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(54) Solid-state image pick-up device and image system using the same

(57) The present invention provides a solid-state im-
age pick-up device without shading in the dark state,
and capable of making a dynamic range and a S/N high.
Reference numeral 505 denotes an N-type cathode of
a photodiode, 506 denoting a surface P-type region for
forming the photodiode into an embedded structure,
508a denoting an N-type high concentration region
which forms a floating diffusion and which is also a drain
region of a transfer MOS transistor. Reference character
508b denotes a polysilicon lead-out electrode brought

into direct contact with the N-type high concentration re-
gion. Light incident from the surface passes through an
aperture without a metal third layer 525 to enter into the
photodiode. Among incident lights, light reflected by the
top surface of a gate electrode 504 of the transfer MOS
transistor is reflected by a first layer metal 521 right
above the polysilicon, so as to repeats reflection a plu-
rality of times to attenuate sufficiency before entering
into the floating diffusion section, thereby making the
aliasing extremely small.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a solid-state
image pick-up device used for a digital camera, etc., as
an image pick-up device for inputting a picture. Related
Background Art
[0002] In recent years, there has been a rapidly in-
creasing demand on a solid-state image pick-up device
used mainly for a digital still camera and a video cam-
corder, as an image pick-up device for inputting a pic-
ture.
[0003] As such solid-state image pick-up device, CCD
(Charge Coupled Device) and MOS type sensors are
used. Although the former, which has a high sensitivity
and a low noise level in comparison with the latter, has
been widely used as an image pick-up device of high
picture quality, the former has disadvantages such as a
large power consumption, a high drive voltage, a high
cost due to the fact that the ordinary semiconductor
manufacturing process cannot be applied, and a difficul-
ty in integrating peripheral circuits such as a drive circuit,
as a result of which the MOS type solid-state image pick-
up device, which is capable of preventing the above de-
scribed disadvantages, is expected to be employed in
the application for portable devices for which new de-
mands are expected.
[0004] The CMOS solid-state image pick-up device,
which is formed by the CMOS process, has been put in
practical use as a representative of the MOS type solid-
state image pick-up devices. A pixel circuit of the CMOS
solid-state image pick-up device is shown in FIG. 1, a
plane layout of the pixel is shown in FIG. 2, and a cross-
sectional structure of the pixel is shown in FIG. 3.
[0005] In FIG. 1, reference numeral 1 denotes a pho-
todiode, 2 denoting a transfer MOS transistor for trans-
ferring a charge of the photodiode, 3 denoting a floating
diffusion for temporarily storing the transferred charge,
4 denoting a reset MOS transistor for resetting the float-
ing diffusion and the photodiode, 5 denoting a selection
MOS transistor for selecting an arbitrary one line in an
array, 6 denoting a source follower MOS transistor for
converting the charge of the floating diffusion into a volt-
age and for amplifying the voltage by a source follower
amplifier, 7 denoting a read line, which is common to a
column, for reading out pixel voltage signals, and 8 de-
noting a constant current source for making a constant
current flow in the read line.
[0006] A brief description of the operation of the circuit
will be provided below. Incident light is converted into
an electric charge by the photodiode 1, and the charge
is stored in the floating diffusion 3 by the transfer MOS
transistor 2. Since the floating diffusion 3 and the pho-
todiode 1 are reset to a constant potential by turning off
the reset MOS transistor 4 and the transfer MOS tran-

