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1
SOLID STATE IMAGING DEVICE

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

The subject matter of application Ser. No. 10/979,707, 1s

incorporated herein by reference. The present application 1s a
continuation of U.S. Ser. No. 10/979,707, filed Nov. 2, 2004,

now U.S. Pat. No. 7,485,903, 1ssued Feb. 3, 2009, which
claims priority to Japanese Patent Application No. JP 2003-
375202 filed Nov. 35, 2003. The present application claims

priority to these previously filed applications.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to solid-state i1maging
devices, and more particularly, to a solid-state 1maging
device, such as a complementary metal-oxide semiconductor
(CMOS) image sensor including amplifying elements for
respective pixels.

2. Description of the Related Art

Solid-state imaging devices need a great number of pixels
arranged 1n a two-dimensional array fashion in a pixel array
area. For example, 1n known CMOS image sensors, each
clement of a pixel 1s disposed in a well and the well 1s elec-
trically fixed to the periphery of the pixel array area.

FIG. 12 1s a circuit diagram showing an example of the
arrangement of a unit pixel 100. As shown 1n FI1G. 12, the unit
pixel 100 includes a photoelectric conversion portion 101, a
transier transistor 102, an amplifying transistor 103, a reset
transistor 104, and a selection transistor 105. The anode of the
photoelectric conversion portion 101 1s grounded. The pho-
toelectric conversion portion 101 photo-electrically converts
incident light ito an electric charge of an electron (or a
positive hole) corresponding to the amount of the incident
light to be accumulated. The source of the transier transistor
102 1s connected to the cathode of the photoelectric conver-
sion portion 101, and the gate of the transfer transistor 102 1s
connected to a transier signal wire 106. Also, the drain of the
transier transistor 102 1s connected to a gate input 107 of the
amplifying transistor 103. When the potential of the transfer
signal wire 106 becomes the potential of a power supply wire
108 (hereinafter, referred to as an “H” level), the transfer
transistor 102 transfers the electric charge accumulated 1n the
photoelectric conversion portion 101 to the gate input 107 of
the amplitying transistor 103.

The gate of the amplifying transistor 103 1s connected to
the gate input 107, and the drain of the amplifying transistor
103 1s connected to the power supply wire 108. Also, the
source of the amplifying transistor 103 1s connected to the
drain of the selection transistor 105. The amplifying transistor
103 outputs a voltage corresponding to the electric charge that
1s transferred by the transfer transistor 102 from the photo-
clectric conversion portion 101 to the gate input 107 to the
source side. The source ol the reset transistor 104 1s connected
to the gate input 107 of the amplitying transistor 103, and the
drain of the reset transistor 104 1s connected to the power
supply wire 108. Also, the gate of the reset transistor 104 1s
connected to a reset signal wire 109. When the potential of the
reset signal wire 109 becomes the “H” level, the potential of
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the gate input 107 1s reset to the potential of the power supply
wire 108, which 1s a power supply voltage.

The drain of the selection transistor 103 1s connected to the
source ol the amplifying transistor 103, and the gate of the
selection transistor 103 1s connected to a selection signal wire
110. Also, the source of the selection transistor 105 1s con-
nected to a pixel output line 111. When the potential of the
selection signal wire 110 becomes the “H” level, the selection
transistor 103 1s turned on and allows conduction between the
source of the amplifying transistor 103 and the pixel output
line 111. Pixels for respective rows are connected to the pixel
output line 111 1n parallel. The gate of a transistor 112 con-
nected at an end of the pixel output line 111 1s biased at a
constant voltage by a bias power supply 113, and the transis-
tor 112 operates as a constant current source. When the selec-
tion transistor 105 of a pixel 1s turned on, the amplifying
transistor 103 and the constant-current transistor 102 function
as a source follower. Thus, a voltage that has a predetermined
potential difference from the potential of the gate input 107 of
the amplifying transistor 103 is output to the pixel output line
111.

FIG. 13 1s a plan pattern view showing a pixel structure of
the unit pixel 100. Referring to FIG. 13, a gate electrode 201
1s disposed between a photoelectric conversion region (acti-
vation region) 202 of the photoelectric conversion portion
101 and an activation region 203, and constitutes the transfer
transistor 102. The activation region 203 is a drain region of
the transfer transistor 102, a source region of the reset tran-
sistor 104, and the gate mnput 107 of the amplifying transistor
103. A gate electrode 204 1s disposed between the activation
region 203 and an activation region 205, and constitutes the
reset transistor 104. The activation region 205 1s a drain
region of the reset transistor 104 and a drain region of the
amplifying transistor 103.

A gate electrode 206 1s disposed between the activation
region 205 and an activation region 207, and constitutes the
amplifying transistor 103. The activation region 207 1s a
source region of the amplitying transistor 103 and a drain
region of the selection transistor 105. A gate electrode 208 1s
disposed between the activation region 207 and an activation
region 209, and constitutes the selection transistor 1035. The
activation region 209 1s a source region of the selection tran-
sistor 105, and 1s electrically connected to the pixel output
line 111, which 1s a metallic wire, at a contact part 210.

