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(57) Abstract: A purpose of the present invention is to
provide a preferable separation structure of wells when a
photoelectric  conversion unit and a part of a periphera
circuit unit or apixel circuit are separately formed on sep-
arate substrates and electrically connected to each other.
To this end, a solid-state imaging device includes aplural-
ity of pixels including a photoelectric conversion unit and
a amplification transistor configured to amplify a signa
generated by the photoelectric conversion unit; afirst sub-
strate on which aplurality of the photoelectric conversion
units are disposed; and a second substrate on which aplu-
rality of the amplification transistors are disposed. A well
of afirst conductivity type provided with a source region
and a drain region of the amplification transistor is sepa-
rated from awell, which is disposed adjacent to the well
in at least one direction, of the first conductivity type pro-
vided with the source region and the drain region of the
amplification transistor.
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Description

Title of Invention: SOLID-STATE IMAGING DEVICE

Technical Field
The present invention relates to a solid-state imaging device.

Background Art

A solid-state imaging device isknown in which a photoelectric conversion unit and a
part of aperipheral circuit unit or apixel circuit are separately formed on separate
substrates and electrically connected to each other.

According to PTL 1, alight sensitive pixel and athrough wiring are disposed on a
first substrate and areadout circuit is disposed on a second substrate. The readout
circuit reads out an electric signal via the through wiring and then outputs the electric
signal as an image signal. In such a solid-state imaging device, another surface of the
first substrate and the readout circuit on the second substrate are disposed to face each
other, and terminals of the through wiring and the readout circuit are electrically
connected to each other.

Further, according to PTL 2, the photoelectric conversion unit and the pixel circuit
are disposed monolithically on the first substrate, and wells included in the photo-
electric conversion unit are separated for each pixel.

Furthermore, according to PTL 3, the photoelectric conversion unit and the pixel
circuit are disposed monolithically on the first substrate, and the well of atransistor for
an amplifier is electrically separated from wells of other transistors included in the
pixel.

Citation List

Patent Literature

PTL 1: Japanese Patent Application Laid-Open No. 2008-235478
PTL 2: Japanese Patent Application Laid-Open No. 2006-196729
PTL 3: Japanese Patent Application Laid-Open No. 2001-160619
Summary of Invention

Technical Problem

According to the PTL 1, 2, and 3, when the photoelectric conversion unit and apart
of the peripheral circuit unit or the pixel unit are separately formed on the separate
substrates and electrically connected to each other, apreferable separation structure of
the wells isnot sufficiently discussed.

According to the PTL 2, in view of influence from charge leaked from the saturated
pixel, the wells included in the photoelectric conversion unit are separated for each
pixel. Thus, the PTL 2 describes nothing about the separation of the wells on the
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substrate on which the photoelectric conversion unit is not disposed when the separated

substrates are adopted.
Further, according to the PTL 3, with apurpose for suppressing fluctuation of a

threshold value caused by a substrate bias effect of the transistor for the amplifier
included in the pixel, the well for the transistor amplifier is separated from the wells of
other transistors included in the same pixel. However, the PTL 3 discusses nothing
about the wells of the transistor for the amplifier included in other pixels.

A common problem between the PTL 2 and 3 isthat, since the photoelectric
conversion unit and the pixel circuit are disposed monolithically on the first substrate,
an extra space is needed to separate the wells, thus reducing alight receiving area of
the photoelectric conversion unit.

Solution to Problem

To solve the above-described problem, the present invention isdirected to a
preferable separation structure of wells when a photoelectric conversion unit and apart
of aperipheral circuit unit or apixel circuit are separately formed on separate
substrates and electrically connected to each other.

The present invention includes: aplurality of pixels including a photoelectric
conversion unit and atransistor amplifier configured to amplify asignal generated by
the photoelectric conversion unit; afirst substrate on which aplurality of the photo-
electric conversion units are disposed; and a second substrate on which aplurality of
the transistor amplifiers are disposed. A well of afirst conductivity type provided with
asource region and adrain region of the transistor amplifier is separated from awell,
which is disposed adjacent to the well in at least one direction, of the first conductivity
type provided with the source region and the drain region of the transistor amplifier.
Advantageous Effects of I nvention

According to the present invention, apreferable separation structure of awell can be
provided when aphotoelectric conversion unit and apart of aperipheral circuit unit or
apixel circuit are separately formed on separate substrates and electrically connected
to each other.

