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&7 ABSTRACT

A radiation tolerant optical detection element includes: a
p-type base-body region; a gate insulating film provided on
an upper surface of the base-body region; an n-type buried
charge-generation region buried in an upper portion of the
base-body region; an n-type charge-readout region buried in
an upper portion of the base-body region on the inner-
contour side of the buried charge-generation region; an
n-type reset-drain region buried on the inner-contour side of
the charge-readout region; a transparent electrode provided
on the gate insulating film above the buried charge-genera-
tion region; and a reset-gate electrode provided on a portion
of the gate insulating film between the charge-readout region
and the reset-drain region.
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OPTICAL DETECTION ELEMENT AND
SOLID-STATE IMAGE PICKUP DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part of Inter-
national Application No. PCT/JP2015/003704, filed Jul. 23,
2015, which claims priority to Japanese Patent Application
No. 2014-151941, filed Jul. 25, 2014. The contents of each
of these applications are incorporated herein by reference in
their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an optical detection
element having radiation tolerance and a solid-state image
pickup device having the radiation tolerance, in the solid-
state image pickup device a number of pixels are arranged
on a semiconductor chip using the optical detection element
as the pixel.

[0004] 2. Description of the Related Art

[0005] 1In pixels of a three-transistor CMOS solid-state
image pickup device (hereinafter abbreviated as “3T type”),
a photodiode is implemented by a p-n junction including a
p-type semiconductor substrate and an n-type region dis-
posed on the p-type semiconductor substrate. The n-type
region sometimes has a double-layer structure including a
buried n-type layer (n-well) having a low impurity concen-
tration and an n-type layer having a high impurity concen-
tration provided on the buried n-type layer. Since a pixel
isolation insulating film is disposed in a peripheral portion of
the photodiode and the pixel isolation insulating film is
covered by a p-well, the p-well is inserted between the
photodiode and the pixel isolation insulating film. Further-
more, a thick interlayer insulating film is provided on an
upper surface of the photodiode and a wiring metal is
disposed with the interlayer insulating film interposed
between the photodiode and the wiring metal.

[0006] When gamma rays are irradiated to the 3T pixel,
since the interface is activated and becomes the source of a
large dark current, the dark current increases. The reason of
the increment in the dark current is speculated as follows:
when hydrogens are ionized by irradiation of gamma rays in
a thick oxide film implementing the interlayer insulating
film and the pixel isolation insulating film, because the
ionized hydrogens diffuse through the oxide film to reach a
semiconductor interface so that hydrogen gas is emitted, the
hydrogen atoms suppressing the dark current on the inter-
face are deprived.

[0007] Thus, a guard ring scheme, by which the periphery
of a photodiode is surrounded by a MOS-type gate electrode
and the outer side of the gate electrode is surrounded by a
p-type guard ring region, is known as disclosed by U.S. Pat.
No. 6,690,074. By applying a voltage, at a level by which the
semiconductor surface will not be depleted, to the MOS-
type gate electrode, the generation of a dark current in the
peripheral portion of the photodiode can be suppressed.
However, even by the invention disclosed in U.S. Pat. No.
6,690,074, since an issue of dark current, which will be
generated in the interlayer insulating film disposed on the
upper surface of the photodiode, still remains, the dark
current increases with the amount of irradiation of gamma
rays as illustrated in FIG. 13.
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[0008] In pixels of a four-transistor CMOS solid-state
image pickup device (hereinafter abbreviated as “4T type”)
in which a transistor having a transfer-gate electrode is
added to the 3T structure, a structure in which a p-type
pinning layer having a high impurity concentration is
formed on a buried n-type layer is often employed for
eliminating the influence of surface states. However, even
when the p-type pinning layer is formed, the dark current
increases abruptly with irradiation of gamma rays of 1 kGy
or higher as illustrated in FIG. 13. It is predicted that, when
gamma rays are irradiated, since an electron-hole pair is
generated in a thick oxide film, slow holes remain, and
excessive positive charges remain in the oxide film, the
shielding effect of the p-type pinning layer disappears.

[0009] In any of the earlier 3T and 4T CMOS solid-state
image pickup devices, the capacitance of the photodiode is
large and the charge-voltage conversion gain is low. There-
fore, there is a problem that the earlier CMOS solid-state
image pickup device has very low voltage-sensitivity.

SUMMARY OF THE INVENTION

[0010] In view of the foregoing problem, an object of the
present invention is to provide an optical detection element
having a high voltage-sensitivity and a high radiation toler-
ance and a solid-state image pickup device having the high
radiation tolerance, in which a number of pixels are arranged
on a semiconductor chip using the optical detection element
as the pixel.

[0011] In order to attain the object, a first aspect of the
present invention inheres in an optical detection element
encompassing (a) a base-body region made of a semicon-
ductor having a first conductivity type, (b) a gate insulating
film contacted with an upper surface of the base-body
region, (c) a buried charge-generation region of a second
conductivity type buried with an annular form in an upper
portion of the base-body region, being contacted with the
gate insulating film, (d) a charge-readout region of the
second conductivity type having a higher impurity concen-
tration than the buried charge-generation region, buried with
an annular form in the upper portion of the base-body region
at a position on an inner-contour side of the buried charge-
generation region, (e) a reset-drain region of the second
conductivity type having a higher impurity concentration
than the buried charge-generation region, buried on the
inner-contour side of the charge-readout region, being sepa-
rated from the charge-readout region, (f) a transparent
electrode provided in an annular form on a gate insulating
film, allocated above the buried charge-generation region,
and (g) a reset-gate electrode stacked on the gate insulating
film, allocated above the base-body region between the
charge-readout region and the reset-drain region. In the
optical detection element according to the first aspect, a
surface potential on the surface of the buried charge-gen-
eration region is pinned by charges of minority carriers in
the buried charge-generation region.

[0012] A second aspect of the present invention inheres in
a solid-state image pickup device in which a plurality of
pixels is arranged, each pixel encompassing (a) a base-body
region made of a semiconductor having a first conductivity
type, (b) a gate insulating film contacted with an upper
surface of the base-body region, (c) a buried charge-genera-
tion region of a second conductivity type buried with an
annular form in an upper portion of the base-body region,
being contacted with the gate insulating film, (d) a charge-
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readout region of the second conductivity type having a
higher impurity concentration than the buried charge-gen-
eration region, buried with an annular form in the upper
portion of the base-body region at a position on an inner-
contour side of the buried charge-generation region, (e) a
reset-drain region of the second conductivity type having a
higher impurity concentration than the buried charge-gen-
eration region, buried on the inner-contour side of the
charge-readout region, being separated from the charge-
readout region, (f) a transparent electrode provided in an
annular form on a gate insulating film, allocated above the
buried charge-generation region, and (g) a reset-gate elec-
trode stacked on the gate insulating film, allocated above the
base-body region between the charge-readout region and the
reset-drain region. In the solid-state image pickup device
according to the second aspect of the present invention, in
each of the plurality of arranged pixels, a surface potential
on the surface of the buried charge-generation region is
pinned by charges of minority carriers in the buried charge-
generation region.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG. 1 is a schematic plan view illustrating a
schematic structure of a main part of an optical detection
element according to a first embodiment of the present
invention;

[0014] FIG. 2 is a cross-sectional view illustrating an
exemplary cross-sectional structure of the optical detection
element according to the first embodiment when seen from
the direction II-1I in FIG. 1;

[0015] FIG. 3 is a potential profile for describing a state in
which a surface potential is pinned by holes, when a
potential at a transparent electrode of the optical detection
element affects a surface of a buried charge-generation
region via a gate insulating film, according to the first
embodiment;

[0016] FIG. 4 is a diagram for describing a potential
profile corresponding to a structure extending from an
element isolation region to a reset-drain region at the center
illustrated in the cross-sectional view of FI1G. 2 via a buried
charge-generation region, a charge-readout region, and a
reset-gate electrode, and movement of signal charges in the
potential profile (when a reset voltage VRD is high);

[0017] FIG. 5 is a diagram for describing how the sensi-
tivity characteristics of the optical detection element accord-
ing to the first embodiment can be changed by varying the
reset voltage VRD;

[0018] FIGS. 6Ato 6C are diagrams illustrating the same
potential profiles as that in FIG. 4 when the reset voltage
VRD is low, middle-low, and middle-high, respectively, and
are diagrams for describing movement of signal charges in
the respective potential profiles;

[0019] FIG. 7 is a schematic plan view illustrating a
schematic structure of a main part of a 2x2 matrix that
implements a portion of a pixel array area of a solid-state
image pickup device (a CMOS image sensor) according to
the first embodiment of the present invention;

[0020] FIG. 8 is a plan view schematically illustrating an
example of a planar pattern for implementing an amplifica-
tion transistor and a pixel-selection transistor arranged in a
pixel, which is used in the solid-state image pickup device
according to the first embodiment;
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[0021] FIG. 9 is a schematic plan view illustrating a
schematic structure of a main part of an optical detection
element according to a second embodiment of the present
invention;

[0022] FIG. 10 is a cross-sectional view illustrating an
exemplary cross-sectional structure of the optical detection
element according to the second embodiment when seen
from the direction X-X in FIG. 9;

[0023] FIG. 11 is a diagram for describing a potential
profile corresponding to a structure including an element
isolation region, a buried charge-generation region, a base-
body region, a charge-readout region, a reset-gate electrode,
and a reset-drain region at the center illustrated in the
cross-sectional view of FIG. 10 and movement of signal
charges in the potential profile (when a transfer-gate TX is
high),

[0024] FIG. 12 is a schematic plan view illustrating a
schematic structure of a main part of a 2x2 matrix that
implements a portion of a pixel array area of a solid-state
image pickup device (a CMOS image sensor) according to
the second embodiment of the present invention; and
[0025] FIG. 13 is a diagram for describing how a dark
current increases in a log scale when gamma rays are
irradiated to an earlier CMOS image sensor.

DESCRIPTION OF EMBODIMENTS

[0026] Hereinafter, first and second embodiments of the
present invention will be described. Note that, in the fol-
lowing description of the Drawings, the same or similar
reference numerals denote the same or similar elements and
portions. In addition, it should be noted that the Drawings
are schematic and the relationship between thickness and
planar dimensions, the ratios of dimensions, and the like are
different from actual ones. Therefore, specific thicknesses
and dimensions should be determined in consideration of the
following description. Moreover, the Drawings also include
portions having different dimensional relationships and
ratios from each other.

[0027] In the following description of first and second
embodiments, although a case in which a first conductivity
type is a p-type and a second conductivity type is an n-type
is described as an example, the conductivity type may be
selected in a reverse relation such that the first conductivity
type is an n-type and the second conductivity type is a
p-type. When the first conductivity type is a p-type and the
second conductivity type is an n-type, the carrier as a signal
charge is naturally an electron. When the first conductivity
type is an n-type and the second conductivity type is a
p-type, the carriers as signal charges are naturally holes. A
person skilled in the art may easily understand that when the
second conductivity type is an n-type, the minority carriers
of the second conductivity type are holes, and that when the
second conductivity type is a p-type, the minority carrier of
the second conductivity type is an electron.

[0028] Moreover, in the following description, the direc-
tions “left-right” and “up-down” are definitions used for the
sake of convenience, and such definitions do not limit the
technical ideas of the present invention. Thus, for example,
when the orientation of the paper is rotated by 90 degrees,
“left-right” and “up-down” shall be read mutually
exchanged. When the paper is rotated by 180 degrees,
naturally, “the left” is changed to “the right” and “the right”
is changed to “the left”.
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First Embodiment
<Optical Detection Element
Embodiment>

[0029] As illustrated in FIGS. 1 and 2, an optical detection
element according to a first embodiment of the present
invention includes a base-body region 11 made of a semi-
conductor having a first conductivity type (p-type), a gate
insulating film 23 contacted with an upper surface of the
base-body region 11, a buried charge-generation region 13
of a second conductivity type (n-type) buried with an
annular form (a ring form in the plan view of FIG. 1) in an
upper portion of the base-body region 11 in contact with the
gate insulating film 23, a charge-readout region 15, ; of the
second conductivity type having a higher impurity concen-
tration than the buried charge-generation region 13, buried
with an annular form in an upper portion of the base-body
region 11 at a position close to an inner-contour side of the
buried charge-generation region 13, a reset-drain region 16, ;
of the second conductivity type having a higher impurity
concentration than the buried charge-generation region 13,
buried on the inner-contour side of the charge-readout region
15, in a state of being separated from the charge-readout
region 15, , a transparent electrode 21,; provided in an
annular form on the gate insulating film 23 above the buried
charge-generation region 13, and a reset-gate electrode 22,
provided on the gate insulating film 23 above the base-body
region 11 between the charge-readout region 15,; and the
reset-drain region 16, ;. As illustrated in FIG. 2, the charge-
readout region 15, is in contact with the buried charge-
generation region 13.