The gate electrodes 201, 204, 206, and 208 are, for
example, polysilicon electrodes. The activation region 203
and the gate electrode 206 are electrically connected to each
other via a metallic wire 213 at contact parts 211 and 212. The
activation region 205 1s connected to a power supply via a
metallic line (not shown) at a contact part 214. Although wires
extending 1n the row direction (the lateral direction 1n the
drawing), that 1s, the transfer signal wire 106, the reset signal
wire 109, and the selection signal wire 110 are not illustrated
in FIG. 13, the gate electrodes 201, 204, and 208 are electri-
cally connected to the transfer signal wire 106, the reset signal
wire 109, and the selection signal wire 110, respectively.

Although not illustrated 1n FIG. 13, with the pixel structure
of the unit pixel 100 as described above, the base of each of
the transistors 102, 103, 104, and 105 1s connected to a P-well.
Also, the photoelectric conversion portion 101 has an
arrangement in which an N-type impurity-doped region 1s
covered by a P-type impurity region formed above thereof
and a P-well. Such P-regions have the same potential and are
at a ground level. A well contact part and a ground wire for
fixing the P-well at the ground level have been disposed at the
periphery of the pixel array area. This 1s because that a well
contact part 1s not disposed 1nside a pixel array area 1n order
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to extremely reduce the size of a pixel although a well contact
part 1s normally disposed near each transistor.

However, for the structure 1n which a well contact part 1s
disposed only at the periphery of the pixel array area, i an
increase in the number of pixels increases the dimensions of 5
P-wells of a pixel array area, 1t 1s diflicult to fix the mnterme-
diate portion of the P-wells at a ground potential. Thus, the
tollowing problems occur.

A transistor has a different threshold between the center

and periphery of a pixel array area. 10

Since a photoelectric conversion portion of a type in which

an N-type impurity region 1s covered by a P-type impu-
rity region exhibits a different potential level of the
P-type impurity region between the center and periphery

of the pixel array area, a difference between the center 15
and periphery of the pixel array area also appears 1n the
saturation level.

When each pixel 1s driven, a varniation 1n the potential of a

doped layer connected to a pixel output line and the like

in the pixel being driven causes a variation 1n a potential 20
itself of a well due to a coupling capacitance of the doped
layer and the well. Thus, when all the pixels are driven at
the same time or when the number of pixels 1s large, the
variation in the well potential due to the coupling capaci-
tance 1s not negligible at a portion near the center of the 25
pixel array area where pressure of the well potential 1s
clectrically weak.

In order to electrically fix the well potential turther firmly
and to solve the above problems, a solid-state imaging device
enabling well contact for each pixel has been suggested (for 30
example, see Japanese Unexamined Patent Application Pub-
lication No. 2001-332714). FIG. 14 1s a plan pattern view
showing a pixel structure providing a well contact part for
cach pixel. In FIG. 14, parts equivalent to those in FIG. 13 are
represented by the same reference numerals. 35

As shown i FIG. 14, cutting off part of the activation
region 202, which 1s a photoelectric conversion region, of the
unit pixel 100 ensures an activation region 221 for achieving,
well contact. The activation region 221, which 1s a well con-
tact part, 1s electrically connected to a metallic wire 222 that 40
supplies a ground potential and that extends in the vertical
direction (the longitudinal direction 1n the drawing) at a con-
tact part 223. The other parts are similar to those 1n FIG. 13.

FIG. 15 1s a sectional view taken along the line XV-XV of
FIG. 14. In FIG. 15, parts equivalent to those in FIG. 14 are 45
represented by the same reference numerals. In the example
shown 1n FIG. 15, a P-well 302 1s disposed 1n an N-substrate
301, and the photoelectric conversion portion 101 and the
transistors 102 to 105 of the pixel are disposed in the P-well
302. An N-region 303 1s an activation region (the activation 50
region 203 in FIG. 14) connected to the gate electrode 206 of
the amplitying transistor 103 via the metallic wire 213 at the
contact part 211.

The activation region 202 includes an N-type impurity
region 304, a P+ region 305 near the surface of the N-type 55
impurity region 304, and a P-well 302 peripheral to the
N-type impurity region 304. A P+ region 306 1s connected to
the metallic wire 222 via the doped layer and the contact part
223 1n that order, and fixes the potential of the P-well 302 at
the ground potential via the metallic wire 222. Element sepa- 60
ration regions 307 are disposed between a photoelectric con-
version portion, transistors, and the well contact part (activa-
tion region) 221 so as to electrically separate the elements
from each other.

However, as described above, 1n order to provide the acti- 65
vation region 221 and the element separation regions 307 for
achieving well contact for every pixel without changing the

4

s1ze of a pixel, the dimensions of an activation region used for
a photoelectric conversion portion and transistors must be
reduced. Thus, the characteristics, more specifically, the satu-
ration level and the sensitivity of a pixel are reduced by a
reduction in the dimensions of the activation region. In con-
trast, 1f the activation region 221 and the element separation
regions 307 are provided without changing the dimensions of
an activation region, the size of a pixel 1s increased due to the
dimensions of the activation region.

Although a solid-state imaging device having an arrange-
ment 1n which the P-well 302 1s disposed 1n the N-substrate
301 and each element 1s disposed 1n the P-well 302 has been
described above, a similar problem occurs in a solid-state
imaging device having an impurity having an opposite con-
ductivity type.