Brief Description of Drawings

[fig. 1A]Fig. 1A isan example illustrating an equivalent circuit of apixel according to
the present invention.

[fig.IB]JFig. 1B isan example illustrating an equivalent circuit of apixel according to
the present invention.

[fig.2]Fig. 2 isaschematic cross-sectional view illustrating a solid-state imaging
device according to the present invention.

[fig.3]Fig. 3isaschematic top plan view illustrating a solid-state imaging device



WO 2012/001939 PCT/JP2011/003643

[0015]

[0016]

[0017]

[0018]

[0019]

[0020]

[0021]

[0022]

according to afirst exemplary embodiment.

[fig.4]Fig. 4 illustrates an example of an equivalent circuit of apixel in a solid-state
imaging device according to the first exemplary embodiment.

[fig.5]Fig. 5isaschematic top plan view of one pixel in a solid-state imaging device
according to the first exemplary embodiment.

[fig.6]Fig. 6 illustrates an equivalent circuit of a source follower circuit.

[fig.7]Fig. 7 illustrates an equivalent circuit of an extracted part of apixel.
[fig.8]Fig. 8isaschematic top plan view illustrating a solid-state imaging device
according to a second exemplary embodiment.

[fig.9]Fig. 9 isaschematic top plan view illustrating a solid-state imaging device
according to athird exemplary embodiment.

Description of Embodiments

Figs. 1A and IB are examples of an equivaent circuit of one pixel included in a
solid-state imaging device that can be applied to the present exemplary embodiment.
Herein, only one pixel isillustrated, however, actualy aplurality of pixels are disposed
to configure apixel arrangement.

A photoelectric conversion unit 101 generates holes and electrons by photoelectric
conversion using, for example, aphotodiode.

A transfer unit 102 transfers charge of the photoelectric conversion unit 101 using,
for example, ametal oxide semiconductor (MOS) transistor (transfer transistor).

The transfer unit 102 transfers to afloating diffusion (FD) 103 the charge of the pho-
toelectric conversion unit 101, of which potential isin afloating state.

A pixel reset unit 104 sets at least the potential of the FD 103 to areference potential.
In other words, the pixel reset unit 104 resets the voltage of an input node of a
transistor amplifier. Alternatively, the pixel reset unit 104 isturned on simultaneously
with the transfer unit 102 to set the potential of the photoelectric conversion unit 101 to
the reference potential. Asthe pixel reset unit 104, for example, a MOS transistor
(reset transistor) is used.

A pixel amplifier 105 amplifies asignal based on either of paired charge generated in
the photoelectric conversion unit 101 and outputs the signal using, for example, the
MOS transistor. In this case, agate of the MOS transistor (amplification transistor) of a
pixel amplifier iselectricaly connected to the FD 103.

A transfer control line 106 isused to control an operation of the transfer transistor. A
reset control line 107 isused to control an operation of the reset transistor. A driving
pulse is supplied from avertical scanning circuit (not illustrated) to the control lines
described above.

Signals amplified by aplurality of pixel amplifiers included in apixel column are se-
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guentially output to avertical output line 108.

A current source 109 isused to supply abias current to the pixel amplifier 105. In the
circuit according to the present exemplary embodiment, the current source 109
supplies the bias current for causing the amplification MOS transistor to work as a
source follower operation.

In Fig. 1A, avoltage V| is supplied to adrain of the amplification transistor and the
reset transistor. Herein, acommon voltage is supplied, however, the voltage can be
supplied from separate power sources. A voltage V2 is supplied to a current source
109A illustrated in Fig. 1A.

In Fig. 1B, avoltage V3 is supplied to the drain of the reset transistor. In Fig. 1B, a
voltage V4 is supplied to the drain of the amplification transistor. In Fig. 1B, avoltage
V5issupplied to acurrent source 109B.

Of elements included in the pixel, pixA indicates aportion disposed on afirst
substrate and pixB indicates aportion disposed on a second substrate. A pixel pix
includes the pixA and the pixB.