sistor 2 beforehand, the potential of the floating diffusion
3 is changed in accordance with the charge generated
by the incident light. The potential of the floating diffu-
sion 3 is amplified by the source follower MOS transistor
6 and is outputted to the read line 7. The pixel is chosen
by turning off the selection MOS transistor 5. An output
circuit (not shown) performs a differential operation be-
tween the reset potential of the floating diffusion 3 and
the potential after the light signal is stored, so as to de-
tect the light signal component.
[0007] FIG. 2 shows an example of a layout of the pix-
el circuit shown in FIG. 1. Reference numeral 10 de-
notes an active area in which a photodiode is formed,
and 11 denotes an active area in which a selection MOS
transistor and a source follower transistor are formed.
Reference numeral 20 denotes an area of a transfer
MOS transistor, and 21 denotes a gate line of the trans-
fer MOS transistor. An area 30 surrounded by a broken
line indicates a portion formed of a PN junction of sem-
iconductor in a floating diffusion. Reference numeral 31
also denotes a contact for leading out an electrode from
the floating diffusion, 32 denoting a metallic electrode
for leading out the floating diffusion, 33 denoting a con-
tact for connecting the metallic electrode 32 to a poly-
silicon, and 34 denoting a polysilicon electrode. Refer-
ence numeral 40 denotes a reset MOS transistor area
and 41 denoting a contact for connection with a reset
power supply. Reference numeral 50 denotes a gate ar-
ea of the selection MOS transistor, 51 denoting a contact
for connecting with a VDD power supply, 60 denoting an
area of a source follower MOS transistor, of which gate
electrode is formed by the polysilicon 34 electrically con-
nected with the floating diffusion. Reference numeral 70
denotes an output line configured by a metal electrode.
Reference numeral 71 denotes a contact for connecting
the output line 70 with the main electrode of the source
follower MOS transistor 60.
[0008] FIG. 3 is a cross sectional view taken along the
line 3-3 in the layout shown in FIG. 2. Reference numer-
al 301 denotes an n-type silicon substrate, 302a denot-
ing a P-type well and 302b denoting a P-type embedded
layer, 303a denoting a gate oxide film of the MOS tran-
sistor, 303b denoting a thin oxide film on the light receiv-
ing section, 304 denoting a gate electrode of the transfer
MOS transistor, 305 denoting an N-type cathode of the
photodiode 1, 306 denoting a surface P-type region for
forming the photodiode into an embedded structure,
307a denoting an LOGOS oxide film for element isola-
tion, 307b denoting a P-type channel stop layer, 308 de-
noting a N-type high concentration region which forms
the floating diffusion 3 and which is also the drain region
of the transfer MOS transistor 2, 309 denoting a silicon
oxide film for insulating the gate electrode from a metal
first layer, 320 denoting a contact plug, 321 denoting the
metal first layer, 322 denoting an interlayer insulating
film for insulating the metal first layer from a metal sec-
ond layer, 323 denoting the metal second layer, 324 de-
noting an interlayer insulating film for insulating the met-
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al second layer from a metal third layer, 325 denoting
the metal third layer and 326 denoting a passivation film.
In addition, in a color photoelectric converter, a color fil-
ter layer (not shown) and further a micro lens for improv-
ing the sensitivity are formed on the upper layer of the
passivation film 326.
[0009] Light incident from the surface passes through
an aperture without the metal third layer to enter into the
photodiode. The light is absorbed in the N-type anode
305 of the photodiode or in the P-type well 302a to gen-
erate electron-hole pairs. Among the electron-hole
pairs, electrons are stored in the N-type anode region.
[0010] However, the above described conventional
CMOS solid-state image pick-up device has a disadvan-
tage that signal electrons generated by the incident light
is mixed into the floating diffusion 3 to cause the output
voltage to fluctuate. As shown in FIG. 3, among elec-
tron-hole pairs 330b generated below the gate of the
transfer MOS transistor by an obliquely incident light
beam 330a, the electrons are attracted from the N-type
cathode 305 of the photodiode to the N type high con-
centration layer 308 constituting the floating diffusion.
Moreover, light 331a incident on the gate electrode 304
of the transfer MOS transistor, for example, is repeated-
ly reflected as shown in FIG. 3 to generate electron-hole
pairs 331b immediately below the N type high concen-
tration layer 308. Among the electron-hole pairs, the
electrons are attracted to the N type high concentration
layer. When the first layer metal 320 in FIG. 3 is extend-
ed to the aperture side to improve the shading charac-
teristic, the electrostatic capacity of the floating diffusion
section is increased so as to reduce the charge conver-
sion coefficient, resulting in a problem of degrading an
S/N.
[0011] As described above, the electrons directly cap-
tured in the floating diffusion without passing through the
photodiode generate aliasing to cause problems in a
solid-state image pick-up device, such as increasing
noise, reducing a dynamic range, increasing output and
shading in the dark state. For this reason, improving the
shading characteristic of the floating diffusion has been
a problem to be solved in the conventional CMOS solid-
state image pick-up device.
[0012] In the CCD type solid-state image pick-up de-
vice, a source follower amplifier, in which the floating
diffusion is used at the last stage of the readout circuit,
is also generally used. For example, an example is dis-
closed in Japanese Patent Application Laid-Open No.
H03-116840, in which leading-out of electrodes for the
source follower amplifier is effected with a polysilicon.
In this example, however, improvement in the shading
characteristic is not described, and also the fact that
electrons generated in the silicon flow into the floating
diffusion, as described in the above example of the prior
art, is not taken into account. Moreover, in the CCD-type
solid-state image pick-up device, since only one floating
diffusion amplifier is provided on the post-stage of a hor-
izontal CCD and is located apart from the pixel section,