SUMMARY OF THE INVENTION

In order to solve the above problems, an object of the
present mvention 1s to provide a solid-state 1maging device
capable of minmimizing an increase in the dimensions of a
pixel and suppressing shading of an output signal due to a
variation 1n the potential of a well.

According to an aspect of the present invention, a solid-
state 1maging device includes a pixel array area including
pixels arranged 1 wells 1n a two-dimensional array fashion,
cach of the pixels including a photoelectric conversion por-
tion including an activation region; a reading portion for
reading a signal photo-electrically converted by the photo-
clectric conversion portion; and an amplifying portion for
amplifying the signal read by the reading portion. The solid-
state 1imaging device also includes well potential fixing parts
cach provided in the activation region of the photoelectric
conversion portion in the corresponding pixel, the well poten-
tial fixing parts fixing the respective wells at a predetermined
potential.

According to another aspect of the present invention, a
solid-state imaging device includes a pixel array area includ-
ing pixels arranged in wells 1n a two-dimensional array fash-
ion, each of the pixels including a photoelectric conversion
portion; a reading portion for reading a signal photo-electri-
cally converted by the photoelectric conversion portion; and
an amplitying portion for amplifying the signal read by the
reading portion. The solid-state imaging device also includes
well potential fixing parts each provided for a plurality of
pixels 1n the pixel array area, the well potential fixing parts
fixing the respective wells at a predetermined potential.

The term “fixing the respective wells at a predetermined
potential” means not only that the respective wells are always
kept at the predetermined potential but also that, when the
potential of the respective wells varies, the potential 1s
returned to and maintained at the predetermined potential.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram schematically showing the
arrangement of a CMOS 1mage sensor according to the
present invention;

FIG. 2 1s a circuit diagram showing an example of the
arrangement ol a unit pixel;

FIG. 3 1s a plan pattern view showing a pixel structure
according to a first embodiment;

FI1G. 4 1s a sectional view taken along the line IV-1V of FIG.
3;

FIG. 5 1s a plan view schematically showing the arrange-
ment of a pixel array area according to a first example of a
second embodiment of the present invention;
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FIG. 6 1s a block diagram showing the relationship between
a sensor chip and a signal processing chip;

FI1G. 7 1llustrates an output level with respect to the amount
of light of each pixel 1n a unit cell;

FIG. 8 1s a plan view schematically showing the arrange-
ment of a pixel array area according to a second example of
the second embodiment;

FIG. 9 1s a plan view schematically showing the arrange-
ment of a pixel array area according to a third example of the
second embodiment;

FIG. 10 illustrates interpolation of a signal of a pixel in
which a well contact part 1s provided;

FIG. 11 1illustrates a module-type solid-state imaging
device;:

FIG. 12 1s a circuit diagram showing a known arrangement
ol a unit pixel;

FI1G. 13 1s a plan pattern view showing a known structure of
the unit pixel;

FIG. 14 1s a plan pattern view showing a known pixel
structure providing a well contact part for each pixel; and

FI1G. 15 1s a sectional view taken along the line XV-XV of
FIG. 14.

DESCRIPTION OF THE PR
EMBODIMENTS

L1
M

ERRED

Embodiments of the present invention will be described
with reference to the drawings.

FIG. 1 1s a block diagram schematically showing the
arrangement of a solid-state imaging device, such as a CMOS
image sensor, according to the present invention. Referring to
FIG. 1, a pixel array area 11, a vertical driving circuit 12, a
shutter driving circuit 13, a correlated double sampling
(CDS) circuit 14, a horizontal driving circuit 15, an automatic
gain control (AGC) circuit 16, an analog/digital (A/D) con-
version circuit 17, a timing generator 18, and the like are
integrated on a substrate (chip) 19. Heremafter, a semicon-
ductor chip including the pixel array area 11 and the periph-
eral driving circuits 12 to 18 mounted on the chip 19 is
referred to as a sensor chip 10.

The pixel array area 11 includes pixels arranged 1n a two-
dimensional array fashion. Each of the pixels includes one or
more photoelectric conversion portions. A pixel output line
for outputting signals of the pixels and various control lines
for driving the pixels are arranged so as to correspond to the
arrangement of the pixels. Each of the pixels includes at least
a photoelectric conversion portion for photo-electrically con-
verting incident light to be accumulated, a reading portion for
reading a signal charge from the photoelectric conversion
portion to a tloating doped region, a reset portion for resetting,
the tloating doped region, and an amplifying portion for
amplifying the signal charge read to the floating doped
region. A specific example of a circuit of a pixel of this type
will be described below.

The vertical driving circuit 12 supplies a scanning signal
for selecting a row to be read from a pixel to the pixel array
area 11. The shutter driving circuit 13 selects a row of a pixel,
similarly to the vertical driving circuit 12. The shutter driving
circuit 13 adjusts a driving interval with respect to the vertical
driving circuit 12, so that an exposure time (accumulation
time) for the photoelectric conversion portion can be
adjusted. The CDS circuit 14 1s disposed for one or more pixel
columns of the pixel array area 11, and CDS-processes sig-
nals read from the rows selected by the vertical driving circuit
12. More specifically, the CDS circuit 14 receives the reset
level and the signal level from each pixel and takes a differ-

5

10

15

20

25

30

35

40

45

50

55

60

65

6

ence between the reset level and the signal level, so that a fixed
pattern noise for each pixel can be eliminated.

