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(57) Abstract: In the solid-state imaging apparatus, the

FIG 2 carrier holding portion (102) is arranged at a position in a

first direction (201) from a photoelectric conversion por-

T T - tion (101), a floating diffusion region (103) is arranged at

102 1051108 102 105103 102 105103 a position in a second direction (202) perpendicular to the

first direction from the carrier holding portion with a

transfer portion (105) sandwiched between the floating
diffusion region and the carrier holding portion, the carri-

er holding portion included in the first pixel is arranged
between the photoelectric conversion portion included in
the first pixel and the photoelectric conversion portion in-

cluded in the second pixel, the carrier holding portion in-
cluded in the first pixel is covered with a light shielding
portion (303, 304), and the light shielding portion ex-

tends over a part of each of the photoelectric conversion

portions included in the first and second pixels.
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DESCRIPTION

SOLID-STATE IMAGING APPARATUS

TECHNICAL FIELD

The present invention relates to an element layout of
a solid-state imaging apparatus having pixels each
including a carrier holding portion that accumulates a
signal carrier generated by a photoelectric conversion

portion.

BACKGROUND ART

A known configuration of solid-state imaging
apparatuses has pixels arranged two dimensionally. Among
such solid-state imaging apparatuses, configurations having
electronic shutter functions have been known in order to
start and finish accumulating signal carriers in all pixels
at the same time. The configurations are exemplified in
Japanese Patent Application Laid-Open No. 2006-246450
(hereinafter referred to as Patent Document 1) and Japanese
Patent Application Laid-Open No. 2006-049743 (hereinafter
referred to as Patent Document 2), for example.

For the electronic shutter functions, there are
provided, separately from photoelectric conversion portions
that perform photoelectrical conversion, carrier holding
portions that hold the photoelectrically converted carriers

for predetermined time periods.
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In the configurations discussed in Patent Document 1
and Patent Document 2, sufficient considerations have not
been given in terms of optimizing potential structures
within semiconductor substrates by layouts of elements
within pixels and disposing light shielding portions for
inhibiting light from being incident on carrier holding
portions.

The present invention is directed to optimizing a
potential structure on a semiconductor substrate in a
solid-state imaging apparatus having pixels each including
a carrier holding portion, for example, by suitably

arranging elements constituting the pixel.

DISCLOSURE OF THE INVENTION

In view of the foregoing problems, a solid-state
imaging apparatus according to the present invention
includes a plurality of pixels arranged two dimensionally,
in which each of the pixels includes a photoelectric
conversion portion generating signal carriers, a carrier
holding portion capable of holding the signal carriers
having a semiconductor region of a first conductivity type
capable of accumulating the signal carrier and a control
electrode arranged over the semiconductor region
sandwiching an insulating film between the semiconductor
region and the control electrode, a floating diffusion
region of a first conductivity type, and a transfer portion

for controlling an electrical connection between the
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semiconductor region of the first conductivity type and the
floating diffusion region, in which within the same pixel,
the semiconductor region of the first conductivity type is
arranged at a position in a first direction from the
photoelectric conversion portion, the floating diffusion
region is arranged at a position in a second direction
perpendicular to the first direction from the semiconductor
region of the first conductivity type sandwiching the
transfer portion between the floating diffusion region and
the semiconductor region of the first conductivity type,
the plurality of pixels include a first pixel and a second
pixel arranged adjacent to the first pixel in the first
direction, the semiconductor region of the first
conductivity type included in the first pixel is arranged
between the photoelectric conversion portions included in
the first and second pixels, the carrier holding portion
included in the first pixel is covered with a light
shielding portion, and the light shielding portion extends
over a part of each of photoelectric conversion portions of
the first and second pixels.

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 figures thereof.

BREIF DESCRIPTION OF THE DRAWINGS
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FIG. 1 is a diagram for describing an example of a
circuit diagram of a solid-state imaging apparatus.

FIG. 2 is a top view of a solid-state imaging
apparatus according to a first embodiment.

FIG. 3 is a cross-sectional view of the solid-state
imaging apparatus according to the first embodiment.

