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ARRANGEMENT OF CIRCUITS IN PIXELS,
EACH CIRCUIT SHARED BY A PLURALITY
OF PIXELS, IN IMAGE SENSING
APPARATUS

BACKGROUND OF THE INVENTION

The present invention relates to an image sensing appa-
ratus in which a plurality of pixels share a common circuit
and an image sensing system using the apparatus.

Conventionally, as an image sensing apparatus using a
gain cell, or an active pixel sensor (APS), there are image
sensing apparatuses utilizing MOS FET, JFET, bipolar tran-
sistor.

These image sensing apparatuses amplify photo-charges
generated by photodiodes, that are photoelectric conversion
elements, by various methods, then output the amplified
photo-charge signals as image information. Since an ampli-
fier for amplifying photo-charge exists in each pixel, the
pixel is called a gain cell or an APS.

An APS includes an amplifier and its controller in each
pixel, therefore, the percentage of an area reserved for the
photoelectric conversion element in a pixel (area ratio) or
area where light incidents in a pixel (aperture) tends to be
small. This may cause deterioration of the dynamic range,
sensitivity, and the S/N ratio of an image sensing apparatus.

As described above, when an amplifier is provided in each
pixel, as shown in FIG. 40, the aperture decreases. To
prevent the decrease in the area or the aperture caused by the
amplifier, methods of sharing an amplifier by a plurality of
pixels, as disclosed in the Japanese Patent Application
Laid-Open Nos. 63-100879 and 9-46596, have been pro-
posed.

FIGS. 41 and 42 illustrate configurations shown in the
above documents. Referring to FIGS. 41 and 42, reference
PD1 to PD4 denote photodiodes as photoelectric conversion
elements; M/, to My, are MOS transistors for transferring
photo-charges generated by the photodiodes PD1 to PD4;
Mg, is @ MOS transistor for resetting the MOS transistors
My, to M,y,; and Mg, and Mg, are MOS transistors
configuring an amplifier (source follower). Mg, also func-
tions as a selection switch for selecting a pixel.

However, in the Japanese Patent Application Laid-Open
Nos. 63-100879 and 9-46596, no practical layout of the
foregoing elements on a chip when a plurality of pixels share
a single amplifier is discussed.

Further, there is no description about a layout in a case
where an amplifier, shared by a plurality of pixels, is
replaced by another unit.

SUMMARY OF THE INVENTION

The present invention has been made in consideration of
the above situation, and has as its first object to provide an
image sensing apparatus, in which a common circuit, such as
an amplifier, is shared by a plurality of pixels, achieving
good performance without deterioration in resolution.

Further, it is the second object of the present invention to
provide an image sensing apparatus having a noise reduction
system, preferably used in the image sensing apparatus, in
which a common circuit is shared by a plurality of pixels.

It is the third object of the present invention to provide an
image sensing system using the foregoing image sensing
apparatuses as a sensor unit.

According to the present invention, the foregoing first
object is attained by providing an image sensing apparatus
having a plurality of unit cells, each including a plurality of
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photoelectric conversion elements and a common circuit
shared by the plurality of photoelectric conversion elements,
arranged in either one or two dimensions, wherein the
plurality of photoelectric conversion elements are arranged
at a predetermined interval.

The first object is also attained by providing an image
sensing apparatus having a plurality of unit cells, each
including a plurality of photoelectric conversion elements
and a common circuit shared by the plurality of photoelec-
tric conversion elements, arranged in two dimensions,
wherein photoelectric conversion elements, out of the plu-
rality of photoelectric conversion elements, which are cov-
ered by a color filter that contributes mostly to forming a
luminance signal are arranged in a same interval both in the
horizontal and vertical directions by arranging adjoining
rows or columns of photoelectric conversion elements
shifted from each other.

Further, the first object is also attained by providing an
image sensing apparatus having a plurality of unit cells, each
including a plurality of photoelectric conversion elements
and a common circuit shared by the plurality of photoelec-
tric conversion elements, arranged in either one or two
dimensions, characterized by comprising adjustment means
for adjusting centers of mass of light-receiving areas of the
plurality of photoelectric conversion elements provided in a
central portion of the image sensing apparatus, so as to be
apart at a same spatial interval.

Furthermore, the first object is also attained by providing
an image sensing apparatus having a plurality of unit cells,
each including a plurality of photoelectric conversion ele-
ments and a common circuit shared by the plurality of
photoelectric conversion elements, arranged in either one or
two dimensions, characterized by comprising adjustment
means for adjusting centers of mass of light-receiving areas
of photoelectric conversion elements selected from the plu-
rality of photoelectric conversion elements, provided in a
central portion of the image sensing apparatus, on the basis
of a predetermined condition, so as to be apart at a same
spatial interval.

Further, to achieve the second object of the present
invention, noise reading means for reading a noise of the
common circuit; first signal reading means for reading a first
signal through the common circuit; second signal reading
means for reading a second signal through the common
circuit; and noise reduction means for reducing the noise
from the first and second signals are further provided.

Alternatively, noise reading means for reading a noise of
the common circuit; signal reading means for reading a
plurality of signals through the common circuit; and noise
reduction means for reducing the noise from the plurality of
signals are further provided.

Further, the third object of the present invention is
achieved by providing an image sensing system having the
image sensing apparatus as described above, a lens system
for forming an image on the image sensing apparatus, and a
signal processing circuit for processing an output signal
from the image sensing apparatus.

Other features and advantages of the present invention
will be apparent from the following description taken in
conjunction with the accompanying drawings, in which like
reference characters designate the same or similar parts
throughout the FIG. Sres thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate embodi-
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ments of the invention and, together with the description,
serve to explain the principles of the invention.

FIG. 1 is a block diagram illustrating a configuration of
the image sensing system according to an embodiment of the
present invention;

FIG. 2A shows a layout of amplifiers in pixels according
to a first embodiment of the present invention;

FIG. 2B shows another layout of amplifiers in pixels
according to the first embodiment of the present invention;

FIG. 3 shows a practical pattern layout of two photo-
diodes and an amplifier according to the first embodiment of
the present invention;

FIG. 4 is a brief view of FIG. 3 from which a part of lines
are omitted;

FIG. 5§ shows another practical pattern layout of two
photodiodes and an amplifier according to the first embodi-
ment of the present invention;

FIG. 6 is a brief view of FIG. 5 from which a part of lines
are omitted;

FIG. 7 is an enlarged view showing vicinity of a floating
diffusion portion according to the first embodiment of the
present invention;

FIG. 8 is an enlarged view showing vicinity of the floating
diffusion portion according to the first embodiment of the
present invention;

FIG. 9 is a circuit diagram of a unit cell of a CMOS sensor
in which two photodiodes share one amplifier according to
the first embodiment of the present invention;

FIG. 10 is a circuit diagram of the image sensing appa-
ratus including a signal processing circuit according to the
first embodiment of the present invention;

FIG. 11 is a timing chart for operating an image sensing
apparatus according to the first and second embodiments of
the present invention;

FIG. 12 is a timing chart for operating the apparatus
according to the first and second embodiments of the present
invention;

FIG. 13 shows a layout of common circuits in pixels
according to the second embodiment of the present inven-
tion;

FIG. 14 shows another layout of common circuits in
pixels according to the second embodiment of the present
invention;

FIG. 15 is a practical pattern layout of the common
circuits each shared by two photodiodes according to the
second embodiment of the present invention;

FIG. 16 is a circuit diagram of the image sensing appa-
ratus including a signal processing circuit according to the
second embodiment of the present invention;

FIG. 17 is a circuit diagram of a unit cell configured with
a common circuit and photodiodes according to the second
embodiment of the present invention;

FIG. 18 is an explanatory view for explaining a signal
processing circuit;

FIG. 19 is a layout of amplifiers in pixels according to a
third embodiment of the present invention;

FIG. 20 is another layout of amplifiers in pixels according
to the third embodiment of the present invention;

FIG. 21 is another layout of amplifiers in pixels according
to the third embodiment of the present invention;

FIG. 22 is another layout of amplifiers in pixels according
to the third embodiment of the present invention;

FIG. 23 is a practical pattern layout of four photodiodes
and an amplifier according to the third embodiment of the
present invention;
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FIG. 24 is another practical pattern layout of four photo-
diodes and an amplifier according to the third embodiment
of the present invention;

FIG. 25 is an explanatory view for explaining a variation
of a layout;

FIG. 26 shows a practical pattern layout according to the
third embodiment of the present invention;

FIG. 27 shows another layout of light-receiving areas
according to the third embodiment of the present invention;

FIG. 28 shows another practical pattern layout of four
photodiodes and an amplifier according to the third embodi-
ment of the present invention;

FIG. 29 is an example when on-chip lens according to the
third embodiment of the present invention;

FIG. 30 is a circuit diagram of a unit cell of a CMOS
sensor having the aforesaid configurations according to the
third embodiment of the present invention;

FIG. 31 is a circuit diagram of the image sensing appa-
ratus including a signal processing unit according to the
third embodiment of the present invention;

FIG. 32 is a timing chart for operating an image sensing
apparatus according to the third embodiment of the present
invention;

FIG. 33 is a circuit diagram of an image sensing apparatus
including the signal processing unit according to a first
modification of the third embodiment of the present inven-
tion;

FIG. 34 is a circuit diagram of an image sensing apparatus
including a signal processing unit according to a second
modification of the third embodiment of the present inven-
tion;

FIG. 35 is a timing chart for operating the image sensing
apparatus shown in FIG. 34 according to the second modi-
fication of the third embodiment of the present invention;

FIG. 36 is a timing chart during a vertical blanking period
according to the second configuration of the third embodi-
ment of the present invention;

FIG. 37 shows a configuration of a common circuit
according to a fourth embodiment of the present invention;

FIG. 38 is a circuit diagram of a unit cell of another image
sensor to which the present invention is applied;

FIG. 39 is a circuit diagram of a configuration of an
amplifier shared by four photodiodes according to an
embodiment of the present invention;

FIG. 40 shows a conventional layout of amplifiers in
pixels;

FIG. 41 is a circuit diagram of a conventional configu-
ration;

FIG. 42 is a circuit diagram of another conventional
configuration;

FIG. 43 shows a layout of common circuits in pixels when
each common circuit is shared by two pixels;

FIG. 44 shows a practical pattern layout of two photo-
diodes and an amplifier shown in FIG. 43;

FIGS. 45A and 45B shows color filter arrangements;

FIG. 46 is a layout of common circuits in pixels when
each common circuit is shared by four pixels; and

FIG. 47 shows a practical pattern layout of four photo-
diodes and an amplifier.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be
described in detail below in accordance with the accompa-
nying drawings.
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<Possible Arrangements of Pixels and Common Circuit>

First, possible arrangements of a plurality of pixels and a
common circuit, shared by the pixels, based on the disclo-
sure of the Japanese Patent Application Laid-Open Nos.
63-100879 and 9-46596, are described below. In the follow-
ing explanation, an amplifier is used as an example of the
common circuit in an image sensing apparatus.

FIG. 43 shows an example of a layout of common circuits
in pixels, when each common circuit is shared by two pixels.
In FIG. 43, a case where each amplifier, as the common
circuit, is shared by two pixels in two rows is shown, and,
more specifically, each amplifier 204 is arranged between
two photodiodes 203 above and below the row of the
amplifiers 204 (such as, pairs of photodiodes a,; and a,,, a,,
and a,,, ay; and a,;, as, and a,,, and so on). Note, a
photodiode 203, which is a photoelectric conversion ele-
ment, and one half of the amplifier 204 configure a pixel.
Reference numeral 201 indicates a unit cell repeated in the
column direction, and reference numeral 202 indicates the
unit cell repeated in the row direction.

FIG. 44 shows a practical pattern layout of two photo-
diodes and an amplifier (a signal unit cell). The image
sensing apparatus is a CMOS sensor, in this case.

Referring to FIG. 44, reference numeral 221 denotes the
unit cell (area surrounded by a dash line), which are referred
to by reference numerals 201 and 202 in FIG. 43, having a
size of two pixels, and repeatedly arranged in both the row
and column directions. Light incidents on photodiodes 222a
and 222b (areas surrounded by bold lines, correspond to the
photodiode pairs a,, and a,;, a,, and a,,, a5; and a,, a5, and
a4, and so on, shown in FIG. 43) is converted into electrical
charges (photo-charges), and accumulated within the pho-
todiodes 222a and 222b. The accumulated photo-charges are
respectively transferred to a floating diffusion portion 225
(also surrounded by a bold line) via a transfer gate 223 for
an odd row and a transfer gate 224 for an even row, further
transferred to the gate (floating gate) 226 of a MOS-type
amplifier, which is the amplifier 204. Current flowing
through the MOS-type amplifier is modulated, and the
output current is taken out from the pixel array via a vertical
signal line 227.

X-Y addressing of the two dimensional pixel array, as
shown in FIG. 43, in the image sensing apparatus is realized
by the vertical signal line 227, an odd-row scanning line 228,
an even-row scanning line 229, and a row selection line 230.
In addition, a power line 231 for supplying electric power
V,p and a reset line 232 for resetting the floating diffusion
portion 225 and the gate 226 to a predetermined voltage are
also arranged in the horizontal direction.

The lines 228 to 232 are arranged above the wiring of the
unit cells, and the lines are basically wide. The area under
these five opaque lines 228 to 232 does not receive light,
therefore, the amplifier 204 is arranged under the lines 228
to 232. For the above reason, the two photodiodes sharing
the amplifier are considered to be arranged on the upper and
lower sides of the amplifier.

With this layout, however, since the centers of mass (CM)
of the photodiodes are not equal, as seen in FIG. 43, the
following problems arise.

First, if the pixel array outputs signals of a single color,
since spatial frequency and resolution are different in one
part from the other, the resolution deteriorates, and more-
over, moiré appears.

It is possible to cover the pixel array with a color filter
whose color arrangement is as shown in FIG. 45A or 45B.
In designing the color filter, colors may be arranged so that
difference between intervals between pixels corresponding
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to each color is minimized. In this case, however, the color
arrangement is strictly limited.

Further, if the Bayer filter as shown in FIG. 45A is used,
intervals between pixels corresponding to green (G) filter,
which contributes most to luminance (Y) signals that the
human eye is most sensitive to, are not equal. More spe-
cifically, considering the positions of the photodiodes, ¢.g.,
a5, 4,3, and a5, corresponding to the green filter, the
distance between the photodiodes a,, and a,; in the column
direction is different from the distance between the photo-
diodes a,; and a5, in the column direction. Thus, the filter
arrangement causes different intervals between pixels cor-
responding to green filter, resulting in a moiré problem;
therefore, the quality of an obtained image is not good.

Next, referring to FIG. 46, an example of a layout of
common circuits in pixels when each common circuit is
shared by four pixels, is explained.

In this case, an amplifier, i.e., the common circuit, is
shared by adjoining four pixels in two rows and two columns
(2x2), and each amplifier 174 is surrounded by four photo-
diodes 173 (such as 2x2 photodiodes b, b5, b,;, and b,,,
and by, bs,, b,q, and b,,). In FIG. 46, reference numeral 171
indicates a unit cell repeated in the column direction, and
reference numeral 172 indicates the unit cell repeated in the
row direction.

FIG. 47 shows a practical pattern layout of four photo-
diodes and an amplifier. The image sensing apparatus is a
CMOS sensor in this case, too.

Referring to FIG. 47, reference numeral 181 denotes the
unit cell (area surrounded by a dash line), which is referred
to by reference numerals 171 and 172 in FIG. 46, having a
size of four pixels, and repeatedly arranged in both the row
and column directions. Light incidents on photodiodes 1824
to 182d (correspond to either one of groups of the photo-
diodes, by, b,,, by, and b,,, and b,,, by,, b,;, and b,,
shown in FIG. 46) is converted into electrical charges
(photo-charges), and accumulated within the photodiodes
182a to 182d. The accumulated charges are respectively
transferred to a floating diffusion portion 185 via transfer
gates 183a to 1834, respectively, further transferred to the
gate 186 of a MOS-type amplifier, which is the amplifier
174. Current flowing through the MOS-type amplifier is
modulated, and the output current is taken out from the pixel
array via a vertical signal line 187.

X-Y addressing of the two dimensional pixel array, as
shown in FIG. 46, in the image sensing apparatus is realized
by the vertical signal line 187, scanning lines 188a to 1884,
and a row selection line 190. In addition, a power line 191
for supplying electric power V, is arranged in the column
direction, and a reset line 192 for resetting the floating
diffusion portion 185 and the gate 186 to a predetermined
voltage are arranged in the horizontal direction.

The lines 188 to 192 are arranged above the wiring of the
unit cells, and the lines are basically wide. The area under
these six opaque lines 188 to 192 does not receive light,
therefore, the amplifier 174 is arranged under the lines 188
to 182. For the above reason, the four photodiodes sharing
the amplifier are considered to be arranged around the
amplifier.

With this layout, however, since the intervals between the
centers of mass (CM) of photodiodes are not equal, as seen
in FIG. 46, the following problem arises.

If the pixel array outputs signals of a single color, since
spatial frequency and resolution are different in one part
from another, the resolution deteriorates, and moreover,
moiré appears. The moiré is a serious problem, and an image
sensing apparatus with a moiré problem does not sell on the
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market. This can be said for any image sensing apparatus
having a configuration in which any number of pixels share
a single common circuit.

Accordingly, the inventors of the present application have
developed image sensing apparatuses having improved
arrangements of pixels and circuits shared by a plurality of
pixels.

The image sensing apparatuses will be described below in
detail.

<Basic Configuration of Image Sensing Apparatus>

FIG. 1 is a block diagram illustrating a configuration of
the image sensing apparatus according to an embodiment of
the present invention.

As shown in FIG. 1, light incoming through an optical
system 21 forms an optical image on a CMOS sensor 22, and
converted into electric charges by a pixel array arranged on
the CMOS sensor. The photo-charges are further converted,
processed and outputted by a signal processing circuit 23 in
a predetermined method. The processed signals are recorded
on an information storage medium or outputted by a record-
ing/transmission system 24. The recorded or transmitted
information is retrieved by a retrieving system 27. The
CMOS sensor 22 and the signal processing circuit 23 are
controlled by a timing controller 25, and the optical system
21, the timing controller 25, the recording/transmission
system 24, and the retrieving system 27 are controlled by a
system controller 26.

Next, the CMOS sensor 22 according to the present
invention will be described in detail.

First Embodiment

FIG. 2A shows a layout of amplifiers 12 in pixels when
each amplifier 12 is shared by two pixels adjoining in the
column direction, and FIG. 2B shows a layout of amplifiers
12 in pixels when each amplifier 12 is shared by two pixels
adjoining in the row direction.

In FIG. 2A, two photoelectric conversion elements 11
(such as, pairs of the elements P,,, and P,,, P5; and P, P,
and P,,, P,, and P, and so on) sharing one amplifier 12 are
arranged next to each other in the column direction, and the
amplifier 12 is arranged along the adjoining pixels. In this
manner, intervals between the centers of mass of the pho-
toelectric conversion elements 11 (e.g., Py4, Py, P5q, Py,
P,,, Py, Ps,, P,,) in both the row and column directions
become equal. Reference numeral 13 indicates a unit cell
repeated in the column direction, and reference numeral 14
indicates the unit cell repeated in the row direction.

Further, in FIG. 2B, two photoelectric conversion ele-
ments 11 (such as, pairs of the elements P,, and P,,, P,; and
P,,, P,; and P,,, P,; and P,,, P, and P5,, P55 and P;,, and
so on) sharing one amplifier 12 are arranged next to each
other in the row direction, and the amplifier 12 is arranged
along the adjoining pixels. In this manner, intervals between
the centers of mass of the photoelectric conversion elements
11 (Pyq, Poo, Pos, Py, Poy, Pog, Pas, Py, Pay, Pag, P, Pay)
in both the row and column directions also become equal.
Reference numeral 15 indicates a unit cell repeated in the
column direction, and reference numeral 16 indicates the
unit cell repeated in the row direction.

In the first embodiment, the number, N, of photoelectric
conversion elements 11 sharing each amplifier 12 is two
(N=2), however, the number N may be an arbitrary number
greater than 2.
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[Layout 1]

FIG. 3 shows a practical pattern layout of two photo-
diodes and an amplifier in the CMOS sensor 22, and FIG. 4
is a brief view of FIG. 3 from which a part of lines are
omitted.

The CMOS sensor, as shown in FIG. 3, is formed on a
singlecrystalline silicon substrate based on a layout rule 0.4
um. Each pixel is a square, 8 um each side, and a source
follower amplifier, as the amplifier 12, is shared by two
adjoining pixels arranged in the column direction. There-
fore, the size of a unit cell 31, shown by a dash line and is
referred to by reference numerals 13 and 14 in FIG. 2A, is
8 umx16 um. A plurality of unit cells 31 are arranged in two
dimensions.