The horizontal driving circuit 15 sequentially selects a
stored signal for each column after CDS-processed by the
CDS circuit 14. The AGC circuit 16 amplifies the signal 1n the
column selected by the horizontal driving circuit 15 with a
proper gain. The A/D conversion circuit 17 converts an analog
signal amplified by the AGC circuit 16 into a digital signal and
outputs the digital signal outside the chip 19. The timing
generator 18 generates various timing signals and drives the
vertical driving circuit 12, the shutter driving circuit 13, the
CDS circuit 14, the horizontal driving circuit 15, the AGC
circuit 16, and the A/D conversion circuit 17.

The arrangement described above 1s merely an example of
a CMOS 1mage sensor. The present invention 1s not limited to
this. In other words, the A/D conversion circuit 17 may not be
arranged 1n the sensor chip 10. The A/D conversion circuit 17
may be arranged for each pixel column. Only one CDS circuit
14 may be provided. A plurality of output systems including
the CDS circuit 14, the AGC circuit 16, and the like may be
provided.

FIG. 2 1s a circuit diagram showing an example of the
arrangement of a unit pixel 20. As shown 1n FIG. 2, the unit
pixel 20 according to this example 1includes a photoelectric
conversion portion 21 and four transistors: a transier transis-
tor 22, an amplifying transistor 23, a reset transistor 24, and a
selection transistor 25. The transfer transistor 22, the ampli-
tying transistor 23, the reset transistor 24, and the selection
transistor 23 are, for example, N-MOS transistors. However,
the transfer transistor 22, the amplifying transistor 23, the
reset transistor 24, and the selection transistor 25 may be
P-MOS transistors, instead of N-MOS transistors.

The anode of the photoelectric conversion portion 21 1s
grounded. The photoelectric conversion portion 21 photo-
clectrically converts incident light into an electric charge of
an electron (or a positive hole) corresponding to the amount
of the incident light to be accumulated. The source of the
transier transistor 22 1s connected to the cathode of the pho-
toelectric conversion portion 21, and the gate of the transier
transistor 22 1s connected to a transfer signal wire 26. Also,
the drain of the transfer transistor 22 1s connected to a gate
input 27 of the amplitying transistor 23. When the potential of
the transfer signal wire 26 becomes the potential of a power
supply wire 28 (hereinatter, referred to as an “H” level), the
transier transistor 22 transiers the electric charge accumu-
lated 1n the photoelectric conversion portion 21 to the gate
iput 27 of the amplifying transistor 23.

The gate of the amplifying transistor 23 1s connected to the
gate input 27, and the drain of the amplifying transistor 23 1s
connected to the power supply wire 28. Also, the source of the
amplifying transistor 23 1s connected to the drain of the selec-
tion transistor 25. The amplifying transistor 23 outputs a
voltage corresponding to the electric charge that 1s transtferred
by the transier transistor 22 from the photoelectric conversion
portion 21 to the gate input 27 to the source side. The source
of the reset transistor 24 1s connected to the gate input 27 of
the amplitying transistor 23, and the drain of the reset tran-
sistor 24 1s connected to the power supply wire 28. Also, the
gate of the reset transistor 24 1s connected to a reset signal
wire 29. When the potential of the reset signal wire 29
becomes the “H” level, the potential of the gate mput 27 1s
reset to the potential of the power supply wire 28, which is a
power supply voltage.

The drain of the selection transistor 23 1s connected to the
source of the amplilying transistor 23, and the gate of the
selection transistor 23 1s connected to a selection signal wire
30. Also, the source of the selection transistor 25 1s connected
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to a pixel output line 31. When the potential of the selection
signal wire 30 becomes the “H” level, the selection transistor
25 1s turned on and allows conduction between the source of
the amplifying transistor 23 and the pixel output line 31.
Pixels for respective rows are connected to the pixel output
line 31 1n parallel. One end of the pixel output line 31 1is
connected to the CDS circuit 14. The other end of the pixel
output line 31 1s connected to a transistor 32. The gate of the
transistor 32 1s biased at a constant voltage by a bias power
supply 33, and the transistor 32 operates as a constant current
source.

In the unit pixel 20 having the arrangement described
above, when the selection transistor 25 of a pixel 1s turned on,
the amplifying transistor 23 and the constant-current transis-
tor 32 function as a source follower. Thus, a voltage that has
a predetermined potential difference from the potential of the
gate input 27 of the amplifying transistor 23 1s output to the
pixel output line 31.

First Embodiment

According to a first embodiment of the present invention,
in a solid-state imaging device, such as a CMOS 1mage sensor
having the arrangement shown in FIG. 1, by achieving well
contact 1n an activation region of a photoelectric conversion
portion for each pixel in the pixel array area 11, an increase in
the dimensions of a unit pixel (the size of a pixel) 1s mini-
mized and shading of an output signal due to a variation in the
potential of a well 1s suppressed.

