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(57) Signal charges are input to input transfer stage 31 of
CCD memory. A final transfer stage 32 is formed so as
to be connected to the input transfer stage 31. In an
accumulation mode, read gate 42 and drain gate 40
are not turned on and accumulated signal charges are
transferred on a stage by stage basis. The signal
charges obtained at the first image pickup timing are
transferred again to the input transfer stage 31 and
new signal charges are injected into the input transfer
stage 31. As a result, the signal charges obtained at
the last image pickup timing are added to the signal
charges accumulated in the input transfer stage 31 so
that integrated signal charges from adding the two sets
of signal charges are accumulated in the input transfer
stage. Other inventions relate to semiconductor
devices and an image sensor with an overwrite step.
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IMAGE SENSOR, SEMICONDUCTOR DEVICE AND IMAGE SENSING METHOD

BACKGROUND OF THE INVENTION
1. Field of the Invention
[0001]
This invention relates to an image sensor and an image sensing
method for acquiring a two-dimensional image. The present
invention also felates to a semiconductor device having a CCD

(charge coupled device).

2. Description of the Related Art
[0002]

CCD image sensors and CMOS image sensors made from
semiconductor are known as image sensors for converting a
two-dimensional image formed by light focused by an optical image
forming system into an electric signal and outputting the signal
and such sensors are known to be widely used. A CCD image sensor
generates image signals using a large number of pixels and reads
them to the outside by sequentially transferring them by means of
a CCD (charge coupled device). A CMOS image sensor sequentially
scans pixels by means a CMOS switch and reads image signals to the
outside. Most image sensors of the types under consideration are
designed to operate at a frame rate of about 30 frames per second
for ordinary moving pictures. On the other hand, there may be cases
where a phenomenon continues only for a very short time and an
ultrahigh image pickup speed of about a million frames per second
is required to catch such a phenomenon. However, it takes certain
time for a CCD or a CMOS switch to read image signals from many

pixels to the outside and hence it is difficult for such an image



10

15

20

25

sensor to operate at such a high speed. Therefore, there are known
techniques for realizing such a high-speed image sensing operation
by devising a particular arrangement for image sensors.

[0003]

A method referred to as parallel/partial read out method is
known as a method applicable to CCD image sensors. Withthis method,
a number of readout paths are provided and the read time necessary
for reading image signals is reduced by thinning pixels when a
high-speed pixel reading operation should be conducted to realize
a high-speed image sensing operation. Image sensors having about
300,000 pixels and adapted to pick up images at a rate of 10,000
frames per second by using this method are commercially available.
[0004]

Other known image sensing methods include an IS (in-situ
storage) method. With this method, a large number of image signal
recording elements are formed around the photoelectric conversion
section of each pixel. The image signal recording elements
temporarily store the image signals obtained by the photoelectric
conversion section. Then, the image signal obtained by a single
photoelectric conversion section in a short integration time can
be stored in one of the image signal recording elements around the
photoelectric conversion section. Thus, the image signals, each
obtained in a short integration time, can be sequentially stored
in the image signal recording elements. Subsequently, when an
image sensing operation using a large number of frames ends (after
storing image signals in all the image signal recording elements
of a pixel), the image signals can be read to the outside. If the
image signal reading operation takes a long time, the image signals

can be read properly because the image signal recording elements
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store respective image signals. While the image signal intensity
may be low because the integration time is short, it can be made
sufficiently high by providing the photoelectric conversion
section (photodicde) with a large area. With this method, it is
possible to conduct a high-speed image sensing operation of about
1 million frames per second.

[0005]

It is possible to use a CCD that is adapted to transferring
image signals and employ each transfer stage of the CCD as image
signal recording element. If such is the case, the CCD is employed
as memory (CCD memory). FIG. 9 of the accompanying drawings
illustrates the configuration of image sensor 400. An instance of
a device including 2 x 2 pixels is illustrated in FIG. 9 and each
of the pixels is provided with a CCD memory 402 consisted of eight
transfer stages in addition to a photoelectric conversion section
401. If the device is so arranged that the signal charges generated
by the photoelectric conversion section 401 are sequentially
transferred in the direction of the arrow shown in FIG. 9, the CCD
memory 402 can temporarily store eight signal charges. When signal
charges are stored in all the transfer stages, they are sequentially
read out by a vertical CCD 403, starting from the first signal charge.
Thereafter, the signal charges are downwardly transferred to a
horizontal CCD 404 and then to the left side in the horizontal CCD
404. Subsequently, they are converted into an electric signal and
output by an output section 405. In the case of FIG. 9, each pixel
has eight image signal recording elements.