Differences between Figs. 1A and I B will be described. Characters "a" and "b" are
added to different members to distinguish them. More specifically, the amplification
transistor and the reset transistor have different conductivity types. In Fig. 1A, a
negative channel metal oxide semiconductor (NMOS) transistor isused and, in Fig.

IB, apositive channel metal oxide semiconductor (PMOS) transistor isused. Corre-
sponding to each transistor type, the voltages supplied to the transistor and the current
source are different.

In Fig. 1A, the voltage V| is apower source voltage of 5V or 3.3V, for example. The
voltage V2 islower than the voltage V | and, has aground potential, for example. On
the other hand, in Fig. 1B, the voltages V3 and V4 have relatively low potentials, for
example, the ground potential, and the voltage V5is 3.3V, which ishigher than the
voltage V3 of 1.8V.

In Fig. 1B, the PMOS transistor isused as the amplification transistor. The photo-
electric conversion unit 101 uses electrons as signal charge. When an amount of
incident light islarge, the gate potential of the PMOS transistor islowered.

According to the lowered gate potential, the source potential of the PMOS transistor
tends to rise compared to when it is dark. More specificaly, when the signal amplitude
islarge compared to that when resetting, the vertical output line can be driven with a
higher driving power. Therefore, compared with the structure illustrated in Fig. 1A, the
structure illustrated in Fig. 1B has an advantage in its reading speed.

Such aconfiguration has been conventionally disposed on the same substrate. Thus,
for example, to separate the wells within the pixel makes the structure complicated. On
the other hand, as the present exemplary embodiment, the circuits are separately
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formed on the separate substrates to solve such problems. Further, an operation voltage
range illustrated in Fig. I B can be reduced, thereby having an advantage of lowering
the power supply voltage.

The advantage does not lie with using the PMOS transistor as the amplification
transistor but using atransistor having opposite polarity of the signal charge. In other
words, when the signal charge includes the electrons, the PMOS transistor isused as
the amplification transistor and the reset transistor. When the signal charge includes
holes, the NMOS transistor isused.

In respect of the conductivity type of the transfer transistor, the MOS transistor of a
first conductivity type isused asthe transfer transistor, and the transistors of a second
conductivity type that isthe opposite type of the first conductivity type are used as am-
plification transistor and the reset transistor.

Asdescribed above, the structure of the pixel has been described, however, the
structure is not limited thereto. For example, asthe amplification transistor, ajunction
field effect transistor (JFET) can be used. Further, the photoelectric conversion unit
may use the holes asthe signal charge. In this case, the PMOS transistor is adopted as
the transfer transistor.

Further, aplurality of photoelectric conversion units may share the amplification
transistor and reset transistor. Furthermore, a selection transistor may be separately
used connected in series with the amplification transistor.

Furthermore, a structure in which the pixel components are separately formed on a
plurality of substrates isnot limited to the example described above. In addition to the
structure described above, the reset transistor and the amplification transistor may be
disposed on the first substrate. Furthermore, the amplification transistor and the reset
transistor are not disposed in the pixel, but the transfer transistor may directly output
the charge of the photoelectric conversion unit to the vertical output line.

Fig. 2 isan example of a schematic sectional view illustrating electrically-connecting
portions of the first and second substrates that can be commonly adopted to the solid-
state imaging device according to the present invention.

A pixel region 203a isdisposed on the second substrate 202. A pixel region 203b is
disposed on afirst substrate 201. A second peripheral region 204a is disposed on the
second substrate 202. The second peripheral region 204a is disposed outside the pixel
region 203a.

A first peripheral region 204b is disposed on the first substrate 201. The first pe-
ripheral region 204b isdisposed outside the pixel region 203b, and acircuit for
processing asignal output from the pixel region 203b via acommon output line or con-
trolling asignal output from the pixel region is disposed.

Fig. 2 illustrates apixel amplifier 105, aFD 206, and a amplification transistor 207.
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The gate of the amplification transistor 207 and the FD 206 are electrically connected
to each other. Herein, only the amplification transistor 207 isillustrated as the pixel
circuit, however, additionally, the above-described reset transistor isincluded in the
pixel circuit.