FIG. 4 is a cross-sectional view of a solid-state
imaging apparatus according to a second embodiment.

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

invention.

BEST MODE FOR CARRYING OUT THE INVENTION
(First Embodiment)

FIG. 1 is an example of a diagram of a pixel circuit
in a solid-state imaging apparatus according. to the present
embodiment.

A photoelectric conversion portion 101 is a
photodiode in this example. A carrier holding portion 102
can hold a signal carrier generated by the photoelectric
conversion portion. A carrier-to-voltage conversion
portion 103 converts the signal carrier into a voltage. A
first transfer portion 104 controls transfer of the carrier
from the photoelectric conversion portion to the carrier

holding portion. The first transfer portion 104 is a MOS



10

15

20

25

WO 2009/133944 PCT/JP2009/058531

transistor in this example. The first transfer portion
controls a potential as to the signal carrier at a signal
carrier path between the photoelectric conversion portion
and the carrier holding portion. In one configurations of
the first transfer portion, a control electrode may be
provided to actively control a potential state to control
signal carrier conduction. In another configuration of the
first transfer portion, a signal carrier path may be in a
buried channel structure with a potential gradient so that
a signal carrier moves from a photoelectric conversion
portion to a carrier holding portion during a light
exposing period. In the latter case, a control gate in the
carrier holding portion (described later) can also be
extended to a buried channel portion so that the same bias
as that applied to the carrier holding portion can be
applied to the buried channel portion.

A second transfer portion 105 controls an electrical
connection between the carrier holding portion and the
carrier-to-voltage conversion portion. The second transfer
portion 105 can transfer the signal carrier from the
carrier holding portion 102 to the carrier-to-voltage
conversion portion 103. The second transfer portion 105 is
a MOS transistor in this example. A reset portion 106
resets the carrier-to-voltage conversion portion. The
reset portion 106 is a MOS transistor in this example.

An amplifying transistor 107 is a MOS transistor in

this example. The MOS transistor has its gate electrically
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connected to the carrier-to-voltage conversion portion 103.
The signal that has been converted into the voltage by the
carrier-to-voltage conversion portion is amplified and is
output outward. For example, the amplifying transistor 107,
together with a constant current source (not shown),
constitutes a source follower circuit.

A selection portion 108 selects pixels arranged two
dimensionally for each pixel row. The selection portion
108 is a MOS transistor in this example. A carrier
discharge control portion 109 can discharge the carrier
generated by the photoelectric conversion portion outward.
In this example, the carrier discharge control portion 109
is an overflow drain MOS transistor having a photoelectric
conversion portion as its source. The carrier discharge
control portion 109 has a semiconductor region identical in
polarity to the signal carrier generated by the
photoelectric conversion portion as its source and has a
semiconductor region supplied with a power supply voltage
as its drain. The drain serves as a carrier discharge
portion.

Although one pixel includes all constructional
elements in this example, multiple pixels may share an
amplifying portion, a selection portion, and a reset
portion.

The operations of the pixel circuit will be then
described. First, after a carrier within the photoelectric

conversion portion 101 is discharged to the carrier



10

15

20

25

WO 2009/133944 PCT/JP2009/058531

discharge portion through the carrier discharge control
portion 109, photoelectric conversion (a light exposing
period) is started. When the signal carrier path between
the photoelectric conversion portion 101 and the carrier
holding portion 102 is in a buried channel structure, a
signal carrier generated by the photoelectric conversion
quickly moves to the carrier holding portion 102. The
signal carrier remaining in the photoelectric conversion
portion 101 immediately before the light exposing period is
terminated is transferred to the carrier holding portion
102 through the first transfer portion 104.

Then, the signal carrier accumulated in the carrier
holding portion 102 is transferred to the carrier-to-
voltage conversion portion 103 through the second transfer
portion 105 and is converted into a voltage. The voltage
is amplified by the amplifying transistor 107 and is
sequentially read out by the selection portion 108.