The photodiodes 324 and 32b, ie., the photoelectric
conversion elements, are formed on the right portion of
respective pixels, and the shapes of the photodiodes 32a and
32b are almost mirror images. Further, the photodiodes 32a
and 32b are designed so that the center of masses (CM) of
light-receiving areas of the photodiodes 32a and 32b are
located at a substantially identical position of each pixel. In
FIG. 3, the areas of the photodiodes 324 and 32b, and the
area of a floating diffusion (FD) portion 35 are shown by
bold lines. Further, in FIG. 3, reference numeral 38 denotes
an odd-row scanning line for controlling each transfer gate
33 in an odd-number row; 39, an even-row scanning line for
controlling each transfer gate 34 in an even-number row; 40,
a row selection line; and 42, a reset line for controlling the
gate 43 of a MOS transistor. In FIG. 4, the lines 38 to 42 are
not shown.

Photo-charges accumulated in the photodiodes 32¢ and
32b are transferred to the FD portion 35 via the transfer gate
33 for the odd-number row and the transfer gate 34 for the
even-number row. The size of the both transfer gates 33 and
34 is L=0.4 ym, W=1.0 um (L is a channel length and W is
a channel width). The FD portion 35 is connected to the gate
36 of a source follower via an aluminum (Al) wire having a
width of 0.4 um, and the photo-charge transferred to the FD
portion 35 modulates the gate voltage of the gate 36. The
size of the MOS transistor of the gate 36 is L=0.8 um, W=1.0
um, and the total capacitance of the FD portion 35 and the
gate 36 is about 5 fF. Since Q=CV; the gate voltage of the
gate 36 changes by 3.2 volts in response to the transference
of 10° electrons.

Current flowing in from a V,, terminal 41 is modulated
by the MOS transistor of the gate 36, and transferred to a
vertical signal line 37. Current flowing through the vertical
signal line 37 is processed by a signal processing circuit (not
shown) and formed into image information.

Thereafter, in order to set the potentials of the photodiodes
32a and 32b, the FD portion 35, and the gate 36 to the
predetermined potential V., the gate 43 of the MOS
transistor connected to the reset line 42 is opened (at this
time, the transfer gate 33 for the add-number row and the
transfer gate 34 for the even-number row are also opened),
thereby the photodiodes 32a and 325, the FD portion 35, and
the gate 36 are electrically connected to the V,, terminal 41.

Thereafter, the transfer gates 35 and 36 are closed, thereby
the accumulation of photo-charges in the photodiodes 32a
and 32b start again.

The total number of the lines arranged in each unit cell in
the horizontal direction is four, specifically, the odd-row
scanning line 38, the even-row scanning line 39, the row
selection line 40, and the reset line 42. The four lines are
arranged in such a manner that two lines each are arranged
on the upper and lower ends of each pixel, as shown in FIG.
3.
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Since these lines are thick wires and provided over pixels,
as described above, an increase in the number of lines results
in an increase in area which can not receive light, which
reduces aperture. Further, if the number of lines provided
over a row is different from the number of lines arranged
over another row, such that two lines in one row and three
lines in the other row, the apertures and the centers of mass
of photodiodes adjoining in the column direction become
different in one row from the other.

In layout 1, the power supply voltage V,, is provided to
every pixel by connecting a power supply (not shown) with
each pixel via a metal light-shield layer (not shown),
arranged on the top layer of the CMOS sensor, and the V,,
terminal 41, formed as a through hole, in order to avoid the
problem described in the previous paragraph.

With the layout 1 as described above, it is possible to
provide a CMOS sensor having a plurality of pixels,
arranged in the same interval from each other, which have
relatively high area ratio or high aperture.

It should be noted that the area ratio or aperture may be
further increased by using known on-chip convex lenses, for
instance.

Further, the metal layer used for supplying the power
supply voltage V,, is not limited to a light-shield film, and
may be an electrode material used for forming capacitor, for
instance, placed over the entire pixel.

[Layout 2]

FIG. 5§ shows another practical pattern layout of two
photodiodes and an amplifier in the CMOS sensor 22, and
FIG. 6 is a brief view of FIG. 5 from which several lines are
omitted. Further, FIGS. 7 and 8 are enlarged views showing
vicinity of an FD portion. Specifically, FIG. 7 is a view when
a wire over a gate 54 is omitted, and FIG. 8 is a view when
a wire is provided-over the gate 54.

Referring to FIGS. 6 to 8, the areas of photodiodes 52a
and 52b, and an FD portion 55 are shown by bold lines. The
layout 2 also shows a case where two adjoining pixels share
a single amplifier, similarly to the layout 1, but the two
adjoining pixels are arranged in the row direction. The
centers of mass of the two adjoining photodiodes are located
at a substantially same position of the each photodiode.

Referring to FIGS. 5 and 6, reference numerals 52a and
52b are the photodiodes; 53, a transfer gate for an odd-
number column; 54, a transfer gate for an even-number
column; 55, the FD portion; 56, the gate of a source
follower; 57, a vertical signal line; 58, an odd-column
scanning line for controlling the transfer gate 53 in an
odd-number column; 59, an even-column scanning line for
controlling the transfer gate 54 in an even-number column;
60, a row selection line; and 62, a reset line for controlling
the gate 63 of a MOS transistor. Note, a wire connecting the
gate 56 of the source follower and the FD portion 55 crosses
over the gate 54 as shown in FIG. 8.

In layout 2, the area ratio or the aperture is improved
comparing to the layout 1 in which sharing an amplifier with
two pixels adjoining in the column direction. Accordingly, a
CMOS sensor of wide dynamic range, high sensitivity, and
high S/N ratio is realized.

In layout 2, necessary four lines are arranged, and a power
supply line 61 for providing a voltage V,, is arranged in the
column direction on the side of photodiodes opposite to the
side of the vertical signal line 57.

[Noise Reduction]

The inventors of the present application also have devel-
oped a signal read circuit, for reducing noise, suitably used
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in an image sensing apparatus having a configuration, as
described above, in which a plurality of pixels share an
amplifier.

The noise reduction operation is explained with reference
to FIGS. 9 and 10.

FIG. 9 shows a circuit configuration of a unit cell of a
CMOS sensor in which two photoelectric conversion ele-
ments share one amplifier. Referring to FIG. 9, PD1 and PD2
denote photodiodes as photoelectric conversion elements;
My, and Mgy,, MOS transistors for transferring photo-
charges accumulated in the photodiodes PD1 and PD2 to an
FD portion; Mgz, a MOS transistor for resetting the FD
portion; and Mg, and Mg, , MOS transistors configuring a
source follower. The MOS transistor M, also functions as
a selection switch for selecting a photodiode.

First, reset operation is performed by turning on the MOS
transistor M., then, noise signal is read out from the MOS
transistors Mg, and M, configuring the source follower.
Next, photo-charge accumulated in the photodiode PD1 is
transferred to the gate of the MOS transistor M, via the
MOS transistor My, then read out as a first signal via the
MOS transistors M, and Mg, . Thereafter, reset operation
is performed again, and photo-charge accumulated in the
photodiode PD2 is transferred to the gate of the MOS
transistor Mg via the MOS transistor M., then read out as
a second signal via the MOS transistors Mg, and Mg, .
Accordingly, the noise signal, the first signal, and the second
signal are obtained, and, by subtracting the noise signal from
the first and second signals, a signal corresponding to the
photodiode PD1 without the noise component as well as a
signal corresponding the photodiode PD2 without the noise
component are obtained.

Further, it is possible to add the photo-charge signal
corresponding to the photodiode PD1 and the photo-charge
signal corresponding to the photodiode PD2 by transferring
photo-charge accumulated in the photodiode PD2 to the gate
of the MOS transistor M, while photo-charge accumulated
in the photodiode PD1 is kept at the gate of the MOS
transistor M, by changing operation timing.

Next, the image sensing apparatus including a signal
processing circuit according to the first embodiment will be
explained below. FIG. 10 shows an equivalent circuit of the
image sensing apparatus including the signal processing
circuit according to the first embodiment, and FIGS. 11 and
12 are timing charts for operating the apparatus.

Referring to FIGS. 10 and 11, vertical scanning operation
is initiated in response to the pulse, which indicates a
vertical blanking period, of a signal ¢V, or ¢V,. First, a
signal ¢'TXy,_; which is applied to the reset line 62 of the
first row is activated during a horizontal blanking period
(i.., when a signal pHBL is high), and signals ¢TX..; (i is
a row number. Below, the last part of the subscript, —i, is
omitted.) for subsequent lines are activated in the same
manner. Accordingly, all the pixels in every row are reset to
the reset potential V,,.

In each horizontal blanking period, during a period T, a
signal ¢L. becomes high and a transistor 81, connected to the
vertical signal line 57, is turned on and the vertical signal
line 57 is reset. Simultaneously, signals ¢Ty, Ty, and ¢Ts,
also become high, and transistors 82-1, 82-2, and 82-3 are
turned on. Accordingly the upstream part of transistors for
reading signals, 84-1, 84-2, and 84-3, and capacitors 83-1,
83-2, and 83-3 (Cyn» Cr1, Crso) are electrically connected
to the vertical signal line 57, and reset. Accordingly, residual
charges in the capacitors 83-1, 83-2, and 83-3, for instance,
are removed.
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Thereafter, in a period T, the signal ¢$TXy, to be applied
to the reset line 62 is changed to high, and the floating gate,
which is the gate of the source follower amplifier configured
with the MOS transistors Mg, and M, in each unit cell, is
reset to the voltage V.

Then, in a period T;, a signal $RV becomes high and a
transistor 80 for grounding, connected to the vertical signal
line 57, is turned on, and the vertical signal line 57 is
grounded. Simultaneously, the signal ¢ T, is changed to high
in order to connect the capacitor 83-1 (C;y) for storing a
noise component to the vertical signal line 57, and the
transistor 82-1 is turned on. At this time, a signal ¢S, to be
applied to the row selection line 60 is high, and current
corresponding to the potential (about V) at the floating
gate of the MOS transistor M- flows from the V,, terminal
41 to the capacitor 83-1 (C;y), thereby the capacitor 83-1
(Cyw) stores charge corresponding to the noise component.

Next, in a period T,, a signal ¢$TX,, applied to the
odd-column scanning line 58 is changed to high, in turn, the
transfer gate (MOS transistor My, in this case) in an
odd-number column is turned on, and photo-charge accu-
mulated in the photodiode PD1 is transferred to the floating
gate of the MOS transistor M. The capacitor 83-1 (Cy)
for storing the noise component is disconnected from the
vertical signal line 57 when the signal $'T,, becomes low, and
the capacitor 83-2 (Cyg, for storing a photo-charge signal is
connected, in turn, when the signal ¢ T, is changed to high.
Thus, charge accumulated in the photodiode PD1, for
instance, in an odd-number column is stored in the capacitor
83-2 (C,y,) via the vertical signal line 57.

Next, in a period T, the signal ¢L. becomes high, and only
the vertical signal line 57 is reset. Since the signals ¢S,
0Ty, ¢T; and ¢T,, are low, other portions are not reset, and
their states are preserved.

Next, the signal ¢TXy, applied to the reset line 62 is
changed to high between periods Ty and Ty, and the gate of
the source follower amplifier (i.e., the gate of MOS transis-
tor Mgz) is reset to the potential V.

In the period T, a signal ¢TX,, applied to the even-
column scanning line 59 is changed to high, and photo-
charge accumulated in the photodiode PD2 in an even-
number column is transferred to the floating gate of the MOS
transistor Mgy At this time, the signal ¢Ts, is changed to
high, thus the capacitor 83-3 (C,,) for storing another
photo-charge signal is electrically connected to the vertical
signal line 57, and photo-charge accumulated in the photo-
diode PD2, for instance, in an even-number column is stored
in the capacitor 83-3 (C,s,) via the vertical signal line 57.

In the aforesaid manner, charges corresponding to the
noise component, a first signal, and a second signal are
respectively stored in the capacitors 83-1, 83-2, and 83-3
(Cyns Crs1s Crso) by each column for a row.

Next, in a period T, in order to sequentially transfer the
charges stored in the capacitors 83-1, 83-2, and 83-3 (Cyy,
Crs1» Crgo) to amplifiers 86-1 to 86-3, respectively, a
horizontal scanning signal ¢Hn is changed to high for each
columns controlled by a horizontal shift register 71, and
transistors 84-1 to 84-3, provided for each column, are
turned on; thereby the capacitors 83-1 to 83-3 (Cyy, Crgy,
C;,) are connected to the respective amplifiers 86-1 to
86-3. From the capacitors 83-1 to 83-3 (C;, Cy1, Crso), the
noise component, the first signal, and the second signal are
outputted, and from a differential amplifier 87-1, a signal S1
obtained by subtracting the noise component from the first
signal is outputted, and a signal S2 obtained by subtracting
the noise component from the second signal is outputted
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from a differential amplifier 87-2. Note that accumulation of
photo-charges in the photodiodes is also performed during
the period T,.

In a case where the signal ¢TXy,, to be applied to the reset
line 62 between the period T5 and the period Ty is not
changed to high and reset operation is not performed,
photo-charge generated by the photodiode PD2 in an even-
number column is transferred to the floating gate of the MOS
transistor M, where photo-charge generated by the photo-
diode PD1 remains; accordingly, a signal of the photodiode
PD1 in the odd-number column and a signal of the photo-
diode PD2 in the even-number row are stored in the capaci-
tor 83-3 (Cys,) via the vertical signal line 57. Therefore, a
noise component, a signal corresponding to one photodiode
(single signal component), and a signal corresponding to
two photodiodes (double signal component) are stored in the
capacitors 83-1 to 83-3 (Csn, Cyg1, Crso). Then, the noise
component, the single signal component, and the double
signal component are outputted to the amplifiers 86-1 to
86-3 during the period T,. Thereafter, the noise component
is subtracted from the single signal component by the
differential amplifier 87-1 and a signal S1 is outputted.
Similarly, the noise component is subtracted from the double
signal component by the differential amplifier 87-2 and a
signal S2 is outputted.

Further, the first embodiment of the present invention is
not limited to two-dimensional array, and capable of apply-
ing to an one-dimensional line sensor.

According to the first embodiment as described above, it
is possible to realize a high precision image sensor without
causing deterioration of performance, such as deterioration
of resolution and generation of moiré, for instance. In
addition, yield of image sensing apparatus becomes high.

Second Embodiment

Next, the second embodiment of the present invention
will be explained.

FIGS. 13 and 14 show other layouts of amplifiers 12, as
common circuits, and photodiodes 11 when each amplifier
12 is shared by two photodiodes 11.

As shown in FIG. 13, the photodiodes 11 are arranged so
that adjoining rows are shifted from each other by one half
pitch. In odd-number rows, pixels covered by green (G)
filter (referred to as “G pixel” hereinafter), which contribute
mainly to a luminance (Y) signal, are respectively set across
the amplifiers from pixels covered by red (R) filter (referred
to as “R pixel” hereinafter), which contribute to a color-
difference signal, and in even-number rows, G pixels are
respectively set across the amplifiers from pixels covered by
blue (B) filter (referred to as “B pixel” hereinafter), which
also contributes to a color-difference signal. By arranging
the G pixels in adjoining rows, shifted by one and half
pitches in the row direction, intervals between G pixels in
the row direction becomes the same, further, intervals
between the G pixels in the column direction also become
the same. Accordingly problem of moiré is solved, and a
sensed image does not look deteriorated.

Further, FIG. 14 shows an example when photodiodes 11
are arranged so that adjoining columns are shifted from each
other by one half pitch.

Next, FIG. 15 shows a practical pattern layout of two
photodiodes and an amplifier, as the common circuit, shared
by the two photodiodes 11 arranged on right and left sides
of the amplifier 12, as shown in FIG. 13.

The CMOS sensor, as shown in FIG. 15, is formed on a
singlecrystalline silicon substrate. Each pixel is a square, 8
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um each side, shown by a dash line 341. As described above,
plural pairs of photodiodes are arranged in a two-dimen-
sional array. Between each pair of two photodiodes, the
common circuit is arranged. A photodiode covered by G
filter (G photodiode) is set on the left side of the common
circuit, and a photodiode covered by R or B filter (R/B
photodiode) is set on the right side of the common circuit.
In FIG. 15, an amplifier, using MOS transistors, is used as
the common circuit, as an example. The layout rule is 0.4
um, and an area, area ratio, an aperture area, and aperture
ratio of a photodiode 342 as a photoelectric conversion
element is 57.96 uM?, 60.4%, 28.88 um? and 30.1%, respec-
tively. These figures are very high comparing to conven-
tional figures.

Reference numeral 343 denotes a transfer gate for trans-
ferring photo-charge from a G photodiode 342 to a floating
diffusion (FD) portion 345 and reference numeral 344
denotes a transfer gate for transferring photo-charge from an
R/B photodiodes 342' also to the FD portion 345. The
transfer gates 343 and 344 are MOS transistors, and the
channel length and the channel width of each MOS transis-
tor is 0.4 um and 1.0 um, respectively. Reference numeral
347 denotes a reset gate for resetting the FD portion 345 to
a potential of a power supply voltage V,, through a terminal
350, and reference numeral 346 denotes a gate of a MOS-
type source follower amplifier. The potential of the gate 346
changes depending upon the transferred charge, and the
amplifier modulates current flowing in from the V, termi-
nal 350.

The total capacitance of the FD portion 345 and the gate
346 is about 10 fF, and as the area of the photodiodes
increases, the capacitance also increases. The modulated
current is eventually outputted to a vertical signal line 349
via a selection gate 348 for selectively outputting the cur-
rent.

Further, reference numerals 351 to 354 denote scanning
lines for applying a predetermined potential to the selection
gate 348, the transfer gates 343 and 344, and the reset gate
347, respectively.

[Noise Reduction]

Next, signal processing for reducing noise preferably used
in the above-described image sensor is explained.

FIG. 16 is an equivalent circuit diagram according to the
second embodiment. In FIG. 16, the same units and elements
as those shown in FIGS. 10 and 15 are referred to by the
same reference numerals. Further, FIG. 17 is an equivalent
circuit diagram of a unit cell 374, surrounded by a dash line
in FIG. 16 and whose pattern layout is shown in FIG. 15,
configured with a common circuit 372 and photodiodes
arranged on the both sides of the common circuit 372.

In FIG. 17, reference numeral 350 is the V,,, terminal;
345, the FD portion; 363, a reset unit, such as a MOS
transistor (reset MOS), for resetting the FD portion 345; 364
and 364/, transfer units, such as MOS transistors (transfer
MOS), for transferring photo-charges from the photodiodes
342 and 342' to the FD portion 345; 365, an amplifier, such
as a MOS transistor, for amplifying the change in the
potential at the FD portion 345; and 366, a MOS transistor
for selection (selection MOS) for selectively outputting a
signal from the amplifier 365 to the vertical signal line 349.
Further, the scanning lines 354, 351, 352 and 353 are for
applying potentials for turning on or off the reset MOS 363,
the selection MOS 366, the transfer MOS 364, and the
transfer MOS 364, respectively. In the unit cell 374, the
MOS transistors 363, 364, 364', 365, and 366 configure the
common circuit. Further, in the pattern layout shown in FIG.
15, the transfer gate 343 corresponds to the gate of the
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transfer MOS 364 of FIG. 17, the transfer gate 344 corre-
sponds to the gate of the transfer MOS 364/, the reset gate
347 corresponds to the gate of the reset MOS 363, and the
selection gate 348 corresponds to the gate of the selection
MOS 366.

Next, referring to the circuit diagrams shown in FIGS. 16
and 17, and timing charts shown in FIGS. 11 and 12, the
noise reduction operation is explained.

Referring to FIG. 11, vertical scanning operation is initi-
ated in response to the pulse, which indicates a vertical
blanking period, of a signal ¢V, or ¢V,. First, a signal
¢TXxo.; Which is applied to the reset line 354 of the first
row is activated during a horizontal blanking period (i.e.,
when a signal $HBL is high), and signals ¢ TX,_; (i is a row
number. Below, the last part of the subscript, —i, is omitted.)
for subsequent lines are applied in the same manner. Accord-
ingly, all the pixels in every row are reset to the reset
potential V.