the layout can be performed without being limited by the
pixel area, and hence a special device is not needed.
[0013] On the other hand, in the CMOS solid-state im-
age pick-up device, there are conditions that the photo-
diode is arranged close to the floating diffusion because
the floating diffusion is present in each pixel, and that a
slight gap must be inevitably provided for the metallic
electrodes serving as the light shield because the me-
tallic electrodes are also used as wiring of the circuit,
etc., the conditions being different from those in the
CCD-type solid-state image pick-up device, as a result
of which a new structural design is needed.

SUMMARY OF THE INVENTION

[0014] Accordingly, it is an object of the present inven-
tion to provide a solid-state image pick-up device with-
out shading in the dark state and capable of enhancing
a dynamic range and an S/N, by improving the shading
characteristic of the floating diffusion.
[0015] In order to solve the above described problem,
a first aspect of the present invention is, in a solid-state
image pick-up device in which a plurality of pixels, each
provided with a photoelectric conversion section and a
signal amplifying section are arranged in an array form,
and in which a floating diffusion arranged for each of the
pixels or each of a plurality of the pixels serves as an
input of the signal amplifying section,

characterized in that at least a part of connection
from the floating diffusion to the signal amplifying sec-
tion is effected by using direct contact of the floating dif-
fusion with a polysilicon, and in that the floating diffusion
is shaded by a metal layer which is not electrically con-
nected with the floating diffusion.
[0016] Further, a second aspect of the present inven-
tion is, in a solid-state image pick-up device in which a
plurality of pixels, each provided with a photoelectric
conversion section and a signal amplifying section, are
arranged in an array form, and in which a floating diffu-
sion arranged for each of the pixels or each of a plurality
of the pixels serves as an input of the signal amplifying
section,

characterized in that at least a part of connection
from the floating diffusion to the signal amplifying sec-
tion is effected by using direct contact of the floating dif-
fusion with a polysilicon, and in that a potential barrier
is provided between the photoelectric conversion sec-
tion and the floating diffusion.
[0017] Further, a third aspect of the present invention,
is, in the solid-state image pick-up device according to
the first and second aspects, characterized in that the
connection from the floating diffusion to the input of the
signal amplifying section is effected only with the poly-
silicon.
[0018] Further, a fourth aspect of the present inven-
tion is characterized in that a metal layer for shading the
floating diffusion is a metal layer closest to the floating
diffusion.
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[0019] Further, a fifth aspect of the present invention
is, in the solid-state image pick-up device according to
the fourth aspect, characterized in that the metal layer
closest to the floating diffusion is provided with a reflec-
tivity lower than that of other layers of the metal layer.
[0020] Further, a sixth aspect of the present invention
is, in the solid-state image pick-up device according to
the fourth aspect, characterized in that the polysilicon is
configured by a plurality of layers, of which uppermost
layer has a transmissivity in the region of visible light
lower than that of the other layers of polysilicon.
[0021] Further, a seventh aspect of the present inven-
tion is, in the solid-state image pick-up device according
to the present invention, characterized in that a potential
barrier, for preventing the signal charges generated in
the photoelectric conversion section from flowing into
the floating diffusion, is provided between the photoe-
lectric conversion section and the floating diffusion.
[0022] Further, a eighth aspect of the present inven-
tion is, in the solid-state image pick-up device according
to the present invention, characterized in that resetting
means and charge transfer means are provided for each
pixel, and in that the transfer of the signal charges stored
in the photoelectric conversion section to the floating dif-
fusion is simultaneously performed in all pixels after all
pixels are reset at the same time, for making the poten-
tial of the floating diffusion successively read out.
[0023] Further, according to a ninth aspect of the
present invention, there is provided an image pick-up
system comprising: the solid-state image pick-up device
according to the present invention; an image forming op-
tical system for forming light from a subject into an im-
age; and a signal processing circuit for performing digital
conversion and processing of output signals from the
solid-state image pick-up device.
[0024] According to an effect of the first aspect of the
present invention, in the solid-state image pick-up de-
vice in which a plurality of pixels, each provided with a
photoelectric conversion section and a signal amplifying
section, are arranged in an array form, and in which a
floating diffusion arranged for each of the pixels or each
of a plurality of the pixels serves as an input of the signal
amplifying section,