FIG. 3 1s a plan pattern view showing a pixel structure
according to the first embodiment. In FIG. 3, parts equivalent
to those 1 FIG. 2 are represented by the same reference
numerals.

Referring to FI1G. 3, a gate electrode 41 1s disposed between
a photoelectric conversion region (activation region) 42 and
an activation region 43 of the photoelectric conversion por-
tion 21, and constitutes the transter transistor 22. The activa-
tion region 43 1s a drain region of the transier transistor 22, a
source region of the reset transistor 24, and the gate input 27
of the amplitying transistor 23. A gate electrode 44 1s dis-
posed between the activation region 43 and an activation
region 45, and constitutes the reset transistor 24. The activa-
tion region 45 1s a drain region of the reset transistor 24 and a
drain region of the amplifying transistor 23.

A gate electrode 46 1s disposed between the activation
region 45 and an activation region 47, and constitutes the
amplifying transistor 23. The activation region 47 1s a source
region of the amplitying transistor 43 and a drain region of the
selection transistor 25. A gate electrode 48 1s disposed
between the activation region 47 and an activation region 49,
and constitutes the selection transistor 25. The activation
region 49 1s a source region of the selection transistor 25, and
1s electrically connected to the pixel output line 31, which 1s
a metallic wire, at a contact part 50.

The gate electrodes 41, 44, 46, and 48 are, for example,
polysilicon electrodes. The activation region 43 and the gate
clectrode 46 are electrically connected to each other via a
metallic wire 53 at contact parts 51 and 52. The activation
region 45 1s connected to a power supply via a metallic line
(not shown) at a contact part 34. Although wires extending 1n
the row direction (the lateral direction 1n the drawing), that 1s,
the transfer signal wire 26, the reset signal wire 29, and the
selection signal wire 30 are not 1llustrated 1n FIG. 3, the gate
clectrodes 41, 44, and 48 are clectrically connected to the
transier signal wire 26, the reset signal wire 29, and the
selection signal wire 30, respectively.
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With the pixel structure described above, according to the
first embodiment, a rectangular corner portion of the activa-
tion region 42, which 1s a photoelectric conversion region, of
the photoelectric conversion portion 21 1s evenly cut off, and
the cut-oil area 1s used as a well contact part 55. In other
words, the activation region 42, which 1s a photoelectric con-
version region, of the photoelectric conversion portion 21 and
the well contact part 55 are formed 1n the same activation
region 42. The well contact part 35 1s electrically connected to
a metallic wire 56 that supplies a predetermined potential,
such as a ground potential, and that extends 1n the vertical
direction (the longitudinal direction 1n the drawing) at a con-
tact part 57 and functions as a potential fixing part.

FIG. 4 1s a sectional view taken along the line IV-1V of FIG.
3. In FIG. 4, parts equivalent to those in FI1G. 3 are represented
by the same reference numerals. In the example shown in
FIG. 4, a P-well 62 1s disposed 1n an N-substrate 61, and the
photoelectric conversion portion 21 and the transistors 22 to
24 of the pixel are disposed in the P-well 62. An N-region 63
1s an activation region (the activation region 43 1n FIG. 3)
connected to the gate electrode 46 of the amplilying transistor
23 via a metallic wire 33 at the contact part 51.

The activation region 42 includes an N-type impurity
region 64, a P+ region 635 near the surface of the N-type
impurity region 64, and a P-well 62 peripheral to the N-type
impurity region 64. A P+ region 66 1s connected to the metal-
lic wire 56 via a doped layer and the contact part 57 in that
order, and fixes the potential of the P-well 62 at the ground
potential via the metallic wire 56. A P+impurity of a density
that 1s higher than the P+ region 63 near the surface of the
activation region 42 1s implanted into the P+ region 66. This
prevents an influence of the well contact part 55 upon the
activation region 42. Element separation regions 67, which
are local oxidization on silicon (LOCOS), shallow trench
1solation (ST1), or the like, are disposed between the photo-
clectric conversion portion 21 and the transistors 22 to 24 so
as to electrically separate the elements from each other.

As described above, 1n a solid-state imaging device having
an arrangement 1 which well contact 1s achieved for each
pixel, by forming the well contact part 55 1n the activation
region 42 of the photoelectric conversion portion 21 without
providing an element separation region between the well
contact part 335 and the activation region 42 of the photoelec-
tric conversion portion 21, a part required for an element
separation region 1n the known technology can be used for the
activation region 42 of the photoelectric conversion portion
21. This arrangement reduces a burden on other elements due
to provision of the well contact part 35.

More specifically, when the well contact part 55 1s formed
in the activation region 42 of the photoelectric conversion
portion 21 1n order to achieve well contact for every pixel
without changing the size of the pixel, the dimensions to be
cut off from the activation region 42 can be reduced compared
with the known technology. Thus, a reduction 1n the charac-
teristics, more specifically, reductions 1n the saturation level
and the sensitivity of the pixel can be minimized. As a result
of this, since the potential of the P-well 62 can be fixed
clectrically firmly, an increase in the dimensions of a unit
pixel (the size of a pixel) can be minimized, and shading of an
output signal due to a variation 1n the potential of a well can
be suppressed.