In each horizontal blanking period, during a period T, a
signal ¢L. becomes high, as shown in FIG. 12, and a
transistor 81, connected to the vertical signal line 349, is
turned on and the vertical signal line 349 is reset. Simulta-
neously, signals ¢T,, ¢Tg, and ¢T, also become high, and
transistors 82-1, 82-2, and 82-3 are turned on. Accordingly
wires in the upstream of transistors for reading signals, 84-1,
84-2, and 84-3, and capacitors 83-1, 83-2, and 83-3 (Cyy,
Cys1> Cro) are electrically connected to the vertical signal
line 349, and reset. Accordingly, residual charge in the
capacitors 83-1, 83-2, and 83-3, for instance, are removed.

Thereafter, in a period T,, the signal $TXy, to be applied
to the reset line 354 is changed to high, and the floating gate,
which is the gate of the source follower amplifier configured
with the MOS transistors 365 and 366 in each unit cell is
reset to the voltage V.

Then, in a period T, a signal $RV becomes high and a
transistor 80 for grounding, connected to the vertical signal
line 349, is turned on, and the vertical signal line 349 is
grounded. Simultaneously, the signal ¢ T, is changed to high
in order to connect the capacitor 83-1 (Cyy) for storing a
noise component to the vertical signal line 349, and the
transistor 82-1 is turned on. At this time, a signal ¢S, to be
applied to the row selection line 351 is high, and current
corresponding to the potential (about V) at the floating
gate of the MOS transistor 365 flows from the V,, terminal
350 to the capacitor 83-1 (Cyy), thereby the capacitor 83-1
(Cyw) stores charge corresponding to the noise component.

Next, in a period T,, a signal ¢TX,,, applied to the G
pixel scanning line 353 is changed to high, in turn, transfer
gate (MOS transistor 364) for the G pixel is turned on, and
photo-charge accumulated in the photodiode 342 is trans-
ferred to the floating gate of the MOS transistor 365. The
capacitor 83-1 (C;y) for storing the noise component is
disconnected from the vertical signal line 349 when the
signal ¢T,, becomes low, and the capacitor 83-2 (C,y,) for
storing a photo-charge signal is connected, in turn, when the
signal ¢ Ty, is changed to high. Thus, charge accumulated in
the G photodiode 342, for instance, is stored in the capacitor
83-2 (C;y,) via the vertical signal line 349.

Next, in a period T the signal ¢L. becomes high, and only
the vertical signal line 349 is reset. Since the signals ¢S,
¢T ., T, and $T, are low, other portions are not reset, and
their states are preserved.

Next, the signal ¢$TXy, applied to the reset line 354 is
changed to high between periods Ty and T, and the FD
portion 345 is reset to the potential V.

In the period Ty, a signal ¢TX,,, applied to the R/B pixel
scanning line 352 is changed to high, and photo-charge
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accumulated in the R/B photodiode 342' is transferred to the
floating gate of the MOS transistor 365. At this time, the
signal ¢T . is changed to high, thus the capacitor 83-3 (C;.,)
for storing another photo-charge signal is electrically con-
nected to the vertical signal line 349, and charge accumu-
lated in the R/B photodiodes 342", for instance, is stored in
the capacitor 83-3 (Cyg,) via the vertical signal line 349.

In the aforesaid manner, charges corresponding to the
noise component, a first signal, and a second signal are
respectively stored in the capacitors 83-1, 83-2, and 83-3
(Csn» Crs15 Crso) by each column for a row.

Next, in a period T, in order to sequentially transfer the
charges stored in the capacitors 83-1, 83-2, and 83-3 (Cy,,
Css1> Crgo) to amplifiers 86-1 to 86-3, respectively, a
horizontal scanning signal ¢Hn is changed to high for each
columns controlled by a horizontal shift register 71, and
transistors 84-1 to 84-3, provided for each column, are
turned on; thereby the capacitors 83-1 to 83-3 (Cyy, Crgy,
C;.,) are connected to the amplifiers 86-1 to 86-3. From the
capacitors 83-1 to 83-3 (C;n, Crs1, Cro), the noise com-
ponent, the first signal, and the second signal are outputted,
and from a differential amplifier 8§7-1, a G component signal
obtained by subtracting the noise component from the first
signal is outputted, and an R/B component signal obtained
by subtracting the noise component from the second signal
is outputted from a differential amplifier 87-2. Note that
accumulation of photo-charges in the photodiodes is also
performed during the period T..

In a case where the signal $TX,, to be applied to the reset
line 354 between the period Ts and the period Ty is not
changed high and reset operation is not performed, photo-
charge generated by the R/B photodiodes 342' is transferred
to the floating gate of the MOS transistor 365 where photo-
charge generated by the G photodiode 342 remains; accord-
ingly, a signal of the G photodiode 342 and a signal of the
R/B photodiode 342" are stored in the capacitor 83-3 (C,.,)
via the vertical signal line 349. Therefore, a noise compo-
nent, a signal corresponding to one photodiode (single signal
component), and a signal corresponding to two photodiodes
(double signal component) are stored in the capacitors 83-1
to 83-3 (Cpp» Cr1> Cron). Then, the noise component, the
single signal component, and the double signal component
are outputted to the amplifiers 86-1 to 86-3 during the period
T,. Thereafter, the noise component is subtracted from the
single signal component by the differential amplifier 87-1
and a G component signal is outputted. Similarly, the noise
component is subtracted from the double signal component
by the differential amplifier 87-2 and a G+R/B component
signal is outputted.

The signal processing circuit 23, shown in FIG. 1, accord-

ing to the second embodiment is explained with reference to
FIG. 18.

The G and R/B component signals output from the CMOS
sensor 22 are converted into luminance (Y) signals and color
difference (Cg, Cp) signals. Note that low frequency com-
ponent of the luminance signals are generated using R, G,
and B signals of at least two adjoining rows.

Further, high frequency component of the luminance
signals are generated using high frequency component of G
signals in at least two adjoining rows. Accordingly, an image
of high resolution and good color reproduction is obtained.

According to the second embodiment as described above,
it is possible to obtain an image sensing apparatus of good
sensitivity, high resolution, and wide dynamic range.
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Third Embodiment

Next, the third embodiment of the present invention will
be explained with reference to accompanying drawings.

FIG. 19 shows a layout of amplifiers 12 in pixels when
each amplifier 12 is shared by four (2 rowsx2 columns)
pixels, according to the third embodiment.

In FIG. 19, each amplifier 12 is arranged in the center of
four pixels, and four photoelectric conversion elements 11
(e.g-, 411> Ay2> 9oy> Uao) are arranged as they surround the
amplifier 12.

Further, a light-shield unit 17 is provided for each pixel in
an area which is symmetry to a portion of the amplifier 12
occupying the pixel with respect to the center of the pixel.
Therefore, the center of mass of each photoelectric conver-
sion element 11 is in the center of each pixel. Accordingly,
the centers of mass of the photoelectric conversion elements
11 (9115 912> G215 922> 9515 G325 Gass Qa2) are arranged at a
same interval, D, both in the row and column directions.

FIG. 20 shows another layout of amplifiers 12 in pixels
when each amplifier 12 is arranged at the boundary of four
pixels arranged in a 2x2 array in the row direction, and the
four photoelectric conversion elements 11 (e.£., 411, 12, 9215
q,,) are arranged so as to sandwich each amplifier 12.

In addition, light-shield unit 17 is arranged in three
peripheral areas, other than the peripheral area where the
amplifier 12 occupies, of the pixel, as shown in FIG. 20.
Therefore, the centers of mass of the photoelectric conver-
sion elements 11 (qy3, G125 9215 Yoz» Ys10 Ga2s dass Gao) Are
located at the same interval, D, both in the row and column
directions.

The arrangement as shown in FIG. 20 is rotated by 90
degrees, namely, an arrangement in which row direction and
column direction are exchanged, is also possible.

Further, in an arrangement as shown in FIG. 21, G filter,
which contributes most to resolution, is arranged in the
upper left pixel and the lower right pixel among four pixels
configuring a unit cell 30. In the pixel covered by green filter
(G pixel), a light-shield unit 17 is provided in an area which
is symmetry to a portion of the amplifier 12, arranged at a
central portion of the unit cell 30, occupying the pixel with
respect to the center of the pixel. Therefore, the center of
mass of the photoelectric conversion element 11 of the G
pixel is at the center of the G pixel. With this configuration,
intervals, D, of the photoelectric conversion elements q;;
and q,, of G pixels become the same both in the row and
column directions.

Further, a pixel covered by red filter (R pixel) is arranged
in the upper right pixel in the unit cell 30, and a pixel
covered by blue filter (B pixel) is arranged in the lower left
pixel in the unit cell 30. These pixels do not have light-shield
units, differing from the G pixels; however, since a single R
pixel and a single B pixel are arranged in each unit cell 30,
the intervals between adjacent R and B pixels become
identical, namely 2D.

FIG. 22 is another layout of amplifiers 12 in pixels. In this
layout, areas occupied by the amplifier 12 and the light-
shield units 17 are reduced in the G pixels.

[Layout 1]

FIG. 23 shows a practical pattern layout of four photo-
diodes and an amplifier in the CMOS sensor 22 in FIG. 1.

The CMOS sensor, as shown in FIG. 23, is formed on a
singlecrystalline silicon substrate based on a layout rule 0.4
um. Each pixel is a square, 8 um each side, and a source
follower amplifier, as the amplifier 12, is shared by four
pixels arranged in a 2x2 array. Therefore, the size of a unit
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cell 481, shown by a dash line, is 16 umx16 um. A plurality
of unit cells 481 are arranged in two dimensions.

Photodiodes 482a, 482b, 482¢, and 482d are formed
diagonally in each pixel, and the shapes of the photodiodes
482a to 4824 are nearly symmetry with respect to the center
of the unit cell 481 as well as symmetry with respect to
vertical and horizontal lines passing over the center of the
unit cell 481. Further, the center of mass (CM) of each
photodiode is designed to be at the same position in each
pixel. Further, reference numeral 495 denotes a light-shield
unit.

Reference numeral 4884 is a scanning line for controlling
a transfer gate 483a; 490, a row selection line; and 492, a
reset line for controlling a gate 493 of a MOS transistor.

Photo-charges accumulated in the photodiodes 482a to
4824 are transferred to a floating diffusion (FD) portion 485
via transfer gates 483a to 483d, respectively. The size of the
transfer gates 483« to 483d is L=0.4 yum, W=1.0 um (L is a
channel length and W is a channel width).

The FD portion 485 is connected to the gate 486 of a
source follower via an aluminum (Al) wire having a width
of 0.4 um, and the photo-charge transferred to the FD
portion 485 modulates the gate voltage of the gate 486. The
size of the MOS transistor of the gate 486 is L= 0.8 um,
W=1.0 um, and the total capacitance of the FD portion 485
and the gate 486 is about 5 fF. Since Q=CV, the gate voltage
of the gate 486 changes by 3.2 volts in response to the
transference of 10° electrons.

Current flowing in from a V,, terminal 491 is modulated
by the MOS transistor of the gate 486, and transferred to a
vertical signal line 487. Current flowing through the vertical
signal line 487 is processed by a signal processing circuit
(not shown) and formed into image information.

Thereafter, in order to set the potentials of the photodiodes
482a to 482d, the FD portion 485, and the gate 486 to the
predetermined potential V., the gate 486 of the MOS
transistor connected to the reset line 482 is opened (at this
time, the transfer gates 483a to 483d are also opened),
thereby the photodiodes 482a to 482d, the FD portion 485,
and the gate 486 are electrically connected to the Vi,
terminal 491.

Thereafter, the transfer gates 483a to 483d are closed,
thereby the accumulation of photo-charges in the photo-
diodes 482a to 4824 start again.

In layout 1, the lines 488a to 4884, 490 and 492, passing
over the unit cell 481 in the horizontal direction, are all
formed with indium tin oxide, transparent conductor, of
1500 A thickness. Therefore, areas of the photodiodes 4824
to 482d under the aforesaid lines can also receive light, and
the center of mass of each photodiode matches the center of
mass of light-receiving area of the photodiode.

According to the Layout 1 in the third embodiment, it is
possible to provide a CMOS sensor with relatively high area
ratio and high aperture ratio, in which photodiodes are
arranged at an equal pitch.

[Layout 2]

FIG. 24 shows another practical pattern layout of four
photodiodes and an amplifier in the CMOS sensor 22.

Referring to FIG. 24, reference numerals 502a to 5020
denote the photodiodes; 503a to 5034, transfer gates; 505, an
FD portion; 506, the gate of a source follower; 507, a
vertical signal line; 508a to 5084, scanning lines; 510, a row
selection line; and 512, a reset line for controlling the gate
513 of a MOS transistor.

In layout 2 of the third embodiment, since three lines out
of lines 508a to 5084, 510, and 512 pass through the central
portion of each pixel. Therefore, if these lines are metal
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wires which shield light incoming toward the photodiodes
502a to 502d, the center of mass of the light-receiving area
of each photodiode does not shift, and remains at the center
of each pixel.

In layout 2 of the third embodiment, opaque metal wires
with small resistance are generally used, time constant of the
lines in the horizontal direction is improved, and a high-
speed image sensing apparatus is obtained.

In the aforesaid layout 1 and layout 2 of the third
embodiment, the portion under the shield unit is not effec-
tively used. It is possible to extend the area of a photodiode,
as a photoelectric conversion element, under the light-shield
unit, and make the extended area function as a charge
accumulation unit.

[Layout 3]

In layout 2 of the third embodiment, since the lines pass
through the center of each pixel where light-receiving effi-
ciency is high, sensitivity of the image sensing apparatus
may not be good. Accordingly, an improved layout is shown
in FIG. 26 as the layout 3 of the third embodiment. FIG. 26
is a practical pattern layout of the layout shown in FIG. 20.

In layout 3 of the third embodiment, transfer gates 523a
to 5234, the gate 526 of a source follower, and the gate 533
of a MOS transistor for resetting are formed under scanning
lines 5284 to 528d, a row selection line 530, and a reset line
532; therefore, it is possible to maximize the size and
aperture of each of photodiodes 522a to 522d. In addition,
the aperture of each photodiode is at the center of each pixel.
Further, light-shield units are formed in an area where
horizontal and vertical wires are formed.

Further, in layout 3 of the third embodiment, the source
follower, as the amplifier 12 shown in FIG. 20, and the MOS
transistor for resetting are separately arranged in periphery
of each photodiode in the row direction, thus, compactly
arranged under wires running in the row direction.

Further, since there is a large area which is not yet used
under wires in the upper right pixel, it is possible to add a
new configuration, such as a smart sensor.

According to the layout 3 of the third embodiment, the
area and aperture of a photodiode are increased comparing
to the layout 2, it is possible to provide a high-sensitive
image sensing apparatus with wide dynamic range. In addi-
tion, if the size of each pixel is further reduced and the size
of the aperture of the photodiode becomes small, e.g.,
wavelength of light, each side, the problem such that light
will not enter the photodiode will not arise. Thus, the layout
3 would remain as an efficient layout for the future.

In layout 3 of the third embodiment, the amplifier 12 is
arranged at the central portion of each unit cell, and the
center of mass of a light-receiving area is designed to match
the center of mass of a pixel. However, the present invention
is not limited to this, and the shape of apertures of pixels
may be arbitrarily designed as long as the shape is identical
and arranged in a fixed position in every pixel, as shown in
FIG. 27, for instance.

In other words, by designing the apertures to have the
same shape and arranged in a predetermined position in each
pixel, intervals between the centers of mass of light receiv-
ing areas become the same.

[Layout 4]

FIG. 28 shows a practical pattern layout, corresponding to
FIG. 21, of four photodiodes and an amplifier in the CMOS
sensor 22 in FIG. 1.

In layout 4 of the third embodiment, colors of a color filter
and positions of the colors are predetermined. Specifically,
in the four pixels arranged in a 2x2 array, the upper left and
lower right pixels are covered with green filter (G pixels)
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which contributes most to luminance signals, the upper right
pixel is covered with red filter (R pixel), and the lower left
pixel is covered with blue filter (B pixel).

In layout 4, the amplifier 12 and other peripheral circuits
are arranged so that photodiodes 542a and 5424 of the G
pixels have the maximum area and aperture ratio.

Further, the center of mass of light-receiving area of a G
pixel matches the center of mass of the G pixel, thus, the
intervals between the centers of mass of G pixels are equal.

According to the layout 4 of the third embodiment, it is
possible to provide a high sensitive image sensing apparatus.

[On-chip Lens and Other Variations)]

FIG. 29 shows an example when on-chip lens is used in
the CMOS sensor 22 in FIG. 1.

Referring to FIG. 29, an on-chip lens 602 is formed on
each pixel in a unit cell 601. Light incoming from outside of
the CMOS sensor 22 is collected by the on-chip lens 602 and
incidents on the aperture 603. Reference numeral 604
denotes an imaging area where light is gathered by the
on-chip lens 602.

By controlling the design and the position of the on-chip
lens, the position of the imaging area can be set relatively
freely.

Thus, when a plurality of pixels share a single amplifier,
if photodiodes, as photoelectric conversion elements, could
not be arranged at a same interval, image signals as if they
are obtained by photodiodes which are arranged at a same
interval can be obtained by controlling the designs and
positions of on-chip lenses.

Further, if an image sensing lens used in the image
sensing apparatus is not telecentric, an incoming angle of
light which incidents on a sensor chip in the central portion
is different from an outer portion. Thus, by setting apertures
of photodiodes in the outer portion of the CMOS sensor at
different intervals, image signals as if they are obtained by
photodiodes which are arranged at a same interval can be
obtained.

According to the layout 1 to layout 4 of the third embodi-
ment, light-shield units which are optical members are
adjusted to make intervals between light-receiving areas
identical. With the on-chip lens, the intervals of light receiv-
ing areas are made identical virtually by adjusting the
designs and positions of the on-chip lenses, i.e., other optical
members.

It should be noted that a configuration using an optical
member, such as an on-chip lens, is also applicable to the
first and second embodiments.

[Noise Reduction]

The inventors of the present application also have devel-
oped a signal read circuit for reducing noise suitably used in
an image sensing apparatus having a configuration, as
described above, in which a plurality of pixels share an
amplifier.

FIG. 30 is a circuit diagram of a unit cell of the CMOS
sensor having any of the aforesaid configurations.

Referring to FIG. 30, references q;;, q;,, 954, and q,, are
photodiodes as photoelectric conversion elements; My, to
M~.,, MOS transistors for transferring photo-charges accu-
mulated in the photodiodes q;4, 412, 421, and g5, to a floating
diffusion (FD) portion; Mggg; a MOS transistor for resetting
the FD portion; and Mg, and Mg, , MOS transistors con-
figuring a source follower. The MOS transistor M, also
functions as a selection switch for selecting a photodiode.

Next, an operation of the image sensing apparatus includ-
ing a signal processing circuit according to the third embodi-
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ment is explained. FIG. 31 is an equivalent circuit of the
image sensing apparatus including the signal processing
unit.

FIG. 32 is a timing chart for operating the image sensing
apparatus shown in FIG. 31.

Referring to FIGS. 31 and 32, vertical scanning operation
is initiated in response to the pulse, which indicates a
vertical blanking period, of a signal ¢V, or ¢V,. First, a
signal ¢$TX,, which is applied to a reset line 573 of the first
row is activated during a horizontal blanking period (i.e.,
when a signal ¢HBL is high), and signals for subsequent
lines are applied in the same manner. Accordingly, all the
pixels in every row are reset to the reset potential V.

In each horizontal blanking period, as shown in FIG. 32,
during a period T,;, a signal ¢L. becomes high and a
transistor 561, connected for a vertical signal line 557, is
turned on and the vertical signal line 557 is reset. Simulta-
neously, signals ¢Ty, ¢T; and ¢ T, also become high, and
transistors 562-1 to 562-3 are turned on. Accordingly wires
in the upstream of transistors for reading signal, 564-1 to
564-3, and capacitors 563-1 to 563-3 (C,,, Cygq, Cpgo) are
electrically connected to the vertical signal line 557, and
reset. Accordingly, residual charges in the capacitors 563-1
to 563-3, for instance, are removed.

Thereafter, in a period T,,, a signal $TXy,, to be applied
to the reset line 573 is changed to high, and the floating gate,
which is the gate of the source follower amplifier configured
with the MOS transistors Mg, and Mz, in each unit cell, is
reset to the voltage V.

Then, in a period T, a signal RV becomes high and a
transistor 560 for grounding, connected to the vertical signal
line 557, is turned on, and the vertical signal line 557 is
grounded. Simultaneously, the signal $T,, is changed to high
in order to connect the capacitor 563-1 (C,) for storing a
noise component to the vertical signal line 557, and the
transistor 562-1 is turned on. At this time, a signal ¢S, to be
applied to a row selection line 574 is high, and current
corresponding to the potential (about V) at the floating
gate of the MOS transistor Mg, flows from a V,,, terminal
to the capacitor 563-1 (Cy,) thereby the capacitor 563-1
(Cyw) stores charge corresponding to the noise component.