[0030] In the plan view of FIG. 1, although continuous
belt-like shapes, in which both the outer-contour side shape
and the inner-contour side shape of the transparent electrode
21,, have an octagonal shape, and furthermore, both the
outer-contour side shape and the inner-contour side shape of
the reset-gate electrode 22, have the octagonal shape, are
illustrated as examples of an annular topology, the annular
topology is not limited to the shapes illustrated in FIG. 1.
That is, when seen as a planar pattern, since a closed
geometric shape in which a starting point and a terminating
point of the continuous belt coincide with each other is an
“annular form,” the shape of the transparent electrode 21,
and the reset-gate electrode 22, ; may be another continuous
shape that the electrode is surrounded by an outer-contour
line and an inner-contour line of a circle or another polygon
having an approximately fixed width of the belt. However,
in the case of a polygon, since non-uniformity of an electric
field due to an interior angle portion of the polygon may
occur, the interior angle of the polygon is preferably large.
Thus, a hexagon is more preferable than a tetragon, an
octagon is more preferable than the hexagon, and a circle is
more preferable than the octagon. However, it is not neces-
sary that the planar pattern is point-symmetric about the
center of the reset-drain region 16,; as long as the planar
pattern has a topology such that a closed continuous belt
surrounds the reset-drain region 16, ; with an approximately
fixed belt width.

[0031] As illustrated in FIG. 1, in the optical detection
element according to the first embodiment, the transparent
electrode 21, is delineated into an annular form on the outer
side of the optical detection element, and the charge-readout
region 15, ; is arranged at the inner side of the pattern of the
transparent electrode 21, . Actually, depending on a thermal

According to  First
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process, as indicated by a broken line in the plan view of
FIG. 1, impurity atoms of the second conductivity type that
implement the charge-readout region 15, are allowed to
diffuse thermally in a lateral direction further than a bound-
ary position of a pattern determined by a mask level so that
a planar pattern in which the outer-contour line of the
charge-readout region 15, is positioned in a region slightly
closer to the outer side than the inner-contour line of the
transparent electrode 21, ; is obtained. Similarly, in the plan
view of FIG. 1, although the annular reset-gate electrode
22, is disposed on the inner side of the charge-readout
region 15, ;. as indicated by a broken line, impurity atoms of
the second conductivity type that implement the charge-
readout region 15, are allowed to diffuse thermally in a
lateral direction further than a boundary position of a pattern
determined by a mask level so that a planar pattern in which
the inner-contour line of the charge-readout region 15, ; is
positioned closer to the inner side than the outer-contour line
of the reset-gate electrode 22, , is obtained. The correspond-
ing cross-sectional view of FIG. 2 illustrates a state in which
lateral ends of the charge-readout region 15, slightly over-
lap an inner end of the transparent electrode 21, ; and an
outer end of the reset-gate electrode 22, . It is also possible
non-overlap cases both just according and slightly separat-
ing between lateral ends of the charge-readout region 15,
and an inner end of the transparent electrode 21,; and
between lateral ends of the charge-readout region 15, ; and
an outer end of the reset-gate electrode 22, . By providing
the annular reset-gate electrode 22, ; on the inner side of the
charge-readout region 15, , it is possible to suppress a
turn-off leakage current due to irradiation of radiant lay at a
channel-sidewall oxide-film boundary, which is inevitable in
a general transistor in which the gate shape is square.

[0032] Inthe plan view of FIG. 1, although the reset-drain
region 16, ; is disposed on the inner side of the reset-gate
electrode 22, , as indicated by a broken line, impurity atoms
of the second conductivity type that implement the reset-
drain region 16, ; are allowed to diffuse thermally in a lateral
direction further than a boundary position of a pattern
determined by a mask level so that a planar pattern in which
the outer-contour line of the reset-drain region 16, ; is posi-
tioned in a region slightly closer to the outer side than the
inner-contour line of the reset-gate electrode 22, is
obtained. The corresponding cross-sectional view of FIG. 2
illustrates a state in which lateral ends of the reset-drain
region 16, ; overlap inner ends of the reset-gate electrode
22,

[0033] As illustrated in FIG. 2, a well region 12, of a first
conductivity type having a higher impurity concentration
than the base-body region 11 is buried in an upper portion of
the base-body region 11 immediately below the reset-gate
electrode 22; . Although the planar pattern is not illustrated,
the well region 12, is buried in an octagonal form so as to
surround the reset-drain region 16, ; and the outer-contour
line of the well region 12, on the planar pattern establishes
an octagonal shape, being sandwiched between the outer-
contour line and the inner-contour line of the charge-readout
region 15, . It can be understood from the cross-sectional
view of FIG. 2, the well region 12, is buried to surround the
entire side plane and the entire bottom plane of the reset-
drain region 16, ; and the side plane of the well region 12, is
in contact with the bottom plane of the charge-readout
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region 15, - The outer-contour line of the well region 12, is
preferably separated from the inner-contour line of the
transparent electrode 21, -

[0034] In the optical detection element according to the
first embodiment illustrated in FIG. 2, since the well region
12,1s implemented by a p-type semiconductor region, a reset
transistor is implemented by an nMOS transistor that
includes the reset-gate electrode 22, , the gate insulating
film 23, the well region 12,, the charge-readout region 15, ,
and the reset-drain region 16,; Moreover, a voltage is
applied to the reset-gate electrode 22, ; to exhaust the charges
accumulated in the charge-readout region 15, ; to the reset-
drain region 16, to reset the charges accumulated in the
charge-readout region 15, ;.

[0035] As illustrated on both end sides of the cross-
sectional view of FIG. 2, an element isolation region 12, of
the first conductivity type having a higher impurity concen-
tration than the base-body region 11 is arranged on the outer
side of the transparent electrode 21, ; so as 1o surround the
buried charge-generation region 13. Furthermore, a channel-
stop region 17 of the first conductivity type having a higher
impurity concentration than the element isolation region 12,
is buried in the surface portion of the element isolation
region 12 . As indicated by the broken line in the plan view
of FIG. 1, depending on a thermal process, impurity atoms
of the first conductivity type that implement the element
isolation region 12, may thermally diffuse in a lateral
direction further than a boundary position of a pattern
determined by a mask level so that a planar pattern in which
the inner-contour line of the element isolation region 12, is
positioned in a region closer to the inner side than the
outer-contour line of the transparent electrode 21,; is
obtained.

[0036] Since the inner-contour line of the element isola-
tion region 12, is delineated as a planar pattern such that the
inner-contour line is positioned closer to the inner side than
the outer-contour line of the transparent electrode 21, ; at an
equal interval, the inner-contour line of the element isolation
region 12, is delineated as a closed geometric shape. On the
other hand, the inner-contour line of the channel-stop region
17 surrounds the planar pattern of the transparent electrode
21, , and the inner-contour line of the channel-stop region 17
is also delineated as a closed geometric shape. Since the
element isolation region 12, is disposed on the outer side of
the transparent electrode 21, ,, it is possible to suppress the
generation of a dark current in the peripheral portion of the
buried charge-generation region 13 provided immediately
below the transparent electrode 21, ..

[0037] Although the planar pattern is not illustrated, the
topology of the buried charge-generation region 13 buried in
the surface side portion of the base-body region 11 is a
closed geometric shape. That is, the outer-contour line of the
buried charge-generation region 13 is a line that is delineated
as an octagonal shape that is common to the inner-contour
line of the element isolation region 12, in FIG. 1, and the
inner-contour line of the buried charge-generation region 13
on the planar pattern of FIG. 1 is delineated as an octagonal
shape that passes between the outer-contour line and the
inner-contour line of the charge-readout region 15, . In this
manner, the octagonal buried charge-generation region 13 is
buried with an annular form in the surface side portion of the
base-body region 11, and the annular and octagonal trans-
parent electrode 21, . is laminated on the annular and octago-

irj
nal buried charge-generation region 13 with the thin gate
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insulating film 23 interposed between the buried charge-
generation region 13 and the transparent electrode 21, ;.
[0038] When the transparent electrode 21,; is formed
using a polycrystalline silicon (hereinafter referred to as a
“doped-polysilicon™) doped with an impurity of the second
conductivity type such as phosphor (P) or arsenic (As), it is
convenient from the viewpoint of the manufacturing process
because the boundary between the transparent electrode 21, ,
and the charge-readout region 15,  can be self-aligned. An
oxide thin film (a transparent conductive oxide) such as tin
oxide (Sn0,), indium (In)-doped tin oxide (ITO), aluminum
(Al)-doped zinc oxides (AZO), gallium (Ga)-doped zinc
oxide (GZ0), or In-doped zinc oxide (IZ0) may be used.
[0039] When a doped-polysilicon doped with an impurity
of the second conductivity type is used for the reset-gate
electrode 22, , it is preferable because the boundary between
the reset-gate electrode 22, ; and the charge-readout region
15, ; and the boundary between the reset-gate electrode 22, ;
and the reset-drain region 16, , can be self-aligned.

[0040] In the optical detection element according to the
first embodiment, when a negative voltage is applied to the
transparent electrode 21, , a potential profile illustrated in
FIG. 3 is obtained. As illustrated in FIG. 3, when a potential
at the transparent electrode 21, ; affects the surface of the
buried charge-generation region 13 via the gate insulating
film 23, the surface potential of the buried charge-generation
region 13 is pinned to the base-body potential by charges of
the minority carriers in the buried charge-generation region
13.

[0041] For example, as illustrated in FIG. 3, when the
buried charge-generation region 13 is an n-type, the minority
carriers are holes. Then, an inversion layer 14 is induced by
a large number of holes at the interface between the semi-
conductor and the gate insulating film 23 immediately below
the transparent electrode 21, ;, or the inversion layer 14 is
induced at the surface of the buried charge-generation region
13, and the surface potential is pinned to the base-body
potential by holes of minority carriers. When the surface
potential is pinned by the holes, the interface states at the
interface between the semiconductor and the gate insulating
film 23 are deactivated. Conversely, when the buried charge-
generation region 13 is a p-type, since the minority carriers
are electrons, an inversion layer 14 is induced by a large
number of electrons at the interface between the semicon-
ductor and the gate insulating film 23 immediately below the
transparent electrode 21, or the inversion layer 14 is
induced at the surface of the buried charge-generation region
13, and the surface potential is pinned by the electrons.
When the surface potential is pinned to the interface by
electrons, the interface states at the interface between the
semiconductor and the gate insulating film 23 is deactivated.
Moreover, when gamma rays are irradiated to the optical
detection element according to the first embodiment,
although holes are generated in the thin gate insulating film
23, since the gate insulating film 23 is thin, an absolute
quantity of the holes generated in the gate insulating film 23
is small.

[0042] FIG. 4 is a diagram corresponding to the lateral
positions illustrated in the cross-sectional view of FIG. 2 and
is a diagram illustrating an example of a potential distribu-
tion having a center-symmetric profile extending from the
element isolation region 12, at the outer sides to the reset-
drain region 16,; at the center, via the buried charge-

generation region 13, the charge-readout region 15, , and the
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reset-gate electrode 22, . A potential level indicated by
symbol RD at the bottom of a well at the center of FIG.
4,—or, the potential level at the upper end of an area
indicated by hatched top-left diagonal broken line in FIG.
4—is a reset voltage VRD which is the voltage of the
reset-drain region 16, .