since at least a part of connection from the floating
diffusion to the signal amplifying section is effected by
using direct contact of the floating diffusion with a poly-
silicon and

the floating diffusion is shaded by a metal layer
which is not electrically connected with the floating dif-
fusion, the quantity of light directly incident on the float-
ing diffusion can be reduced and the parasitic capaci-
tance of the floating diffusion section which is generated
between the metal layer and the other conductive layers
is not increased, thereby enabling a high S/N to be main-
tained.
[0025] According to an effect of the second aspect of
the present invention, in a solid-state image pick-up de-
vice in which a plurality of pixels, each provided with a

photoelectric conversion section and a signal amplifying
section, are arranged in an array form, and in which a
floating diffusion arranged for each of the pixels or each
of a plurality of the pixels serves as an input of the signal
amplifying section,

since at least a part of connection from the floating
diffusion to the signal amplifying section is effected by
using direct contact of the floating diffusion with a poly-
silicon and a potential barrier is provided between the
photoelectric conversion section and the floating diffu-
sion, the quantity of light directly incident on the floating
diffusion can be reduced by shading the floating diffu-
sion with the first layer metal, and the diffusion of signal
charges generated in the silicon into the floating diffu-
sion can be suppressed.
[0026] According to an effect of the third aspect of the
present invention, since the connection from the floating
diffusion to the input of the signal amplifying section is
effected only with the polysilicon, shading can be effect-
ed without providing a gap in the first layer metal and
also a space for connecting from the polysilicon to the
first layer metal can be eliminated so as to enable the
floating diffusion to be made small.
[0027] According to an effect of the fourth aspect of
the present invention, since the metal layer for shading
the floating diffusion is a metal layer closest to the float-
ing diffusion, the amount of light incident from above the
floating diffusion can be minimized.
[0028] According to an effect of the fifth aspect of the
present invention, since the lower most metal layer is
configured by a plurality of layers and is provided with
a reflectivity lower than that of other layers of the metal
layer, the quantity of light incident on the floating diffu-
sion due to the light reflected on the base surface of the
metal layer can be reduced.
[0029] According to an effect of the sixth aspect of the
present invention, in the fourth aspect of the invention,
the polysilicon is configured by a plurality of layers, of
which uppermost layer has a transmissivity in the visible
light area lower than that of the other layers of polysili-
con, so that the quantity of light which is incident on the
floating diffusion by repeating reflections after reflected
on the surface of the polysilicon, can be reduced.
[0030] According to an effect of the seventh aspect of
the present invention, in the first aspect of the present
invention, since a potential barrier for preventing the sig-
nal charges generated in the photoelectric conversion
section from flowing into the floating diffusion, is provid-
ed between the photoelectric conversion section and
the floating diffusion, the diffusion of the signal charges
generated in the silicon into the floating diffusion can be
suppressed.
[0031] According to an effect of the eighth aspect of
the present invention, in the first and second aspects of
the invention, since resetting means and charge transfer
means are provided for each pixel, and the transfer of
signal charges stored in the photoelectric conversion
section to the floating diffusion is simultaneously per-
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formed in all pixels after all pixels are reset at the same
time, and then the potential of the floating diffusion is
made to be successively read out so as to enable an
electronic shutter of whole picture simultaneous storage
type to operate, an operation of the electronic shutter
for enabling a solid-state image pick-up device to per-
form imaging of high picture quality can be realized with-
out a complicated pixel circuit.
[0032] According to the present invention, the shad-
ing characteristic of the floating diffusion of the solid-
state image pick-up device can be improved. As a result,
the dynamic range and S/N can be raised without caus-
ing shading in the dark state. Further, with the use of the
present invention, in the solid-state image pick-up de-
vice, the electronic shutter of all pixels simultaneous
storage type with high picture quality can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033]

FIG. 1 shows a pixel circuit of a conventional CMOS
solid-state image pick-up device;
FIG. 2 is an example of a pixel layout of the conven-
tional CMOS solid-state image pick-up device;
FIG. 3 is a sectional view of a pixel of the conven-
tional CMOS solid-state image pick-up device;
FIG. 4 is an example of a pixel layout of a CMOS
solid-state image pick-up device of a first embodi-
ment according to the present invention;
FIG. 5 is a sectional view of the CMOS solid-state
image pick-up device of the first embodiment ac-
cording to the present invention;
FIG. 6 is a sectional view of a CMOS solid-state im-
age pick-up device of a second embodiment ac-
cording to the present invention;
FIG. 7 is a sectional view of a CMOS solid-state im-
age pick-up device of a third embodiment according
to the present invention;
FIG. 8 is a circuit constitution figure of a CMOS sol-
id-state image pick-up device according to the
present invention;
FIG. 9 is a timing chart of the operation of an elec-
tronic shutter of all pixels simultaneous storage type
using the CMOS solid-state image pick-up device
according to the present invention; and
FIG. 10 is a block diagram showing a configuration
of a camera system using the CMOS solid-state im-
age pick-up device according to the present inven-
tion.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0034] Next, the best mode for carrying out the
present invention is explained with reference to the
drawings. First Embodiment
[0035] FIG. 4 shows a layout of a pixel circuit for ex-