[0006]
In the above-described instance, the CCD memory 402 is made

to meander and contained in a single pixel. The CCD memory 402 can
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be manufactured like the vertical CCD 403 and the horizontal CCD
404. However, when the CCD is made to meander, the electrode
structure is required to inevitably be complex at the point where
the transfer direction is changed.

[0007]

NPL 1 describes an improved arrangement where a CCD is not
required to meander to secure the number of image signal recording
elements. FIG. 10 illustrates the configuration of the image
sensor 500. With this arrangement, the signal charges obtained by
a photoelectric conversion section 501 are sequentially
transferred to a horizontal CCD 503 by way of an input gate 502
and in the rightward direction in the horizontal CCD 503. Vertical
CCDs 504 are connected to the respective transfer stages of the
horizontal CCD 503. When signal charges are stored in all the
transfer stages, which are five in total, of the horizontal CCD
503, they are transferred to the respective vertical CCDs 504 all
at the same time. As this operation is repeated, the horizontal
CCD 503 and the vertical CCDs 504 operate as CCD memory. In the
instance of FIG. 10, the number of image signal recording elements
each pixel has is 30 in total that are formed by the horizontal
CCD 503 having five transfer stages and five vertical CCDs 504,
each having five transfer stages. The signal charges are read out
as they are transferred to the outside of the illustrated region
at the bottom side of the vertical CCDs 504 in FIG. 10.

[0008]

Since the image signal recording elements are constituted
only by the horizontal CCD 503 and the vertical CCDs 504, the
arrangement is less complex if compared with the first known

arrangement.
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[0009]

NPL 2 describes an image sensor realized by using CCD memories
that extend in a direction slightly inclined from the vertical
direction and connected to vertical CCDs instead of a horizontal
CCD and vertical CCDs of NPL 1. FIG. 11 illustrates the
configuration of the image sensor 600. The illustrated image
sensor 600 has 3 x 3 pixels. A CCD memory 602 slightly inclined
from the vertical direction is connected to a photoelectric
conversion section 601. The CCD memory 602 linearly extends in that
direction and is connected to a vertical CCD 603 at a position
located below the pixel to which the photoelectric conversion
section 601 belongs. The signal charges obtained by the
photoelectric conversion section 601 are transferred downwardly
in the CCD memory 602 and converted into an electric signal and
read out by way of the vertical CCD 603 and a horizontal CCD 604.
The vertical CCDs 603 and the horizontal CCD 604 operate like their
counterparts in FIG. 9.

[0010]

Since the CCD memories 602 can be made linearly long with
this arrangement, it is possible to provide a larger number of image
signal recording elements (a large number of transfer stages).
Additionally, this arrangement is structurally simple and can be
manufactured with ease because only linear CCDs are employed. This
image sensor 600 can successively and continuously pick up 144
images at a speed of onemillion frames per second with 300 thousands
pixels.

[0011]
An image sensor for high-speed image sensing operations can

be obtained by using an IS (in-situ storage) type sensor having



10

15

20

25

the above-described structure.

[Citation List]

[Patent Literature]

[0012]

[NPL 1] F. W. Kosonocky et al., “360 x 360 - Element Very High Frame
Rate Burst Image Sensor”, ISSCC1996, Digest of Technical
Papers, P182 (1996)

[NPL 2] G. Etoh et al., “A CCD Image Sensor of 1M frames/s for
Continuous Image Capturing of 103 Frames”, ISSCC 2002,

Digest of Technical Papers, P45 (2002)

[Summary of Invention]
[Technical Problem]
[0013]

There may be experiments using an accelerator for observing
the phenomenon that takes place as a result of collisions of
particles such as neutrons. Then, it will be required not to observe
particles themselves but to speedily pickup images of emissions
of 1light that occurs when particles strike a fluorescent substance
(scintillator) and lasts only for a short time. Then, the light
signal that is received is weak so that, if a high-speed image pickup
operation is conducted to reduce the integration time, no
satisfactory image signal can be obtained with a high intensity
or with a sufficiently high S/N ratio to make it difficult to obtain
good images.