A MOS transistor 208 constitutes apart of the readout circuit disposed in the first pe-
ripheral region 204b. An example of the readout circuit includes aparallel processing
circuit for processing in parallel the signals read from each column of aplurality of
pixel columns. Such aparallel processing circuit includes a column amplifier and a
column AD converter. A MOS transistor 209 constitutes acircuit other than the
parallel processing circuit disposed in the first peripheral region 204b.

A first conductivity pattern 110 constitutes acurrent voltage supply wiring for
supplying adirect current voltage to the MOS transistors 209 constituting the parallel
processing circuit. The first conductivity pattern 110 extends in adirection of adepth
of apaper surface and supplies the direct current voltage to the MOS transistors of
each parallel processing circuit in common. The first conductivity pattern 110 is
disposed outside the pixel region 203b.

A second conductivity pattern 211isdisposed outside the pixel region 203a on the
second substrate 202.

An electrically-connecting portion 112 electrically connects the first conductivity
pattern 110 and the second conductivity pattern 211. For example, the electrically-
connecting portion 112 can be constituted by forming the conductivity pattern with a
top wiring layer on the first substrate 201 and that on the second substrate 202 and by
electrically connecting them to each other.

The second conductivity pattern 211isdisposed in the second peripheral region 204a
on the second substrate 202. The second peripheral region 204a includes less circuit
elements compared to those disposed in the first peripheral region 204b on the first
substrate 201, or no circuit elements at all. Thus, since layout can be comparatively
freely performed, an area of the second conductivity pattern 211is preferably made
larger than that of the first conductivity pattern 110 to decrease aresistance value while
maintaining free wiring layout on the second substrate 202.

An electrically-connecting portion 113 electrically connects the FD 206 to the ampli-
fication transistor 207. The second electrically-connecting portion 113 can be con-
stituted by forming the conductivity pattern with the top wiring layer on the first
substrate 201 and that on the second substrate 202 and by electrically connecting them
to each other.

A well 214 of the first conductivity type isprovided with at least a source region and
adrain region of the amplification transistor 207 for one pixel. When the NMOS
transistor isused for the amplification transistor 207, the conductivity type of the well
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isa"P" type. When the PMOS transistor isused for the amplification transistor 207,
the conductivity type of the well isthe "N" type. More specifically, the well isformed
of asemiconductor region having the opposite conductivity type of the source region
and the drain region.

Each well 214 is electrically separated from the adjacent well in at least one
direction. In other words, according to afirst exemplary embodiment, one well is
provided with the source regions and the drain regions of aplurality of amplification
transistors included in one pixel column.

In this case, the adjacent wells provided with the source regions and the drain regions
of the amplification transistors included in the pixel column are separated from each
other. According to a second exemplary embodiment, one well is provided with the
source regions and the drain regions of aplurality of amplification transistors included
in one pixel row. In this case, the adjacent wells provided with the source regions and
the drain regions of the amplification transistors included in the pixel row are separated
from each other.

According to athird exemplary embodiment, one well is provided with the source
region and the drain region of the amplification transistor included in one pixel. In this
case, the well provided with the source region and the drain region of the amplification
transistor included in the pixel is separated from the adjacent wells in the vertical
direction and the horizontal direction.

The above-described third exemplary embodiment is atypical example. When the
wells are separated for each pixel column and each pixel row, the wells may be further
separated within one pixel column and one pixel row.

Herein, "separating the wells" refers to that the semiconductor region of an opposite
conductivity type to the adjacent wells 214 is disposed therebetween. Alternatively, in
addition to the semiconductor region of the opposite conductivity type, an insulation
member may be disposed. A semiconductor region 215 has the second conductivity
type that is opposite to that of the well 214.

The semiconductor region 215 of the second conductivity type is disposed between
the adjacent wells 214 and electrically separates the wells. For the semiconductor
region 215 of the second conductivity type, the semiconductor substrate itself, an
epitaxial layer, or a semiconductor region formed by injecting ion can be used.

According to the present invention, on the first substrate 201 on which the photo-
electric conversion unit is not disposed, the wells 214 disposed in the pixel region by a
predetermined unit are separated. Thus, compared to a case where the photoel ectric
conversion unit and the pixel circuit are monolithically disposed on one substrate in a
conventional manner, adecrease of the light receiving area of the photoelectric
conversion unit due to separation of the wells can be suppressed.
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Further, in each exemplary embodiment, any one of the effects described below can

be acquired.
A first effect isimprovement of again of the amplification transistor. A second effect

is suppression of cross talk via the well 214. A third effect is suppression of increasing
an FD capacitance.