plaining a first embodiment according to the present in-
vention. Reference numeral 110 denotes an active area
in which a photodiode is formed, and 111 denotes an
active area in which a selection MOS transistor and a
source follower transistor are formed. Reference nu-
meral 120 denotes an area of a transfer MOS transistor
and 121 denotes a gate line of the transfer MOS tran-
sistor. An area 130 surrounded by a broken line shows
a portion formed of a PN junction of semiconductor in
the floating diffusion.
[0036] A difference from the prior art form is that lead-
ing-out of an electrode from the floating diffusion is ef-
fected by a direct contact with a polysilicon 131. The
polysilicon 131 serves directly as a gate electrode of a
source follower MOS transistor with no intermediary of
a metallic electrode. Reference numeral 132 denotes a
shading metal covering over the floating diffusion, which
shading metal in the present embodiment covers in
oversize over the gate electrode of the transfer transis-
tor section 120 and the P-N junction section 130 of the
floating diffusion. In this way, it is possible to shade the
floating diffusion in a position close to the silicon by lead-
ing out the floating diffusion with the polysilicon. The
floating diffusion may be made to be in an electrically
floating state, or to have a fixed potential by connecting
it with a second layer metal or a third layer metal. The
other parts are the same as those in FIG. 2, and refer-
ence numeral 140 denotes a reset MOS transistor area,
141 denoting a contact for connecting with a reset power
supply, 150 denoting a gate area of the selection MOS
transistor, 151 denoting a contact for connecting with a
VDD power supply, 160 denoting the source follower
MOS transistor area, of which gate electrode is formed
by the polysilicon 131 electrically connected with the
floating diffusion. Reference numeral 170 denotes an
output line formed by a metallic electrode. Reference
numeral 171 also denotes a contact for connecting the
output line 170 with the main electrode of the source
follower MOS transistor 160.
[0037] FIG. 5 is a cross sectional view taken along the
line 5-5 in FIG. 4. Reference numeral 501 denotes an
n-type silicon substrate, 502a denoting a P-type well,
502b denoting a P-type embedded layer, 503a denoting
a gate oxide film of a MOS transistor, 503b denoting a
thin oxide film on a light receiving section, 504 denoting
a gate electrode of a transfer MOS transistor, 505 de-
noting an N-type cathode of the photodiode 1, 506 de-
noting a surface P-type region for forming the photodi-
ode into an embedded structure, 507a denoting a LO-
COS oxide film for element isolation, 507b denoting a
P-type channel stop layer, 508a denoting an N-type high
concentration region which forms the floating diffusion
and which is also a drain region of the transfer MOS tran-
sistor. Reference character 508b denotes a polysilicon
lead-out electrode brought into direct contact with the
N-type high concentration region. Reference numeral
509 denotes a silicon oxide film for insulating the gate
electrode from a metal first layer, and 521 denotes the
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metal first layer for shading the floating diffusion section.
Reference numeral 522 denotes an interlayer insulating
film for insulating the metal first layer from a metal sec-
ond layer, 523 denoting the metal second layer, 524 de-
noting an interlayer insulating film for insulating the met-
al second layer from a metal third layer, 525 denoting
the metal third layer, and 526 denoting a passivation
film. In a color photoelectric converter, a color filter layer
(not shown) and also a micro lens for improving the sen-
sibility are further formed on the upper layer of the pas-
sivation film 526, as in the prior art.
[0038] Light incident from the surface passes through
an aperture without the metal third layer to enter into the
photodiode. Among the incident lights, a light reflected
by the top surface of the gate electrode 504 of the trans-
fer MOS transistor is reflected by the first layer metal
right above the polysilicon, as shown in FIG. 5, so as to
repeat a plurality of reflections to attenuate sufficiently
before entering into the floating diffusion section, there-
by making the aliasing extremely small. In addition, the
floating diffusion, which is covered with a metal without
a gap as shown in FIG. 4, has a high light shielding per-
formance for light traveling a path other than that shown
in the cross sectional view in FIG. 5.
[0039] The first layer metal is usually formed of alu-
minum or of an alloy mainly made of aluminum, but in
order to make the effects of the present invention re-
markable, the lowermost layer of the first layer metal is
preferably formed of TiN so as to lower the reflectance
to the stray light. TiN also serves as a barrier metal, and
hence is a material suitable for forming minute electric
wirings.
[0040] According to the present embodiment, the
shading characteristic of the floating diffusion can be im-
proved, and the effect of the aliasing can be eliminated.
[0041] FIG. 8 is the schematic representation of a cir-
cuit configuration in which a number of pixel circuits ac-
cording to the present invention are two-dimensionally
arranged. A pixel 801 includes a photodiode 802, a
transfer MOS transistor 803, a source follower MOS
transistor 804, a reset MOS transistor 805, and a selec-
tion MOS transistor 806. Gates of the selection MOS
transistors in the same row are connected to a selection
line 807, gates of the reset MOS transistors in the same
row are connected to a reset line 808 and gates of the
transfer MOS transistors in the same row are connected
to a transfer line 809, respectively, each of the gates in
the same row being scanned and selected by a vertical
scanning circuit 801. A current source 812 is connected
to an output line 811 in the same column, and the po-
tential of the output line can be read out by the source
follower operation. Light signals are stored in a charge
storage section 818 by a light signal transfer MOS tran-
sistor 813 selected by a light signal read line 815, and
noise signals are stored in the charge storage section
818 by a noise signal transfer MOS transistor 814 se-
lected by a noise signal read line 816, respectively. The
signals stored in the charge storage section 818 are se-