[0014]

Thus, it has been difficult to obtain image signals with a

high S/N ratio in a high-speed image pickup operation.

[0015]
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In view of the above-identified problem, it is therefore the
object of the present invention to provide means for solving the
problem.

[Solution to Problem]
[0016]

According to the present invention, the above problem is
dissolved by the following arrangements.

In an aspect of the present invention, there is provided an
image sensor including two-dimensionally arranged pixels for image
sensing operations and outputting an image signal, each of the
pixels having:

a photoelectric conversion section that outputs light as
signal charges; a plurality of image signal recording elements that
accumulate a plurality of signal charges output from the
photoelectric conversion section at a plurality of different image
pickup timings in a series of image pickup operations; the plurality
of image signal recording elements being adapted to respectively
accumulate a plurality of integrated signal charges obtained by
adding a plurality of signal charges output from the photoelectric
conversion section at a plurality of different image pickup timings
in another series of image pickup operations respectively to the
plurality of signal charges accumulated in the image signal
recording elements; and output an image signal according to the
plurality of integrated signal charges.

Preferably, in the image sensor according to the present
invention, the plurality of image signal recording elements are
a CCD memory including a plurality of transfer stages; and

the CCD memory has:

an input transfer stage into which a signal charge is injected
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and a final transfer stage that is the final stage in the transfer
direction of the CCD memory arranged side by side so as to make
it possible for a transfer operation to take place from the final
transfer stage to the input transfer stage.

Preferably, in the image sensor according to the present
invention, the CCD memory has:

a plurality of lines formed by a plurality of linearly
arranged transfer stages in such a way that the transfer directions
of adjacent lines are opposite relative to each other.

Preferably, in the image sensor according to the present
invention, the channel of each transfer stage of the CCD memory
includes:

a first doped region that shows an impurity concentration
selected so as to form a potential well in the channel when a
predetermined voltage is applied to transfer electrodes formed on
the channel by way of an oxide film and a second doped region that
forms a potential well deeper than the first doped region when the
voltage is applied; the direction directed from the first doped
region to the second doped region at a transfer stage on one of
two adjacent lines and the direction directed from the first doped
region to the second doped region on the other line being opposite
relative to each other; the transfer stage at the tail end in the
transfer direction of the upstream side line located at the upstream
side of the transfer direction of one of the two adjacent lines
and the transfer stage at the starting point in the transfer
direction of the downstream side line located at the downstream
side of the transfer direction of the other line being connected
at a transfer stage having the first doped region at the side of

the upstream side line and the second doped region at the side of
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the downstream side line.

Preferably, in the image sensor according to the present
invention, the CCD memory is a 4-phase CCD or a 3-phase CCD; and
two wires are used, one for mutually connecting the transfer
electrodes located respectively at the upstream sides in the
transfer directions of two adjacent lines and the other for mutually
connecting the transfer electrodes located respectively at the
downstream sides in the transfer directions of the two adjacent
lines out of the continuously arranged two transfer electrodes to
be used on one of the adjacent two lines and the continuously
arranged two transfer electrodes to be used on the other line; the
two wires crossing each other between the two lines.

Preferably, in the image sensor according to the present
invention, the CCD memory include three or more lines, of which
any two adjacent lines show opposite transfer directions; and the
transfer electrodes on each of the three or more lines are made
to be electrically common by forming the two wires between adjacent
ones of the three or more lines.

Preferably, in the image sensor according to the present
invention, the CCD memory has two different operation modes for
transfer operations including: an overwrite mode for an operation
of not transferring any signal charge from the final transfer stage
to the input transfer stage; and an accumulation mode for an
operation of transferring fromthe final transfer stage to the input
transfer stage and subsequently injecting the signal charge output
from the photoelectric conversion section into the input transfer
stage.

Preferably, in the image sensor according to the present

invention, a gate for discharging the signal charges exceeding a
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predetermined quantity to the outside of the CCD memory is connected
to a transfer stage in the CCD memory.

In another aspect of the present invention, there is provided
an image pickup apparatus for acquiring image signals by means of
an image sensor as defined above.