[0043] In the optical detection element according to the
first embodiment, as illustrated in FIG. 4, a depletion poten-
tial of a channel immediately below the transparent elec-
trode 21, is shallower than the potential of the charge-
readout region 15, and the charges photo-electrically
converted in the channel portion immediately below the
transparent electrode 21,; are always transferred to the
charge-readout region 15, . That is, according to the ptofile
of the potential distribution illustrated in FIG. 4, the signal
charges (electrons) generated in the buried charge-genera-
tion region 13 immediately below the transparent electrode
21, , are always transferred from the buried charge-genera-
tion region 13 to the charge-readout region 15, ; on the inner
side as indicated by arrows directed toward the center of
FIG. 4.

[0044] 1In FIG. 4, the transferred charges accumulated in
the charge-readout region 15,; are depicted by hatched
top-right diagonal solid lines. By establishing such a poten-
tial distribution profile as illustrated in FIG. 4, it is possible
to decrease the capacitance of the charge-readoutregion 15, ,
of the optical detection element according to the first
embodiment and to increase the conversion gain of signal
charges. Therefore, it is possible to increase the voltage-
sensitivity of the optical detection element according to the
first embodiment.

[0045] After the charges photo-electrically converted in
the buried charge-generation region 13 immediately below
the transparent electrode 21, ; are accumulated in the charge-
readout region 15, ; for a predetermined period, the signal
level of the charge-readout region 15, , may be read out, and
subsequently, a reset level may be read out by a reset
operation. In FIG. 4, although signal charges are accumu-
lated in the charge-readout region 15, only in order to
increase the conversion gain, depending on the purpose of
use, the conversion gain may be decreased so that a large
amount of signal charge can be used.

[0046] In the optical detection element according to the
first embodiment, of which the exemplary cross-sectional
structure is illustrated in FIG. 2, a case in which a semicon-
ductor substrate (Si substrate) of the first conductivity type
(p-type) is used as the “base-body region 11" is illustrated as
an example. However, an epitaxial growth layer of the first
conductivity type having a lower impurity concentration
than the semiconductor substrate may be formed on the
semiconductor substrate of the first conductivity type and
the epitaxial growth layer may be used as the base-body
region 11 instead of the semiconductor substrate. Alterna-
tively, an epitaxial growth layer of the first conductivity type
(p-type) may be grown on the semiconductor substrate of the
second conductivity type (n-type) and the epitaxial growth
layer may be used as the base-body region 11. Alternatively,
silicon on insulator (SOI) architecture may be used, such
that a SOI semiconductor layer of the first conductivity type
is used as the base-body region 11 so as to form the SOI
structure.

[0047] The optical detection element according to the first
embodiment is not limited to a simple MOS transistor in
which a silicon oxide film is used as the gate insulating film
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23. That is, the optical detection element according to the
first embodiment may be implemented by MIS transistors, in
which a single-layer film of at least one of a strontium oxide
(SrO) film, a silicon nitride (Si;N,,) film, an aluminum oxide
(ALL,O,) film, a magnesium oxide film (MgO) film, a yttrium
oxide (Y,0,) film, a hafnium oxide (HfO,) film, a zirconium
oxide (ZrQ,) film, a tantalum oxide (Ta,Os) film, and a
bismuth oxide (Bi,O,) film other than the silicon oxide film
or a composite film obtained by stacking a plurality of these
films is used as the gate insulating film 23. However, these
gate insulating film materials need to have radiation toler-
ance.

[0048] As illustrated schematically in curves (i) to (iv) in
FIG. 5, by varying the reset voltage VRD, which is the
voltage of the reset-drain region 16, ; of the optical detection
element according to the first embodiment, from “HIGH”
level to “MIDDLE-HIGH” level, “MIDDLE-LOW” level,
and finally, to “LOW” level, or altematively, by varying
sequentially from “LOW” level to “MIDDLE-LOW” level,
“MIDDLE-HIGH” level, and finally, to “HIGH” level, it is
possible to change the output characteristics prescribed by
the output intensity against to an incident light quantity, or
the sensitivity =(output intensity)/(light quantity) can be
changed in various ways.

[0049] A monotonously increasing straight line denoted
by symbol (1) in FIG. 5 illustrates sensitivity characteristics
corresponding to the reset voltage VRD="HIGH” illustrated
in FIG. 4 and a high conversion gain is obtained in an entire
output range.

[0050] As indicated by an area hatched with top-left
diagonal broken lines in FIG. 6C, when the reset voltage
VRD="MIDDLE-HIGH,” and the reset voltage VRD is
higher than the channel potential of the transparent electrode
21, and is lower than “HIGH” in FIG. 4, the behavior of the
photo-electrically converted charges changes so as to be
accumulated in the charge-readout region 15, ; at its initial
stage, and then, be accumulated under the transparent elec-
trode 21, ; at its intermediate stage as indicated by an area
hatched with top-right diagonal solid lines in FIG. 6C.
Therefore, when the reset voltage VRD="MIDDLE-HIGH,”
as illustrated in the curve (iii) in FIG. 5, the sensitivity of the
optical detection element according to the first embodiment
has such characteristics that the sensitivity is high at its
initial stage, and changes along a monotonously increasing
straight line like the curve (1), but bends and decreases in the
halfway of the curve (i).

[0051] As illustrated in FIG. 6B, as indicated by an area
hatched with top-left diagonal broken lines, when the reset
voltage VRD="MIDDLE-LOW?” and the reset voltage VRD
is slightly higher than the channel potential of the transpar-
ent electrode 21,; but is lower than “MIDDLE-HIGH”
illustrated in FIG. 6C, since the photo-electrically converted
charges are first accumulated in the charge-readout region
15, , as indicated by an area hatched with top-right diagonal
solid lines, the sensitivity is high and changes along the
curve (i) at its initial stage. However, when the reset voltage
VRD="MIDDLE-LOW.” since the photo-electrically con-
verted charges change so as to be accumulated under the
transparent electrode 21, ; at its intermediate stage, as illus-
trated in the curve (iv) in FIG. 5, the sensitivity of the optical
detection element according to the first embodiment has
such characteristics that the sensitivity bends and decreases
in the halfway of the curve (i). When the reset voltage
VRD="MIDDLE-LOW,” the amount of charges accumu-
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lated in the charge-readout region 15, is smaller than the
case of “MIDDLE-HIGH” illustrated in FIG. 6C whereas
the amount of charges accumulated under the transparent
electrode 21, is relatively larger than the case of “MIDDLE-
HIGH?”. Therefore, the sensitivity curve bends at a position
at which the light quantity is smaller than the case of
“MIDDLE-HIGH”.

[0052] Furthermore, as illustrated in FIG. 6A, as indicated
by an area hatched with top-left diagonal broken lines, when
the reset voltage VRD="LOW” and the reset voltage VRD
is lower than the channel potential of the transparent elec-
trode 21, , all the photo-electrically converted charges are
accumulated under the transparent electrode 21, as indi-
cated by the an area hatched with top-right diagonal solid
lines. Therefore, when the reset voltage VRD=“LOW,”
although the sensitivity of the optical detection element
according to the first embodiment is low, a large amount of
signal charges can be used as illustrated in the curve (ii) in
FIG. 5.

[0053] The bending points illustrated in the curves (iii)
and (iv) in FIG. 5 can be adjusted by the reset voltage VRD.
In the optical detection element according to the first
embodiment, it is preferable that the reset gate voltage
applied to the reset-gate electrode 22, ; of the optical detec-
tion element according to the first embodiment shall be
changed toward both the high and low sides, following the
variation of the reset voltage VRD, which is the voltage of
the reset-drain region 16, , from “HIGH” to “MIDDLE-
HIGH,” “MIDDLE-LOW,” and finally, to “LOW”.

<Solid-State Image Pickup Device According to First
Embodiment>

[0054] When a plurality of unit pixels are arranged in a
wo-dimensional matrix form, using the optical detection
elements having the structure illustrated in FIGS. 1 and 2 as
unit pixels, it is possible to implement a pixel array area of
a solid-state image pickup device (two-dimensional image
sensor) according to the first embodiment of the present
invention. For the sake of convenience, FIG. 7 schematically
illustrates the solid-state image pickup device according to
the first embodiment using a planar structure in which four
unit pixels among the plurality of unit pixels, which imple-
ment the pixel array area, are two-dimensionally arranged in
a 2x2 matrix form. That is, the solid-state image pickup
device according to the first embodiment illustrated in FIG.
7 illustrates an example of a planar pattern in a partial area
of a pixel array area, in which a 2x2 matrix structure is
implemented by a (i,j)th pixel at the top-left corner, a
(ij+1)th pixel at the top-right corner, a (i-1,j)th pixel at the
bottom-left corner, and a (i-1,j+1)th pixel at the bottom-
right corner.

[0055] A pixel array area can establish a square imaging
region, for example. A peripheral circuit portion is disposed
at the periphery of the pixel array area, and the pixel array
area and the peripheral circuit portion are integrated on the
same semiconductor chip. A horizontal shift register, a
vertical shift register, a timing generation circuit, and other
circuits are included in the peripheral circuit portion.
[0056] More specifically, for example, a layout design in
which the horizontal shift register is provided in a lower side
portion of a square pixel array area along the direction of
pixel rows illustrated in a horizontal direction in FIG. 7 can
be achieved. In this case, for example, the vertical shift
register is provided in a left side portion of the pixel array
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area along the direction of pixel columns illustrated in a
vertical direction in FIG. 7, and the timing generation circuit
may be connected to the vertical shift register and the
horizontal shift register.

[0057] Although two vertical signal lines only are illus-
trated in FIG. 7, vertical signal lines B, B,,,, . . . , and the
like are provided in respective pixel columns. Moreover, a
MOS transistor serving as a constant current load is con-
nected to one set of ends on the upper or lower side of the
vertical signal lines B, B,,, . . ., and the like in the
arrangement of FIG. 7 to implement a source follower
circuit in combination with a MOS transistor QA, ; and the
like in the pixel to transmit a pixel signal to the vertical
signal line B, and the like. Moreover, a column processing
circuit is connected to one set of ends on the same or
opposite side as the constant current load, of the vertical
signal lines B, B;,,, . . ., and the like. A noise cancelling
circuit and an A/D conversion circuit are included in each
column processing circuit. The noise cancelling circuit may
be implemented by correlated double sampling (CDS) or the
like.

[0058] The cross-sectional structure of the (i,j)th pixel that
implements the solid-state image pickup device according to
the first embodiment illustrated at the top-left corner of FIG.
7 is the same as the cross-sectional structure of the optical
detection element illustrated in FIG. 2 since the optical
detection element illustrated in FIG. 2 is used as the unit
pixel. Therefore, although the base-body region 11, the gate
insulating film 23, the buried charge-generation region 13,
and the like illustrated in FIG. 2 are not depicted in the plan
view of FIG. 7, the cross-sectional structure of the (ij)th
pixel is basically completely the same as the cross-sectional
structure illustrated in FIG. 2.

[0059] That is, the (i,j)th pixel that implements the solid-
state image pickup device according to the first embodiment
illustrated at the top-left corner of FIG. 7 includes a base-
body region (not illustrated) made of a semiconductor of the
first conductivity type, a gate insulating film (not illustrated)
contacted with an upper surface of the base-body region, a
buried charge-generation region (not illustrated) of the sec-
ond conductivity type buried with an annular form in an
upper portion of the base-body region, being contacted with
the gate insulating film, the charge-readout region 15,  of the
second conductivity type having a high impurity concentra-
tion than the buried charge-generation region, buried with an
annular form in an upper portion of the base-body region at
a position close to an inner-contour side of the buried
charge-generation region, the reset-drain region 16, ; having
a higher impurity concentration than the buried charge-
generation region, buried on the inner-contour side of the
charge-readout region 15, ; in a state of being separated from
the charge-readout region 15, ;, the transparent electrode 21, ;
provided in an annular form on the gate insulating film
above the buried charge-generation region 13, and the
reset-gate electrode 22, ; provided on the gate insulating film
above the base-body region between the charge-readout
region 15, ; and the reset-drain region 16, ;. Although not
illustrated 1n FIG. 7, similarly to the cross-sectional structure
illustrated in FIG. 2, the charge-readout region 15, is in
contact with the buried charge-generation region 13, and the
well region 12i of the first conductivity type having a higher
impurity concentration than the base-body region is dis-
posed in an upper portion of the base-body region immedi-
ately below the reset-gate electrode 22, . Similarly to the
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cross-sectional structure illustrated in FIG. 2, the element
1solation region of the first conductivity type having a higher
impurity concentration than the base-body region is dis-
posed on the outer side of the transparent electrode 21, so
as to surround the buried charge-generation region 13.
Furthermore, the channel-stop region 17 of the first conduc-
tivity type having a higher impurity concentration than the
element isolation region is disposed on the surface of the
element isolation region.