quentially scanned and read out by the horizontal scan-
ning circuit, and the difference between the light signal
and the noise signal is outputted by a differential ampli-
fier circuit (not shown).
[0042] According to the present invention, a signifi-
cant effect can be obtained in the case where an elec-
tronic shutter of all pixel simultaneous storage type is
operated with a CMOS solid-state image pick-up device.
FIG. 9 shows a timing chart of the operation of the elec-
tronic shutter. First, in order to reset the photodiode of
all pixels, the reset pulse for all rows is put ON and the
transfer pulse for all rows is put ON. From the moment
that both pulses are put OFF, photodiodes over the en-
tire screen start the storing operation at the same time.
After the storing operation is performed for a desired pe-
riod and then the transfer pulse for all rows is put ON,
the signal charge of each pixel is transferred to the float-
ing diffusion of each pixel simultaneously by putting the
transfer pulse for all rows OFF. Next, by putting the se-
lection pulse ON/OFF for each row, the charge of the
floating diffusion is sequentially read out for each row.
The read-out signals are stored as "S+N" signals in the
charge storage section 818 in FIG. 8.
[0043] Next, by putting the reset pulse for all rows ON,
the floating diffusion of all pixels is reset at the same
time. After putting the reset pulse OFF, the potential of
the floating diffusion of each row is sequentially read out.
The read-out signals are stored as "N" signals in a ca-
pacitance section provided adjacent to the "S+N" in the
charge storage section 818. "S" signal is taken out by
inputting the stored "S+N" and "N" signals to the differ-
ential amplifier.
[0044] Since in this operation a time period during
which the charge is stored in the floating diffusion is dif-
ferent for each row, in the conventional structure, a row
having a long storage period (in this case, the last line)
has an output potential shaded by the aliasing entering
into the floating diffusion, as compared with a row with
a short storage period (in this case, the first line). Since
the present invention makes it possible to suppress the
aliasing entering into the floating diffusion, such shading
is not caused or made to be a level causing no problem.
[0045] FIG. 10 shows an example of a circuit block in
the case where a solid-state image pick-up device ac-
cording to the present invention is applied to a camera.
A shutter 1001 is provided in the front side of a lens 1002
so as to control exposure. Light quantity is controlled by
a diaphragm 1003 as required, and an image is formed
on a solid-state image pick-up device 1004. A signal out-
putted from the solid-state image pick-up device 1004
is processed by a circuit processing image pick-up sig-
nal 1005, and is converted from an analog signal into a
digital signal by an A/D converter 1006. The output sig-
nal is further subjected to arithmetic processing by a sig-
nal processor 1007. The processed digital signal is
stored in a memory unit 1010, and is sent to an external
device through an external I/F unit 1013. The solid-state
image pick-up device 1004, the circuit processing image
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pick-up signal 1005, the A/D converter 1006, and the
signal processor 1007 are controlled by a timing gener-
ator 1008, and also the whole system is controlled by a
unit controlling whole structure and arithmetic operation
1009. In order to record a picture in a recording medium
1012, an output digital signal is recorded through an I/
F unit controlling recording medium 1011 controlled by
the unit controlling whole structure and arithmetic oper-
ation.
[0046] In addition, it goes without saying that the
present invention can be applied to the case where a
hole storage type pixel is configured by inverting all oth-
er conductivity types in the present embodiment.