Next, in a period T,,, a signal ¢TX,,, applied to the
odd-column scanning line 571 is changed to high, in turn, a
transfer gate (MOS transistor My, in this case) for an
odd-number column in an odd-number row is turned on, and
photo-charge accumulated in the photodiode q,; is trans-
ferred to the floating gate of the MOS transistor M. The
capacitor 563-1 (Cy) for storing the noise component is
disconnected from the vertical signal line 557 when the
signal ¢T, becomes low, and the capacitor 563-2 (C,) for
storing a photo-charge signal is connected, in turn, when the
signal ¢T§, is changed to high. Thus, charge accumulated in
the photodiode q,, for instance, in an odd-number column
in an odd-number row is stored in the capacitor 563-2 (C,,)
via the vertical signal line 557.

Next, in a period T, the signal ¢L becomes high, and
only the vertical signal line 557 is reset. Since the signals
$So, 9Ty, 9T, and ¢Ts,, are low, other portions are not
reset, and their states are preserved.

Next, the signal ¢TXg, applied to the reset line 573 is
changed to high between periods T, and T, and the gate
of the source follower amplifier (i.e., the gate of MOS
transistor Mg,.) is reset to the potential V.

In the period T, a signal $TX,_,, applied to a scanning
line 572 is changed to high, and photo-charge accumulated
in the photodiode q,, in an even-number column in an
odd-number row is transferred to the floating gate of the
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MOS transistor Mg.. At this time, the signal ¢T, is changed
to high, and photo-charge accumulated in the photodiode P, ,
is stored in the capacitor 563-3 (C,g,) via the vertical signal
line 557, in the similar manner.

In the aforesaid manner, charges corresponding to the
noise component, a first signal, and a second signal are
respectively stored in the capacitors 563-1, 563-2, and 563-3
(Csn» Crs15 Crso) by each column for a row.

Next, in a period T, in order to sequentially transfer the
charges stored in the capacitors 563-1 to 563-3 (Cyn» Crs1,
Cys-) to amplifiers 566-1 to 566-3, respectively, a horizontal
scanning signal ¢Hn is changed to high for each columns
controlled by a horizontal shift register 559, and transistors
564-1 to 564-3, provided for each column, are turned on;
thereby the capacitors 563-1 to 563-3 (C, Crgq, Crso) are
connected to the respective amplifiers 566-1 to 566-3. From
the capacitors 563-1 to 563-3 (C;n, Crg1, Cy), the noise
component, the first signal, and the second signal are out-
putted, and from a differential amplifier 567-1, a signal S1
obtained by subtracting the noise component from the first
signal is outputted, and a signal S2 obtained by subtracting
the noise component from the second signal is outputted
from a differential amplifier 567-2. Note that accumulation
of photo-charges by the photodiodes are also performed
during the period T,.

Further, by changing signals ¢$TX,,, and ¢TX,,,, to high
instead of the signals ¢TX 5, and ¢TX,,_, in the aforesaid
operation, signals corresponding to photo-charges accumu-
lated in the photodiodes g, and q,, in an even-number row
are read out and a noise component is subtracted from those
photo-charge signals to obtain the signals S1 and S2.

First Modification of the Third Embodiment

Next, another configuration of an image sensing apparatus
including a signal processing circuit is explained.

FIG. 33 is an equivalent circuit of the image sensing
apparatus including the signal processing unit.

In the modification 1, four capacitors 563-2 to 563-5
(Cy1 to Cyg,) are provided for storing photo-charge signals,
and different information can be stored in the respective
capacitors 563-2 to 563-5. More specifically, a signal cor-
responding to photo-charge accumulated in the photodiode
qq; is stored in the capacitor 563-2 (C,g,), and a signal
corresponding to photo-charge accumulated in the photo-
diode q,, is stored in the capacitor 563-5 (Cys.,), for
instance. Therefore, processes performed in the downstream
of amplifiers 566 may be operated at a half clock speed to
achieve the same throughput of the image sensing apparatus
having the configuration shown in FIG. 31. Accordingly, the
amplifiers 566, the differential amplifiers 567, and other
signal processing circuits may be also operated at a half
clock speed comparing to the configuration shown in FIG.
31. Thus, required speed of the operating elements is
decreased, and it is possible to use inexpensive lower
performance elements to configure the circuit. As a result,
the cost of the system is reduced.

Note, the charges to be stored in the capacitors are not
limited to those respectively corresponding to photo-charges
accumulated in the respective photodiodes, and added
charges may be stored by controlling operation of the
transfer gates and the reset MOS. When the CMOS sensor
22 has the configuration as shown in FIG. 21, for instance,
it is possible to store a photo-charge signal of the G
photodiode g in the capacitor 563-2 (C,), a photo-charge
signal of the G photodiode g, in the capacitor 563-3 (C;.,)
and a photo-charge signal of the R photodiode q,, and the B
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photodiode q,; in the capacitor 563-4 (C,.5). It is effective
to apply this configuration to a smart sensor using each pixel
more intelligently.

According to the configuration as explained in the third
embodiment and the first modification of the third embodi-
ment, it is possible to reduce noise caused by variation in
characteristics of amplifiers each provided for each unit cell.

Second Modification of the Third Embodiment

Next, a case of operating the image sensing apparatus of
the second modification of the third embodiment will be
explained with reference to FIGS. 34 and 35. FIG. 34 is an
equivalent circuit of an image sensing apparatus including a
signal processing circuit, and FIG. 35 is a timing chart for
operating the image sensing apparatus shown in FIG. 34.

First, during a horizontal blanking period, photo-charges
accumulated in pixels are transferred and photodiodes are
reset to an initial state.

During a period T,,, the vertical signal lines 557 are reset
by changing a signal $R,, to high to remove residual charges
on the vertical signal lines 557. At the same time, residual
charges in the capacitors Cpyy, Crams Crgps Crgo are
removed by changing signals ¢ Ty, $Tar, $Ts; and ¢Tg, to
high.

During a period T,,, in advance of transferring photo-
charges of photodiodes in odd-number columns in a first row
(Q115 Q13 - - - » Q1gey)> the gates of amplifiers (the gates of
the MOS amplifiers M) are reset by changing a signal
¢TXz, to high and residual charges in the gates are
removed. After resetting the gates, reset noise remains.

During a period T,5, the reset noise from the period T,,
and offset voltages of the amplifiers are transferred to
capacitors Cpn;. The output terminals of the amplifiers are
electrically connected to the vertical signal lines 557 by
changing a signal ¢S, to high, and a signal ¢L is also
changed to high to turn on MOS transistors 561 for activat-
ing the amplifiers. Further, a signal Ty, is changed to high
to electrically connect the capacitors C,,, with the respec-
tive vertical signal lines 557. Accordingly, noise is stored in
the capacitors Cpyq.

During a period T,,; photo-charges of photodiodes in
odd-number columns in a first row (q;1, Q135 - - - > Q11 AT€
transferred to the capacitors C,,. By changing the signals
oL, 9T, and ¢S, to high, the amplifiers and the capacitors
Cys, are electrically connected.

When a signal ¢TX,, becomes high, photo-charge is
transferred from each photodiode in the odd-number column
in the first row to the amplifier. With this operation, the
photo-charge is added to the reset noise from the period T,,
at the gate of the amplifier. This gate voltage is further
superposed on the offset voltage, and a signal (S1+N1) is
stored in each capacitor Cyy;.

During the periods T,5 to T,g, photo-charges of photo-
diodes in even-number columns in the first row (qi.,,
Qs - - - » qy,,) are transferred to the capacitors Cy,. The
basic operation is the same as that performed during the
periods T, to T,,, except a signal $TX,, is changed to high
instead of the signal $TX,, a signal $T,, is changed to high
instead of the signal ¢T,,, and a signal ¢Tg, is changed to
high instead of the signal ¢Ts;.

During a period T, residual charges in the vertical signal
lines 557, the amplifiers, and the transfer MOS are removed,
thereby transference of reset noise and photo-charge signals
are completed.

After the aforesaid processes, noise signals N1 and N2,
and signals (S1+N1) and (S2+N2) are stored in the capaci-
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tors Cyais Crams Crs1s and Cres, respectively. These signals
are outputted via horizontal signal lines in response to
signals ¢H1 and $H2 controlled by a horizontal shift register
559 during a period T,,,. Then, in a differential amplifier
Al, the noise signal N1 is subtracted from the signal
(S1+N1), thereby a signal S1 is outputted, and in a differ-
ential amplifier A2, the noise signal N2 is subtracted from
the photo-charge signal (S2+N2), thereby a signal S2 is
outputted.

Accordingly, photo-charge signals faithfully correspond-
ing to the photo-charges accumulated in the photodiodes q;;
to q,, in the first row are obtained. Charging operation starts
when photo-charges are transferred to the gate in the period
T,, and T,g.

In the next horizontal blanking period, the same operation
performed for the first row as described above is repeated for
the second row. After reading out the photo-charges of
photodiodes in the second row, the amplifier, shared by four
pixels, are put into a disconnected state until the next vertical
blanking period when next operation is performed.

In order to read out photo-charges by two rows, another
set of capacitors Crpy, Crg; and Cpg,, and differential
amplifiers Al and A2 are to be added to the configuration
shown in FIG. 34. More specifically, in the aforesaid opera-
tion, photo-charges are read out by a single row in a
non-interlace operation, whereas photo-charges of two rows
are read out in one horizontal period.

FIG. 36 is a timing chart during a vertical blanking period.

While a single vertical blanking period, the aforesaid
operation performed during the horizontal blanking period is
repeated number-of-row times. The vertical shift register
outputs operation pulses ¢TX,,, $TX,,, $TXz,, and ¢S,
for each horizontal blanking period for each row.

As described above, in the second modification of the
third embodiment, in addition to removing noise due to
variation in characteristics of amplifiers as described in the
third embodiment and in the first modification of the third
embodiment, reset noise is also removed.

Fourth Embodiment

Next, the fourth embodiment of the present invention will
be explained.

In the fourth embodiment, a case where an additional
function is added to an amplifier, a common circuit in the
aforesaid embodiments, shared in a unit cell is explained.

FIG. 37 shows a configuration of the common circuit with
the additional function.

In the downstream of an amplifier 701, memory 702, a
differential amplifier 703, and a comparator 704 are added.
The noise, as described in the foregoing embodiments, is
temporarily stored in the memory 702, a signal (S-N) is
transferred to the positive terminal of the differential ampli-
fier 703, and the differential amplifier 703 takes the differ-
ence between the noise and the signal (S-N), thereby, a
signal S, including no noise component, is obtained. The
signal is transferred to a vertical signal line. Or, depending
upon utilization purpose of the signal, the obtained signal
can be digitized by the comparator 704.

Further, by replacing the comparator 704 with an analog-
digital (A/D) converter, a digital signal can be obtained. The
digital signal output from the A/D converter may be either
a serial signal or a parallel signal. The circuit may be
arbitrary changed depending upon utilization purpose.
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Other Embodiments

The present invention is not limited to a general CMOS
sensor as shown in FIG. 41 or 42, and may be applied to an
image sensor as disclosed in ISSCCI8/SESS:ON 11/IMAG-
ESENSORS/PAPER FA11.8 pp182, shown in FIG. 38.

In this case, a configuration of an amplifier shared by e.g.,
four photodiodes, may be the one as shown in FIG. 39.

Further, the present invention is not limited to a CMOS
sensor, and applicable to any APS sensors.

Furthermore, in the first to fourth embodiments, a plural-
ity of photoelectric conversion elements are arranged to
share a single amplifier, forming a unit cell altogether,
however, the amplifier may be replaced by other unit which
processes signals, outputted from a plurality of photoelectric
conversion elements. For instance, an A/D conversion cir-
cuit (US. Pat. No. 5,461,425) and a signal processing
circuit, e.g., an image compressor (Journal of Television
Society vol. 150, no. 3, pp. 335 to 338, 1995) may be used
in place of the amplifier.

The present invention is not limited to the above embodi-
ments and various changes and modifications can be made
within the spirit and scope of the present invention. There-
fore to apprise the public of the scope of the present
invention, the following claims are made.

What is claimed is:

1. An image sensing apparatus having a plurality of unit
cells arranged in two dimensions, each unit cell including a
plurality of photoelectric conversion elements and a com-
mon circuit shared by and arranged between said plurality of
photoelectric conversion elements included in the same unit
cell that the common circuit belongs to,

wherein said common circuit includes at least a transistor,

signals from said plurality of photoelectric conversion
elements are coupled to the transistor and processed,
and the transistor outputs the processed signals to an
output line,

wherein a first distance between a center of mass of

photo-receiving areas of adjoining photoelectric con-
version elements included in a given unit cell is sub-
stantially equal to a second distance between the center
of mass of the photo-receiving areas of the adjoining
photoelectric conversion elements included in different
unit cells, and a third distance between a center of mass
of the photo-receiving area of a photoelectric conver-
sion element included in the given unit cell and the
center of mass of the photo-receiving area of the
adjoining photoelectric conversion element included in
an adjoining unit cell,

wherein said common circuit is arranged at the edge of

each plurality of photoelectric conversion elements
arranged in a horizontal direction, and

wherein said unit cell is configured with a plurality of

pixels each including a photoelectric conversion ele-
ment, and contacts between layers of each pixel are
arranged so that a number of conductors passing over
each unit cell, as well as one of the contacts which is
not connected to a conductor passing over the unit cell
is connected to a light-shield film of the pixel.

2. An image sensing apparatus having a plurality of unit
cells arranged in two dimensions, each unit cell including a
plurality of photoelectric conversion elements and a com-
mon circuit shared by and arranged between said plurality of
photoelectric conversion elements included in the same unit
cell that the common circuit belongs to,

wherein said common circuit includes at least a transistor,

signals from said plurality of photoelectric conversion
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elements are coupled to the transistor and processed,
and the transistor outputs the processed signals to an
output line,

wherein a first distance between a center of mass of

photo-receiving areas of adjoining photoelectric con-
version elements included in a given unit cell is sub-
stantially equal to a second distance between the center
of mass of the photo-receiving areas of the adjoining
photoelectric conversion elements included in different
unit cells, and a third distance between a center of mass
of the photo-receiving area of a photoelectric conver-
sion element included in the given unit cell and the
center of mass of the photo-receiving area of the
adjoining photoelectric conversion element included in
an adjoining unit cell,

wherein said common circuit is arranged at the edge of

each plurality of photoelectric conversion elements
arranged in a vertical direction, and

wherein said unit cell is configured with a plurality of

pixels each including a photoelectric conversion ele-
ment, and contacts between layers of each pixel are
arranged so that a number of conductors passing over
each unit cell, as well as one of the contacts which is
not connected to a conductor passing over the unit cell
is connected to a light-shield film of the pixel.

3. An image sensing apparatus having a plurality of unit
cells arranged in two dimensions, each unit cell including a

15

20

25

26

plurality of photoelectric conversion elements and a com-
mon circuit shared by and arranged between said plurality of
photoelectric conversion elements included in the same unit
cell that the common circuit belongs to,
wherein said common circuit includes at least a transistor,
signals from said plurality of photoelectric conversion
elements are coupled to the transistor and processed,
and the transistor outputs the processed signals to an
output line,
wherein a first distance between a center of mass of
photo-receiving areas of adjoining photoelectric con-
version elements included in a given unit cell is sub-
stantially equal to a second distance between the center
of mass of the photo-receiving areas of the adjoining
photoelectric conversion elements included in different
unit cells, and a third distance between a center of mass
of the photo-receiving area of a photoelectric conver-
sion element included in the given unit cell and the
center of mass of the photo-receiving area of the
adjoining photoelectric conversion element included in
an adjoining unit cell, and
wherein said common circuit is digital signal conversion
means for converting a signal from each of said plu-
rality of photoelectric conversion element into a digital
signal.

App. 0720



Case 1:16-cv-00290-MN Document 103-4 Filed 10/17/18 Paqge 28 of 100 PagelD #: 2579

UNITED STATES PATENT AND TRADEMARK OFFICE
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APPLICATION NO. : 09/299874

DATED : December 20, 2005

INVENTORC(S) : Seiji Hashimoto et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

Column 2
Line 62, “Fig. Sres” should read -- Figures --.

Column 4
Line 13, “when” should read -- of an --; and
Line 55, “shows” should read -- show --.

Column 5
Line 14, “and a,;, a4,” should read -- and a,;, a;5 --.

Column 6
Line 22, “and b;;” should read -- and bs;, --; and
Line 33, “incidents” should read -- incident --.

Column 8
Line 7, “singlecrystalline” should read -- single crystalline --; and
Line 42, “Q=CV;” should read -- Q=CV, --.

Column 9
Line 35, “provided-over” should read -- provided over --; and
Line 42, “of the” should read -- for --.

Column 10
Line 31, “corresponding the” should read -- corresponding to the --.

Coluymn 11
Line 26, “(Crg;” should read -- (Crgj) --; and
Line 58, “columns™ should read -- column --,

Colymn 12

Line 28, “an” should read -- a --;

Line 54, “becomes” should read -- become --; and

Line 67, “singlecrystalline” should read -- single crystalline --.

Column 13
Line 12, “57.96 uM?,” should read -- 57.96 pm?, --.

Colymn 15
Line 17, “columns” should read -- column --,
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Column 17
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Column 20
Line 40, “(Cgr)” should read -- (Cry), --; and
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Column 21
Line 2, “photodiode P, should read -- photodiode q;, --; and
Line 12, “columns” should read -- column --,

Column 22

Line 19, “period T,1;,” should read -- period Ty, --;
Line 41, “period Ty,;” should read -- period 34, --; and
Line 58,“signal ¢T X" should read -- signal ¢TXgp,--.

Column 26
Line 24, “element” should read -- elements --,

Signed and Sealed this

Twenty-seventh Day of June, 2006

o WD

JON W. DUDAS
Director of the United States Patent and Trademark Office
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IMAGE PICKUP APPARATUS

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a solid-state image
pickup element for obtaining an image signal and an image
pickup apparatus using the same and, more particularly, to a
CMOS compatible XY address amplifier type solid-state
image pickup element and an image pickup apparatus using
the same.

[0003] 2. Related Background Art

[0004] Conventional solid-state image pickup elements
have a MOS structure made up of a conductor such as a
metal capable of performing photoelectric conversion, an
insulator such as an oxide, and a semiconductor, and are
classified into an FET type and CCD type depending on the
photocarrier moving method. Solid-state image pickup ele-
ments are used in various fields including a solar battery,
image camera, copying machine, and facsimile apparatus,
and are technically being increased in conversion efficiency
and integration density. One of such solid-state image
pickup elements is a CMOS process compatible sensor (to
be referred to as a CMOS sensor hereinafter). Sensors of this
type are proposed in documents, e.g., IEEE Transactions on
Electron Device Vol. 41, pp. 452-453, 1994. Another CMOS
sensor is disclosed in Japanese Laid-Open Patent Applica-
tion No. 9-46596 in which the sensor is suitable for down-
sizing of pixels and addition/non-addition of a pixel signal
can be arbitrarily switched.

[0005] In the prior art, downsizing cannot be effectively
achieved unless the pitch of a vertical scanning circuit is also
decreased along with pixel reduction.

[0006] Further, a scanning circuit for efficiently perform-
ing addition/non-addition switching operation has not satis-
factorily been examined.

SUMMARY OF THE INVENTION

[0007] Ttis an object of the present invention to provide a
solid-state image pickup element much smaller than a con-
ventional solid-state image pickup element.

[0008] To achieve the above object, according to an aspect
of the present invention, there is provided a solid-state image
pickup element comprising a plurality of pixel blocks each
having a plurality of photoelectric conversion elements, a
plurality of transfer switches for transferring signals from
the respective photoelectric conversion elements, and a
common amplifier for receiving signals from the plurality of
transfer switches, and a scanning circuit for outputting a
scanning clock for each pixel block.

[0009] In this arrangement, the circuit scale of the scan-
ning circuit can be reduced, resulting in a small area of the
solid-state image pickup element.

[0010] The above and other objects and features of the
present invention will be apparent from the following
description in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a circuit diagram for explaining the first
embodiment of the present invention;
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[0012] FIG. 2 is a sectional view showing a pixel accord-
ing to the first embodiment of the present invention;

[0013] FIG. 3 is a first timing chart according to the first
embodiment of the present invention;

[0014] FIG. 4 is a second timing chart according to the
first embodiment of the present invention;

[0015] FIG. 5 is a circuit diagram for explaining the
second embodiment of the present invention;

[0016] FIG. 6 is a circuit diagram for explaining the third
embodiment of the present invention;

[0017] FIG. 7 is a circuit diagram for explaining the fourth
embodiment of the present invention;

[0018]
circuit;
[0019] FIG. 9 is a timing chart showing the operation of
the decoder circuit;

[0020] FIG. 10 is a schematic block diagram showing an
image pickup system according to the present invention;

[0021] FIG. 11 is a circuit diagram showing an arrange-
ment when an arithmetic processing unit is constituted by
OR and NOR gates; and

[0022] FIG. 12 is a timing chart showing the operation of
the arrangement in FIG. 11.