[0060] Similarly, as illustrated in at the top-right corner of
FIG. 7, the (i,j+1)th pixel in the two-dimensional matrix
includes a base-body region of the first conductivity type, a
gate insulating film contacted with the upper surface of the
base-body region, a buried charge-generation region of the
second conductivity type buried with an annular form in an
upper portion of the base-body region, being contacted with
the gate insulating film, a charge-readout region 15, ,, of the
second conductivity type having a higher impurity concen-
tration than the buried charge-generation region, buried on
the inner-contour side of the buried charge-generation
region, a reset-drain region 16, ,, , having a higher impurity
concentration than the buried charge-generation region, bur-
ied on the inner-contour side of the charge-readout region
15, ., in a state of being separated from the charge-readout
region 15, , ;. a transparent electrode 21, ,; provided in an
anaular form on the gate insulating film above the buried
charge-generation region 13, and a reset-gate electrode
22,,., provided above between the charge-readout region
15, ,, and the reset-drain region 16, ,,. Similarly to the
structure of FIG. 2, the charge-readout region 15, ,, is in
contact with the buried charge-generation region 13, the well
region 12i of the first conductivity type having a higher
impurity concentration than the base-body region is dis-
posed below the reset-gate electrode 22, ,, |, and an element
isolation region of the first conductivity type having a higher
impurity concentration than the base-body region is dis-
posed on the outer side of the transparent electrode 21, ., as
an area continuous from the area of another pixel such as the
(ig)th pixel so as to surround the buried charge-generation
region 13. Moreover, the channel-stop region 17 of the first
conductivity type having a higher impurity concentration
than the element isolation region is disposed on the surface
of the element isolation region as an area continuous from
the area of another pixel such as the (i,j)th pixel.

[0061] Moreover, as illustrated at the bottom-left corner of
FIG. 7, the (i-1,j)th pixel in the two-dimensional matrix
includes a base-body region of the first conductivity type, a
gate insulating film contacted with the upper surface of the
base-body region, a buried charge-generation region of the
second conductivity type buried in an upper portion of the
base-body region, being contacted with the gate insulating
film, a charge-readout region 15, , ; of the second conduc-
tivity type having a higher impurity concentration than the
buried charge-generation region 13, buried on the inner-
contour side of the buried charge-generation region, a reset-
drain region 16, , , having a higher impurity concentration
than the buried charge-generation region, buried on the
inner-contour side of the charge-readout region 15, , . a
transparent electrode 21, , . provided above the buried
charge-generation region 13, and a reset-gate electrode
22, ,; provided above between the charge-readout region
15, and the reset-drain region 16, , ;. Similarly to the
structure of FIG. 2, the charge-readout region 15, ; is in
contact with the buried charge-generation region, the well
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region 12, , of the first conductivity type having a higher
impurity concentration than the base-body region is dis-
posed below the reset-gate electrode 22, , and an element
isolation region of the first conductivity type having a higher
impurity concentration than the base-body region is dis-
posed on the outer side of the transparent electrode 21, , , as
an area continuous from the area of another pixel such as the
(i)th pixel so as to surround the buried charge-generation
region 13. Moreover, the channel-stop region 17 of the first
conductivity type having a higher impurity concentration
than the element isolation region is disposed on the surface
of the element isolation region as an area continuous from
the area of another pixel such as the (ij)th pixel.

[0062] Moreover, as illustrated at the bottom-right corner
of FIG. 7, the (i-1,j+1)th pixel in the two-dimensional
matrix includes a base-body region of the first conductivity
type, a gate insulating film contacted with the upper surface
of the base-body region, a buried charge-generation region
13 of the second conductivity type buried in an upper portion
of the base-body region, being contacted with the gate
insulating film, a charge-readout region 15, ,,,, of the
second conductivity type having a higher impurity concen-
tration than the buried charge-generation region 13, buried
on the inner-contour side of the buried charge-generation
region 13, a reset-drain region 16, , ,,, having a higher
impurity concentration than the buried charge-generation
region 13, buried on the inner-contour side of the charge-
readout region 15, , ,,,, a transparent electrode 21, ; .,
provided above the buried charge-generation region 13, and
a reset-gate electrode 22, , ,, provided above between the
charge-readout region 15, , ;,, and the reset-drain region
16,_, ;,,- Similarly to the structure of FIG. 2, the charge-
readout region 15, , _,, is in contact with the buried charge-
generation region 13, the well region 12, of the first
conductivity type having a higher impurity concentration
than the base-body region is disposed below the reset-gate
electrode 22, ) ;. ), and an element isolation region of the
first conductivity type having a higher impurity concentra-
tion than the base-body region is disposed on the outer side
of the transparent electrode 21,_, _,, has an area continuous
from the area of another pixel such as the (i-1,j)th pixel and
(ij+1D)th pixel so as to surround the buried charge-generation
region 13. Moreover, the channel-stop region 17 of the first
conductivity type having a higher impurity concentration
than the element isolation region is disposed on the surface
of the element isolation region as an area continuous from
the area of another pixel such as the (i-1.j)th pixel and
(i,j+1D)th pixel.

[0063] As illustrated in FIG. 7, one end of a surface
interconnection 32, ; extending in a bottom-right direction is
connected to the charge-readout region 15, of the (ij)th
pixel in the two-dimensional matrix via a contact hole 31, ,,
and a gate electrode of an amplification transistor (signal
readout transistor) QA, ; of a readout-circuit portion 29, ; is
connected to the other end of the surface interconnection
32, . That is, in the circuit structure illustrated in FIG. 7,
since the charge-readout region 15, ; functions as a source
region of a reset transistor, the gate electrode of the ampli-
fication transistor QA, and a source region of the reset
transistor TR, ; are connected to the charge-teadout region
15, ;. The surface interconnection 32, ; illustrated in FIG. 7 is
an exemplary representation on a schematic equivalent
circuit, and actually, does not need to be such a wiring
extending in the bottom-right direction as illustrated in FIG.
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7. For example, the surface interconnection may be imple-
mented by orthogonal surface interconnections (metal wir-
ings) architecture, of which the wiring levels are different
using a multilevel wiring structure. That is, the surface
interconnection may be implemented by a structure in which
the upper and lower orthogonal surface interconnections are
coupled by a contact plug or the like that passes through an
interlayer insulating film interposed between the surface
interconnections. That is, the surface interconnection 32,
having an arbitrary topology can be employed depending on
the demand of a layout design on a semiconductor chip. A
drain region of a pixel-selection transistor (switching tran-
sistor) TS, ; is connected to the source region of the ampli-
fication transistor QA, ; and a power supply wiring V,, is
connected to the drain region of the amplification transistor
QA, . The vertical signal line B, arranged along the j-th
column is connected to the source region of the pixel-
selection transistor TS, ; and a select signal SL(i) of the i-th
row is fed from the vertical shift register to the gate electrode
of the pixel-selection transistor TS, . By the voltage corre-
sponding to the amount of charges transferred to the charge-
readout region 15, the output signal amplified by the
amplification transistor QA, ; is fed to the vertical signal line
B, via the pixel-selection transistor TS, ..

[0064] 1In FIG. 7, the octagonal outer-contour line indicat-
ing the readout-circuit portion 29, ; indicates an outer bound-
ary of a field-insulating film area for implementing the
amplification transistor QA, ; and the pixel-selection transis-
tor TS, ;. A thick oxide film corresponding to the field-
insulating film is provided between an active area of the
amplification transistor QA,; and an active area of the
pixel-selection transistor TS, | in the readout-circuit portion
29, .. A thick oxide film is not present between the surface of
the base-body region in which the pattern of the transparent
electrode 21, , is disposed and the surface of the base-body
region in which the pattern of the readout-circuit portion
29, ;is disposed, and the element isolation region 12,, and the
channel-stop region 17 as illustrated in the cross-sectional
view of FIG. 2 are buried in the surface portion of the
base-body region as an area continuous from the area of
another pixel in the two-dimensional matrix.

[0065] The amplification transistor QA, ; and the pixel-
selection transistor TS, illustrated in FIG. 7 may have a gate
structure having a ring form or such a z-type as illustrated
in FIG. 8 in order to achieve radiation tolerance. A basic
concept of the m-type gate structure illustrated in FIG. 8 is
disclosed in JP 2011-134784 A. That is, F1G. 8 illustrates an
example of a planar pattern for implementing the amplifi-
cation transistor QA, ; and the pixel-selection transistor TS, ,
of the readout-circuit portion 29, , a main control unit of a
n-type gate electrode 63 extends in an up-down direction
(vertical direction) so as to stretch an inner active area in the
area of the readout-circuit portion 29, ;.

[0066] Although the gate electrode 63 corresponds to the
gate electrode of the pixel-selection transistor TS, ; illus-
trated in FIG. 7, as disclosed in JP 2011-134784 A, the gate
electrode 63 has two guard portions that extend in a hori-
zontal direction so as to surround a source region 54 of the
pixel-selection transistor TS, to establish a m-shape. A
common source/drain region 52 that serves as both the
source region of the amplification transistor QA, ; and the
drain region of the pixel-selection transistor TS, ;is disposed
at the center of the readout-circuit portion 29, ; in FIG. 8 as
a semiconductor region of the second conductivity type. On
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the planar pattern of FIG. 8, the gate electrode 63 having the
n-shape has a vertical main control unit that is orthogonal to
a flow path of carriers flowing through the channel region
between the common source/drain region 52 and the source
region 54 and two horizontal guard portions that cross the
vertical main control unit and surrounds three sides of the
source region 54.

[0067] An element-isolation insulating-film surrounds the
channel region of the pixel-selection transistor TS, ; inside
the outer-contour line of the octagon that defines the area of
the readout-circuit portion 29,  to define an active area in the
upper portion of the base-body region. The common source/
drain region 52 that injects carriers (electrons) to the channel
region through a carrier injection opening is provided on one
side (left side) of the active area, and the source region 54
of the second conductivity type having a carrier-exhausting
opening through which carriers are exhausted from the
channel region is provided on the other side (right side) of
the active area. The source region 54 is implemented by the
rectangular source region 54 of which only one side is in
contact with the other end of the element-isolation insulat-
ing-film in order to achieve radiation tolerance.

[0068] The gate electrode 63 having the m-shape is pro-
vided on the gate insulating film laminated on the surface of
the active area to electrostatically control the flow of carri-
ers. Furthermore, leakage-protection regions 535 and 53d of
the first conductivity type having a higher impurity concen-
tration than the base-body region are provided in the active
area on both end sides in the gate width direction (the
up-down direction in FIG. 8) of the source region 54 on the
planar pattern with two guard portions interposed between
the source region 54 and the leakage-protection regions 535
and 53d. The leakage-protection regions 535 and 53d are
arranged symmetrically in the up-down direction with two
guard portions interposed between the source region 54 and
the leakage-protection regions 535 and 53d. As illustrated in
FIG. 8, the leakage-protection region 535 on the lower side
is delineated so that the upper side of the leakage-protection
region 534 is in contact with the guard portion on the lower
side, the left side of the leakage-protection region 535 is in
contact with the main control unit, and the remaining sides
of the leakage-protection region 535 are in contact with the
element-isolation insulating-film. On the other hand, as
illustrated in FIG. 8, the leakage-protection region 53d on
the upper side is delineated so that the lower side of the
leakage-protection region 534 is in contact with the guard
portion on the upper side, the left side of the leakage-
protection region 534 is in contact with the main control
unit, and the remaining sides of the leakage-protection
region 53d are in contact with the element-isolation insu-
lating-film.