Although a solid-state 1imaging device having an arrange-
ment 1n which the P-well 62 1s formed 1n the N-substrate 61
and each element 1s formed 1n the P-well 62 have been
described in the first embodiment, a solid-state 1maging
device having an impurity whose conductivity type 1s oppo-
site can achieve similar advantages.




US RE45,891 E

9

Second Embodiment

According to a second embodiment of the present inven-
tion, 1n a solid-state imaging device, such as a CMOS 1mage
sensor having the arrangement shown 1n FIG. 1, by achieving
well contact for a plurality of adjoining pixels, instead of for
cach pixel, a reduction 1n the characteristics, more specifi-
cally, reductions 1n the saturation level and the sensitivity of
the pixel can be suppressed. Specific examples will be
described below.

FIRST EXAMPLE

FIG. 5 1s a plan view schematically showing the arrange-
ment of a pixel array area 11 A according to a first example of
the second embodiment. Here, 1n order to simplify the draw-
ing, the pixel array area 11A has a pixel arrangement of five
rows and six columns.

As shown in FIG. 5, in the pixel array area 11 A according
to the first example, a plurality of adjoiming pixels, for
examples, four pixels, pixels 20 A to 20D, constitute a unit cell
70A. A well contact part 71 1s provided in the unit cell 70A for
the pixels 20A to 20D without changing the size of each pixel.
More specifically, rectangular corners, which are adjacent to
cach other, of the pixels 20A to 20D are evenly cut off, and the
well contact part 71 1s formed at the intermediate portion of
the pixels 20A to 20D. Also, well potential fixing wires 72
cach supplying a well potential to the well contact part 71 are
arranged 1n every two columns (or every two rows), and are
cach electrically connected to the well contact part 71.

As the well contact part 71, an activation region for achiev-
ing well contact for each pixel may be provided separately
from an activation region of a photoelectric conversion por-
tion and an element separation region may be provided to
separate such activation regions, as in the known technology.
Alternatively, an activation region for achueving well contact
for each pixel may be provided 1n an activation region of a
photoelectric conversion portion, as in the first embodiment.

As described above, by providing the well contact part 71
in the unit cell 70A constituted by a plurality of adjoining
pixels without changing the pixel size, the well potential can
be fixed further firmly and evenly compared with a known
technology 1n which well contact 1s achieved only around the
periphery of the pixel array area 11A. Also, since the well
contact part 71 1s formed by cutting off parts of the plurality
of pixels (four pixels 1n this example), the dimensions of a
part ol each pixel cut off due to the provision of the well
contactpart 71 are reduced compared with a case where awell
contact part1s provided for each pixel. Thus, areduction 1n the
characteristics, more specifically, reductions 1n the saturation
level and the sensitivity of the pixel can be minimized.

However, since four different patterns of pixel shapes,
which are due to differences 1n the positions of parts that are
cut off 1n order to provide the well contact part 71, among the
pixels 20A to 20D and the existence of the well potential
fixing wires 72 make the optical characteristics different
depending on the column (or the row) through which the well
potential fixing wire 72 passes. As a result of this, the exist-
ence of pixels of four different types of characteristics 1n the
pixel array area 11 A needs correction that 1s different depend-
ing on the shape of a pixel for each row and column by a signal
processing system downstream.

The signal processing system for performing the correction
will be described. As shown 1 FIG. 6, a signal processing,
chuip 80 for performing the correction 1s provided for the
sensor chip 10 (see FIG. 1) on which the pixel array area 11 A
and peripheral driving circuits are mounted. The signal pro-
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cessing chip 80 supplies clocks and control signals to the
sensor chip 10 and drives each pixel 1n the pixel array area
11A. The signal processing chip 80 also creates picture data,
as described below, by using signals output from the sensor
chip 10.

Only signals of levels corresponding to electron numbers
that are photo-electrically converted at respective pixels are
output from the sensor chip 10 at predetermined intervals.
The signal processing chip 80 performs coding with respect

to the arrangement of the output signals using red (R), green
(), and blue (B) and makes sensitivities that are different
depending on the color equal to each other by applying a gain
in order to create picture data. Also, with respect to a pixel
exhibiting an abnormal output value in the sensor chip 10, the
signal processing chip 80 records an address of a particular
pixel in advance 1n a memory (not shown) contained in the
signal processing chip 80, reads and abandons a signal output
from the particular pixel, and averages and weights peripheral
pixel signals filtered by the same color, so that an output
signal of the pixel 1s created and output. With respect to a
vertical line and a horizontal line, the signal processing chip
80 also performs correction by applying a gain to a signal of
a row and column, the gain being different from that for the
other rows and columns. Accordingly, in addition to creation
of a picture, correction and 1nterpolation can be achieved.
In the pixel array area 11 A according to the first example,
although the pixels 20A to 20D are arranged at a predeter-
mined interval, the shapes of the pixels are different from
cach other. Thus, when signals are output, a difference 1n the
pixel characteristics, such as a difference in the saturation
level and a difference in the sensitivity, may appear 1n a
picture. Also, a difference 1n the sensitivity 1s caused depend-
ing on the existence or absence of the well potential fixing
wire 72 (see FIG. §). Since the difference 1n the saturation
level and the difference in the sensitivity are fixed based on

the shape of a pixel, the differences can be eliminated by
knowing the amount of correction for the differences in
advance and by adjusting a gain to be applied to each pixel
signal by the signal processing chip 80 downstream 1n accor-
dance with the amount of correction.