More specifically, the present invention will be described in detail with reference to
the exemplary embodiment as below.

Example 1

According to an exemplary embodiment, the wells are separated for each pixel. Fig.
3isaschematic top plan view illustrating aportion of the pixel circuit disposed on the
second substrate. According to the present exemplary embodiment, of the members
included in the pixel circuit, aselection transistor for selecting the amplification
transistor, the reset transistor, or the pixel isdisposed on the second substrate.

A pixel region 301 isdisposed on the second substrate. The above-described
members included in the pixel are disposed with apredetermined repeating pitch. On
the second substrate, the pixel region 301 is separated into agrid-like shape so that the
region occupied by one pixel can be schematically illustrated. Each pixel isdisposed in
amatrix.

Wells 302 of the first conductivity type, which are the "P" type herein, are separated
for each pixel. The source regions and the drain regions of the amplification
transistors, the reset transistors, and the selection transistors included in one pixel
circuit are disposed in each well. The source region and the drain region are formed of
the semiconductor region of the second conductivity type that isthe opposite con-
ductivity type of the well.

A semiconductor region 303 of the second conductivity type, which isthe "N" type
herein, isdisposed at least between wells 302 to separate the well from the adjacent
wells. Further, the semiconductor region 303 of the second conductivity type may be
disposed at abottom portion of each well 302.

A control line 304 supplies adriving pulse to the gate of the reset transistor and the
selection transistor included in the pixel circuit. The control line 304 isillustrated with
one line in Fig. 3, however, actually two lines for the reset transistor and the selection
transistor are disposed for each pixel column. A suffix indicates the row number.

A vertical signal line 305 isused to read out the signals from pixel rows in parallel.
The vertical signal line 305 isdisposed for each pixel column. A suffix indicates the
column number.

Fig. 4 illustrates an example of an equivalent circuit of one pixel in a solid-state
imaging device according to the present exemplary embodiment.
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Fig. 4 includes aphotoelectric conversion unit 401, atransfer transistor 402 con-
stituting atransfer unit, an FD 403, areset transistor 404 constituting apixel reset unit,
aamplification transistor 405 constituting the pixel amplifier and a source follower
circuit along with the current source, and a selection transistor 406 constituting a pixel
selection unit. A difference between Figs. 1A, IB and Fig. 4 isthat Fig. 4 includes the
selection transistor.

The photoelectric conversion unit 401, the transfer transistor 402, and the FD 403 are
disposed on the first substrate, and the reset transistor 404, the amplification transistor
405, and a selection transistor 406 are disposed on the second substrate. The reset
transistor 404, the amplification transistor 405, and the selection transistor 406 are con-
stituted by the MOS transistor of the "N" type.

Fig. 5isaschematic top plan view of the second substrate. Same reference numerals
are given to portions having the same functions asthose in Figs. 3 and 4, and detailed
descriptions will not be repeated.

An electrically-connecting portion 501 is aportion for electrically connecting the
second substrate to the first substrate. Polysilicon 502 forms a gate electrode of the am-
plification transistor and is electrically connected to the FD disposed on the first
substrate via the electrically-connecting portion 501. A source region 503 isincluded
in the amplification transistor. A drain region 504 isincluded in the amplification
transistor and also functions as the source region of the selection transistor.

Polysilicon 505 forms the gate electrode of the selection transistor. A source region
506 isincluded in the selection transistor. A source region 507 isincluded in the reset
transistor. Polysilicon 508 forms the gate electrode of the reset transistor. A drain
region 509 isincluded in the reset transistor.

A semiconductor region 510 has the same conductivity type as those of the wells 302
and ahigher impurity level than the wells 302. Since the semiconductor region 510 has
afunction for supplying apredetermined voltage to the wells, it is hereinafter referred
to as a "well-contact region”.

A reset control line 511 supplies adriving pulse to the reset transistor. A reset power
source line 512 is aline for supplying areset voltage to the drain of the reset transistor.
A selection control line 513 isaline for supplying the driving pulse to the gate of the
selection transistor. A power source line 514 isaline for supplying adrain voltage to
the drain of the amplification transistor. A vertical signal line 515 is also disposed on
the second substrate.