[0069] A drain region 51 of the second conductivity type
is allocated on the left side of the readout-circuit portion 29, ,
in FIG. 8, and a gate electrode 62 extends in a vertical
direction between the drain region 51 and the common
source/drain region 52. The gate electrode 62 is electrically
connected to the charge-readout region 15, of the (ij)th
pixel. The gate electrode 62 corresponds to the amplification
transistor QA, ; schematically illustrated in FIG. 7 in a
representation of equivalent circuit, and the gate electrode
62 is connected to the surface interconnection 32, ; which is
illustrated in the equivalent circuit of FIG. 7. The surface
interconnection 32, may actually be implemented by a



US 2017/0133419 Al

multilevel wiring structure using a surface interconnection
72, or the like connected via such a contact hole 38; ; as
illustrated in FIG. 8.

[0070] The contact hole 38, is an opening that passes
through an interlayer insulating film provided between the
surface interconnection 72, ; and the gate electrode 62. The
drain region 51, the common source/drain region 52, and the
gate electrode 62 implement the amplification transistor
QA, ;. The drain region 51 of the amplification transistor
QA,; is connected to the surface interconnection 61 that
implements the power supply wiring via the contact hole
33, . On the other hand, the source region 54 of the pixel-
selection transistor TS, ; is connected to the surface inter-
connection 64 that implements the vertical signal line B, via
the contact hole 34,,. The gate electrode 63 having the
nt-shape is connected to a surface interconnection 73i that
implements the select signal supply wiring SL(i) via such a
contact hole 37, ; as illustrated in FIG. 8, for example. The
contact hole 37, is an opening that passes through the
interlayer insulating film between the surface interconnec-
tion 72, and the gate electrode 63. With the structure of
which the plan view is illustrated in FIG. 8, even when a
threshold voltage changes at the boundary between a field
oxide film and a channel under the mt-type gate electrode 63
due to irradiation of radiant lay, the turn-off leakage current
is blocked by the leakage-protection regions 53b and 534.

[0071] Similarly, one end of a surface interconnection
32, ., extending in a bottom-right direction is connected to
the charge-readout region 15, ;,, of the (i,j+1)th pixel in the
two-dimensional matrix via a contact hole 31, and a gate
electrode of an amplification transistor QA, ,, of a readout-
circuit portion 29,;,, is connected to the other end of the
surface interconnection 32, .. That is, in the circuit struc-
ture illustrated in FIG. 7, since the charge-readout region
15, ;,, functions as a source region of a reset transistor, the
gate electrode of the amplification transistor QA ;,, and a
source region of the reset transistor TR, ,,; are connected to
the charge-readout region 15, . A drain region of a pixel-
selection transistor TS, ,, is connected to the source region
of the amplification transistor QA, ;,, and a power supply
wiring V,,, is connected to the drain region of the ampli-
fication transistor QA, ,,. The vertical signal line B,,,
arranged along the (j+1)th column is connected to the source
region of the pixel-selection transistor TS, ,, and a select
signal SL(i) of the i-th row is fed from the vertical shift
register to the gate electrode of the pixel-selection transistor
TS, .- By the voltage corresponding to the amount of
charges transferred to the charge-readout region 15, , , the
output signal amplified by the amplification transistor QA
j+1 1s transmitted to the vertical signal line B,,, via the
pixel-selection transistor TS, , ;.
[0072] InFIG. 7, the octagonal outer-contour line indicat-
ing the readout-circuit portion 29, ., indicates an outer
boundary of a field-insulating film area for arranging the
amplification transistor QA, ., and the pixel-selection tran-
sistor TS, ,, . A thick oxide film corresponding to the field-
insulating film is provided between an active area of the
amplification transistor QA, ,, and an active area of the
pixel-selection transistor TS, ,, in the readout-circuit por-
tion 29, ;. A thick oxide film is not present between the
surface of the base-body region in which the pattern of the
transparent electrode 21, ., is disposed and the surface of
the base-body region in which the pattern of the readout-
circuit portion 29, ., is disposed, and the element isolation
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region 12, and the channel-stop region 17 as illustrated in
the cross-sectional view of FIG. 2 are disposed on the
surface of the base-body region as an area continuous from
the area of another pixel such as the (i,j)th pixel.

[0073] Similarly, one end of a surface interconnection
32, , ; extending in a bottom-right direction is connected to
the charge-readout region 15, , ; of the (i-1j)th pixel via a
contact hole 31, , , and a gate electrode of an amplification
transistor QA, , ; of a readout-circuit portion 29, , ; is con-
nected to the other end of the surface interconnection 32, , ;.
That is, in the circuit structure illustrated in FIG. 7, since the
charge-readout region 15,  functions as a source region of
a reset transistor, the gate electrode of the amplification
transistor QA, , ; and a source region of the reset transistor
TR,.,; are connected to the charge-readout region 15, , . A
drain region of a pixel-selection transistor TS, = is con-
nected to the source region of the amplification transistor
QA,,, and a power supply wiring V,,, is connected to the
drain region of the amplification transistor QA,, . The
vertical signal line B, is connected to the source region of the
pixel-selection transistor TS, ; J and a select signal SL(i-1)
of the (i-1)th row is fed from the vertical shift register to the
gate electrode of the pixel-selection transistor TS, | ;- BY the
voltage corresponding to the amount of charges transferred
to the charge-readout region 15, ; , the output signal ampli-
fied by the amplification transistor QA, | J is transmitted to
the vertical signal line B, via the pixel-selection transistor
TS,
[0074] In the plan view illustrated in FIG. 7, the outer-
contour line of the octagon indicating the position (bound-
ary) of the periphery of the readout-circuit portion 29, ,
indicates an area in which a field-insulating film area that
defines the active area in which the amplification transistor
QA, , ;and the pixel-selection transistor TS, , , are formed is
provided. That is, the active area of the amplification tran-
sistor QA - and the pixel-selection transistor TS, , ; that
implement the readout-circuit portion 29, , ; is defined by
being surrounded by a thick oxide film corresponding to the
field-insulating film on the planar pattern. A thick oxide film
1s not present between the surface of the base-body region in
which the pattern of the transparent electrode 21,  is
disposed and the surface of the base-body region in which
the pattern of the readout-circuit portion 29, ,  is disposed,
and the element isolation region 12, and the channel-stop
region 17 as illustrated in the cross-sectional view of FIG. 2
are buried in the surface portion of the base-body region as
an area continuous from the area of another pixel such as the
(1,)th pixel.

[0075] Similarly, one end of a surface interconnection
32,_, ;,, extending in a bottom-right direction is connected
to the charge-readout region 15,_, ., of the (i-1,j+1)th pixel
via a contact hole 31, ,,,, and a gate electrode of an
amplification transistor QA,_, ., of areadout-circuit portion
29, .. is connected to the other end of the surface inter-
connection 32, , ;,,. That is, in the circuit structure illus-
trated in FIG. 7, since the charge-readout region 15, .,
functions as a source region of a reset transistor, the gate
electrode of the amplification transistor QA,_, ., and a
source region of the reset transistor TR,_, ,, are connected
to the chatge-readout region 15,_, ;. A drain region of a
pixel-selection transistor TS,_, ., is connected to the source
region of the amplification transistor QA,_, ;,; and a power
supply wiring V,, is connected to the drain region of the

amplification transistor QA,_, ,,. The vertical signal line
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B,,, is connected to the source region of the pixel-selection
transistor TS, ; ;,; and a select signal SL.(i-1) of the (i-1)th
row is fed from the vertical shift register to the gate electrode
of the pixel-selection transistor TS, | ,,. By the voltage
corresponding to the amount of charges transferred to the
charge-readout region 15,_, ,,, the output signal amplified
by the amplification transistor QA,_, ., is transmitted to the
vertical signal line B,., via the pixel-selection transistor
TSi—l,j+1'

[0076] InFIG. 7, the octagonal outer-contour line indicat-
ing the readout-circuit portion 29, , ,, indicates an outer
boundary of a field-insulating film area for arranging the
amplification transistor QA,_, ., and the pixel-selection
transistor TS, ;. A thick oxide film corresponding to the
field-insulating film is provided between an active area of
the amplification transistor QA , ,, and an active area of
the pixel-selection transistor TS,_, ;,, in the readout-circuit
portion 29, .. A thick oxide film is not present between
the surface of the base-body region in which the pattern of
the transparent electrode 21,_, .., is delineated and the
surface of the base-body region in which the pattern of the
readout-circuit portion 29,_, .., is delineated, and the ele-
ment isolation region 12, and the channel-stop region 17 as
illustrated in the cross-sectional view of FIG. 2 are disposed
on the surface of the base-body region as an area continuous
from the area of another pixel such as the (i-1,j)th pixel and
the (i,j+1)th pixel.

[0077] The amplification transistors QA, ;. QA, ; , and
QA ;,, and the pixel-selection transistors TS, ;,,, TS, | ,
and TS, , ., illustrated in FIG. 7 may have such a z-type
gate structure as illustrated in FIG. 8 and a ring-type gate
structure in order to achieve radiation tolerance.

[0078] Particularly, in the solid-state image pickup device
according to the first embodiment, when the buried charge-
generation regions 13 of the respective pixels are the n-type
regions as illustrated in FIG. 3, by applying a negative
voltage to the transparent electrodes 21, ,, the effects of holes
generated in the gate insulating films 23 of the respective
pixels by irradiation of gamma rays are cancelled. There-
fore, an increase in dark current is suppressed, and it is
possible to obtain an image in which noise resulting from
dark current is small and the dynamic range as a signal
operating margin is maintained. That is, as described with
reference to FIG. 3, when the buried charge-generation
regions 13 of the respective pixels are n-type regions, since
the minority carriers are holes, the inversion layer 14 is
formed by a large number of holes at the interface between
the semiconductor and the gate insulating film 23 immedi-
ately below the transparent electrode 21, , or the inversion
layer 14 is formed in the surface of the buried charge-
generation region 13, and the surface potential is pinned by
holes of minority carriers. In the respective pixels, since the
surface potential is pinned by the holes, the interface states
at the interface between the semiconductor and the gate
insulating film 23 are deactivated.

[0079] In the solid-state image pickup device according to
the first embodiment, when gamma rays are irradiated to the
respective pixels, although holes are generated in the thin
gate insulating films 23 of the respective pixels, since the
gate insulating films 23 are thin, an absolute quantity of the
holes generated in the gate insulating films 23 of the
respective pixels is small.

[0080] In the solid-state image pickup device according to
the first embodiment, the charges photo-electrically con-
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verted in the buried charge-generation regions 13 immedi-
ately below the transparent electrodes 21, , 21, ,,,,21, , ;and
21, ,,,, of the respective pixels are accumulated in the
charge-readout regions 15, , 15, ,,, 15, , and 15_, .., of
the corresponding pixels for a predetermined period. Signals
are read out from pixels in units of rows. First, the i-th row
is selected according to the select signal SL(i) from the
vertical shift register, and the signal levels of the charge-
readout regions 15, , 15, ,,, and the like are read. Subse-
quently, the charge-readout regions 15, ;, 15, ,,,, and the like
are reset by the vertical shift register, and then, the reset
levels of the charge-readout regions 15, , 15, ., ,, and the like
are read. After that, the (1-1)th row is selected according to
the select signal SL(i-1) from the vertical shift register, and
the signal levels of the charge-readout regions 15, , , 15,
17+1, and the like are read. Subsequently, the charge-readout
regions 15, , 15,_, ., and the like are reset by the vertical
shift register, and then, the reset levels of the charge-readout
regions 15, , ;, 15, , ), and the like are read out. The signals
read out from the pixels are subjected to correlated double
sampling which reads the difference between the signal level
and the reset level with the aid of the column processing
circuit provided in the peripheral circuit in each column
whereby the net signals in which an offset or the like is
removed are transmitted sequentially. However, there is no
noise correlation between the signal level and the reset level
read out immediately after the signal level. Therefore, the

reset noise is not removed by the correlated double sam-
pling.