FIG. 8 is a circuit diagram showing a decoder

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0023] Preferred embodiments of the present invention
will be described in detail below with reference to the
accompanying drawings.

[0024] FIG. 1 is a circuit diagram showing the equivalent
circuit of a solid-state image pickup element according to
the first embodiment of the present invention. In FIG. 1,
reference numerals 1-1 and 1-2 denote photoelectric con-
version elements such as photodiodes; 5-1 and 5-2, transfer
switch MOS transistors; 4, a reset MOS transistor; 2, an
input MOS transistor of a source follower amplifier; 3, a
vertical selection MOS transistor; 7, a source follower load
transistor; 8, a dark output transfer MOS transistor; 9, a
bright output transfer transistor; 10, a dark output accumu-
lation capacitor; 11, a bright output accumulation capacitor;
12-1 and 12-2, horizontal transfer MOS transistors for
transferring dark and bright outputs, respectively; 13-1 and
13-2, horizontal output line reset MOS transistors; 14, a
differential output amplifier; 15, a horizontal scanning cir-
cuit; 16, vertical scanning circuits arranged for respective
pixel blocks; and 17, an arithmetic operation processing unit
constituted by AND and NAND gates in the first embodi-
ment.

[0025] FIG. 2 is a sectional view of a pixel. In FIG. 2,
reference numeral 201 denotes a p-type well; 202, a gate
oxide layer; 203-1 and 203-2, gate electrodes of transfer
MOS transistors formed from poly-Si or the like; 204, an
n*-type FD (Floating Diffusion) portion serving as a signal
input portion; 205-1 and 205-2, photoelectric conversion
portions. The FD portion 204 is connected to the two
photoelectric conversion portions 205-1 and 205-2 via the
transfer MOS transistors 5-1 and 5-2. In FIG. 2, the drains
of the two transfer MOS transistors 5-1 and 5-2 and the FD
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portion 204 are shared by each other, thus increasing the
sensitivity by micropatterning and reduction in the capaci-
tance of the FD portion 204. Alternatively, the two transfer
MOS transistors 5-1 and 5-2 may have their own drains
which are connected by a metal line to form an FD portion.

[0026] The operation will be described briefly with refer-
ence to the timing chart of FIG. 3. In FIG. 3, V1 and V2
represent vertical scanning timing clocks sequentially output
from the vertical scanning circuit 16; RES, an external
reset clock input to the arithmetic processing unit 17; ¢SEL,
an external vertical selection clock input to the arithmetic
processing unit 17; and ¢TX1 and ¢TX2, first and second
external transfer clocks input to the arithmetic processing
unit 17.

[0027] The photoelectric conversion element 1 is reset by
turning on the transfer switch 5 and reset switch 4. After the
transfer switch 5 is turned off, accumulation operation starts.
At the end of the accumulation time, AND operation of
¢SEL and the timing clock V1 from the vertical scanning
circuit 16 are performed, so that a vertical selection clock
¢sell goes high at time TO0, and then the vertical selection
MOS transistor 3 is turned on to operate source follower
amplifiers corresponding to the pixels on the first and second
lines. Similarly, NAND operation of ¢RES and the timing
clock Vi from the vertical scanning circuit 16 are performed,
so that a reset clock ¢resl goes low, and then the reset of the
FD portion 204 is stopped, so that the FD portion 204 is
floated. At time T1, a clock ¢TN goes high, and the dark
voltage of the FD portion 204 is output to the accumulation
capacitor Cpy 10 by source follower operation.

[0028] To output photoelectrical conversion outputs from
the pixels on the first line, AND operation of ¢ TX1 and the
timing clock V1 from the vertical scanning circuit 16 are
performed at time T2, so that a transfer cl ock ¢tx11 goes
high to turn on the transfer MOS transistor 5, and then signal
charges are transferred to the FD portion 204. With this
receiving of the charges, the potential of the FD portion 204
appears to change depending on light. At time T3, a clock
¢TS goes high, and the voltage of the FD portion 204 is
output to the accumulation capacitor Crg 11 by source
follower operation. At this time, dark and bright outputs
from the pixels on the first line are respectively accumulated
in the accumulation capacitors Cry 10 and Crg 11. At time
T4, a horizontal output line reset clock ¢HC temporarily
goes high to reset the horizontal output line. The dark and
bright outputs from the pixels are output in response to a
scanning timing signal from the horizontal scanning circuit
15 during the horizontal transfer period. Then, the differen-
tial output amplifier 14 obtains a differential output Vout
between the two outputs, thereby outputting a signal having
a high S/N ratio from which random noise and fixed pattern
noise of pixels are removed.

[0029] The operation can be easily switched to signal
read-out of the second line by clock operation using the
transfer clock ¢X2 instead of the external transfer clock
¢TX1 at the same timing in the above-described read
sequence.

[0030] The first embodiment realizes sensor read opera-
tion by generating a vertical scanning timing signal only
once while controlling the pixel arrays of the two, first and
second lines. Thus, the circuit arrangement of the vertical
scanning circuit can be simplified, the vertical scanning
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circuit can be reduced along with pixel reduction, and a
small-size solid-state image pickup element can be imple-
mented.

[0031] In the first embodiment, a pair of circuits for
generating the reset clock ¢res and vertical selection clock
¢sel necessary for read of each of the first and second lines
are arranged for and shared by the two, first and second
lines, thereby also reducing the circuit scale.

[0032] Addition and read-out of signals from two pixels at
the FD portion 204 can also be realized by changing only the
timings of application pulses without changing the circuit
arrangement of the first embodiment. FIG. 4 is a timing
chart when signals from two, upper and lower pixels are
added. The timings of the transfer clocks ¢tx11 and ¢tx12
are shifted to each other by one line in FIG. 3 showing the
non-addition mode, whereas their timings are the same in the
addition mode. More specifically, to simultaneously read out
signals from the photoelectric conversion elements 1-1 and
1-2, the clock ¢ TN goes high to read out a noise component
from a vertical output line. Then, the transfer clocks ¢tx11
and ¢tx12 simultaneously go high and low respectively, to
transfer signals to the FD portion 204. Accordingly, the
signals from the two, upper and lower photoelectric conver-
sion elements 1 can be added by the FD portion 204 at the
same timing.

[0033] The first embodiment can easily implement addi-
tion function by only changing the timings of the external
transfer clocks ¢TX1 and ¢TX2.

[0034] The arithmetic processing unit 17 in the first
embodiment is made up of AND and NAND gates, but is not
limited to this.

[0035] FIG. 11 shows an arrangement of the first embodi-
ment when the arithmetic processing unit is made up of OR
and NOR gates. FIG. 12 is a timing chart showing the
operation in this arrangement. This arrangement can also
generate a desired clock by processing the vertical scanning
timing clock and the clocks ¢RES, ¢SEL, ¢TX1, and $TX2
by the arithmetic processing unit. In the pixel layout repre-
sented by this arrangement, the number of transistors which
constitute gates can be more reduced when the arithmetic
processing unit is made up of OR and NOR gates than when
it is made up of AND and NAND gates. This can further
reduce the circuit scale.

[0036] FIG. 5 is a circuit diagram showing the equivalent
circuit of a solid-state image pickup element according to
the second embodiment of the present invention. In the
second embodiment, four pixels in the Y direction form one
pixel block, and one vertical scanning circuit 16 is arranged
for every four pixels.

[0037] In the second embodiment, sensor read operation
can be performed by generating a vertical scanning timing
signal only once while controlling the pixel arrays of the
four, first to fourth lines. The circuit arrangement of the
vertical scanning circuit can be more simplified than in the
first embodiment. The scanning circuit can be reduced along
with pixel reduction to implement a smaller-size solid-state
image pickup element.

[0038] A pair of circuits for generating a reset clock ¢res
and vertical selection clock ¢sel are arranged for and shared
by the four, first to fourth lines, thereby also reducing the
circuit scale.
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[0039] Addition and read-out of signals from four pixels in
the Y direction at an FD portion 204 can also be easily
realized by changing only the timings of application pulses
without changing the circuit arrangement of the second
embodiment.

[0040] FIG. 6 is a circuit diagram showing the equivalent
circuit of a solid-state image pickup element according to
the third embodiment of the present invention. In the third
embodiment, an arithmetic processing unit 17 is comprised
of transfer gates 601 and switch MOS transistors 602.
Reference numeral 603 denotes an inverter which generates
the inverted signal of a vertical scanning timing clock.

[0041] The operation of the third embodiment will be
explained with reference to the timing chart of FIG. 3.
Similar to the first embodiment, after photoelectric conver-
sion elements are reset, accumulation operation starts. At the
end of the accumulation time, a timing output V1 from a
vertical scanning circuit 16 goes high to turn on transfer
gates 601-1 to 601-4. External clocks ¢SEL, ¢RES, ¢TX1,
and ¢TX2 are transferred to pixels via the transfer gates
601-1 to 601-4, and act as clocks which operate respective
pixels at the same timings as those described in the first
embodiment. After signals on the first and second lines are
read out, the vertical scanning timing clock V1 goes low to
turn on the switch MOS transistors 602, and the gates of
vertical selection MOS transistors 3 and those of transfer
MOS transistors 5 corresponding to the first and second lines
are fixed to a turn-off potential. The gates of reset MOS
transistors 4 are fixed to a turn-on potential.

[0042] The third embodiment also attains the same effects
as those of the first and second embodiments. In addition, the
third embodiment can reduce the circuit scale of the arith-
metic processing unit 17 much more than the first and
second embodiments. In the third embodiment, an external
clock is directly transferred to the gate of a pixel transistor
via the transfer gate 601. In the first and second embodi-
ments, the clock amplitude is uniquely determined by the
power supply voltage of a logic gate. In the third embodi-
ment, the clock amplitude can be freely changed by chang-
ing the amplitude of an input external clock. For example,
the gate voltage when the transfer MOS transistor is OFF is
set slightly higher than the threshold voltage of the MOS
during the accumulation period. This setting enables lateral
overflow draining of discharging to a power source VDD,
through the transfer MOS transistor and reset MOS transis-
tor, excessive charges generated when strong light is inci-
dent on a photoelectric conversion element 1.

[0043] FIG. 7 is a circuit diagram showing the equivalent
circuit of a solid-state image pickup element according to
the fourth embodiment of the present invention. In the fourth
embodiment, a decoder circuit 701 is arranged between an
external clock input portion and an arithmetic processing
unit to reduce the number of externally input clocks.
[0044] FIG. 8 is a circuit diagram showing the decoder
circuit, and FIG. 9 is a timing chart showing its operation.
As shown in FIG. 9, an external clock ¢TX is distributed to
any one of ¢TX1 to ¢TX4 in accordance with whether
decoder clocks ¢DEC1 and ¢DEC2 are high or low, thereby
outputting the selected clock. The output clocks ¢TX1 to
¢TX4 and vertical scanning timing clocks are ANDed to
generate transfer clocks.

[0045] Compared to the second embodiment, the fourth
embodiment can reduce the number of external clocks by
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one by arranging the decoder circuit 701. In the fourth
embodiment, four pixels in the Y direction form one pixel
block. For example, when eight pixels form one pixel block,
the second embodiment requires eight external transfer
clocks, but the fourth embodiment can realize an operation
similar to the above-described one by a total of four clocks,
i.e., one external transfer clock and three decoder clocks.

[0046] The fourth embodiment can, therefore, obtain new
effects: the number of external clocks can be reduced, the
solid-state image pickup element can be easily controlled,
and the area for laying out clock wires can be reduced.

[0047] The vertical scanning circuit in each of the first to
fourth embodiments may be a shift register circuit or
decoder circuit. The shift register circuit can reduce the
circuit scale more than the decoder circuit. The decoder
circuit can freely select the pixel column selection order and
can realize various signal read-out orders in comparison
with the shift register circuit.

[0048] As has been described above, the first to fourth
embodiments can implement a solid-state image pickup
element in which the peripheral circuit is downsized, result-
ing in low cost by downsizing and high yield, a small-size
package, a small-size optical system, and a simple external
control circuit.

[0049] FIG. 10 is a schematic view showing an image
pickup apparatus such as a digital camera. As shown in FIG.
10, image light passing through an optical system 71 and iris
80 forms an image on a CMOS sensor 72. The optical
information is converted into an electrical signal by a pixel
array arranged on the CMOS sensor 72. Noise is removed
from the electrical signal, and the resultant signal is output.
The output signal undergoes signal conversion processing
by a signal processing circuit 73 by a predetermined method,
and output. The processed signal is recorded by an infor-
mation recording device or transferred via a recording and
communication system 74. The recorded or transferred
signal is reproduced by a reproducing system 77. The iris 80,
CMOS sensor 72, and signal processing circuit 73 are
controlled by a timing control circuit 75, whereas the optical
system 71, timing control circuit 75, recording and commu-
nication system 74, and reproducing system 77 are con-
trolled by a system control circuit 76. In this case, the CMOS
sensor 72 is a solid-state image pickup element described in
each of the first to fourth embodiments.

[0050] Many widely different embodiments of the present
invention may be constructed without departing from the
spirit and scope of the present invention. It should be
understood that the present invention is not limited to the
specific embodiments described in the specification, except
as defined in the appended claims.

What is claimed is:
1. A solid-state image pickup element comprising:

a plurality of pixel blocks each having a plurality of
photoelectric conversion elements, a plurality of trans-
fer switches for transferring signals from said respec-
tive photoelectric conversion elements, and a common
amplifier for receiving signals from said plurality of
transfer switches; and

a scanning circuit for outputting a scanning clock for each
pixel block.

Appx. 0736



Case 1:16-cv-00290-MN Document 103-4

US 2002/0018131 Al

2. An element according to claim 1, wherein said scanning
circuit includes a shift register.

3. An element according to claim 1, wherein said scanning
circuit includes a decoder.

4. An element according to claim 1, further comprising an
operation processing circuit for receiving a plurality of
transfer clocks corresponding to said plurality of transfer
switches in said pixel block, performing operation process-
ing for the scanning clock output from said scanning circuit
and the plurality of transfer clocks, and supplying processed
signals as clocks for driving said plurality of transfer
switches.

5. An element according to claim 4, further comprising a
decoder for converting one transfer clock input into a
plurality of transfer clock inputs corresponding to said
plurality of transfer switches in said pixel block and input-
ting the plurality of transfer clock inputs to said operation
processing circuit.

6. An element according to claim 4, wherein said opera-
tion processing circuit includes an AND operation process-
ing circuit for receiving the scanning clock and the transfer
clock.

7. An element according to claim 5, wherein said opera-
tion processing circuit includes an AND operation process-
ing circuit for receiving the scanning clock and the transfer
clock.

8. An element according to claim 4, wherein said opera-
tion processing circuit includes an OR operation processing
circuit for receiving the scanning clock and the transfer
clock.

9. An element according to claim 5, wherein said opera-
tion processing circuit includes an OR operation processing
circuit for receiving the scanning clock and the transfer
clock.

10. An element according to claim 4, wherein

when said plurality of transfer switches of said pixel block
are set as a plurality of first transfer switches, said
operation processing circuit is formed from a plurality
of second transfer switches,

the scanning clock is input to gates of said plurality of
second transfer switches, and
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the transfer clock inputs are supplied to said first transfer
switches via said second transfer switches.

11. An element according to claim 5, wherein

when said plurality of transfer switches of said pixel
blocks are set as a plurality of first transfer switches,
said operation processing circuit is formed from a
plurality of second transfer switches,

the scanning clock is input to gates of said plurality of
second transfer switches, and

the transfer clock inputs are supplied to said first transfer
switches via said second transfer switches.

12. An element according to claim 1, further comprising:

a reset switch arranged in each pixel block to reset a signal
input portion; and

an operation processing circuit for receiving a reset clock
input, performing arithmetic processing for the scan-
ning clock and the reset clock input, and supplying a
processed signal as a clock for driving said reset switch.

13. An element according to claim 1, further comprising:

a selection switch arranged in each pixel block to select
said pixel block; and

an operation processing circuit for receiving a selection
clock input, performing arithmetic processing for the
scanning clock and the selection clock input, and
supplying a processed signal as a clock for driving said
selection switch.

14. An image pickup apparatus comprising:
said solid-state image pickup element defined in claim 1;

an optical system for forming light into an image on said
solid-state image pickup element; and

a signal processing circuit for processing an output signal
from said solid-state image pickup element.
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Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews
Paragraph (b)

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C. 132)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. Itis the examiner’s responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
“Contents” section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant’s correspondence address
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:

— Application Number (Series Code and Serial Number)

— Name of applicant

— Name of examiner

— Date of interview

— Type of interview (telephonic, video-conference, or personal)

— Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)

— An indication whether or not an exhibit was shown or a demonstration conducted

— An identification of the specific prior art discussed

— Anindication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

— The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:

1) A brief description of the nature of any exhibit shown or any demonstration conducted,

2) an identification of the claims discussed,

3) an identification of the specific prior art discussed,

4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner,

5) a brief identification of the general thrust of the principal arguments presented to the examiner,

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

8) a general indication of any other pertinent matters discussed, and

7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by

the examiner.

Examiners are expected to carefully review the applicant’s record of the substance of an interview. If the record is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner’s version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, “Interview Record OK” on the
paper recording the substance of the interview along with the date and the examiner’s initials.
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SOLID STATE IMAGING APPARATUS, METHOD FOR DRI\’fI,NG- THE SAME

AND CAMERA USING THE SAME

BACKGROUND OF THE INVENTION

The present invention relates to a solid state imaging apparatus in which a plurality
of photoclectric conversion sections are arranged in an array, a method for driving the solid
state imag,ng apparatus and a camera using the solid state imaging apparatus.

F1G. 10 is a diagram illustrating @ general circuit configuration tor a MOS type
irage sensor, i.e., a known solid imaging apparatus (e.g., sce M. H. White, D. R. Lange, F.
C. Blaha und 1. A. Mach, “Characterization of Surface Channel CCD Image Arrays at Low
Light Levels”, TEEE J. Sohd-State Cucuxts SC-9, pp. 1-13 (1974)).

As shown in FIG. 10, a photoelectric conversion cell includes a photodiode (PD)
section 161, a transfer transistor 113, a reset transistor 122, a pixel amplifier transistor 123,
a select transistor 152, a floating diffusion (FD) section 109, a power supply hine 131 and
zn output signal line 138,

The PD section 101 of which the anode is grounded is connected to the drain ol the
transfer transistor 113 at the cathode. The source of the transfer transistor 113 is connected
to the respective sources of the FD section 109, the gate of the pixel amplifier transistor
123 and the source of the reset transistor 122, The gate of the transfer trunsistor 143 1s
connucied to a read-out line 134, The reset transistor 122 which receives a reset signal 137
at tne zare includes a drain connected to the drain of the pixel amplitfier transistor 123 and
the power supply line 131. The source of the pixel amplifier transistor 123 is connected to
the drain of the select transistor 152, The select transistor 152 receives o selection signal

SEL ot the gate and includes a source connected to the vutput signal line 138,

The output signal line 138 is connected to the source of a load gare 123, The yate
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of the load gate 125 is connected to a load gate line 140 thereof and the drain 1s connected
1o a source power supply line 141.

In this configuration, a predetermined voltage is applied to the load gate line 140 so
that the load gate 125 becomes a constant current source, and then the transfer transistor
113 is temporarily turned ON to transfer charge photoelectric-canverted in the PD seciion
101 to the FD section 109. Then, the potential of the PD section 101 is detected by the
pixcl amplifier transistor 123, In this case, by turning the select transistor 132 ON, signal
charge can be detected through the output signal line 138.

However, in the known solid state apparatus, four transistors 113, 122, 123 and 152
and five lines 131, 134, 137, 138 a.ndl 150 are required for total in each photoelectric
conversion cell.  Accordingly, the areas of transistor land line secuions in a cell are
increased. For example, it a photoelectric conversion cell is dusigned, assuming that the
areu of g photoelectric conversion cell 15 4.1 um x 4.1 pm, with the desien rule of 0.35 um,
the aperture ratio of the PD section 101 to the photoelectric conversion cell is only about
5%  Therefore, 1t 1s difficult to ensure a sufficiently large arca of opening of the PD

secuon 161 and also to reduce the size of the photoelectric conversion cell.