The amplification transistor performs the source follower operation. The charge
generated by the photoelectric conversion unit 401 is supplied to the gate of the ampli-
fication transistor via the transfer transistor 402. Based on an amount of the supplied
charge, the gate voltage of the amplification transistor is changed. Based on the change
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of the gate voltage of the amplification transistor, the source voltage of the ampli-
fication transistor is changed.

According to the present exemplary embodiment, the well 302 is electrically
connected to the drain region 504 of the amplification transistor via the well-contact
region 510. Accordingly, the potential of the well 302 changes for each pixel similar to
the change of the voltage of the source of the amplification transistor.

With such a structure, it ispossible to make the gain of the source follower circuit
closer to "1", thereby improving the voltage gain of the source follower circuit. The
details will be described below.

Fig. 6 illustrates a case where the well of the amplification transistor is grounded in
an aternating-current manner as a comparison example and which is, for example,
GND. When the voltage between the gate and the source of the amplification transistor
isdefined asVgs, the voltage between the source and the back gate is defined as Vbs,
and the load resistance value is defined as Rs, the gain of the source follower circuit
can be expressed with Equation 1asillustrated below.

Av = Vin/Vout

=gmx Rg/(1 + (gm + gmbs) x Rs) (Equation 1)

Herein, Av represents the voltage gain of the source follower circuit, and gm and
gmbs are respectively expressed as follows

gm = 1ds/Vgs

gmbs = Ids/Vbs

When the resistance value of the load resistance is defined as Rs=infinite, the
Equation 1 can be modified asillustrated below.

Av = gm/(gm + gmbs) (Equation 2)

The value of the Equation 2 is normally within 08 to 0.9. Herein, the source of the
amplification transistor iselectrically connected to the wells. In other words, when the
source of the amplification transistor is connected to the back gate, the equation gmb =
0 can be acquired. Thus, the voltage gain at this point is 1.0. Compared with acase
where the back gate is grounded in an alternating-current manner as normally,
according to the present exemplary embodiment, the higher voltage gain can be
acquired.

Further, if the well electrically connected to the source of the amplification transistor
isprovided with the reset transistor, the FD capacitance can be decreased. In order to
describe such acase, Fig. 7 illustrates a part of aparasitic capacitance generated in the
FD. Fig. 7 illustrates the reset transistor and the amplification transistor that are
extracted from Fig. 4.

A parasitic capacitance 701 is generated between the FD and the back gate of the
reset transistor. When the well and the source of the amplification transistor are elec-



11

WO 2012/001939 PCT/JP2011/003643

[0079]

[0080]

[0081]

[0082]

[0083]

[0084]

[0085]

trically connected to each other, the voltage between the gate and the source of the am-
plification transistor becomes substantially constant despite of the FD potential.
Therefore, the parasitic capacitance 701 does not contribute to the FD capacitance.

This isbecause the well changes its voltage similar to that of the source of the ampli-

fication transistor.
Thus, by disposing reset transistor in the same well asthat of the amplification

transistor, the FD capacitance can be reduced, thereby improving sensitivity of the
solid-state imaging device.

Further, according to the present exemplary embodiment, the selection transistor is
disposed between the vertical output line and the source of the amplification transistor.
With such a structure, the selection transistor becomes nonconductive so that influence
on the well from the potential change of the vertical output line can be reduced, which
ispreferable.

Asdescribed above, according to the present exemplary embodiment, the wells of the
transistor included in the pixel circuit disposed on the second substrate on which the
photoelectric conversion unit is not disposed are separated for each pixel. With such a
structure, the wells can be separated without decreasing the light receiving area of the
photoelectric conversion unit.

Furthermore, by electrically connecting the source of the amplification transistor to
the well provided with the amplification transistor, the voltage gain of the ampli-
fication transistor can be improved. Moreover, by providing the same well with the
reset transistor and the amplification transistor, the FD capacitance can be decreased.
Further, by disposing the selection transistor, and by electrically separating the vertical
output line from the source of the amplification transistor, the influence on the well
from the potential change of the vertical output line can be decreased.