Second Embodiment
Second

<Optical Detection Flement According to
Embodiment>

[0081] As illustrated in FIGS. 9 and 10, an optical detec-
tion element according to a second embodiment of the
present invention is the same as the optical detection ele-
ment according to the first embodiment in that the optical
detection element includes a base-body region 11 made of a
semiconductor having a first conductivity type (p-type), a
gate insulating film 23 contacted with an upper surface of the
base-body region 11, a buried charge-generation region 13
of a second conductivity type (n-type) buried with an
annular form (a ring form in the plan view of FIG. 9) in an
upper portion of the base-body region 11 in contact with the
gate insulating film 23, a chatge-readout region 15, ; of the
second conductivity type having a high impurity concentra-
tion than the buried charge-generation region 13, buried with
an annular form in an upper portion of the base-body region
11 at a position close to an inner-contour side of the buried
charge-generation region 13, a reset-drain region 16, ; of the
second conductivity type having a higher impurity concen-
tration than the buried charge-generation region 13, buried
on the inner-contour side of the charge-readout region 15, ;
in a state of being separated from the charge-readout region
15, , a transparent electrode 21, provided in an annular
form on the gate insulating film 23 above the buried charge-
generation region 13, and a reset-gate electrode 22, ; pro-
vided on the gate insulating film 23 above the base-body
region 11 between the charge-readout region 15,  and the
reset-drain region 16, .

[0082] However, as illustrated in FIG. 10, the difference
from the optical detection element according to the first
embodiment is that the buried charge-generation region 13
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and the charge-readout region 15, are separated from each
other via the base-body region 11, which is interposed
between the buried charge-generation region 13 and the
charge-readout region 15, ;. Moreover, a transfer-gate elec-
trode 25, ; is further stacked on the gate insulating film 23
which is allocated above the base-body region 11 between
the buried charge-generation region 13 and the charge-
readout region 15, When a voltage is applied to the
transfer-gate electrode 25, , signal charges are transferred
from the buried charge-generation region 13 to the charge-
readout region 15, . The space between the transfer-gate
electrode 25, and the transparent electrode 21, , may be
designed as small as possible.

[0083] In the plan view of FIG. 9, although a continuous
belt-like shape in which both the shapes on an outer-contour
side and an inner-contour side of the transparent electrode
21, , the transfer-gate electrode 25, and the reset-gate
electrode 22, ; have an octagonal shape is illustrated as an
example of an annular topology, the annular topology is not
limited to the topology illustrated in FIG. 9. That is, the
shapes of the transparent electrode 21, ;, the transfer-gate
electrode 25, , and the reset-gate electrode 22, may be
another continuous shapes, such that the reset-drain region
16, can be surrounded by an outer-contour line and an
inner-contour line of a circle or another polygon having an
approximately fixed width. Moreover, it is not necessary that
the planar pattern is point-symmetric about the center of the
reset-drain region 16, as long as the planar pattern is a
topology of such a closed continuous belt that surrounds the
reset-drain region 16,, with an approximately fixed belt
width.

[0084] As illustrated in FIG. 9, in the optical detection
element according to the second embodiment, the transpar-
ent electrode 21, ; is delineated into an annular form on the
outer side of the optical detection element, the transfer-gate
electrode 25, ; is delineated into an annular form on the inner
side of the pattern of the transparent electrode 21, , and the
charge-readout region 15, ; is arranged in the inner side of the
pattern of the transfer-gate electrode 25, . Actually, depend-
ing on a thermal process, as indicated by a broken line in the
plan view of FIG. 9, impurity atoms of the second conduc-
tivity type that implement the charge-readout region 15, ; are
allowed to diffuse thermally in a lateral direction further than
a boundary position of a pattern determined by a mask level
so that a planar pattern in which the outer-contour line of the
charge-readout region 15, ; is positioned in a region slightly
closer to the outer side than the inner-contour line of the
transfer-gate electrode 25, is obtained. Similarly, in the plan
view of FIG. 9, although the annular reset-gate electrode
22, ; is disposed on the inner side of the charge-readout
region 15, , as indicated by a broken line, impurity atoms of
the second conductivity type that implement the charge-
readout region 15, are allowed to diffuse thermally in a
lateral direction further than a boundary position of a pattern
determined by a mask level so that a planar pattern in which
the inner-contour line of the charge-readout region 15, ; is
positioned slightly closer to the inner side than the outer-
contour line of the reset-gate electrode 22, , is obtained. The
corresponding cross-sectional view of FIG. 10 illustrates a
state in which lateral ends of the charge-readout region 15,
slightly overlap an inner end of the transfer-gate electrode
25, and an outer end of the reset-gate electrode 22, ;. It is
also possible non-overlap cases both just according and
slightly separating between lateral ends of the charge-read-
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out region 15, ; and an inner end of the transfer-gate elec-
trode 25, and between lateral ends of the charge-readout
region 15, ; and an outer end of the reset-gate electrode 22, .
By providing the annular reset-gate electrode 22,; on the
inner side of the charge-readout region 15, ,, it is possible to
suppress a turn-off' leakage current due to irradiation of
radiant lay at a channel-sidewall oxide-film boundary, which
is inevitable in a general transistor in which the gate shape
is square.

[0085] Inthe plan view of FIG. 9, although the reset-drain
region 16, ; is disposed on the inner side of the reset-gate
electrode 22, , as indicated by a broken line, impurity atoms
of the second conductivity type that implement the reset-
drain region 16, ; ate allowed to diffuse thermally in a lateral
direction further than a boundary position of a pattern
determined by a mask level so that a planar pattern in which
the outer-contour line of the reset-drain region 16, ; is posi-
tioned in a region slightly closer to the outer side than the
inner-contour line of the reset-gate electrode 22,; is
obtained. The corresponding cross-sectional view of FIG. 10
illustrates a state in which lateral ends of the reset-drain
region 16, ; overlap inner ends of the reset-gate ¢lectrode
22,

[0086] As illustrated in FIG. 10, a well region 12, of a first
conductivity type having a higher impurity concentration
than the base-body region 11 is buried in an upper portion of
the base-body region 11 immediately below the reset-gate
electrode 22, . Although the planar pattern is not illustrated,
the well region 12, is arranged in an octagonal form so as to
surround the reset-drain region 16, .. And the outer-contour
line of the well region 12, in the planar pattern is delineated
into an octagonal shape, which is sandwiched between the
outer-contour line and the inner-contour line of the charge-
readout region 15, ;. It can be understood from the cross-
sectional view of FIG. 10, the well region 12, is disposed to
surround the entire side plane and the entire bottom plane of
the reset-drain region 16, ; and the side plane of the well
region 12, is in contact with the bottom plane of the
charge-readout region 15, ;. Furthermore, as illustrated in
FIG. 10, the buried charge-generation region 13 and the well
region 12; are separated from each other via the base-body
region 11, which is interposed between the buried charge-
generation region 13 and the well region 12,.

[0087] As will be described later, in order to completely
transfer charges from the buried charge-generation region 13
to the charge-readout region 15, , although not illustrated in
the Drawing, common or individual implantation layers may
be buried in the surface side portion of the spaced area
between the transfer-gate electrode 25, , and the transparent
electrode 21, , or in the surface side portion of the base-body
region 11 under the transfer-gate electrode 25, ;.

[0088] In the optical detection element according to the
second embodiment illustrated in FIG. 10, since the well
region 12, is implemented by a p-type semiconductor region,
a reset transistor is implemented by an nMOS transistor that
includes the reset-gate electrode 22, ;, the gate insulating
film 23, the well region 12,, the charge-readout region 15, ,
and the reset-drain region 16,,. Moreover, a voltage is
applied to the reset-gate electrode 22, ; to exhaust the charges
accumulated in the charge-readout region 15, ; to the reset-
drain region 16, ; to reset the charges accumulated in the
charge-readout region 15, .

[0089] As illustrated on both end sides of the cross-
sectional view of FIG. 10, an element isolation region 12, of
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the first conductivity type having a higher impurity concen-
tration than the base-body region 11 is disposed on the outer
side of the transparent electrode 21, ; so as to surround the
buried charge-generation region 13. Furthermore, a channel-
stop region 17 of the first conductivity type having a higher
impurity concentration than the element isolation region 12,
is buried in the surface portion of the element isolation
region 12 . As indicated by the broken line in the plan view
of FIG. 9, depending on a thermal process, impurity atoms
of the first conductivity type that implement the element
isolation region 12, may thermally diffuse in a lateral
direction further than a boundary position of a pattern
determined by a mask level so that a planar pattern in which
the inner-contour line of the element isolation region 12, is
positioned in a region closer to the inner side than the
outer-contour line of the transparent electrode 21, is
obtained.

[0090] Since the inner-contour line of the element isola-
tion region 12, is delineated into a planar pattern that the
inner-contour line is positioned closer to the inner side than
the outer-contour line of the transparent electrode 21, ; at an
equal interval, the inner-contour line of the element isolation
region 12, is delineated into a closed geometric shape. On
the other hand, because the inner-contour line of the chan-
nel-stop region 17 surrounds the planar pattern of the
transparent electrode 21,;, the inner-contour line of the
channel-stop region 17 is also delineated into a closed
geometric shape. Since the element isolation region 12 is
disposed on the outer side of the transparent electrode 21,
it is possible to suppress the generation of a dark current in
the peripheral portion of the buried charge-generation region
13 buried immediately below the transparent electrode 21, ;.

[0091] Although the planar pattern is not illustrated, the
topology of the buried charge-generation region 13 buried in
the surface side portion of the base-body region 11 has a
closed geometric shape. That is, the outer-contour line of the
buried charge-generation region 13 is a line that is delineated
into an octagonal shape that is common to the inner-contour
line of the element isolation region 12, in FIG. 9. And the
inner-contour line of the buried charge-generation region 13
on the planar pattern of FIG. 9 is delineated into an octago-
nal shape that is common to the inner-contour line of the
transparent electrode 21, . In this manner, the octagonal
buried charge-generation region 13 is provided in an annular
form at the surface side of the base-body region 11, and the
annular and octagonal transparent electrode 21, ; is provided
on the annular and octagonal buried charge-generation
region 13 with the thin gate insulating film 23 interposed
between the buried charge-generation region 13 and the
transparent electrode 21, .

[0092] When the transparent electrode 21, is formed
using a doped-polysilicon similarly to the optical detection
element according to the first embodiment, it is convenient
from the viewpoint of the manufacturing process because
the boundary between the transparent electrode 21, ; and the
charge-readout region 15, , can be self-aligned. An oxide thin
film (a transparent conductive oxide) such as ITO may be
used.

[0093] When a doped-polysilicon is used for the reset-gate
electrode 22, ; similarly to the optical detection element
according to the first embodiment, it is preferable because
the boundary between the reset-gate electrode 22, ; and the

May 11, 2017

charge-readout region 15,; and the boundary between the
reset-gate electrode 22, ; and the reset-drain region 16, , can
be self-aligned.

[0094] In the optical detection element according to the
second embodiment, when a negative voltage is applied to
the transparent electrode 21, ;, as illustrated in FIG. 3, when
a potential of the transparent electrode 21, ; applies to the
surface of the buried charge-generation region 13 via the
gate insulating film 23, a surface potential of the buried
charge-generation region 13 is pinned to the surface of the
buried charge-generation region 13 by charges of the minor-
ity carriers in the buried charge-generation region 13. That
is, if the buried charge-generation region 13 is an n-type
region, when an inversion layer 14 is induced by a large
number of holes in the surface portion of the charge-readout
region 15, ; immediately below the transparent electrode 21, ,
and the surface potential is pinned by holes, the interface
states at the interface between the semiconductor and the
gate insulating film 23 is deactivated. Moreover, when
gamma rays are irradiated to the optical detection element
according to the second embodiment, although holes are
generated in the thin gate insulating film 23, since the gate
insulating film 23 is thin, an absolute quantity of the holes
generated in the gate insulating film 23 is small.