In still another aspect of the present invention, there is
provided a semiconductor device using a CCD including a plurality
of parallel lines formed by a plurality of linearly arranged
transfer stages in such a way that the transfer directions of
adjacent lines are opposite relative to each other, wherein

the channel of the CCD memory includes:

a first doped region that shows an impurity concentration
selected so as to form a potential well in the channel when a
predetermined voltage is applied to transfer electrodes formed on
the channel by way of an oxide film and a second doped region that
forms a potential well deeper than the first doped region when the
voltage is applied; the direction directed from the first doped
region to the second doped region at a transfer stage on one of
two adjacent lines and the direction directed from the first doped
region to the second doped region on the other line being opposite
relative to each other; the transfer stage at the tail end in the
transfer direction of the upstream side line located at the upstream
side of the transfer direction of one of the two adjacent lines
and the transfer stage at the starting point in the transfer
direction of the downstream side line located at the downstream
side of the transfer direction of the other line being connected
at a transfer stage having the first doped region at the side of
the upstream side line and the second doped region at the side of

the downstream side line.
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In still another aspect of the present invention, there is
provided a semiconductor device using a CCD including a plurality
of parallel lines formed by a plurality of linearly arranged
transfer stages in such a way that the transfer directions of
adjacent lines are opposite relative to each other, the CCD being
a 4-phase CCD or a 3-phase CCD; wherein, two wires are used, one
for mutually connecting the transfer electrodes located
respectively at the upstream sides in the transfer directions of
two adjacent lines and the other for mutually connecting the
transfer electrodes located respectively at the downstream sides
in the transfer directions of the two adjacent lines out of the
continuously arranged two transfer electrodes to be used on one
of the adjacent two lines and the continuously arranged two transfer
electrodes to be used on the other line; the two wires crossing
each other between the two lines.

In still another aspect of the present invention, there is
provided an image sensing method of using an image sensor having
two-dimensionally arranged pixels for converting light into signal
charges, each pixel being provided with a plurality of image signal
recording elements for storing the signal charges obtained by a
single image pickup operation, and adapted to store a plurality
of signal charges obtained at a plurality of image pickup timings
for each pixel, and output image signals according to the plurality
of signal charges, the method including:

an overwrite step of conducting image pickup operations for
a number of times equal to the number of the image signal recording
elements of each pixel from a state where the plurality of image
signal recording elements are reset and injecting the signal charges

obtained by each image pickup operation into the image signal
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recording elements for accumulation; an accumulation step of
conducting image pickup operations once again for a number of times
equal to the number of the image signal recording elements of each
pixel after the overwrite step and newly accumulating the integrated
signal charges obtained by injecting the signal charges obtained
by each image pickup operation into the image signal recording
elements and adding them to the signal charges already accumulated
in the image signal recording elements; and a read step of reading
out the accumulated integrated signal charges from the image signal
recording elements and outputting image signals according to the
integrated signal charges.

Preferably, in the image sensing method, the accumulation
step is executed for a plurality of times between the overwrite
step and the read step and a plurality of image pickup operations
are conducted in the plurality of accumulation steps periodically
by referring to the image pickup timings of the plurality of image
pickup operations in the overwrite step.

[Advantageous Effects of Inventionl
[0017]

According to the present invention as defined above, it is

possible to obtain image signals with a high S/N ratio in a

high-speed image sensing operation.

[Brief Description of Drawings]
[0018]
FIG. 1 is a schematic illustration éf the configuration of
an embodiment of image sensor according to the present invention;
FIGS. 2A and 2B are a schematic illustration of an exemplar

configuration of the CCD memory, which is a 2-phase CCD, of an
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embodiment of image sensor according to the present invention;

FIGS. 3A and 3B are a schematic illustration of an exemplar
configuration of the CCD memory, which is a 4-phase CCD, of an
embodiment of image sensor according to the present invention;

FIG. 4 is a schematic illustration of an exemplar double
twisted-pair electrode structure of 4 lines;

FIG. 5 is a schematic illustration of an exemplar double
twisted-pair electrode structure used for a 3-phase CCD;

FIG. 6 is a schematic illustration of an exemplar arrangement
having a read circuit in a single pixel to which the present
invention is applied;

FIGS. 7A through 7C are a schematic illustrationof operations
in an overwrite mode (A), in an accumulation mode (B) and at a read
time (C) of a structure having a read circuit in a single pixel
to which the present invention is applied;

FIG. 8 is a schematic block diagram of an image pickup
apparatus including an embodiment of image sensor according to the
present invention;

FIG. 9 is a schematic illustration of a known IS-type image
sensor showing the first exemplar configuration;

FIG. 10 is a schematic illustration of a known IS-type image
sensor showing the second exemplar configuration; and

FIG. 11 is a schematic illustration of a known IS-type image

sensor showing the third exemplar configuration.