After the light exposing period is terminated, the
carrier discharge control portion 109 is allowed to conduct,
to make a potential at a carrier path between the
photoelectric conversion portion and the carrier discharge
portion lower than a potential at the carrier path between
the photoelectric conversion portion and the carrier
holding portion. The potential here means that for a
signal carrier. This enables leakage of the signal carrier
from the photoelectric conversion portion 101 to the

carrier holding portion 102 to be controlled.
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The configuration shown in FIG. 1 enables an
operation for resetting the carrier in the photoelectric
conversion portion 101, an operation for transferring the
signal carrier from the photoelectric conversion portion
101 to the carrier holding portion 102, and an operation
for allowing the carrier discharge portion 109 to conduct
to be simultaneously performed for all the pixels. These
operations achieve a so-called global electronic shutter.

FIG. 2 is a top view of pixels in the solid-state
imaging apparatus according to the present embodiment.
Although nine pixels are herein illustrated, more pixels
may be arranged. Each pixel includes the constructional
elements described in the circuit diagram shown in FIG. 1.
Although each of regions is rectangular for purposes of
illustration, each of the constructional elements is not
rectangular. At least the constructional element is
arranged in the region. Portions having the same functions
as those shown in FIG. 1 are assigned the same reference
numerals and hence, the detailed description thereof is
omitted.

In FIG. 2, as a layout of the elements within the
same pixel, the carrier holding portion 102 is arranged at
a position in a first direction from the photoelectric
conversion portion 101, and the carrier-to-voltage
conversion portion 103 is arranged at a position in a
second direction perpendicular to the first direction from

the carrier holding portion 102 with the transfer portion
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sandwiched therebetween.

Such a configuration enables the carrier-to-voltage
conversion portion to be arranged between the carrier
holding portions in the adjacent pixels without increasing
the distance between the carrier-to-voltage conversion
portion and the photoelectric conversion portion. This
enables the optimization of the potential structure of the
carrier holding portion and the reduction in pixel pitch.

The foregoing will be described in more detail. The
carrier-to-voltage conversion portion includes a floating
diffusion region (FD region) of a first conductivity type
identical in polarity to a signal carrier. The FD region
forms PN junction with a semiconductor region of a second
conductivity type. The FD region is generally set to a
high concentration (for example, an impurity concentration
of 1 x 10 to 1 x 10%° cm™®) and is reverse-biased to a high
reset voltage (approximately a power supply voltage) so
that a depletion layer greatly extends from the FD region.
In such a state, when the FD region is brought closer to
the photoelectric conversion portion, an end of the
depletion layer extended from the FD region must be
separated by a certain amount from the photoelectric
conversion portion so that a reduction in the height of a
potential barrier for the signal carrier can be restrained.
Thus, the photo current from the photoelectric conversion
portion to the FD region must be limited to a sufficiently

negligible value. In such an element layout in which a
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photoelectric conversion portion and a carrier—to-voltage
conversion portion in adjacent pixels are close to each
other, it is difficult to make a pixel pitch fine. Under
the condition that a determined number of pixels are
arranged in a generally determined area, the elements are
arranged so as to make an opening of the photoelectric
conversion portion as wide as possible. The width of an
element isolation region may also be made as small as
possible. Under such circumstances, if the linear
arrangement of the photoelectric conversion portion, the
carrier holding portion and the carrier-to-voltage
conversion portion in the same pixel 1s repeatedly placed,
the carrier-to-voltage conversion portion is arranged close
to the photoelectric conversion portion in the adjacent
pixel. In this case, the width of the element isclation
region may be also expanded. This causes the pixel pitch
to be made coarse (not fine), thereby making it difficult
to satisfy the conditions such as the number of pixels. On
the other hand, according to the present embodiment, an
element isolation region having a relatively large width
igolates the carrier-to-voltage conversion portion from the
photoelectric conversion portion in the peripheral pixel.
Furthermore, a MOS.transistor or the like constituting the
pixel may be arranged therebetween.

Here, the semiconductor region of a first
conductivity type constituting the carrier holding portion

has an impurity concentration (e.g., approximately 1 X 10%7
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cm™3) lower than that of the FD region in terms of its
characteristics, and is reverse-biased to a voltage lower
than the voltage supplied to the FD region in many cases.