SUMMARY OF THE INVENTION

It is an object of the present invention to solve the above-described problems and,
to reduce. in a FDA (floating diffusion amplifier) system, the size of a photoelectric
conversion cell while increasing an aperture area of a photoelectric conversion section,

To achieve the above-described object, the present invention has been deviced, so
that a configuration in which a transistor and an interconnect can be shared by a plurality
of photoelectric conversion (PD) sections is used in a solid state imaging apparatus.

Specifically, a first solid sate imaging apparalus includes: a plurality of

App. 0744

S02 B MCDERAOTT Sz ATDA DATENT. (JEFIC2 o go b - -
6-6v-00790 MM " Dbcument 103-4* Fiidd 1 JAFAL “BAG8 51 of 100 Pagelbrs: 26624 7



20

||(|

"n
Q—

d1617Ms"

QT
m"

= 1TET9D BEMCDERMOTT e
1:16-cv-00290-MN Document 103-4"'

photoelectric conversion cells each including a plurality of photoelectric sections arranged
in an array of at least two rows and two columns; a plurality of floating diffusion sections
each beinu connected 1o each of ones of the photoelectric secticns which are included in
the sarne row of each said photoelectric conversion cell via each of a plurality of transfer
transistors, and being shared by said ones of the photoelectric sections which are included
i the same row; a plurality of read-out lines each being selectively connecied to at least
rwo of the transfer transistors; and a plurality of pixel amplifier transistors cach detecling
and ourputting the potental of each said the floating diffusion section. In the apparatus,
respective charges of the photoelectric conversion sections each being connected 10 one of
the read-our hnes and being read our by the transfer transistors are read out by differém
flosting d.ffusion sections.

In the first solid imaging apparatus, cach said floating diffusion section is shared by
ones of the photoelectric conversion sections included in the sume row, and furthermore,
respective charges of the photoelectric conversion sections each being connected 1o one of
the read-out lines and being read out by the transfer transistors are read out by different
flosting diffusion sections.  Thus, the number of read-out lines per photoelectric
conversion cell becomes 0.5, As a result, the aperture ratio of the photoeleciric conversion
sections 10 the photoelectric conversion cell can be increased and also the size of the
photoelectric cell can be reduced.

In the first solid state imaging apparatus, it is preferable that each said read-out line
15 connected to a transfer transistor connected to ones of the photoclectric conversion
sections which are included in the same column. Thus, charges of at least two of said ones
of the photoelectric conversion sections which are included in the samnc column. can be
output through a floating diffiusion section, a pixel amplifier transistor and a signal line.

Mareover, in the first solid state irnaging apparatus, it is preferable that wherein
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cach :aid read-out line is connecled to a transfer transistor connected to ones of the
photoelectric  conversion sections which are included in two adjucent columns,
respective.y. Thus, charges of at least two of said ones of the photoelectric conversion
sections which are included in two adjacent columns, respectively, can be output through a

5 floating diffusion section, a pixel amplifier transistor and a signal line.

In the first solid state imaging apparatus, it is preferable that each said floauing
diffusion section and each said pixel amplifier transistor are shared by a row which is read
out by a rransfer transistor connected to one of the read-out line and another row which is
adjacent to the read-out row.

1o It is preferable that the first solid siate imaging apparatus further includes: a signal
line for outputting a signal from each said pixel amplifier transistor to the outside; and a
select transistor which is provided between the pixel amplifier transistor and the signal line
o selectively conduct between the pixel amplifier wransistor and the signal line. Thus,
charges from one of the photoelectric conversion sections which are included in adjacent

13 rows, respectively, can be detected through a shared signal line.

[y the first solid state imaging apparatus, it 1s preferable that each said floating
diffusion section and each said pixel amplifier transistor are shared by photoelectric
conversion seciions which are adjacent to ¢ach other in the row direction or in the column
direction.  Thus, the aperture ratio of the photoeleciric conversion sections to the

20 photoelectric conversion cell can be increased and ajso the size of the photoelectric cell can
Le reduced,

In the first solid state imaging apparatus, it is preferable that in each said floating
diffusion section, a reset section for resetting charge stored in the floating difTusion section

is provided. Thus, it is possible to stop, after charge read out from a photoeleciric

J
w

conversion section has been detected by an amplifier, detection of charge by the pixel
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amplifier transistor.

In the first solid state imaging apparatus, it is preferable tnat the photoelectric
conversion sections are arranged so as to be spaced apart from one another by a cenain
distance in the row direction or in the column direction. Thus, a high quality image can be
obtained from signals read out from the photoelectric conversion sections.

It is preferable that the first solid state imaging apparatus further includes a signal
processing circuit for processing an output signal from each said pixel amplifier transistor.
Thus, a high quality image can be obtained.

In the first solid state imaging apparafus, it is preferable that the photoelectric
conversion cells are separated fromm one another by a power supply line which also
functions as a light-shielding film. Thus, a power supply line can be formed in a different
interconnect layer from an interconnect layer in which an output signal line connecied to &
pixel amplifier transistor is formed. Therefore, the size of a photoelectric conversion cell
can be further reduced and also the aperture area can be increased.

A method for driving a solid state imaging apparatus according to the 'prcse.nt
inveniion is directed 1o a method for driving the first solid state imaging apparatus of the
present invention and includes: a first step of transferring, in each said photoelectric
conversion cell, by @ first read-out hne of the read-ou lines, signal charges from ones of
the photoelectric conversion sections which are not included in the same row but included
in .wo columns adjacent to each other, respectively, to one of the floating diffusion
sections connected to saitd ones of the photoelectric conversion sections; and a second siep
of transterring, by a second read-out line of the read-out lines, signal charges from ones of

the puotoelectric conversion sections which have not been read out in the first step to the

same floating diffusion section connected to said ones of the photoclectric conversion

secuons as that in the first step.
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A second solid state irnaging apparatus according to the present inveniion includes:
a piurality of photoelectric conversion cells each including a plurality of photoelectric
sections arranged in an array of at least two rows; a plurality of floating diffusion sections
each being connected, via each of a plurality of transfer transistors, to each of ones of the
photoeleciric conversion sections which are included in adjacent rows, respe;live.ly, and
which are included in the same column in each said photoelectric conversion cell, and each
being shared by said ones of the photoelectric conversion sections; a plurality of read-out
lines each being connected to one of the transfer transisiors and independently reading out
charge from each of said ones of the photoelectric conversion scctions to each said ;ﬂouting
diffusion sectjon shared by said ones of the photoelectric con;/er'sion sections; and a
piurality of pixei amplifier transistors each detecting and outpuiting the potenual of the
iloating diffusion section,

In the second solid state a,pparat'us7 each said floating diffusion section is connecied
10 some of the plurahty of transfer transistors, is shared by ones of the photoelectric
conversion sections which are included in adjacent rows, respectively, and which are
included in the same.  Furthermore, some of the plurality of read-out lines each
independently reading out charge from each of said ones of the photoclectric conversion
secuions ure connected to each said transfer trunsistor. Thus, a row-select transistor which
15 usually provided is not needed. As a result, the number of inwcrconnects per
photeelectric conversion section s reduced from 5 to 3.5, Therefore, the area of the
photoclectric conversion cell itself can be reduced while increasing the area of the
photoeleciric sections.

It 15 preferable that the second solid state imaging apparatus turther includes a reset
trausistar for resetting charge stored in each said floating diffusion section and the drain of

the reset transistor is connected to the drain of the pixei anplifier transistor so that a drain

6
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is shared by the reset transistor and the pixel amplifier transistor. Thus, an 1nrerconnect

connecting between the drain of the reset transistor and the drain of the pixel amplifier
transistor cun be shared. Accordingly, the number of interconnecis per the photoelectric
conversion cell can be further reduced.

In the second solid state imaging apparartus, it 1s preferable that each said {loating
difTusion section is arranged between ones of the photoelectric conversion sections which
are adjacent 1o each other in the row direction in each said photoelectric conversion cell.
Thus, the area of floating diffusion sections per photoelectric conversion cell can be
reduced.

In the second solid state imaging apparutus, it is preferable that each said transfer
trarsistor 1s made of an MIS transistor, and a gate of the MIS trensistor is arranged in the
column direction. Thus, each said the read-out line can be also funcrion a5 an interconnect
of u transfer transistor, so that the area ot the read-out lines occupying the photoclecrric
cor.version cell can be reduced.

Moreover, in the second solid state imaging apparatus, it is preferable that each said
pixel amplifier transistor is arranged between rows which include some of the photoelectric
conversion sections and are adjacent .to each other in each said photoelcciric conversion
celi. Thus, the area of the pixel amplifier transistor per photouleciric conversion cell can
be reduced whereas the area of the photoelectric conversion sections can be increased.
Therefore, light sensitivity is increased,

Morcover, in the second solid state imaging apparatus, it is preferable that each said
pixel amplifier transistor and each said floating diffusion section are arranged between
adjacent ones of the read out lines. Thus, an interconnect connecting between the pixel
ampliiter trapsisior and the floating diffusion section can be shortened, so that the areas of

the pixel amplifier transistor and the floating diffusion section per photoelectric conversion
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o TN DEELCE T LY
led 10/17/18 ‘Page 56 of 100 Pageily # 2607 - "~



EDL PATENT z

LIz 1TEINA SR MODERMOTT f‘{f:ﬁ,ﬁ ED . z 1
3d 10717 8 P age 57 of 100 Pagel # 2608

: = I
* Case 116-6v-00390 M Document 1034 i

s
le

czll can be reduced.

Moreover, in the second solid state imaging apparatus, it is preferable that cach said
pixel amplifier transistor is arranged between ones of the photoelectric cells which are
adjacent to each other in the column direction. Thus, an opening for each said

s photozlectric conversion section can be formed so as to have a large area extending in the
row direction, Therefore, even if the size of the cell 1s reduced, light sensitivity can be
maintained.

Moreover, in the second solid state imaging apparatus, it is preferable that each said
tans{er transistor 1s made of an MIS transistor, and each said pixel amplificr transistor is

10 arrangec between respective gates of the MIS transistor and another MUS transistor. Thus,
4n 2mpty rezgion located in an area of the cell in which a row and a column intersect to
each other can be utilized. Therefore, the area of the photoclectric conversion sections can
be increased and the area of the photoelectric conversion cell itself can be reduced. .

In the case where the second solid state imaging apparufus includes the reset

[

transistors, it is preferable rhat each said reser transistor s arranged between rows which
inciude some of the photoelectric conversion sections and are adjacent to each orher in
each saia photoelectric conversion cell.  Thus, the area of the reset transistors per
photoclectric conversion section can be reduced. The.refore, the arca of the photoelectric
corversion sections can be increased and the ares of the photoelectric conversion cell itself
20 con be reduced.

Moreover, in the case where the second solid state imaging apparatus includes the
reset transistors, it 1s preferable that each said pixel amplitier transistor and the floating,
diftusion section are arranged between adjacent ones of the read out lines. Thus, an

interconnect between the floating diffusion section can be omitied and the source of the

23 reset transistor and the floating diffusion section can be connected to each other to be

*
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shared. Thercfore, the areas ofthc: reser transistors and the floating diffusion sections per
photozlectiric conversion cell can be reduced.

Moreover, in the case where the second solid state imaging apparatus includes the
resel transistors, it is preferable that each said reset transistor is connected to a line
arranged between ones of the photoelectric cells which are adjacent to each other in the
row direction. Thus, pitches of the photoelectric sections in row directions can be matched
in a siinple manner, so that resolution is improved.

Moreover, in the case where the second solid state imaging apparatus includes the
reset transistors, it s preferable that each said reset transistor 1s arranged detween ones of
the photoelectric conversion cells which are adjacent to each other in the column direction,
Thus, an opening for each said photoelectric conversion secticm‘ can be formed so s to
have » large area extending in the row direction. Therefore, even if the size of the cell is
reduced, light sensitivity can be maintained.

In this case, it 1s preferable that each said transfer transistor is rmade of an MIS
transistor, and each said reset transistor is arranged between respective gate of the MIS
transistor and another MIS transistor. Thus, an empty region located in an area of the cell
in which a row and a column intersect to cach other can be utilized. Therefore, the arca of
the photoclectric conversion sections can be increased and the area of the photoelectric
conversion cell itself can be reduced.

[in the second solid state imaging apparatus, it is preferable that each said floating,
diffusion section is arranged between ones of the photoelectric conversion cells which are
adjacent 1o each other in the column direction. Thus, the area of the oating diffusion
sections per photoelectric conversion cell can be reduced.

In the second solid state imaging apparatus, it 1s preferable that the photéclcclricz

convzrsion sections are arranged so as to be spaced apart from one another by a cenain
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distance in at least one of the row direction and the column direction. Thus, inclination in
the -esolution of an image taken can be corrected. Therefore, a high quality image can be
obtained.

In the case where the second solid state imaging apparatus includes the reset
teansistors, it is preferable that the line connecting respective drains of the reset transistor
and the pixel amplifier transistor also funcrions as a light-shielding film. Thus, the number
of interconnects per photoelectric conversion cell can be reduced. Theretore, the area of
the photoelectric sections can be increased and the area of the photoeleciric conversion cell
nself can be reduced.

It 1s preferable that each of the first and second solid state imaging apparatus
further includes a signal processing circuit for processing an output signal output from
cach said pixel amplifier transistor. Thus, a high resolution image can be obtuined.

A camera according to the present invention includes the first or second solid state
imeging spparatus of the present invention. Thus, the camera of the present invention can

achieve a migh resolution nmage.

BRIEF LESCRIPTION OF THE DRAWINGS
FIG. 1 is a circunt diagram illustrating an exemplary photoélectric conversion cell

in & solid state imaging apparatus according to a first embodiment of the present invention.

<

FIG. 2 is a uming chart showing timing for dnving the solid state imaging
apparatus of the first embodirnent.

FIG. 3 i1s a circuit diagram illustrating an exe‘mplary photoelectric conversion cell
in a solid state imaging apparatus according to a rodified examnple of the first

ernbodiment.

FIG. 4 1s a circuit diagram 1llustrating an exemplary photoclectric conversion cell

10
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in a solid stale irnaging apparatus ording to a second embodiment of the present
invention.

F1IG. 5 is a timing chart showing timing for driving the solid state imaging

apparatus of the second embodiment

F1G. 6 is a circuit diagram illustrating an exemplary photoelectric conversion cell

in a solid state imaging apparatus according to a third ¢mbodiment of the present
invention.

FIG. 7 is a timing chart showing uming for dnving the solid state imaging
apparatus of the third embodirnent

IG. 8 is a plane view schematically illustrating a layout of the photoelectric

conversion cell in the solid state imaging apparatus of the third embodirnent

FIG. 9 is a table showing the aperture ratio of PD sections to a photoelectric

conversion cell in each of regions A through E of FIG. 8 where 2

transistor and the like are
arronged.

A

FIG

10 is a circuit diagram illustrating a photoelectric conversion cell in

a known
solid imaging apparatus.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
(First Embodiment)

A first ernbodiment of the present invention will be described with reference to the
accompanying drawings.

FiG. 1 is a circult diagram illustrating an exemplary photoelectric conversion cell

in a sohd stale 1maging apparatus according o the first embodiment of the present
invenion.

t~
wi

As shown in FIG. 1, for example, photoeleciric conversion (PD) sections 1, 2

, 3
1
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and 4 zach of which is made of 2 photodiode and converts incident light to electric energy
are arranged in this order in the row direction. Furthermore, PD sections 3, 6, 7 snd 8§ are
srranged in this order in the row direction so that the PD sections 3, 6, 7 ard 8 are adjacent
to the PD sections 1, 2, 3 and 4, respectively, in the column direction,

Here, in this application, the row direction means to be the direction in which a row
nurnber increases and the column direction means to be the direction i which a column
number increases,

Rerween the first and 0% rows (not shown), a first floating diffusion (F1) section 9
for storinz photoelectric-converted charges from the PD sections 1 and 5 inciuded in the
{irst row and PD sections included in the 0" row is provided. Between the second and
third rows., a second floating diffusion section 10 for storing photoelectric-converted
charges from the PD sections 2 and 6 included in the second row and the PD sections 3 and
7 included in the third row is provided so as to be surrounded by the PD sections 2, 3, 6
and 7. Between the fourth and fifth rows (not shown), a third floating diffusion section 11
tor storing photoelectric-converted charges from the PD sections 4 and 8 included in the
tounth row and PD sections included in the fifth row is provided. In this manner, each of
the FD sccuons 9, 10 and 13 1s shared by four PD sections.

In this case, a cell including the PD sections 1, 2, 5 und 6 is a {irst photoelectric
corvarsicn cell 91 and a cell including the PD sections 3, 4, 7 and 8 is a secend
photoelectric conversion cell 92,

In the first photoelectric conversion cell 91, a transfer transistor 13 made of an N
chznnel FET for transferring charge from the PD section 1 o the first FD sect.'ion 9 i3
connected between the PD section 1 included in the first row and the firsi FD section 9,
and a transfer transistor 17 made of an N channel FET for transterring charge from the P

section S to the first FD section 9 is connected between the P seciion § and the first FD

12
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Morzover, in the first photoeleciric conversion cell 91, a transfer transistor 14 made
of an N channel FET for transferring charges from the PD section 2 to the second FD
suction L0 is connected between the PD section 2 included in the second row and the

s second FD section 10, and a transfer transistor 18 made of an N channel FET for
transiersing charges from the PD section 6 to the second FIJ section 10 is connected
between the PD section 6 and the second FD section 10,

As a characteristic of the first embodiment, the transfer transistor 13 included in the

first row ond the transter rransistor 14 included in the second row are connected to a first
10 read-out (READ) line 32 while the transfer transistor 17 included in the first row and the
transier transistor 18 included in the second row are connected to a second READ line 33,

In the second photoelectric conversion cell 92, a trunsfer transistor 15 made of an N
chennel FET for transferring charge from the PD section 3 to tlie second FDD section 10 13
connectes between the PD section 3 included in the third row and the second D section

15 10, and a transfer transistor 19 made of an N channel FET for wransferring charge from the
PD scction 7 to the second FD section 10 1s connected betweest the PD section 7 and the
second R section 10,

Moreover, in the second photoelectric conversion cell 92, a transfer transistor 16

made of an N channel FET for transferring charges from the PD section 4 to the third FD

26 section 11 1s connecled between the PD section 4 included in tae fourth row and the third
FD scction 11, and a transfer transistor 20 made of an N channel FET for tronsferring
charges from the PD section 8 to the third FD section 11 is connected beiween the PD
section 8 and the third FD scction 11,

Also, in this cell, the transfer transistor 15 included in the third row und the transfer

AR
[P

transistor 16 included in the fourth row are connected to the third REZAD line 34 while the

13
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transter transistor 19 included in the third row and the transter transistor 20 are connected

to the fourth READ line 38,
fo the first FD section 9, a first reset transistor 21 made of an N channel FET 15

connected. The first reset transistor 21 includes a source connected to the first FD section
5 9, a drain connected to a photoelectric conversion cell power supply (VDDCELL) line 31
and a galc connected to a first reset pulse (RSCELL) line 36. Thus, charge stored in the

first FD section 9 is made to flow through the VDDCELL line 31 by a RSCELL signal

In the same manner, a second reset transistor 22 made of an N channel FET s
22 includes a source

o the

connectzd 1o second FD section 10. The second resct transistor
connected to the second FD section 10, a drain connected to the VI DDCELL line 31 and a
1, u

U

second RSCELL line 37. Note that although not shown in FIG

gate connected to a
reser transistor of the same configuration as that of the first reset transistor 21 or the like 1s

provided in the third FD section 11.
and the first reset fransistor 21, a first pixel ampiifier

To the first FD section 9
transistor 23 made of an N channel FET 1s connected. The first pixel smplhifier transistor

¢ connected to the first FD section 9, a drain conncected to the VDDCELL

i3
23 includes ¢
itne 31 and @ source connected 10 a first output signal (VO) line 38
in the sarne manner, a second pixel amplifier transistor 24 made of an N channel
FET s connected 1o the second FD section 10 and the second reset transistor 22, The
20 second pixel amplifier transistor 24 includes a gate connected to the second FD section 10
a drain connected to the VDDCELL line 31 and a source connected to a second VO line 39,
nc first VO line 38 and the second VO line 39 are connecred to not only the pixel

and 24, respectively, but also first and second tead r-ansistors 25

amplifier transistors 23
and 26, respectively. Each of the first and second load transistor 25 and 20 is made of an N
A load gate (LGCELL) line 4u s

chunnel for constiruting a source follower amplifier

13
i

13
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connected to each of the gates of the first and second load transistors 25 and 26. A source
power supply (SCLL) line 41 is connected to each of the respecuve drains of first and
second loud transistors 25 and 26.