FIG. 7 illustrates an output level with respect to the amount
of light of each of the pixels 20A to 20D 1n the unit cell 70A.
The sensitivities of the pixels 20A and 20C are lower than
those of the pixels 20B and 20D due to the existence of the
well potential fixing wire 72. Also, since the dimensions of
the pixels 20A to 20D are equal to each other, the saturation
levels of the pixels 20A to 20D are equal to each other. The
difference 1n the sensitivities between the pixels 20A and 20C
and the pixels 20B and 20D appears as the difference 1n the
level between columns when a picture 1s viewed. In order to
climinate the difference 1n sensitivities, the signal processing
chip 80 applies a gain to signals of the pixels 20A and 20C,
and performs clip at a saturation level of the pixels 20B and
20D (a broken line in FIG. 7). Accordingly, the sensitivities
can be set to the same value, and the saturation levels can be
set to the same value.

SECOND EXAMPLE

FIG. 8 1s a plan view schematically showing the arrange-
ment of a pixel array area 11B according to a second example
of the second embodiment. In FIG. 8, parts equivalent to those
in FIG. 5 are represented by the same reference numerals.
Here, 1n order to simplity the drawing, the pixel array area
11B also has a pixel arrangement of five rows and six col-
umns.
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In the pixel array area 11B according to the second
example, four pixels, the pixels 20A to 20D, constitute a unit
cell 70B and the well contact part 71 1s provided for the pixels
20A to 20D, as 1n the pixel array area 11 A according to the
first example. Thus, an advantage similar to the first example
can be achieved. In addition, 1n the pixel array area 11B
according to the second example, in order to ensure the space
tor the well contact part 71, the ratio of dimensions of cut-off
parts of the plurality of pixels 1s changed. Thus, a disadvan-
tage of the first example 1n which a plurality of pixel patterns
are generated by an arrangement 1n which parts having equal
dimensions are cut off from a plurality of pixels in order to
ensure the space for the well contact part 71 can be overcome.

In the pixel array area 11B according to the second
example, the dimensions of the well contact part 71 are asso-
ciated only with the pixel 20A. Thus, the left pixels 20B to
20D have a structure similar to a known pixel not provided
with a well contact part. Also, the pixel 20A has a sensitivity
and a saturation level lower than the pixels 20B to 20D having
a different shape from the pixel 20A since the pixel 20A 1s
involved in the provision of the well contact part 71.

Although, 1n the pixel array area 11B according to the
second example, the well potential fixing wires 72 are
arranged between pixel columns (or may be arranged
between pixel rows), if the well potential fixing wires 72 are
arranged on pixels, as 1n the first example, differences 1n the
sensitivity and the saturation level occur between a pixel
through which the well potential fixing wire 72 passes and a
pixel through which the well potential fixing wire 72 does not
pass. The sensitivities can be set to the same value and the
saturation levels can be set to the same value by the signal
processing chip 80 downstream (see FIG. 6), as 1n the first
example.

THIRD EXAMPLE

FIG. 9 1s a plan view schematically showing the arrange-
ment of a pixel array area 11C according to a third example of
the second embodiment. In FIG. 9, parts equivalent to those in
FIG. 5 are represented by the same reference numerals. Here,
in order to simplify the drawing, the pixel array area 11C also
has a pixel arrangement of five rows and si1x columns.

In the pixel array area 11C according to the third example,
four pixels, the pixels 20A to 20D, constitute a unit cell 70C,
as 1n the first and second examples. Also, 1n a portion, for
example, to which the pixel 20A belongs of the unit cell 70C,
the well contact part 71 1s provided, without providing a pixel
itself. A signal for the pixel corresponding to the portion to
which the pixel 20A belongs 1s generated by averaging sig-
nals from pixels peripheral to the portion to which the pixel
20A belongs by the signal processing chip 80 downstream
(see FIG. 6). The pixels 20B to 20D, which are other than the
portion to which the well contact part 71 belongs, each has
dimensions equal to a known pixel not provided with a well
contact part.

Although, in the pixel array area 11C according to the third
example, the well potential fixing wires 72 are also arranged
between pixel columns (or may be arranged between pixel
rows), 1f the well potential fixing wires 72 are arranged on
pixels, as 1n the first example, differences in the sensitivity
and the saturation level occur between a pixel through which
the well potential fixing wire 72 passes and a pixel through
which the well potential fixing wire 72 does not pass. The
sensitivities can be set to the same value and the saturation
levels can be set to the same value by the signal processing
chip 80 downstream (see FIG. 6), as 1n the first example.
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FIG. 10 1llustrates interpolation of a signal of a pixel 1n
which the well contact part 71 1s provided. In FIG. 10, normal
pixels are represented using a background of white, and pix-
¢ls 1n which the well contact parts 71 are provided are repre-
sented using a background of oblique lines. Information on a
pixel having the background of oblique lines 1s obtained by
calculating the average of information on, for example, eight
pixels peripheral to the pixel. For example, in FIG. 10, pixel
information B1 1s obtained by calculating the average of
information on the eight peripheral pixels Al to A8, in other
words, (A1+A2+ ... A8)/8.