The configuration of the present embodiment enables
the distance between the carrier holding portion and the
photoelectric conversion portion to be shortened.
Therefore, the distance between the carrier holding portion
from which a depletion region extends a relatively short
length and the photoelectric conversion portion can be
shortened. As a result, the pixel pitch can be made fine.

This configuration is effective particularly for the
pixel in which the carrier during the photoelectric
conversion is transferred to the carrier holding portion
and accumulated therein, since the signal carrier requires
to be inhibited from moving toward the portions other than
the carrier holding portion. The reason for that
requirement is that the movement of the signal carrier to
the portions other than the carrier holding portion causes
the reduction in the sensitivity of the pixel and the
variation in the pixel sensitivity depending on the amount
of carrier held in the carrier holding portion and the
total incident light quantity, resulting in nonlinearity of
the sensitivity and a variation in the sensitivity due to
the difference in the nonlinearity for each pixel.

Note that a similar problem exists with not only the
FD region but also the drain region of the overflow drain

MOS transistor 109. That is, the drain region also has a
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high impurity concentration and is reverse-blased to the
vicinity of the power supply voltage so that a depletion
layer greatly extends therefrom. Therefore, the
photoelectric conversion portion may be arranged so as not
to come closer to the drain region.

On the other hand, considering the function of the
overflow drain, it may be brought closer to the
photoelectric conversion portion. As further measures
against that, it is possible to employ a structure for
discharging a carrier toward a substrate, which is called a
vertical overflow drain, thereby eliminating the need to
consider a positional relationship on a plane between the
overflow drain and the photoelectric conversion portion,
then enabling the pixel pitch to be further made fine.

In the present embodiment, there are provided a first
pixel and a second pixel arranged adjacent to the first
pixel in a first direction (in an upward direction in FIG.
2), where the pixel arranged in the lowermost part of a
central column in FIG. 2 is referred to as a first pixel.
The carrier holding portion in the first pixel is arranged
between the photoelectric conversion portions in the first
and second pixels. The carrier holding portion included in
the first pixel is covered with a light shielding portion
304, and the light shielding portion 304 extends over a
part of each of the photoelectric conversion portions
included in the first and second pixels.

A control electrode in a carrier holding portion may
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be formed of the same layer as that forming a transfer
electrode constituting a first transfer portion in many
cases. In this case, the respective thicknesses of the
electrodes may be often equal to each other. Furthermore,
the transfer electrode constituting the first transfer
portion and the control electrode in the carrier holding
portion are formed on the same semiconductor substrate.
Therefore, the respective thicknesses of the electrodes are
also equal to each other. A light shielding portion is
deposited and patterned thereon so that optical symmetry in
each of photoelectric conversion portions can be enhanced.
Specifically, in FIG. 2, the carrier holding portion
included in the first pixel is covered with a light
shielding portion 303, and the light shielding portion 303
extends over a part of each of the photoelectric conversion
portions included in the first and second pixels. Here,
"optical symmetry" means that respective optical paths in
pixels are translationally symmetric. Although the angles
of incident light may differ depending on the position of a
pixel region, a light shielding portion is extended over a
relatively flat photoelectric conversion portion, thereby
making a pattern of the light shielding portion less likely
to be affected by the underlying portions.

When the light shielding portion is patterned on an
underlying element isolation region, a light shielding
pattern may, in some cases, vary in each of pixels because

of the influence of the element isolation region
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irrespective of an attempt to enhance optical symmetry.
However, such an influence can be reduced according to the
present embodiment.

FIG. 3 is a cross—-sectional view taken along a dotted
line A - B denoted by reference numeral 305 in FIG. 2.
Portions having the same functions as those shown in FIG. 2
are assigned the same reference numerals and hence, the
detailed description thereof is omitted. A case where
electrons are used as a signal carrier will be now
described. A case where holes are used as a signal carrier
can be derived by reversing the conductivity type of each
of semiconductor regions. The above-mentioned first and
second conductivity types are respectively taken as an N
type and a P type.