Hercinafter, the operation of the solid state imaging apparatus having t.hc'above-

desaribed configuration will be described with reference to the accompanying drawings.

Al

FiG. 2 is o timing chart showing uming for driving the sohd state imaging
appuratus of rhe first embodiment. In this case, a series of operations is completed 1n a
horizontai blanking period (=1 H).
Moreover, as for the deteclion order of signal charges from the PD sections 1
iv throuch & arranged in an array, detection is simultaneously carried out in the first and
second rows and then detection is simmultaneously carried out in the third and fourth rows.
As shown in FIG. 2, first, high level voltage is applied 1o the LGCELL line 40 so
that cach of the load iransistors 25 and 26 becomes a constant current s0Urce, a.nd then
during u period in which the potenrial of the VDDCELL line 31 15 high level, cach of the
i35 RSCELL lines 36 and 37 is set to be a high level in a pulse state 1o temporanly turn each of
the reset iransistors 21 and 22 ON. Thus, each of charges stored in the first FD sectuon 9 1n
ihe firsi photoelectric conversion cell 91 and in the second FI) section 10 in the second
pnotoeleciric conversion cell 92 1s made to flow t.hrouAgh the VDDCELL line 31. In this
casz, in cach of the pixel amplifier transistors 23 and 24, a signal level ai the reset time is
20 detected, the detected signal level is introduced 10 a noise cancellation circuit (not shown)
via each of the VO Jines 38 and 39. The introduced signal level is clamped by the noise
carncellation circuii,
Next, alter cach of the reset transistor 21 and 22 has bzen turned OFF, high level

volrage is applied in an pulse state to the first READ line 32 to simnultaneous!y turn transfer

1%
W

rrans.stots 13 and 14 ON. Thus, charge stored in the D szection I ir the firsi row is

15
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transtzrred 10 the first FD section 9 while charge stored in the PD section 2 15 transferred to
ihe secand D cection 10, For charges transferred to the first FID secuion 9 and the second
FD section 10, voltage levels of stored signals are detected in the first pixel amplifier
transistor 23 and the second pixel amplifier transistor 24, respectively.  Furthermore, the

5 detecred voltage levels are introduced to the noise cancellation circuit via the first VO line
38 and the second VO line 39, respectively. Thus, sampling of each of the signals is
performed by the noise cancellation circuit. By this series of operations, output’signals
from which variations in threshold and noise components have been removed and which
are hield by the pixel amplifier transistors 23 and 24 can be delected.

1 Subzequently, when the VDDCELL line 31 is turned to be in a low level OFF state
and each of the RSCELL lines 36 and 37 is temporarnly turmed ON, each of the respective
polentials of the FD sections 9 and 10 becormnes in the same OFF level stute as that of the
VDDCELL line 31. Thus, each of the pixel amplifier transistors 23 and 24 stops its
opararion.

L5 Afier this, in a vertical line scanning circuit, until each of the first KSCELL lines 36
and 37 and the first READ line 32 are selected, each of the pisel amphlier transistors 23
une 24 15 not operated and thus the vertical line scanning circuit is in a nor-sezlect state,

fn a subsequent honzontal blanking period 2H, each of the reser transistors 21 and
22 is temporarily turned ON to reset charges of FD sections 9 and 19, In this case, as has

20 been described, in each of the pixel amplifier transistors 23 and 24, u signal level at a reset
ume 1s detected, the detected signal levels are introduced to the noise canceliation circuit
via each of the VO lines 38 and 39, respectively. The introduced signal levels are clamped
by the noise cancellation circuit.

Next, after each of the reset transistor 21 and 22 has been tumed OFF, high level

[
iy

voitage 15 apphed in an pulse state to the second READ line 33 to simultaneously turn

16
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transizr transistors 17 and 18 ON. Thus, charge stored in the PD sectiion 5 in the first row

is transferred to the first FD section 9 while charge stored in the PID section 6 1 the second
row is transferred to the second FD section 10.

Thereafter, in the same manner as in the first honzontal blanking period 1H, foi

5 respective charges transferred to the first FD section 9 and the second FD section 10,

voliage levels of stored signals are detected in the first pixel amplifier transistor 23 and the

second pixel amplifier transistor 24, respectively. Furthermore, the detected voltage levels

are irntroduced to the noise cancellation circuit via the first VO line 38 and the second VO

line 39, respeciively, Thus, sampling of cach of the signals is performed by the noise

iu  canceilation circuit. By this series of operations, output signals from whicn variations in

threshiold and noise components have been removed and which are held by the pixel
amplificr wansistors 23 and 24 can be detected.

[n this manner, charges detected dunng the first horizonial blanking period 1H und

charges detected during the second horizontal blanking period 2H are processed in signal

N

processing circuits (not shown), respectively, so that charges photoelectric-converted in the
first 2nd second rows can be detected as an image corresponding to actual positions of the
churges,

Subsequently, by driving the PD sections in the third aad fourth rows in the same

monner us that of driving the PD sections in the first and second rows, signals can be

[§%)
<

detected throughout the array.

Note that in the first embodiment, the circuit configuration and driving method in
which alter every second column, ie., every odd-numbered column including the PID
sections | and 2 have been read out, charges in every even-numbered column including the

PD sections S5 and 6 are detecied have been deseribed. However, this emboaiment is not

tu
'

mited thereto but READ lines can be increased 1o detect charge in every third column at

17
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the sarne niming as described above,

In the solid state imaging apparatus of the first embodiment, as shown in the circuit
configuration of FIG. 1, for example, four PD sections share a FID section, a pixel amplifier
trensistor and a reset transistor. Thus, the number of transistors per photoelectric
conversion cell can be finally reduced from 4 (required in the known solid state imaging
apparztus) 1o 1.5. The number of interconnects can be reduced from 5 (required In the
krowr solid state imaging apparatus) to 2.5. For example, if 2 photoelectric conversion
¢ell 15 designed, assuming that the area of a photoelectric conversion cell 1s 4.1 pm x 4.1
v, with the design rule of 0.35 um, the aperture ratio of PD scctions to the photoelectric
conversion cell 1s about 35%. Therefore, it is possible to reduce the cell sizes of the
photoclectric conversion cells 91 and 92 and to largely increase the aperture ratio of the PD
scclion at the same tme.

In this connection, assume that a configuration in which signal charges from two
photaclectric conversion sections inclided in adjacent rows are detected by a READ line at
the sume tuning is applied to the known circuit configuration. If a phoioelectric
conversion cell s designed, assuming that the area of a photoclectric conversion cell 1s 4.1
pon x 41 pm, with the design rule of 0.35 um, the aperture ratio of PD sections is about
10%.

Moreover, assume that a configuration in which signal charges from two
photoeleciric conversion sections included 1n adjacent rows are read out by a READ line,
and a FD section and a pixel amplifier transistor included in & row which adjacent 1o an
unread row in a photoelectric conversion cell are shared by rwo photoelectric sections to
detect signal charge is applied 1o the known circuit configuraiion. With « driving method
it which signal charges are simulianeously detected in the two photoceleciric conversion

scetions, for example, if a photoelectric conversion cell is designed, asseming that the area

18
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of a photoclectric conversion cell is 4.1 pm x 4.1 pm, with the design rule of 0.35 pm, the

apenure ratio of PD sections is about 15%.

(Modified Example of First Embodiment)

FIG. 3 is a diagram illustrating a circuit configuration of a photoeleciric conversion
cell in a solid state irmaging spparatus according to a modified example of the first
cmbodirent of the present invention. Also, in this modified exarnple, each member also
shown in FIG. 1 is identified by the same reference nurneral, and therefore, description
theieo! a1l be omitied,

As shown in FIG. 3, for example, in the first photoeleciric conversion cell-‘)l_, the
first READ line 32 is connected to the transfer transistor 13 and the transfer trunsistor 18
included in adjacent columns, respectively, while the second READ line 33 is connected to
the transfer transistor 14 and the transfer transisior 17 included 1n adjacent columns,
respectively, Thus, even if connections are made with respect lo the PD sections 1, 2, 5
and 6 included in two adjacent rows with the first and second READ hnes 32 and 33
interposed between the PD sections 1 and $ and the PD sections 2 and 6 so that signal
charges from the PD sections which are not included in the same columns are wransferred,
charge can be detected st the same 1iming as that shown in FIG. 2.

For example, wfﬁn the first READ line 32 is temporarily turned ON, signal charge
is transferred from the PD section 1 to the first FD section 9 via the transfer transistor 13
anc, at the sume time, signal charge is transferred from the PD section 6 1o the second FD
section 1J via the transfer transistor 18,

Note that in the moditied example of the first einbodiment, signal charges from two
of thz four PD sections included in a photoelectric conversion cell 91 are read out during

the horizontal blanking period 1H, However, instead of this, siznal charges from all of the

1)
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four PD scciions may be read out.
Moreover, by perforrming signal processing to signal charges irom all of the
photoelectric conversion cells which have been read out during different horizontal

blanking pericds, a high quality image with a large number of pixels can be obtained.

(Second Embodiment)

Hereinafter, a second embodiment of the present invention will be described with
reference to r}nlc accompanying drawings,

F1G. 4 is a diagram illustrating an example of circuit configuration of

Iu  photcelecrric conversion cell in a solid state imaging appararus according o a second
embodiinent of the present invention. In FIG. 4, each member also shown in FIG. 1 13
identified by the same reference numeral, and therefore, descnption thereot will be bmitted.

Firse, differences of the solid state imaging apparatus of FIG. 4 frorn that of the first
ermbodiment shown in FIG. 1 will be described.

13 In the second embodiment, an configuration in which the first and second pixel
amplifier transistors 23 and 24 are connecled to the first and second output sign;al (VO)
lines 3% and 39, respectively, via the first and seconcj select wansistors 32 and S3 each of
whi.cr mude of an N channel FET, respectively, 1s used.

To the respective gates of the first and second select transistors 32 and 33, first and

20 second select (SO) lines S0 and 51 to which a switching pulse is applied are connected,
respectivaly.

Hereinafier, the operation of the solid state imaging apparatus having the above-
described configuration will be deseribed with reference to the accompanying drawings.
FiG. 5 is a timing chart showing timing for driving the solid state imaging

23 apperatus of the second embadiment. In this case, a series of operations is completed in a

20
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horizontal blanking period (= 1 H).

As shown in FIG. §, first, a predetermined voltage is applied to the LGCELL line
40 so thatl cach of the load transistors 25 and 26 becomes a constant current source and the
potentia of the VDDCELL line 31 is set to be a high level. Subsequently, each of the

5 RSCELL lines 36 and 37 is set 1o be a high level in a pulse state to terporarily turn cach of
the reset transistors 21 and 22 ON. Thus, each of charges stored in the first FD section ¥
and in the second FD section 10 is made to flow through the VDDCELL line 31. In this
case, in each of the pixel amplifier transistors 23 and 24, each of the select transistors 52
and 53 has been turned ON ip advance, so that a signal level at i reset time is detected, the

16 detected signal level is introduced to a noise cancellation circuit (not shown) via each of
the VO lines 38 and 39. The introduced signal level is clamped by the noise cancellation
Circu,t,

Next, after each of the reset transistor 21 and 22 has been turned OFF, high level
voliaze is applied in an pulse state to the first READ line 32 1o simultaneously turn transter

15 trapsistors 13 and 14 ON. Thus, charge stored in the PD section 1 in the first row is
rransrerred to the first. FD section 9 while charge stored in the P section 2 1s transferred 1o
the second FD scction 1lU_ Thercafier, for charges trunsferred to the first D section 9 and
the sccond FD section 10, voltage levels of stored signals are derected in the first pixel
amplificr transistor 23 and the second pixel amphifier transistor 24, respectively.

20 Subscquently, by changing each of the first and second SO lines 3U and 51 to a high
level to keep the first and second transistors S2 and 53 ON, stored charge signals of the
nirst pixel amplifier transistor 23 and the second pixel amplifier transistor 24 are introduced
10 the noise cancellation circuit via the first VO line 38 ond the second VO line 39,
respectively. Thus, sampling of each of the signals is performed by the noise cancellation

25 cirsuit,
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Thereafier, each of the first and second SO lines 50 und 51 is ser back 1o be a low
level to turn the first and second select transistors 52 and 33 OFF, so that cach of the pixel
amplifier transistors 23 and 24 stops its operation.

After this, in a vertical line scanning circuit, until each of the first RSCELL lines 36

AP L}

and 37 and the first READ line 32 is selected, each of the pixel amplifier transistors 23 and
24 is not operated. Thus, the vertical line scanning circuit becomes in @ non-select state,
In a subsequent horizontal blanking period 2H, each of the reser trarsistors 21 and
22 is temporarily turned ON 10 reset charges of the FD sections 9 and 10. In this case, as
has been described, in each of the pixel amplifier transistors 23 and 24, a signal level at the
v reset tirne is detected. the detected sigpal levels are introduced to the noise cancellation
circisit via each of the VO lines 38 and 39, respectively. The introduced signal levels are
clamped by the noise cancellation circuit.
Next, after each of the reset transistor 21 and 22 has bezen tumed OFF, high ievel
voltage 1s applied in an pulse state 1o the second READ line 33 to simullancously turn
15 transfer transistors 17 and 18 ON. Thus, charge stored in the PD section 3 in the first row
is transierred o the first FD section 9 while charge stored in the PD section 6 1n the second
row is lransterred 1o the second FD section 10,
Tnereatter, in the same manner as in the first horizontal blanking period 1H, for
respective charges transferred to the first FD section 9 and the second FD section 10,
20 voltage levels of stored signals are detected in the first pixel amplifier transistor 23 and the
second pixel amplifier transistor 24, respectively. Funbermore, the stored signals whose
voltage level have been detected selectively conducts the first and second VO lines 38 and
59 and arce introduced to the noise cancellation circuit.  Thea; sampling of cach of the

signals is perforrned by the noise cancellation circuit. By this series of operations, outpul

2
i

stgnals from which variations in threshold and noise components have been izmoved and

2
t2
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which are held by the pixel amplifier transistors 23 and 24 can be detected.
Thus, with the first and second select transistors S2 and 53 between the FD section
9 and the first VO line 38 and between the FD section 10 and the second VO line 39,

respectively. Thus, the number of transistors per photoelectric conversion cell is 1.75.

wn

Moreover, the number of interconnects is 2.75. Therefore, it is possible to reduce the celj
size of each of the photoelectric conversion cells 91 and 92 and also to largely :mprove the
aperture ratio of PD sections.

Note that slso in the second embodiment, as in the modified exainple of the first
embodirnent, for exarmple, a configuration in which the transfer transistor 13 and the
16 trapsfer transistor 18 located' diagonally to the transfer transistor 13 are conncclecﬁ to the
first READ line 32, and the transfer transistor 14 and the transfer transistor 17 located

diagonally to the transfer transistor 14 are connected to the second READ line 33 may be

=
v
(49
[B5

Moreover, in the photoelectric conversion cell 91, the PD sections are arranged in
15 two rows and two columns. However, the present invention is not himited tnereto, but the
PD szcuons may he arranged in two rows and three columns and, furnthermore

may be

L}

arrzneed 1n three or rore rows and three or more columns.
=

(Third Embodirment)
20 Hereinafter, a third embodiment of the present invention will be described with
reference to the accompanying drawings.
FIG. G is a diagram illustrating an example of circuit configuration of a
photuelectric conversion cell in a solid state imaging apparatus according o a third

emoodiment of the present invention. In FIG. 6, cachk member also shown in FIG. 1 is

[
w

idenutied by the same reference nurneral, and therefore, desciption thereof wiil be omitled.

23
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As shown in FIG. 6, in the solid state imaging apparatus of the third embodiment,
first through fourth photoelectric conversion cells 91, 92, 93 and 94 are arranged in &
matrx.

For example, the first photoelectric conversion cell 91 includes p'noioélectric

5 conversion (PD) sections 1 and 2 arranged in regions which is located in the first column
of un array and the first row and which is located in the first column of and the seconc
rows of the array, respectively. The PD sections I and 2 share a first FD section 9 via
trapster transistors 13 and 14 each of which is made of an N channel FET, respectively.

To the first ED sccrion 9, the first reset transistor 21 made of an N channel FET is

10 counected. The first reset transistor 21 includes a source connected to the first FD section
%, = crain connected to the first FD section 9 and a gate connecied to a first RSCELL line
36. Thus charge stored in the first FD section 9 is made to flow through a first VDDCELL

line 30 by a RSCELL signal.
To the first FD section 9 and the first reset transistor 21, a first pixel amplifier

15 uransistor 23 of an N channel FET 1s connected. The [irst pixel amplifier transistor made

ol en N channel FET includes a gaic connecred io the first FD section 9, & drain connected
to the first VDDCELL line 30 and a source connected to a first VO line 38,

Irt the sarne manner, PD secvons 3 and 4 arranged 1n regions of an array forming &
second photoelectric conversion cell 92 which is located in the first column and the third

20 row snd which s located in the first column and the fourth row, respectively, .share a

second FD section 10 via transfer transistors 135 and 16, respecrively. A second reset
transistor 22 selectively conducts the second FD section 10 and the first VDDCELL line 30.
Morcover, a second pixel amplifier transistor 24 which receives the signal potential of the

second FD section 10 at the gate and receives the power supply potential of the firs

rd
A

VDDCELL line 30 at the drain outputs a detected signal corresponding to o :eccived signul

24
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potential to the first VO line 38.

PD sections 5 and 6 arranged in regions of an array forming a third photoelectric
conversion cell 93 which is located in the second column and the first row and which i1s
located in the second column and the second row, respectively, share a third FD section 11

5 via transfer transistors 17 and 18, respecti;/ely. A third reset transistor 61 selectively
conducts the third FD section 11 and a second VDDCELL line 31. Moreover, a third pixel
amplifier transistor 63 which receives the signal potential of the third FD scction 11 at the
gate wnd receives the power supply potential of the second VDICELL line 31 ar the drain
outpuls a dcthcd signal corresponding to a received signal potential to a sccond VO line

10 39,

PD sections 7 and 8 arranged in regions of an array foriming a fouith photoelectric
conversion cell Y4 which is located in the second column and the third row and which 13
located in the second column and the fourth row, respectively, share a fourth FD section 12
via transfer transistors 19 and 20, respectively. A fourth reser fransistor 62 selectively

conducts the fourth FD section 12 and a second VDDCELL line 31. Moreover, a fourth

AT}

pixel amplitier transistor 64 which receives the signal potential of the fourth FD section 12
wo the gate and receives the power supply potential of the second VDDCELL l.ne 31 @t the
drain outputs a detected signal corresponding 1o a received signal potential to a secand YO
line 39,

20 Hereinafler, the operation of the solid state imaging apparetus having the above-
described configuration will be described with reference to the accompanying drawings.

FiG. 7 1s a uming chart showing uming for driving the solid state imaging

appa: atus ufthc-; third embodiment. In this case, a series of operations is completed in a
horizontat blanking period (= 1 H).

23 V.oreover, as for the detection order of signal charges from the PD sections 1

i
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throuph § arranged in an array, detection is carried out sequenually from the first row 1o
the second row and so on.

As shown in FIG. 7, first, high level voltage is applied to a LGCELL line 40 so that
each of the load transistors 25 and 26 becomes a constant current source, and then during a
period in which the potentials of the first VDDCELL line 30 and the VDDCELL line 31
are ser to be high level, the first RSCELL lines 36 is set to be igh level i a pulse state to
temporarily turn each of the reset transisiors 21 and 61 ON. Thus, chaiges stored in the
first FD section 9 in the first photoelectric conversion cell 91 anc in the third FD section 1]
in tne third photoelectric conversion cell 93 are made 10 flow through the first VDDCELL
line 30 and the VDDCELL line 31, respectively. In this case, in each of the pixel amplifier
transistors 23 and 63, a signal level at the reset ume 1s detected, the detecied signal level 1s
introduced to 3 noise ca,ncella,tioﬁ circult (not shown) via each of the VO lines 38 and 39.
The introduced signal level is clamped by the noise cancellation circuit.

Nexi1, after cach of the reset transistor 21 and 61 has been turned OFF, high level
voltapge is upplied in an pulse state to the tirst READ line 32 1o simultancously turn transfer
traesistors 13 and 14 ON. Thus, charge stored in the PD section 1 in the first row is
transrerred to the firs F]ﬁ section 9 while charge stored 1n the PD section S in the second
row 1s transferred 1o the third FD section 11. For charges transferred to the first FD section

5 and the third FD section 11, voltage levels of stored signals are detected in the first pixel

amplifier transistor 23 and the third pixel amplifier transistor 63, respectively. Furthermore,

1he detected voltage levels are introduced to the noise cancellation circuit via the first VO
line 38 and the second VO line 39, respectively, Thus, sampling of each of the signals is
perfoimed by the noise cancellation cirruﬂ. By this series of operations, outpul signais
from which variations in threshold and noise components have been removed and which

are hold by the pixel amplifier transistors 23 and 63 can be derecred.

