the solid-state image
sensing element according to the fourth embodiment.
FIG. 7 is a cross-sectional view taken along the line X1-
X2 of FIG. 6.

FIG. 8 is a cross-sectional view taken along the line Y1-
Y2 of FIG. 6.

FIG. 9 is a cross-sectional view taken along the line Y3-
Y4 of FIG. 6.

FIG. 10 is a circuit diagram showing a configuration of a
solid-state image sensing element according to a fifth
embodiment of the present invention.

FIG. 11 is a plan view of a plurality of pixels arranged in a
matrix of the solid-state image sensing element according
to the fifth embodiment. It is a plan view of the solid-state
image sensing element according to the fifth embodiment
of the present invention.

FIG. 12 is a plan view of one pixel of the solid-state image
sensing element according to the fifth embodiment of the
present invention.

FIG. 13 is a cross-sectional view taken along the line X1-
X2 of FIG. 12.

FIG. 14 is a cross-sectional view taken along the line Y1-
Y2 of FIG. 12.

FIG. 15 is a cross-sectional view taken along the line Y 3-
Y4 of FIG. 12.

FIG. 16 is a plan view of a plurality of pixels arranged in a
matrix of the solid-state image sensing element according
to the sixth embodiment of the present invention.

FIG. 17 is a circuit diagram showing an outline of a solid-
state image sensing element according to the seventh
embodiment of the present invention.

FIG. 18 is a configuration diagram showing an outline of a
solid-state image sensing element according to the eighth
embodiment of the present invention.

FIG. 19 is a plan view of a region 300 surrounded by a
broken line in FIG. 18.

FIG. 20 is a cross-sectional view taken along the line X1-
X2 of FIG. 19.

FIG. 21 is a cross-sectional view taken along the line X3-
X4 of FIG. 19.

FIG. 22 is a configuration diagram showing an example of
a signal processing device that processes a signal output
from the solid-state image sensing element according to
the present invention.

FIG. 23 is a circuit diagram showing a main configuration
of a conventional X-Y address type solid-state image
sensing element.
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FIG. 24 is a plan view of a plurality of pixels arranged in a
matrix of a conventional X-Y address type solid-state
image sensing element.

FIG. 25 is a schematic configuration diagram of a
conventional CCD type solid-state image sensing element.
FIG. 26 is a cross-sectional view of a CCD type solid-state
image sensing element taken along the line X1-X2 of FIG.
25.

FIG. 27 is a diagram showing an example of a color filter
array.

FIG. 28 is a diagram showing another example of a color
filter array.

[Explanation of Reference Numerals]

1 photodiode

2 JFET

3 Transfer gate

4 Reset drain

5 Reset gate

6a Overflow control area

7 Vertical scanning circuit

8 Horizontal scanning circuit

9a-9¢ Row selection line

10 P-type semiconductor substrate

11 N-type well area

12 P-type charge storage region

13 High-concentration N-type semiconductor region

14 N-type source area

15 P-type gate area

16 N-type drain area

17 N-type channel area

18 P-type charge discharge region

20, 20a-20c Transfer gate wiring

21, 21a-21c Reset gate wiring

22, 22a-22d Vertical signal line

23 Relay wiring

24, 24a-24c¢ Reset drain wiring

26a-26d Constant current source

27a-27d Horizontal signal line

28a-28d Output buffer amplifier
29a-29d Column buffer amplifier

33 Insulation film

34a, 34b Differential amplifier

35a, 35b Output terminal

41 Photodiode

42 Row selection transistor

51 Photodiode

52 Output transistor

53 Reset transistor

54 Row selection transistor

55a-55¢c Reset gate wiring

56a-56¢c Row selection line

80,81 AD converter

82,83 Delay element

84,85 Multiplexer

86,87,88 D flip-flop

89 Signal processing unit for Bayer arrangement
100 High-concentration N-type semiconductor substrate
101 N-type semiconductor layer

200 N-type semiconductor substrate
201 P-type well area

202 Insulation film

210 Photodiode

211 N-type charge storage region

212 High-concentration P-type semiconductor region
220 Vertical transfer register

221 N-type transfer channel area

222 Second P-shaped well area

223, 224,225 Transfer electrode

226 Light-shielding film

230 P-type channel stopper

240a, 240b Horizontal transfer register
250a, 250b Charge detector

260a, 260b Output terminal
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718 384 8040
m I3 718 388 3516
: A infofatargemtranslations.com

TRANS LATIONS M TargemTranslations.com

VERIFIED STATEMENT OF TRANSLATION

I, Masaki ., certify that | am competent in both Japanese and English languages and that the
foregoing translation of the specification, claims, abstract, and drawings of the Japanese application
number H10-169874 is an exact and accurate translation of the original. I understand that willful false

statements and the like are punishable by fine or imprisonment, or both, pursuant to 18 U.5.C. §1001.

I certify under penalty of perjury under the laws of the United States that the foregoing is true and

correct.

i+ & A \

Name of Translator

¥ % #i

Signature of Translator

$-7 Higa shiwake |-Chome, T./,ml-', Aichi, JAPAN

Address of Translator

t§]- $32- 398539

Telephone Number of Translator

Executedon 2920/ 11/ 17

TARGEM TRANSLATIONS 1
143 Rodney Street, Brooklyn, NY 11211
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