Example 2

A difference between the present exemplary embodiment and the first exemplary em-
bodiment is that the wells are separated between the pixel columns. Regarding the
transistor disposed on the second substrate, the wells are separated between the
columns of the amplification transistors.

Furthermore, adifference from the first exemplary embodiment isthat the present
exemplary embodiment includes no selection transistor. Thus, as the pixel equivalent
circuit, the structure illustrated in Fig. 1can be adopted. Fig. 8 is a schematic top plan
view illustrating a solid-state imaging device of a second exemplary embodiment.

A pixel region 801 isdisposed on the second substrate. The transistors included in
the pixel illustrated with the equivalent circuit diagram are disposed with a prede-
termined repeating pitch. The pixel region is separated into a grid-like shape so that the
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region occupied by one pixel can be schematically illustrated. Each pixel isdisposed in

amatrix.
Wells 802 of the first conductivity type, which are the "P"' type herein, are separated

for each pixel. Each well isprovided with the source regions and the drain regions of a
plurality of amplification transistors and aplurality of the reset transistors that are
included in one pixel column. The source region and the drain region are formed of the
semiconductor regions of the second conductivity type.

A semiconductor region 803 of the second conductivity type, which isthe "N" type
herein, isdisposed in adlit shape at least between wells 802 to separate the wells.
Further, the semiconductor region 803 of the second conductivity type may be
disposed at the bottom portion of each well 802.

A control line 804 isaline for supplying the driving pulse to the gate of the reset
transistor included in the pixel circuit. A suffix indicates the row number.

A vertical signal line 805 isaline for reading the signals from each pixel row in
parallel, and isdisposed for each pixel column. A suffix indicates the column number.

According to the present exemplary embodiment, in addition to the effect of the first
exemplary embodiment, since the wells including the amplification transistor that are
disposed adjacent to each other in the vertical direction do not need to be electrically
separated from each other, the area for one pixel on the second substrate can be
decreased. Further, since no selection transistor isdisposed on the second substrate, the
area for the selection transistor can be also decreased.

According to the present exemplary embodiment, in order to obtain the structure in
which no selection transistor is disposed, the wells may be separated at least between a
plurality of pixels that simultaneously perform reading. The signals of aplurality of
pixels included in the same pixel row are substantially simultaneously read by the cor-
responding vertical output line.

More specificaly, aplurality of pixel signals included in acertain pixel row are sub-
stantially simultaneously read. Thus, the wells are separated for each pixel column and,
then, the adjacent pixels in the same pixel row are disposed in the different wells.

Example 3

A difference between the present exemplary embodiment and the first and second
exemplary embodiments isthat the wells are separated from each other by apixel row
unit. Regarding the transistor disposed on the second substrate, the wells are separated
from each other between the rows of the amplification transistors. Fig. 9 is a schematic
top plan view illustrating the second substrate of a solid-state imaging device of the
present exemplary embodiment.

A pixel region 901 isdisposed on the second substrate. The transistors included in
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the pixel indicated in the equivalent circuit diagram are disposed with apredetermined
repeating pitch. The pixel region is separated into a grid-like shape so that the region
occupied by one pixel can be schematicaly illustrated. Each pixel isdisposed in a
matrix.

WEells 902 of the first conductivity type, which are the "P" type herein, are separated
for each pixel. A suffix indicates the row number. The source regions and the drain
regions of aplurality of the amplification transistors and aplurality of the reset
transistors included in one pixel row are disposed in each well. The source region and
the drain region are formed of the semiconductor region of the second conductivity
type.

A semiconductor region 903 of the second conductivity type, which isthe "N" type
herein, isdisposed in adlit-like shape at least between wells 902 to separate the wells.
Further, the semiconductor region 903 of the second conductivity type may be
disposed at the bottom portion of each well 802.

A control line 904 is aline for supplying adriving pulse to agate of the reset
transistor included in the pixel circuit. A suffix indicates the row number.

A vertical signal line 905 is aline for reading the signals from the pixel rows in
paralel and arranged for each pixel column. A suffix indicates the column number.

A control line 906 is aline for supplying at least afirst voltage and a second voltage
to the wells separated for each pixel row. A predetermined voltage is supplied to the
control line 906 from avoltage supply unit (not illustrated). The voltage supply unit
includes, for example, avertical scanning circuit, atiming generator, and a power
source supply unit.