Second Embodiment

[0047] FIG. 6 is a sectional view of a pixel section of
a solid-state image pick-up device of a second embod-
iment according to the present invention. Reference nu-
meral 601 denotes an n-type silicon substrate, 602a de-
noting a P-type well, 602b denoting a P-type embedded
layer, 603a denoting a gate oxide film of a MOS transis-
tor, 603b denoting a thin oxide film on a light receiving
section, 604 denoting a gate electrode of a transfer MOS
transistor, 605 denoting an N-type cathode of the pho-
todiode 1, 606 denoting a surface P-type region for mak-
ing the photodiode formed into an embedded structure,
607a denoting a LOGOS oxide film for element isolation,
607b denoting a P-type channel stop layer, and 608a
denoting an N-type high concentration region which
forms a floating diffusion and which is also formed to be
a drain region of the transfer MOS transistor. Reference
character 608b denotes a polysilicon lead-out electrode
brought into direct contact with the N-type high concen-
tration region. The top surface of the polysilicon lead-
out electrode 608b is formed of a metal. Reference char-
acter 608c denotes, for example, a silicide formed of Ti,
W, or Mo. Also, reference numeral 609 denotes silicon
oxide film insulating the gate electrode from a metal first
layer, 621 denoting the metal first layer shading the float-
ing diffusion section. Reference numeral 622 denotes
an interlayer insulating film insulating the metal first lay-
er from a metal second layer, 623 denoting the metal
second layer, 624 denoting an interlayer insulating film
insulating the metal second layer from a metal third lay-
er, 625 denoting the metal third layer and 626 denoting
a passivation film.
[0048] According to the present embodiment, light en-
tering into the floating diffusion is further reduced by
making the top surface of the polysilicon electrode low
in reflection to the visible light. That is, among incident
lights, the light incident on the gate electrode 604 of the
transfer MOS transistor is not transmitted, so that light
directly entering into the silicon is reduced. In addition,
the intensity of the reflected light can also be reduced
by suppressing the reflectance of the silicide 608c low.
Since the top surface of the polysilicon direct contact
608b is also covered by silicide, even when there is a

stray light, components of the light directly passing
through the polysilicon can be made small.