[0095] FIG. 11 is a diagram corresponding to the lateral
positions illustrated in the cross-sectional view of FIG. 10
and is a diagram illustrating an example of a potential
distribution having a center-symmetric profile extending
from the element isolation regions 12, on the outer sides to
the reset-drain region 16, at the center, via the buried
charge-generation region 13, the base-body region 11, the
charge-readout region 15, , and the reset-gate electrode 22, .
A potential level indicated by symbol RD at the bottom of
a well at the center of FIG. 11, or the potential level of the
upper end of an area hatched with top-left diagonal broken
line in FIG. 11, is a reset voltage VRD which is the voltage
of the reset-drain region 16, .

[0096] In the optical detection element according to the
second embodiment, as illustrated in FIG. 11, when a
depletion potential of a channel immediately below the
transparent electrode 21, ; is set to be lower than the potential
of the charge-readout region 15, ,, the signal charges photo-
electrically converted in the transparent electrode 21, ; are
transferred to the charge-readout region 15, ; as the transfer-
gate electrode 25, ; is turned on. That is, the signal charges
(electrons) generated in the buried charge-generation region
13 immediately below the transparent electrode 21, are
transferred from the buried charge-generation region 13 to
the charge-readout region 15, ; on the inner side, by control-
ling the surface potential of the channel formed in the
surface portion of the base-body region 11, according to the
voltage applied to the transfer-gate electrode 25, ;, as indi-
cated by arrows directed toward the center of FIG. 11. In
FIG. 11, the charges transferred via the channel in the
surface portion of the base-body region 11 by the transfer-
gate electrode 25, ; and accumulated in the charge-readout
region 15, , are depicted by an area hatched with top-right
diagonal solid lines. By implementing such a potential
distribution profile as illustrated in FIG. 11, it is possible to
decrease the capacitance of the charge-readout region 15, ; of
the optical detection element according to the second
embodiment and to increase the conversion gain of signal
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charges. Therefore, it is possible to increase the voltage-
sensitivity of the optical detection element according to the
second embodiment.

[0097] When the channel potential under the transfer-gate
electrode 25, ; is not set appropriately, a potential dip or
barrier is formed in the transfer path from the buried
charge-generation region 13 to the charge-readout region
15, ; and incomplete charge transfer may occur. In order to
prevent this, as described above, common or individual
injection layers may be buried in the surface side portion of
the spaced area between the transfer-gate electrode 25,  and
the transparent electrode 21, , or in the surface side portion
of the base-body region 11 under the transfer-gate electrode
25,

[0098] In the structure of the optical detection element
according to the second embodiment, at the beginning, the
charges photo-electrically converted in the buried charge-
generation region 13 immediately below the transparent
electrode 21, are accumulated in the buried charge-genera-
tion region 13 for a predetermined period. Subsequently, the
charge-readout region 15, ; is reset and the reset potential is
read out. Immediately after that, the transfer-gate electrode
25, is turned on so that the charges accumulated in the
buried charge-generation region 13 can be transferred to the
charge-readout region 15, , and the signal level of the charge-
readout region 15, ; can be read out. In the operation of the
optical detection element according to the second embodi-
ment, there is noise correlation between the reset level and
the signal level read immediately after the reset level. Thus,
as will be described later, when correlated double sampling
which reads the difference between the reset level and the
signal level is performed with the aid of a column circuit or
the like, it is possible to obtain net low-noise signals in
which reset noise as well as an offset is removed.

<Solid-State Image Pickup Device According to Second
Embodiment>

[0099] When a plurality of unit pixels are arranged in a
two-dimensional matrix form using the optical detection
element having the structure illustrated in FIGS. 9 and 10 as
a unit pixel, it is possible to implement a pixel array area of
a solid-state image pickup device (two-dimensional image
sensor) according to the second embodiment of the present
invention. For the sake of convenience, FIG. 12 schemati-
cally illustrates the pixel array area of the solid-state image
pickup device according to the second embodiment using a
planar structure in which four unit pixels within the matrix
arrangement of the plurality of unit pixels that implement
the pixel array area are two-dimensionally arranged in a 2x2
matrix form similarly to the solid-state image pickup device
according to the first embodiment. That is, the solid-state
image pickup device according to the second embodiment
illustrated in FIG. 12 illustrates an example of a planar
pattern when the 2x2 matrix structure within the pixel array
area is implemented by a (i,j)th pixel at the top-left corner,
a (i,j+1)th pixel at the top-right corner, a (i-1,j)th pixel at the
bottom-left corner, and a (i-1,j+1)th pixel at the bottom-
right corner.

[0100] The cross-sectional structure of the (i,j)th pixel that
implements the solid-state image pickup device according to
the second embodiment illustrated at the top-left corner of
FIG. 12 is the same as the cross-sectional structure of the
optical detection element illustrated in FIG. 10 since the
optical detection element illustrated in FIG. 10 is used as the

May 11, 2017

unit pixel. Therefore, although the base-body region 11, the
gate insulating film 23, the buried charge-generation region
13, and the like illustrated in FIG. 10 are not depicted in the
plan view of FIG. 12, the cross-sectional structure of the
(i)th pixel is basically completely the same as the cross-
sectional structure illustrated in FIG. 10.

[0101] That is, the (i,j)th pixel that implements the solid-
state image pickup device according to the second embodi-
ment illustrated at the top-left corner of FIG. 12 includes a
base-body region (not illustrated) made of a semiconductor
of the first conductivity type, a gate insulating film (not
illustrated) contacted with an upper surface of the base-body
region, a buried charge-generation region (not illustrated) of
the second conductivity type buried with an annular form in
an upper portion of the base-body region, being contacted
with the gate insulating film, the charge-readout region 15, ;
of the second conductivity type having a high impurity
concentration than the buried charge-generation region, bur-
ied with an annular form in an upper portion of the base-
body region at a position close to an inner-contour side of the
buried charge-generation region, the reset-drain region 16, ;
having a higher impurity concentration than the buried
charge-generation region, buried on the inner-contour side
of the charge-readout region 15, , in a state of being sepa-
rated from the charge-readout region 15, , the transparent
electrode 21,; provided in an annular form on the gate
insulating film above the buried charge-generation region
13, and the reset-gate electrode 22, ; provided on the gate
insulating film above the base-body region between the
charge-readout region 15,; and the reset-drain region 16, .
Although not illustrated in FIG. 12, similarly to the cross-
sectional structure illustrated in FIG. 10, the buried charge-
generation region and the charge-readout region 15, ; are
separated from each other via the base-body region 11,
which is interposed between the buried charge-generation
region and the charge-readout region 15, ;. And the transfer-
gate electrode 25, ; is stacked on the gate insulating film 23
which is allocated above the base-body region 11 between
the buried charge-generation region 13 and the charge-
readout region 15, . When a voltage is applied to the
transfer-gate electrode 25, , signal charges are transferred
from the buried charge-generation region 13 to the charge-
readout region 15, . The well region 12, of the first conduc-
tivity type having a higher impurity concentration than the
base-body region is buried in an upper portion of the
base-body region immediately below the reset-gate elec-
trode 22, .. Similarly to the cross-sectional structure illus-
trated in FIG. 10, the element isolation region of the first
conductivity type having a higher impurity concentration
than the base-body region is buried at the outer side of the
transparent electrode 21,; so as to surround the buried
charge-generation region 13. Furthermore, the channel-stop
region 17 of the first conductivity type having a higher
impurity concentration than the element isolation region is
buried in the surface portion of the element isolation region.

[0102] Similarly, as illustrated in at the top-right corner of
FIG. 12, the (i,j+1)th pixel in the two-dimensional matrix
includes a base-body region of the first conductivity type, a
gate insulating film contacted with the upper surface of the
base-body region, a buried charge-generation region of the
second conductivity type buried with an annular form in an
upper portion of the base-body region, being contacted with
the gate insulating film, a charge-readout region 15, ,, of the
second conductivity type having a higher impurity concen-
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tration than the buried charge-generation region, buried on
the inner-contour side of the buried charge-generation
region, a reset-drain region 16, ,, having a higher impurity
concentration than the buried charge-generation region, bur-
ied on the inner-contour side of the charge-readout region
15, ;,, in a state of being separated from the charge-readout
region 15, , ,, a transparent electrode 21, ., provided in an
annular form on the gate insulating film above the buried
charge-generation region 13, and a reset-gate electrode
22, .., provided on the gate insulating film above the well
region 12; between the charge-readout region 15, ., and the
reset-drain region 16, . ,. Similarly to the structure illus-
trated in F1G. 10, the buried charge-generation region 13 and
the charge-readout region 15, ,, are separated from each
other via the base-body region 11, which is interposed
between the buried charge-generation region and the charge-
readout region 15, ;, , . And the transfer-gate electrode 25,
is stacked on the gate insulating film 23 which is allocated
above the base-body region 11 between the buried charge-
generation region 13 and the charge-readout region 15, ;..
When a voltage is applied to the transfer-gate electrode
25, ., signal charges are transferred from the buried charge-
generation region 13 to the charge-readout region 15, ,,.
The well region 12, of the first conductivity type having a
higher impurity concentration than the base-body region is
disposed below the reset-gate electrode 22, ., and an ele-
ment isolation region of the first conductivity type having a
higher impurity concentration than the base-body region is
disposed on the outer side of the transparent electrode 21, ., ,
as an area continuous from the area of another pixel such as
the (i,j)th pixel so as to surround the buried charge-genera-
tion region 13. Moreover, the channel-stop region 17 of the
first conductivity type having a higher impurity concentra-
tion than the element isolation region is buried in the surface
portion of the element isolation region as an area continuous
from the area of another pixel such as the (i,j)th pixel.

[0103] Moreover, as illustrated at the bottom-left corner of
FIG. 12, the (i-1,j)th pixel in the two-dimensional matrix
includes a base-body region of the first conductivity type, a
gate insulating film contacted with the upper surface of the
base-body region, a buried charge-generation region of the
second conductivity type buried in an upper portion of the
base-body region, being contacted with the gate insulating
film, a charge-readout region 15, , ; of the second conduc-
tivity type having a higher impurity concentration than the
buried charge-generation region, buried on the inner-contour
side of the buried charge-generation region, a reset-drain
region 16,  having a higher impurity concentration than the
buried charge-generation region, buried on the inner-contour
side of the charge-readout region 15, ;, a transparent elec-
trode 21, , ; provided above the buried charge-generation
region 13, and a reset-gate electrode 22, ) ; provided above
between the charge-readout region 15, , ; and the reset-drain
region 16, , . Similarly to the structure illustrated in FIG. 10,
the buried charge-generation region and the charge-readout
region 15, are separated from each other via the base-body
region 11, which is interposed between the buried charge-
generation region and the charge-readout region 15, ; . And
the transfer-gate electrode 25, ; is stacked on the gate
insulating film 23 which is allocated above the base-body
region 11 between the buried charge-generation region 13
and the charge-readout region 15,, . When a voltage is
applied to the transfer-gate electrode 25, | ;, signal charges
are transferred from the buried charge-generation region 13
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to the charge-readout region 15, , . The well region 12, of
the first conductivity type having a higher impurity concen-
tration than the base-body region is disposed below the
reset-gate electrode 22, . and an element isolation region
of the first conductivity type having a higher impurity
concentration than the base-body region is disposed on the
outer side of the transparent electrode 21, , ; as an area
continuous from the area of another pixel such as the (i,j)th
pixel so as to surround the buried charge-generation region
13. Moreover, the channel-stop region 17 of the first con-
ductivity type having a higher impurity concentration than
the element isolation region is buried in the surface portion
of the element isolation region as an area continuous from
the area of another pixel such as the (i,j)th pixel.