26

App. 0768

elD #: 262

o

6.,

“



R R L DV L LA A TR SEIMAEUE PAVENT UFFIU:- LY K

-Case 1: 16 -Cv- 00290 MN Document 103-4 Filed 10/17/18 Page 76 of 100 PageID #: 2627

Subsequently, wh‘en each of the VDDCELL lines 30 and 31 is turned to be in a low
level OFF state and the first RSCELL line 36 is temporarily turned ON, zach-of the
respective poteniials of the FI sections 9 and 11 becomes in the same OFF level state as
that of each of the VDDCELL lines 30 and 31. Then, each of the pixel amplifier

5 rransistors 23 and 63 stops its operabon.

After this, in a verucal line scanning circuit, until ¢ach of the first RSCELL hne 36
and the first READ line 32 are selected, each of the pixel amplifier transisiors 23 and 63 is
not operaied, Thus, the vertical line scanning circuit becomes in a non-select state.

[n a subsequent horizomal blanking period 2H, each of the reset transistors 21 and

10 61 is temporarily turned ON to reset charges of the FD sections 9 and 11. 1n this case, as
has been described, in cach of the pixel amplifier transistors 23 and 63, a signal level at the

esel me s deteced, detected signal levels are introduced to the noise cancellation circun

via each of the VO lines 38 and 39, respectively. The introduced sienal levels are clamped

by thz noise cancelialion circuit,

.5 Nexi, after each ot the reset transistor 21 and 61 has bee turned OFF, high ievel
voltage 15 applied in an pulse state to the second READ line 33 1o simultancously turn
trans{er transistors 14 and 18 ON. Thus, charge stored in the PD secuon 2 in the first row
is transierred 1o the first FD section 9 while charge stored in the PD section 6 in the second
row is trunsferred to the third FD section 11.

0 Tacreafier, in the same manner s in the first horizontzl blankingz period 1H, for

respective charges transferred to the first FID section 9 and the third FD :;cclidn i1, voltage

levels of stored signals are detected in the first pixel amplifier iransistor 23 und the third
pixel amphifier iransistor 63, respectively.  Funhermore, the delected voriage levels are

introauced 1o the noise cancellation circuit via the first VO line 38 and the second VO line

[£%)
(PN

39, respactively.  Thus, sampling of each of the signals is performed by the noise

27
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cancellation circuit. By this series of operations, output signals from which variations in

threshold and noise components have been removed-and which are held by the pixel
amplifier transistors 23 and 63 can be detected

In this manner, charges detected during the first horizontal blanking period 1H and

5 charges detecred during the second horizontal blanking period 2H are processed in sigral

processiny circuits (not shown), respectively, so that charges photoelectric-converted in the

first and second rows can be detected as an image corresponding to actuul pos:tions of the

charges, Thus, in the third embodiment, for example, the power supply potentials wnich

are 1o be applied 10 the respective droins of the first reset transistor 21 and the first pixel

10 amplifier transistor 23 vary in the same manner. Therefore, the known row selection
iransistor 132 is not necessarily provided.

Subsequenty, it the PD sections in the third and fourth rows are driven in the same
manner as that of driving the PD sections i1n the first and second rows, signals can be
detected throughout the array.

L5 As has been described, the solid state imaging appara’tus of the third embodiment
has, for example, a configuration 1n which the two PD sections 1 snd 2 share the {irst FD
section 9, the first pixel amplifier transistor 23 and the first resct transistor 21, Thus, the
nurnber of transistors per photoelectric conversion cell can be finally reduced from 4
(required 1n the known solid state imaging apparatus) to 2. Moreover, the number ef

20 ipterconnects ¢an be re.duced from 5 (required in the known apparatus) to 3.5, Accordingly,
if & photoeleciric conversion cell 1s designed, assuming thar the arca of a photoeleciric
conversion cell 1s 4.1 pm x 4.1 pm, with the design rule of 6,35 um, the aperture ratio of
the PD sections 1 and 2 s about 30%. Therefore, it is possible 1o reduce the el sice of
cach of the photoelectric conversion cells and also to largely improve the aperture ratio of

25 the PD secrion.

28
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Note that each of the reset transistors 21, 22, 61 and 62 1s made of un N channel
type MOS transistor. However, in each of the reset transistors 21, 22, 61 and 62 made of,
instead of an N channel type MOS transistor, a P channel type MOS transistor, when low
level voltage is applied to the first and second RSCELL lines 36 and 37, cach of ihe reset

transistors 21, 22, 61 and 62 is turned ON.

w

In the same manner, cach of the pixel amplifier wransisiors 23, 24, 63 and 64 is
made of an N chaanel type MOS transistor. However, in euch of the pixel amplifier
transistors 23, 24, 63 and 64 made of, instead of an N channel type MOS transistor, a P
channel type MOS rtransistor, when low level voltage is applied to the first and second

10 VDDVELL lines 30 and 31, cach of the pixel amplifier transistors 23, 24, 63 and G4 1s
iurned ON 1o be in a potential detection period in which signal potenuals from ihe

corresponding FD secrions 9, 10, 11 and 12 are detected.

Hereinafter, in the layout in which each of the PD scctions 1, 2, 3, 5, 6 and 7

| 384

arrenged as shown in FIG. 8, 4 region of the cell located between the PD scctions 1 and

91}

L5 isreferred o as an A region’’) a region of the cell surrounded by the PD scecuions 1, 2,

Lh

ane € is referred to as a “B region™; a region of the cell located berween the PO sections

1

and 6 is relerred 1o as a “C region”; a region of the cell located between the PD sections
and 6 15 referred to as a “D region”; and a region of the cell located between the PD
sections i and 5 is referred to as an “E region”. Then, by arranging the 'D sections Y &
011, the pixel amplifier transistors 23 and 63, and the reset transistors 21 and 61 in regions
in the cell indicated in the FIG. 9, respecuvely, the aperture ratio of the PD sections to the
photoclectric conversion cell can be improved in any case, compared to the known solid
Alale imaging apparotus. Moreover, the size of the cell can be reduced.
Furthermore, as also shown in FIG. 9. if the FD sections 9 and 11 wre wranged in

23 the A snd C regions, respectively, the aperure of the PD seciions can be improved (o be

29
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abouat 30% by arranging in parallel the READ lines 32 and 33 for driving the transter

. . . \

transistors 13 and 14, respectively.
Moreover, as shown in FIG. 9, for example, the aperture of the PD seciions can be

improved to be about 30% by arranging the first RSCELL line 36 between the PD sections

2 and 3.

v

Moreover, as shown in FIG. 8, by arranging the PD scctions so as to be spaced
apun from one another by a certain distance at least in one of the row direction and the
column cirection, inclination 1n the resolution of an image taken can be corrected.
Therefore, a high quality image can be obrained.

¢ Moreover, although not shown in the drawings, by using the first VDDCELL line
30 and the second VDDCELL line 31 as light-shielding filrns for separating the
photoeleciric conversion cells from one another, the first VO line 38 and the second VO
line 39 can be formed in different interconnect layers. Thus, the sizes of the photdclectric
conversion cells 91 and 92 can be reduced und also the apenure area of the PD sections can
15 be increased.

Moreover, with the solid state tmaging apparatus of any one of the {irst through

third embodiments, o camera which is small-sized and provides a high resolution image

can be obtained.

30
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WHAT IS CLAIMED IS:
A solid state imaging apparatus cComprising,
i ing a plurality of

I ¢
a plurality of photoelectric conversion cells each including

photoelectric sections arranged in an array of at least two rows and two columns
- r

a plurality of floating diffusion sections cach being connected 1o each of ones of the

3 :
phoiocleciric sections which are incloded in the same row of cach said photoelectric
’ S H 0 :-‘

conversion cell via cach of a plurality of transfer transistors, and being shared by said ones

of the photoelectric sections which are inchided in the same row

a plurality of read-out lines each being selectively connected to at least two ol the

trarsier transistors; and
plurality of pixel amphfier transistors each detecting and outputling the potential

of each said the tloating diffusion section

wherein respective charges of the photoelectrnic conversion scctions cach beiny
er Lransistors are read

connecled 1o ong of the read-out lines and being read out by the tr
ow by different floating diftfusion sections
imaging apparatus of claim 1, wherein each said read-out line is

2. The sohd state
connected to a transfer transistor connected to ones of the photoelecinic conversion sections

included 1n the same column,

whicn are 1
20
3. The solid state imaging apparatus of claim 1, wherein esch said read-out line is
connscted to a transfer transistor connected to ones of the photoeleciric conversion sections

which ure included in two adjacent columus, respectively

, wherein each sald floatng

4. The solid state imaging apparatus of claim 1

1393
wy

KN
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diffusion section and each said pixel amplifier transistor are shared by a row which’is read
out by o transfer transistor connected to one of the read-out line and another row which is

adjacent o the read-out row.

5 5. The solid state imaging apparatus of claim 1, further comprising;
g signal line for vutlpuning a signal from each said pixe} amplifier iransisior to the
outside; and
a select transistor which is provided between the pixel amplifier transistor and the

signal line to selectively conduct between the pixel amplifier traasistor and the signal line.

16
§. The solid state lLmaging apparatus of claim 1, wherein each ssid floatng
diffusion section and cach said pixel amplifier transistor are shared by photoeleciric
conv.rsion sections which are adjacent to each other in the row direction or in the.columsas
dirzcuion.

i3

7. The solid state imaging apparatus of claim 1, wherein in each szid tloating
diffusion section, a reset section for resetting charge stored in the floating diffusion
section,

20 8. The solid state irnaging apparatus of claim |, wherein the photoelectric
conversion sections are arranged so as to be spaced apart from one ancther by a cerain
distence in the row dirc;:t.ion or in the column direction.

9. The solid state imaging apparatus of claim 1, further comprising a signal

23

processing circuit for processing an output signal from each said pixel amplificr lranxlxtor

32
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10. The solid state imaging apparatus of claim 1, wherein the pholoelectric
conversion cells are separated from one another by a power supply ling which also
functions as a light-shielding film,
5 ~

1. A method for driving a solid state imaging apparatus which includes: a plurality

ol photoclectric con\fcfsion cells each including a plurality of photoglectric s'emions
arrenged in an array of at least rwo rows and two columns; a plurality of tloating diffusion
sections cach being connected to each of ones of the photoclectric sections which are

1y included in the same row of each said photoelectric conversion cell via cach of a plurality
of iransfer transistors, a'nd being shared by said ones of the photoelectric sections which

are included in the same row; a plurality of read-out lines ¢ach being selectively connected

1o at least two of the transfer transistors; and a plurality of pixel amplifier transistors each
detecting and vutputiing the potential of each said the floating diffusion section, in which

15 respective charges of the photoelectric conversion sections each being connected to one of
the rcad-out lines and being read out by the transfer transistors are read out by d‘ifﬂ:rcm
MNoating diffusion sccrions and each said read-out line is connected to a transfer transisior
cornected 1o ones of the photoelectic conversion sections which are included in the same
colamn, respectively, the method comprising the steps of:

20 a tirst step of transferring, in cuch said photoelectric conversion cell, by a first read-
out line of the read-out lines, signal charges from ones of the photoelecine conversion
sections which are not wncluded in the same row but included in two columns adjaceni to
cach otner, respectively, to one of the floating diffusion sections connecred o said ones ot

.he pr.otoelectric conversion sections; and

w2
n

a sccond step of transferring, by a second read-out line of the read-out lines, signul

(]
L 1)
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charges from ones of the photoelectric conversion sections which have not been read out in
the fiist step 1o the same floaring diffusion section connected to | said ones of the

photoeleciric conversion sections as that in the first step.

12. A solid state imaging apparatus comprising; 9

a plurality of photoelectric conversion cells cach including o plurallil‘y of
photovleciric sections arranged in an array of at least two rows;

s plurality of floating diffusion sections euch being comnected, via cach of &
plurality of transfer trans’istors, to each of ones of the photoelectiic conversion sections
which are included 1n adjacent rows, respectively, and which are included :n th-e sdame
column 1, vach sald photoeiectric conversion cell, and each being shared by said ones of
the photoclectric conversion sections;

a plurality of read-out lines each being connected to onc of the trunsfer transistors
and independently reading out charge from each of said ones of the photoelectric
convers.on sections to cach said floating diffusion section shared by said ones of the
photoeleciric conversion sections; and

a plurahity of pixel amplifier transistors each detecting and outputuing the potential

of the flouting diffusion section.

3. The solid state imaging apparatus of claim 12, funher comprising a reset
transistor for resetting charge stored in each said floating diffusion section

wherein the dramn of the reset transistor is connected to the drain of the pixel
anplifier transistor so that a drain 1s shared by the reset transisior and the pixel amplifier

1rans,stor.

App. 0776
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4. The solid state imaging apparatus of claim 12, wherein each sard floating

diffusion section is arranged between ones of the photoelectric conversion sections which

adjacent to each other in the row direction in each said photoziectric conversion cell

wherein e¢ach said rransfer

15, The solid state imaging apparatus of claim 12
trarsistor is made of an MIS transistor, and

vate of the MIS transistor is arranged 1n the row directior

i3

wherein a

16. The solid state imaging apparatus of claim 12, wherein each said pixel amplifier
transistor 15 arranged between rows which include some of the photoelectric conversion

sections and are adjacent to each other in each said photoelectric conversion cell

The solid state imaging apparatus of claim 12, wherein each said pixel amplifier

17
transistor and cach said floating diffusion section are arranged between adjacent ones of

the read out lines.

13
18. The solid state imaging apparatus of claim 12, wherein cach said pixel amplifies
ans:stor 1s arranged bé:lween ones of the photoelectric cells which are adjacent to each
other in the column direction.
20
wherein each said transfer

19. The solid state imaging apparatus of claim 18

transistor is made of un MIS transistor, and
ed between respective g

wnerein cach said pixel amplifier transistor 1s arranged

the MiIS transistor and another MIS transistor

(53]
W
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20. The solid state imaging apparatus of claim 13, wherein each said reset transistor
is arranged between rows which include some of the photoelectric conversion sections and

are adjacent 10 each other in each said photoclectric conversion cell.

3 21. The solid s1ate imaging apparatus of claim 13, wherein each said pixel amplifier
wransistor and the floating diffusion section are arranged between adjacent ones of the read

out lines

22 The solid state imaging apparatus of claim 13, wherein each said reset transistor
16 is connecled to a line arranged between ones of the photoelectric cells which are adjacent

o euach otner in the row direcrion.

QW)

3. The solid state imaging apparatus of claim 13, wherein cach said reset trans:stor
is arranged between ones of the photoelectric conversion cells which are adjacent to each

15 other in the column direcnion.

24, The solid state imaging apparatus of claim 23, wherein each said transfer
transistor is rmade of an MIS transistor, and
wherein each said reset transistor is arranged between respective gate of the MIS

20 fransistor and another MIS transistor,

25, The solid state umaging apparatus of claim 12, wherein cach saia floating
diffusion section is arranged between ones of the photoelectnic conversion cells which are

adjaceni 10 each other in the column direction.

-
i

36
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26. The solid state imaging apparatus of claim 12, wherein the photoelectric
conversion sections are arranged so as to be spaced apant from one another by a cenain

distance tn at least one ot the row direction and the colurnn direction.

5 27. The solid state imaging apparslus of claim 13, wherein the line connecting
respeciive drains of the reset transistor and the pixel amplifier trunsistor also functions as a

light-shielding film.

28 The solid state imaging apparatus of clairn 12, further comprising a signal
10 processing circuit for processing an output signal output from each said pixel amplifier

transistor,
Y
25 A camera comprising a solid state imaging apparatus, the apparatus including
o pluralily of photoelectric conversion cells each including a plurality of

pnotoelectric seclions arranged in an array of at least two rows and two columns;

—
s

a plurality of floaring diffusion sections esch being connected to each of ones of the
photoeleciric sections which are included in the same row of each said photéclcctri:.
convursion cell via each of 4 plurality of transfer transistors, and being shired by said ones
of the photoclectric sections which are included in the saume row;

20 a plurality of read‘-out lines each being selectively connected to at least two of the
rransfer transistors; and

a plurahity of pixel amplifier transistors each detecting und outpuruing the potential
of vach said the floating diffusion section,

wherein respective charges of the photoelectric conversion sections cach being

connected to one of the read-out lines and being read out by the transfer transistors are read

t~
i
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out oy different floating diffusion sections.
()A
30. A camera comprising a solid state imaging apparatus, the apparalus including:
a plurality of photoelectric conversion cells each including o plurality of
5 photoclectric sections arranged in an array of at least two rows;

a plurality of floating diffusion sections, each being connected, via each of 2
plurality of transfer transistors, to each of ones of the photoclectric conversion sections
which are included in adjacent rows, respectively, and which are included in the same
column in cach said photoelectric conversion cell, and euch being shured by said ones of

10 the photoelectric conversion sections;

4 plurality of read-out lines each being connected to one of the trunsfer tra.nsistors
and independently reading out charge from each of said ones of the photoelectric
conversion sections to each. said floating diffusion section shared by said ones of the
photoelectric conversion sections; and

s olurality of pixel amplifier transistors each detecting und outputiing the potential

—
7

ol the flouting diffusion section.

R
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ABSTRACT OF THE DISCLOSURE

A solid state imaging apparatus includes: a plurality of phoroelectric conversion

cells eich including a plljrality of photoelectric sections arranged in an array of at least two
rows and nwo columns; a plurality of floating diffusion sections each being connecied 10

5 each of ones of the photoelectric sections which are included in the same row of ea,'ch said
pho.o:lectric conversion cell via each of a plurality of transfer trinsistors, and being shared

by said ones of the photoelectric sections; a plurality of read-out lines ¢ach being
selectively connected to at least two of the transfer transistors; and a plurality of pixel
amplhfier transistors each detecting and outputting the potentiai of each suid the floating

10 ditfusion section. Charges of the photoelectnc conversion sections each oeing connected

Lo one of the read-cut lines and being read out by the transfer irunsistors are read ourt by

39
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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

GODO KAISHA IP BRIDGE 1, Case No. 1:16-cv-00290-MN

Plaintiff, DECLARATION OF ERIK
CARLSON IN SUPPORT OF
DEFENDANT OMNIVISION
TECHNOLOGIES, INC.’S
SURREPLY CLAIM
CONSTRUCTION BRIEF

V.

OMNIVISION TECHNOLOGIES, INC.,

Defendant.

DECLARATION OF ERIK CARLSON IN SUPPORT OF
DEFENDANT OMNIVISION TECHNOLOGIES, INC.’S
SURREPLY CLAIM CONSTRUCTION BRIEF

CARLSON DECLARATION IN SUPPORT OF
SURREPLY CLAIM CONSTRUCTION BRIEF
CASE NoO. 1:16-cv-00290-MN

App. 0792
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I, Erik Carlson, declare as follows:

I. I am an attorney at Wilson Sonsini Goodrich & Rosati, counsel for Defendant
OmniVision Technologies, Inc. (“OmniVision”) in the above-referenced action. I submit this
declaration in support of OmniVision’s Surreply Claim Construction Brief. The matters set forth
herein are based upon my personal knowledge, and, if called as a witness, I could and would
competently testify thereto.

2. Attached as Appendix 0660 — 0661 is a true and correct copy of the October 11,

2018 Declaration of Dr. Jack C Lee, Ph.D. In Support of Defendant OmniVision Technologies,
Inc.’s Sur-Reply Claim Construction Brief.

3. Attached as Appendix 0662 — 0722 is a true and correct copy of U.S. Patent No.

6,977,684 to Hashimoto et al.

4. Attached as Appendix 0723 — 0737 is a true and correct copy of U.S. Pat. App.

Pub. No. 2002/0018131 A1 ( Kochi).

5. Attached as Appendix 0738 — 0740 is a true and correct of the Examiner

Interview Summary mailed on December 13, 2010 from the file history of U.S. Pat. No.
8,106,431.

6. Attached as Appendix 0741 — 0791 is a true and correct copy of the November,

11, 2003 Application from the file history of U.S. Pat. No. 7,436,010.

I declare under penalty of perjury under the laws of the United States of America that the
foregoing is true and correct.

Executed at Los Angeles, California on October 12, 2018.

/s! Erik Carlson
Erik Carlson

CARLSON DECLARATION IN SUPPORT OF -1-
SURREPLY CLAIM CONSTRUCTION BRIEF
CASE NoO. 1:16-cv-00290-MN

App. 0793