A P type semiconductor substrate 401 is provided.
Alternatively, a P type semiconductor region arranged on an
N type substrate may be provided. An N type semiconductor
region 402 constitutes a part of the photoelectric
conversion portion. The N type semiconductor region 402
forms PN junction with the P type semiconductor substrate
401, to constitute a part of a photodiode.

A transfer electrode 403 constitutes a part of the
first transfer portion 104. A voltage supplied to the
transfer electrode 403 controls a potential for a signal
carrier at a signal carrier path between the N type
semiconductor region 402 and an N type semiconductor region

405, described later.
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The N type semiconductor region 405 can accumulate
the signal carrier from the photoelectric conversion
portion. A control electrode 404 controls a potential on a
surface of the N type semiconductor region 405. The
control electrode 404 is arranged on the N type
semiconductor region 405 with an insulating film sandwiched
therebetween. The carrier holding portion 102 includes the
control electrode 404 and the N type semiconductor region
405.

An element isolation region 406 isolates the N type
semiconductor region 405 in the carrier holding portion in
one pixel from the N type semiconductor region 402 in the
photoelectric conversion portion in another pixel. Herein
illustrated as an example of the element isolation region
406 is an isolation structure in which an insulator such as
a silicon oxide is buried in a trench, which is referred to
as STI (Shallow Trench Isolation).

A light shielding layer 407 covers the whole of the
carrier holding portion 102, and extends over a part of
each of the photoelectric conversion portions included in
the adjacent first and second pixels. Furthermore, the
light shielding layer 407 covers the transfer electrode 403
and the control electrode 404.

Such a configuration enables a clearance formed
between a light shielding portion and a semiconductor
substrate to be made significantly narrow thereby reducing

leakage of light into the clearance.



10

15

20

25

WO 2009/133944 PCT/JP2009/058531

16

As described in the foregoing, according to the
present embodiment, in the configuration in which the pixel
includes the carrier holding portion, the light shielding
portion is extended to the photoelectric conversion portion
without being patterned on the element isolation region,
which allows production of pixels with fine pitches. 1In
addition, the amount of light incident on the carrier
holding portion can be reduced.

(Second Embodiment)

FIG. 4 is a cross-sectional view of a solid-state
imaging apparatus according to the present embodiment. An
available planar layout is the layout shown in FIG. 2.
Portions having the same functions as those shown in FIG. 3
are assigned the same reference numerals and hence, the
detailed description thereof is omitted.

In the present embodiment, the element isoclation
structure between an N type semiconductor region 405 in a
carrier holding portion 102 in one pixel and an N type
semiconductor region 402 in a photoelectric conversion
portion 101 in another pixel is a PN junction isolation
using a P type semiconductor region having a higher
impurity concentration than that of a P type semiconductor
substrate 401.

The element isolation structure using PN junction
improves surface flatness more greatly than the structure
in which an oxide film or the like is buried. This enables

a change in the height of a control electrode 404 in the
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carrier holding portion to be further restrained, making it
easy to form a light shielding portion to be arranged
thereabove. Furthermore, in contrast to the case of using
isolation structure made of silicon oxide, photoelectrons
that have reached a P type semiconductor region in an
isolation portion are absorbed upon being coupled to holes
acting as a majority carrier after photoelectric conversion
before reaching the carrier holding portion. Therefore,
the light shielding performance can be further improved.
This application claims the benefit of Japanese
Patent Application No. 2008-119737, filed May 1, 2008,
which is hereby incorporated by reference herein in its

entirety.
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CLATIMS

1. A solid-state imaging apparatus comprising a
plurality of pixels arranged two dimensionally on a
semiconductor substrate, wherein

each of the pixels includes

a photoelectric conversion portion generating signal
carriers;

a carrier holding portion capable of holding the
signal carriers having a semiconductor region of a first
conductivity type capable of accumulating the signal
carriers and a control electrode arranged over the
semiconductor region sandwiching an insulating film between
the semiconductor region and the control electrode;

a floating diffusion region of a first conductivity
type; and

a transfer portion for controlling an electrical
connection between the semiconductor region of the first
conductivity type and the floating diffusion region,
wherein