[0104] Moreover, as illustrated at the bottom-right corner
of FIG. 12, the (i-1j+1)th pixel in the two-dimensional
matrix includes a base-body region of the first conductivity
type, a gate insulating film contacted with the upper surface
of the base-body region, a buried charge-generation region
of the second conductivity type buried in an upper portion of
the base-body region, being contacted with the gate insu-
lating film, a charge-readout region 15_, ,, of the second
conductivity type having a higher impurity concentration
than the buried charge-generation region, buried on the
inner-contour side of the buried charge-generation region, a
reset-drain region 16,_, _,, having a higher impurity concen-
tration than the buried charge-generation region, buried on
the inner-contour side of the charge-readout region 15,_, ..,
a transparent electrode 21,_, ;,, stacked on the gate insulat-
ing film above the buried charge-generation region 13, and
a reset-gate electrode 22, , ,, stacked on the gate insulating
film above the well region 12/ between the charge-readout
region 15, , _,, and the reset-drain region 16, , _, ,. Similarly
to the structure illustrated in FIG. 10, the buried charge-
generation region 13 and the charge-readout region 15,_, .,
are separated from each other via the base-body region 11,
which is interposed between the buried charge-generation
region 13 and the charge-readout region 15, ... and the
transfer-gate electrode 25, , ;,, is stacked on the gate insu-
lating film 23 which is allocated above the base-body region
11 between the buried charge-generation region 13 and the
charge-readout region 15,_, ,,. When a voltage is applied to
the transfer-gate electrode 25,_, , ,, signal charges are trans-
ferred from the buried charge-generation region 13 to the
charge-readout region 15,_, ;. The well region 12, of the
first conductivity type having a higher impurity concentra-
tion than the base-body region is disposed below the reset-
gate electrode 22,_, ,,,, and an element isolation region of
the first conductivity type having a higher impurity concen-
tration than the base-body region is disposed on the outer
side of the transparent electrode 21,_, ., as an area continu-
ous from the area of another pixel such as the (i-1,j)th pixel
and (i,j+1)th pixel so as to surround the buried charge-
generation region 13. Moreover, the channel-stop region 17
of the first conductivity type having a higher impurity
concentration than the element isolation region is buried in
the surface portion of the element isolation region as an area
continuous from the area of another pixel such as the
(i-1,)th pixel and (i,j+1)th pixel.

[0105] As illustrated in FIG. 12, one end of a surface
interconnection 32, ; extending in a bottom-right direction is
connected to the charge-readout region 15, of the (i,j)th
pixel in the two-dimensional matrix via a contact hole 31, ,
and a gate electrode of an amplification transistor QA, ; of a
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readout-circuit portion 29, ; is connected to the other end of
the surface interconnection 32, .

[0106] That is, in the circuit structure illustrated in FIG.
12, since the charge-readout region 15, functions as a
source region of a reset transistor, the gate electrode of the
amplification transistor QA, ; and a source region of the reset
transistor TR, ; are connected to the charge-readout region
15, .

[0107] The surface interconnection 32, ; illustrated in FIG.
12 is an exemplary representation on a schematic equivalent
circuit, and actually, does not need to be such a wiring
extending in the bottom-right direction as illustrated in FIG.
12. A drain region of a pixel-selection transistor (switching
transistor) TS, ; is connected to the source region of the
amplification transistor QA,, and a power supply wiring
Vpp is connected to the drain region of the amplification
transistor QA, .. The vertical signal line B, arranged along
the j-th column is connected to the source region of the
pixel-selection transistor TS,  and a select signal SL(i) of the
i-th row is fed to the gate electrode of the pixel-selection
transistor TS, . By the voltage corresponding to the amount
of charges transferred to the charge-readout region 15, ,, the
output signal amplified by the amplification transistor QA,
is transmitted to the vertical signal line B, via the pixel-
selection transistor TS, ;.

[0108] In FIG. 12, the octagonal outer-contour line indi-
cating the readout-circuit portion 29, ; indicates an outer
boundary of a field-insulating film area for arranging the
amplification transistor QA, ; and the pixel-selection transis-
tor TS, . A thick oxide film corresponding to the field-
insulating film is provided between an active area of the
amplification transistor QA,; and an active area of the
pixel-selection transistor TS, | in the readout-circuit portion
29, ;. A thick oxide film is not present between the surface of
the base-body region in which the pattern of the transparent
electrode 21, ; is disposed and the surface of the base-body
region in which the pattern of the readout-circuit portion
29, is disposed, and the element isolation region 12, and the
channel-stop region 17 as illustrated in the cross-sectional
view of FIG. 10 are buried in the surface portion of the
base-body region as an area continuous from the area of
another pixel in the two-dimensional matrix.

[0109] The amplification transistor QA, ; and the pixel-
selection transistor TS, ; illustrated in FIG. 12 may have a
gate structure having a ring form or such a z-type as
illustrated in FIG. 8 in order to achieve radiation tolerance
similarly to the solid-state image pickup device according to
the first embodiment. Since the structure other than the
structure of the charge-readout regions 15, ), 15, ;, and
15, ., of the (i,j+1)th, (i-1,j)th, and (i-1,j+1)th pixels is
substantially the same as that of the solid-state image pickup
device according to the first embodiment, the redundant
description will not be provided.

[0110] In the solid-state image pickup device according to
the second embodiment, as described above with reference
1o FIG. 3, when the buried charge-generation regions 13 of
the respective pixels are the n-type regions, by applying a
negative voltage to the transparent electrodes 21, , the
effects of holes generated in the gate insulating films 23 of
the respective pixels by irradiation of gamma rays are
cancelled. Therefore, in the solid-state image pickup device
according to the second embodiment, an increase in dark
current is suppressed, and it is possible to obtain an image
in which noise resulting from dark current is small and the
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dynamic range as a signal operating margin is maintained
similarly to the solid-state image pickup device according to
the first embodiment.

[0111] The operation of the solid-state image pickup
device according to the second embodiment is different from
that of the solid-state image pickup device according to the
first embodiment. First, the charges photo-electrically con-
verted in the buried charge-generation regions 13 immedi-
ately below the transparent electrodes 21, , 21, ., 21, , ;and
21, ,,,, of the respective pixels are accumulated in the
corresponding buried charge-generation regions 13 for a
predetermined period. Signals are read out from pixels in
units of rows. First, the i-th row is selected according to the
select signal SL(i) from the vertical shift register, the charge-
readout regions 15, , 15, ,,, and the like are reset by the
vertical shift register, and the reset levels are read out.
Subsequently, the transfer-gate electrodes 25, , 25, ,,, and
the like are turned on by the vertical shift register, whereby
the charges accumulated in the corresponding buried charge-
generation regions 13 are transferred to the charge-readout
regions 15, ,, 15, .|, and the like, and the signal levels of the
charge-readout regions 15, ;, 15, , , and the like are read out.
[0112] After that, the (i-1)th row is selected according to
the select signal SL(i-1) from the vertical shift register, the
charge-readout regions 15, , , 15, | ., and the like are reset
by the vertical shift register, and the reset levels are read out.
Subsequently, the corresponding transfer-gate electrodes
25,1, 25, 4,1, and the like are tumed on by the vertical
shift register, whereby the charges accumulated in the
respective buried charge-generation regions 13 are trans-
ferred to the corresponding charge-readout regions 15
15,_, .., and the like, and the signal levels of the charge-
readout regions 15, , 15, , ., and the like are read out.
[0113] The signals read out from the pixels are subjected
to correlated double sampling which reads the difference
between the signal level and the reset level with the aid of
the column processing circuit provided in the peripheral
circuit in each column whereby the net signals in which an
offset or the like is removed are transmitted sequentially.
Furthermore, in the solid-state image pickup device accord-
ing to the second embodiment, there is noise correlation
between the reset level and the signal level read immediately
after the noise level. Therefore, by correlated double sam-
pling, it is possible to obtain net low-noise, high-sensitivity
signals in which reset noise as well as an offset is removed.

i-1,70

Other Embodiments

[0114] As described above, while the present invention
has been described above with reference to the embodi-
ments, it should be understood that discussion and Drawings
which are incorporated herein are not intended to limit the
present invention. Various alternative embodiments,
examples, and operational techniques will be apparent to
those skilled in the art from the description above.

[0115] For example, in the description of the first and
second embodiments, although a two-dimensional solid-
state image pickup device (area sensor) has been described
as an example, the solid-state image pickup device of the
present invention is not to be intended to be limited to the
two-dimensional solid-state image pickup device only. For
example, it can be easily understood from the content of the
disclosure that a one-dimensional solid-state image pickup
device (line sensor) may be implemented using the array of
one line of the two-dimensional matrix illustrated in FIG. 1.
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[0116] Naturally, the present invention includes many
other embodiments not described herein. Therefore, the
technical scope of the present invention is determined only
by the present invention identification matters according to
claims reasonable from the foregoing description.

What is claimed is:

1. An optical detection element comprising;

a base-body region made of a semiconductor having a first
conductivity type;

a gate insulating film contacted with an upper surface of
the base-body region;

a buried charge-generation region of a second conductiv-
ity type buried with an annular form in an upper portion
of the base-body region, being contacted with the gate
insulating film;

a charge-readout region of the second conductivity type
having a higher impurity concentration than the buried
charge-generation region, buried with an annular form
in the upper portion of the base-body region at a
position on an inner-contour side of the buried charge-
generation region;

a reset-drain region of the second conductivity type
having a higher impurity concentration than the buried
charge-generation region, buried on the inner-contour
side of the charge-readout region, being separated from
the charge-readout region;

a transparent electrode provided in an annular form on the
gate insulating film, allocated above the buried charge-
generation region; and

a reset-gate electrode stacked on the gate insulating film,
allocated above the base-body region between the
charge-readout region and the reset-drain region,

wherein a surface potential in the surface portion of the
buried charge-generation region is pinned by charges of
minority carriers in the buried charge-generation
region.

2. The optical detection element of claim 1, wherein when

a voltage is applied to the reset-gate electrode, the charges
accumulated in the charge-readout region are exhausted to
the reset-drain region so as to reset the charge-readout
region.

3. The optical detection element of claim 1, wherein the
charge-readout region is in contact with the buried charge-
generation region.

4. The optical detection element of claim 1, wherein

the charge-readout region is separated from the buried
charge-generation region,

a transfer-gate electrode is further stacked on the gate
insulating film, allocated above the base-body region
between the buried charge-generation region and the
charge-readout region, and

when a voltage is applied to the transfer-gate electrode,
signal charges are transferred from the buried charge-
generation region to the charge-readout region.
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5. A solid-state image pickup device in which a plurality
of pixels is arranged, each pixel comprising:

a base-body region made of a semiconductor having a first

conductivity type;

a gate insulating film contacted with an upper surface of
the base-body region;

a buried charge-generation region of a second conductiv-
ity type buried with an annular form in an upper portion
of the base-body region, being contacted with the gate
insulating film;

a charge-readout region of the second conductivity type
having a higher impurity concentration than the buried
charge-generation region, buried with an annular form
in the upper portion of the base-body region at a
position on an inner-contour side of the buried charge-
generation region;

a reset-drain region of the second conductivity type
having a higher impurity concentration than the buried
charge-generation region, buried on the inner-contour
side of the charge-readout region, being separated from
the charge-readout region;

a transparent electrode provided in an annular form on a
gate insulating film, allocated above the buried charge-
generation region; and

a reset-gate electrode stacked on the gate insulating film,
allocated above the base-body region between the
charge-readout region and the reset-drain region,

wherein in each of the plurality of arranged pixels, a
surface potential in the surface portion of the buried
charge-generation region is pinned by charges of
minority carriers in the buried charge-generation
region.

6. The solid-state image pickup device of claim 5, wherein
in each of the pixels, when a voltage is applied to each of the
reset-gate electrodes, the charges accumulated in each of the
charge-readout regions are exhausted to the corresponding
reset-drain region to reset the charge-readout region.

7. The solid-state image pickup device of claim 5, wherein
the charge-readout region is in contact with the buried
charge-generation region of each of the pixels.

8. The solid-state image pickup device of claim 5, wherein

in each of the pixels, the charge-readout region is sepa-
rated from the buried charge-generation region,

a transfer-gate electrode is further stacked on the gate
insulating film, allocated above the base-body region
between the buried charge-generation region and the
charge-readout region of each of the pixels, and

in each of the pixels, when a voltage is applied to the
transfer-gate electrode, signal charges are transferred
from the buried charge-generation region to the charge-
readout region.
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