Third Embodiment

[0049] FIG. 7 is a sectional view of a pixel section of
a solid-state image pick-up device of a third embodiment
according to the present invention. Reference numeral
701 denotes an N type silicon substrate, 702 denoting
a embedded P-type high concentration layer, 703a de-
noting an N-type epitaxial layer, 703b denoting an N-
type cathode of a photodiode, 704a, 704b, 704c denot-
ing P-type isolation layers, and 705a, 705b, 705c denot-
ing P-type well layers. Reference characters 706a, 706b
denote channel stop P-type layers below a field oxide
film. Reference numeral 714 denotes a field stop layer
defining a charge transfer path to a floating diffusion to
form a potential barrier directly under a transfer MOS
transistor, 707 denoting the field oxide film, 708 denoting
a gate oxide film of a MOS transistor, 709a denoting a
gate polysilicon of the transfer MOS transistor, on which
surface a metal silicide layer 709b is provided and 710
denoting a surface P-type layer for forming the photodi-
ode into a embedded type. Reference numeral 711 de-
notes an N-type high concentration diffusion region of
the transfer MOS transistor. Reference character 712a
denotes a polysilicon lead-out electrode brought into di-
rect contact with the N-type high concentration region.
The top surface of the polysilicon lead-out electrode
712b is formed of a metal silicide. Reference numeral
713 also denotes a silicon oxide film insulating the gate
electrode from a metal first layer, 721 denoting the metal
first layer shading the floating diffusion section. Refer-
ence numeral 722 denotes an interlayer insulating film
insulating the metal first layer from a metal second layer,
723 denoting the metal second layer, 724 denoting an
interlayer insulating film insulating the metal second lay-
er from a metal third layer, 725 denoting the metal third
layer, and 726 denoting a passivation film.
[0050] In the present embodiment as in the second
embodiment, the aliasing incident from the top surface
on the floating diffusion is reduced by forming the up-
permost layer of the polysilicon gate into a metal silicide
film, and at the same time, electrons of electron-hole
pairs 731b generated at the end of the photodiode by
obliquely incident light 731a, are collected to the cath-
ode 703 of the photodiode by P-type isolation layer
704b, P-type well layer 705b and the field stop layer 714,
without diffusing into the floating diffusion side.
[0051] In this way, according to the present embodi-
ment, it is possible to suppress the diffusion from the
inside of the silicon into the floating diffusion. The com-
bination of the silicide and the potential barrier makes it
possible to eliminate the aliasing more effectively.
[0052] The present invention provides a solid-state
image pick-up device without shading in the dark state,
and capable of making a dynamic range and a S/N high.
Reference numeral 505 denotes an N-type cathode of
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a photodiode, 506 denoting a surface P-type region for
forming the photodiode into an embedded structure,
508a denoting an N-type high concentration region
which forms a floating diffusion and which is also a drain
region of a transfer MOS transistor. Reference character
508b denotes a polysilicon lead-out electrode brought
into direct contact with the N-type high concentration re-
gion. Light incident from the surface passes through an
aperture without a metal third layer 525 to enter into the
photodiode. Among incident lights, light reflected by the
top surface of a gate electrode 504 of the transfer MOS
transistor is reflected by a first layer metal 521 right
above the polysilicon, so as to repeats reflection a plu-
rality of times to attenuate sufficiency before entering
into the floating diffusion section, thereby making the
aliasing extremely small.

Claims

1. A solid-state image pick-up device in which a plu-
rality of pixels, each having a photoelectric conver-
sion section and a signal amplifying section, are ar-
ranged in an array form and in which a floating dif-
fusion arranged for each of said pixels or for each
of a plurality of the pixels serves as an input for said
signal amplifying section,

wherein at least a part of connection from said
floating diffusion to said signal amplifying section is
effected by direct contact of said floating diffusion
with a polysilicon, and

said floating diffusion is shaded by a metal
layer which is not electrically connected with said
floating diffusion.

2. A solid-state image pick-up device in which a plu-
rality of pixels, each having a photoelectric conver-
sion section and a signal amplifying section, are ar-
ranged in an array form and in which a floating dif-
fusion arranged for each of said pixels or for each
of a plurality of the pixels serves as an input for said
signal amplifying section,

wherein at least a part of connection from said
floating diffusion to said signal amplifying section is
effected by direct contact of said floating diffusion
with a polysilicon, and

a potential barrier is provided between said
photoelectric conversion section and said floating
diffusion.

3. The solid-state image pick-up device according to
one of claims 1 and 2, wherein the connection from
said floating diffusion to said signal amplifying sec-
tion is effected only by a polysilicon.

4. The solid-state image pick-up device according to
one of claims 1 to 3, wherein said metal layer for
shading said floating diffusion is a metal layer clos-

est to said floating diffusion.

5. The solid-state image pick-up device according to
claim 4, wherein said metal layer closest to the float-
ing diffusion has a reflectance lower than the reflect-
ance of other layers of metal layer.

6. The solid-state image pick-up device according to
claim 4, wherein said polysilicon comprises a plu-
rality of layers, and wherein the uppermost layer of
said polysilicon has a transmissivity lower than the
transmissivity of other layers of said polysilicon in a
visible light region.

7. The solid-state image pick-up device according to
claim 1, comprising a potential barrier between said
photoelectric conversion section and said floating
diffusion, for preventing signal charges generated
in said photoelectric conversion section from flow-
ing into said floating diffusion.

8. The solid-state image pick-up device according to
one of claims 1 to 7, comprising reset means and
charge transfer means for each of said pixels,

wherein after all pixels are reset at the same
time, a signal charge stored in said photoelectric
conversion section in each pixel is simultaneously
transferred to the floating diffusion, so as to make
a potential of said floating diffusion read out se-
quentially.

9. An imaging system comprising:

an image forming optical system for forming an
image of light from a subject;
a solid-state image pick-up device according to
one of claims 1 to 8, for performing photoelec-
tric conversion of the formed image; and
a signal processing circuit for performing digital
conversion and processing of an output signal
from said solid-state image pick-up device.
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