within the same pixel, the semiconductor region of
the first conductivity type is arranged at apposition in a
first direction from the photoelectric conversion portion,
the floating diffusion region is arranged at a position in
a second direction perpendicular to the first direction
from the semiconductor region of the first conductivity
type sandwiching the transferring portion between the

floating diffusion region and the semiconductor region of
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the first conductivity type, the plurality of pixels
includes a first pixel and a second pixel arranged in
adjacent to the first pixel in the first direction, the
semiconductor region of the first conductivity type
included in the first pixel is arranged between the
photoelectric conversion portions included in the first and
second pixels, the carrier holding portion included in the
first pixel is covered with a light shielding portion, and
the light shielding portion extend over a part of each of
photoelectric conversion portions of the first and second
pixels.

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

the semiconductor region of a first conductivity type
has an impurity concentration not larger than an impurity
concentration of the floating diffusion region.

3. The solid-state imaging apparatus according to
claim 2, wherein

the semiconductor region of a first conductivity type
and the floating diffusion region form PN junction with a
semiconductor region of a second conductivity type, and a
width of a depletion layer extending from the semiconductor
region of a first conductivity type is not larger than a
width of a depletion layer extending from the floating
diffusion region.

4. The solid-state imaging apparatus according to

claim 1, wherein
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an element isolation region is arranged between the
semiconductor region of a first conductivity type in the
first pixel and the photoelectric conversion portion of the
second pixel, and the light shielding portion covers a part
of the element isclation region.

5. The solid-state imaging apparatus according to
claim 4, wherein

the element isolation region comprises a PN Jjunction
isolation.

6. The solid-state imaging apparatus according to
claim 1, wherein

the pixel has an amplifying portion, and the floating
diffusion region is electrically connected to the
amplifying portion.

7. The solid-state imaging apparatus according to
claim 1, further comprising

a carrier discharging portion for discharging the
carrier in the photoelectric conversion portion, such that,
during a light exposing period, a potential as to the
signal carrier at a path between the photoelectric
conversion portion and the carrier holding portion is lower
than a potential as to the signal carrier at a path between
the photoelectric conversion portion and the carrier
discharging port.

8. The solid-state imaging apparatus according to
claim 7, wherein

the path between the photoelectric conversion portion
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and the carrier holding portion is in a buried channel
structure.

9. A solid-state imaging apparatus comprising a
plurality of pixels arranged two dimensionally on a
semiconductor substrate, wherein

each of the pixels includes

a photoelectric conversion portion generating a
signal carrier;

a carrier holding portion capable of holding the
signal carrier having a semiconductor region of a first
conductivity type capable of accumulating the signal
carrier and a control electrode arranged over the
semiconductor region sandwiching an insulating film between
the semiconductor region and the control electrode;

a floating diffusion region of a first conductivity
type; and

a transfer portion for controlling an electrical
connection between the semiconductor region of the first
conductivity type and the floating diffusion region,
wherein

within the same pixel, the semiconductor region of
the first conductivity type is arranged at apposition in a
first direction from the photoelectric conversion portion,
the floating diffusion region is arranged at a position in
a second direction perpendicular to the first direction
from the semiconductor region of the first conductivity

type sandwiching the transferring portion between the
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floating diffusion region and the semiconductor region of
the first conductivity type, the plurality of pixels
includes a first pixel and a second pixel arranged in
adjacent to the first pixel in the first direction, the
semiconductor region of the first conductivity type
included in the first pixel is arranged between the
photoelectric conversion portions included in the first and
second pixels, the carrier holding portion included in the
first pixel is covered with a light shielding portion, and
the light shielding portion extend over a part of each of
photoelectric conversion portions of the first and second
pixels,

the semiconductor region of a first conductivity type
has an impurity concentration not larger than an impurity
concentration of the floating diffusion region,

the semiconductor region of a first conductivity type
and the floating diffusion region form PN junction with a
semiconductor region of a second conductivity type, and a
width of a depletion layer extending from the semiconductor
region of a first conductivity type is not larger than a
width of a depletion layer extending from the floating
diffusion region, and

the path between the photoelectric conversion portion
and the carrier holding portion is in a buried channel

structure.
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