According to the present exemplary embodiment, by selectively supplying the first
voltage or the second voltage for the control line 906 according to areading pixel row
or anon-reading pixel row, the pixel can be selected. More specifically, by changing a
threshold value of the amplification transistor by the voltage supplied to the well, the
pixel is selected.

When the MOS transistor of the "N" type isused for the amplification transistor, the
first voltage is supplied to the well of the reading pixel row and the second voltage,
which ishigher than the first voltage, is supplied to the non-reading pixel row. With
this arrangement, the signals of the reading pixel row isread out to the vertical output
line selectively.

Asdescribed above, the present invention has been specifically described with
reference to the exemplary embodiments, and the present invention can be appro-
priately combined and various modifications can be made without departing from the
spirit or scope of the inventive concept. For example, in each exemplary embodiment,
the transistor of the conductivity type of the "N" type included in the pixel circuit is
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described, however, the transistor of a"P" type can be also used. In this case, each

semiconductor region may have the opposite conductivity type.
Further, acase where, of the electrons and the holes generated by the photoelectric

conversion unit, the electrons are used as the signal charge has been described, and the
holes can be also used. Further, by locally disposing aregion having the high impurity
density as the semiconductor region for separating the wells, the separation charac-
teristic may be enhanced.

Furthermore, the row and the column described in the exemplary embodiments are
used for the sake of convenience of the description, thus they may be replaced with
each other.

While the present invention has been described with reference to exemplary em-
bodiments, it isto be understood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims is to be accorded the
broadest interpretation so asto encompass al such modifications and equivalent
structures and functions.

This application claims the benefit of Japanese Patent Application No. 2010-151973,
filed July 2, 2010, which ishereby incorporated by reference herein in its entirety.
Reference Signs List

101 photoelectric conversion unit

105 amplification transistor

214 well of first conductivity type

215 semiconductor region of second conductivity type
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Claims
A solid-state imaging device comprising:
aplurality of pixels, each including a photoelectric conversion unit and
aamplification transistor configured to amplify asignal generated by
the photoelectric conversion unit;
afirst substrate on which the plurality of the photoelectric conversion
units are disposed; and
asecond substrate on which the plurality of the amplification
transistors are disposed,
wherein awell of afirst conductivity type provided with a source
region and adrain region of the amplification transistor isisolated from
another well of afirst conductivity type which isdisposed adjacent to
the well in at least one direction, the another well isprovided with a
source region and adrain region of another amplification transistor.
The solid-state imaging device according to claim 1, wherein, between
the adjacent wells of the first conductivity type, by disposing a semi-
conductor region of a second conductivity type, the wells of the first
conductivity type are isolated from each other.
The solid-state imaging device according to any one of claims 1and 2,
wherein a source of the amplification transistor and the well of the first
conductivity type are electrically connected to each other.
The solid-state imaging device according to any one of claims 1to 3,
further comprising aplurality of reset transistors each configured to
reset avoltage of an input node of the amplification transistor,
wherein the plurality of the reset transistors are respectively disposed
on the isolated wells of the first conductivity type including the ampli-
fication transistors included in the same pixel.
The solid-state imaging device according to any one of claims 1to 4,
wherein each pixel includes a selection transistor, and
wherein aplurality of the selection transistors are respectively disposed
on the isolated wells of the first conductivity type including the ampli-
fication transistor in the same pixel.
The solid-state imaging device according to any one of claims 1to 5,
wherein the amplification transistors are disposed in amatrix, and the
wells of afirst conductive type are isolated from each other between
columns of aplurality of amplification transistors.
The solid-state imaging device according to claim 1, wherein the ampli-
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fication transistors are disposed in amatrix, and the wells of the first
conductivity type are isolated from each other between rows of a
plurality of the amplification transistors, the solid-state imaging device
further comprising a voltage supply unit configured to supply afirst
voltage and a second voltage that is higher than the first voltage for
each of the isolated wells.

The solid-state imaging device according to any one of claims 1to 5,
wherein the wells of the first conductive type are isolated for each
pixel.

The solid-state imaging device according to any one of claims 1to 8,
wherein a source follower circuit is configured with the amplification
transistor and a power source.
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