Although information on a pixel in which the well contact
part 71 1s provided 1s interpolated by using information on the
eight peripheral pixels 1n the third example, the present mnven-
tion 1s not limited to this. Information on a pixel 1n which the
well contact part 71 1s provided may be interpolated by using
at least information on pixels 1n the same row or the same
column as the pixel in which the well contact part 71 1s
provided or at least information on pixels 1n the same row and
the same column as the pixel in which the well contact part 71
1s provided.

Although, 1n the first to third examples described above,
the well contact part 71 1s provided for the four pixels, the
pixels 20A to 20D, and parts of a plurality of pixels or a part
of a pixel 1s cut off 1n order to ensure the space for the well
contact part 71, the present invention 1s not limited to this. The
ratio of the existence of the well contact part 71 or the ratio of
pixels mvolved 1n the provision of the well contact part 71
may be changed. Also, the dimensions of a well for which the
well contactpart 71 1s provided, a pixel in which the provision
of the well contact part 71 1s involved, and the like are deter-
mined 1n accordance with the burden of correction for a
difference in the pixel shape by the signal processing chip 80
downstream, the amount of reduction of the characteristics
per pixel, and the like.

Although, 1n the first to third examples described above,
correction of a signal of a pixel 1n which the well contact part
71 1s provided 1s performed, by the signal processing chip 80,
outside the sensor chip 10, the present invention 1s not limited
to this. A function of the signal processing chip 80 may be
installed 1n the downstream of the A/D conversion circuit 17
of the sensor chip 10, so that correction can be performed
inside the sensor chip 10.

Although cases where a solid-state imaging device accord-
ing to the present mvention 1s formed as a chip have been
explained, the present invention 1s also applicable to a mod-
ule-type imaging device or camera. FIG. 11 illustrates a mod-
ule-type solid-state imaging device formed as an aggregation
of a plurality of chips. The solid-state i1maging device
includes a sensor chip for capturing 1images, a signal process-
ing chip for performing digital signal processing, and the like.
Furthermore, the solid-state 1imaging device may include an
optical system. In this case, the characteristics of a video
signal from such a module-type imaging device are improved.

The solid-state 1imaging device according to each of the
first and second embodiments of the present invention can be
used as an 1maging device for a camera module, such as a
digital still camera or a video camera. The solid-state imaging
device can also be used as an 1imaging device for a portable
terminal, typified by a cellular telephone set having a camera
function.

What 1s claimed 1s:

1. A solid-state imaging device comprising:

a pixel array area including pixels arranged 1n second con-
ductivity type well regions 1n a two-dimensional array
fashion, each of the pixels including: a photoelectric
conversion portion including [an activation region; and}
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a first impurity rvegion of a first conductivity type and a
second impurity region of a second conductivity type
provided over the first impurity rvegion;

well potential fixing parts for fixing the second conductiv-
ity type well regions at a predetermined potential;

[wherein the photoelectric conversion portion includes a
first impurity region of a first conductivity type and a
second 1mpurity region of a second conductivity type
provided over the first impurity region,] and
wherein the well potential fixing parts [have an activa-

tion region connected] each cornnect to a metal wiring
from [an upper portion of] the second conductivity
type well region [and a third impurity region of sec-
ond conductivity type, wherein:

the photoelectric conversion portion includes a first impu- 15

rity region of a first conductivity type and a second
impurity region of a second conductivity type provided
on the first impurity region] and the well potential fixing
parts are located in a part of a corresponding photoelec-
tric conversion portion; and

cach of the well potential fixing parts includes an impurity
region of the second conductivity type whose density 1s
higher than the second impurity region.

2. The solid-state imaging device according to claim 1,

wherein each of the pixels further includes at least one or 75

movre transistors for transferving an image signal produced by
the photoelectric conversion portion to an external device.

14

3. The solid-state imaging device according to claim 1,
wherein each of the pixels further includes at least one or
morve transistors for amplifving an image signal produced by

the photoelectric conversion portion.
4. The solid-state imaging device according to claim 1,

wherein each of the well potential fixing parts is provided in a

position among the pixels.

5. The solid-state imaging device according to claim 1,
Jurther comprising a signal processing avea for genervating
information on the pixel in which the corresponding well

potential fixing part is provided in accordance with informa-
tion on peripheral pixels.

6. The solid-stale imaging device according to claim 5,
whevrein the pervipherval pixels are pixels belongingto the same
row as the pixel, pixels belonging to a same column as the
pixel, or pixels belonging to the same rvow and the same
column as the pixel.

7. The solid-state imaging device of claim 1, wherein the
fivst impurity vegion for the photoelectric conversion portion
extends continuously from the photoelectric conversion por-
tion to the well potential fixing part for a given pixel.

8. The solid-state imaging device of claim 1, wherein the
first impurity region for the photoelectric conversion portion
is located between the well potential fixing part for a given
pixel and a gate electrode of the reading portion.
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