[Description of Embodiments]
[0019]
Now, a preferred embodiment of image sensor according to the

present invention will be described below. The image sensor is
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designed so as to be used to acquire a two-dimensional image and
includes M (horizontal) x N (vertical) pixels (M, N > 1) that are
two-dimensionally arranged. A photoelectric conversion section
and K image signal recording elements (K > 1) are arranged in each
of the pixels. The K image signal recording elements are those of
a CCD having K transfer stages. The image signals obtained by each
photoelectric conversion section are temporarily stored in the
image signal recording elements and subsequently read out by a
vertical CCD and transferred further to a horizontal CCD, there
they are output to the outside.

[0020]

FIG. 1 is a schematic illustration of the configuration of
the image sensor 10. M =N = 2 is employed here for the purpose
of simplification. The number of image signal recording elements
(CCD memory) of a pixel is equal to the number of transfer stages.
K = 38 is employed here (1 transfer stage is formed by 2 partitions
in FIG. 1) . Thus, the image sensor 10 can store image signals for
38 frames in the image signal recording elements.

[0021]

The photcelectric conversion section 20 is a photodiode using
a pn junction. The light received by the photoelectric conversion
section 20 is converted into a signal charge. As the signal charge
is applied to an input gate 21 (turning on the input gate 21), it
is input to an input transfer stage 31 that is the transfer stage
operating as starting point in the transfer direction of CCD memory
30. This operation is an operation conforming to the general
principle of CCDs.

[0022]

The CCD memory 30 is an ordinary CCD (charge coupled device)
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and formed to have a meandering profile as shown in FIG. 1. A signal
charge is transferred from the input transfer stage 31 to the final
transfer stage 32. The final transfer stage 32 is so formed as to
be connected to the input transfer stage 31 so that a signal charge
can be transferred from the final transfer stage 32 to the input
transfer stage 31. In other words, the CCD memory 30 has a
circulative arrangement. The final transfer stage 32 is connected
to a drain gate 40 and the signal charge transferred to the final
transfer stage 32 is transferred toadrain 41 as a voltage is applied
to the drain gate 40. The drain 41 is a diffusion region for which
a predetermined electric potential is defined. As a signal charge
is input to the drain 41, it is discharged to the outside as electric
current by way of the electrode connected tothedrain4l1l. Therefore,
the final transfer stage 32 is reset when a voltage is applied to
thedraingate 40. Thus, if the next transfer operation is conducted
in the CCD memory in this state, the input transfer stage 31 falls
into a reset state. With this arrangement, the signal charge
transferred to the final transfer stage 32 is then transferred
either to the drain 41 or to the input transfer stage 31 that is
selected. While the specific configuration of the CCD memory 30
will be described in greater detail hereinafter, the CCD memory
30 is employed to accumulate (store) signal charges to the
respective transfer stages.

[0023]

An output transfer stage 33 is arranged somewhere on the
transfer route fromthe input transfer stage 31 to the final transfer
stage 32 (upper right in FIG. 1) . The output transfer stage 33 is
one of the transfer stages of an ordinary CCD and a readout gate

42 is connected to the output transfer stage 33 so that, when a
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predetermined voltage is applied to the readout gate 42 (to turn
on the readout gate 42), the signal charge in the output transfer
stage 33 is transferred to a vertical CCD 50. Therefore, with this
arrangement, the signal charge transferred to the output transfer
stage 33 is transferred either to the next transfer stage (and hence
accumulated in the CCD memory 30) or to the vertical CCD 50.
[0024]

The vertical CCD 50 is similar to the vertical CCD of an
ordinary interline CCD and adapted to transfer signal charges
downwardly in FIG. 1 from the starting point to the ending point
at the bottom section. Since a vertical CCD 50 is arranged for each
column of pixels in FIG. 1, a total of two vertical CCDs are provided
to agree with the value of M in FIG. 1. The signal charges from
the pixels arranged at vertically different positions in FIG. 1
are transferred to different transfer stages of the vertical CCD
50.

[0025]

A horizontal CCD 60 is connected to the ending point of each
of the vertical CCDs 50 and the transferred signal charges are then
transferred to the horizontal CCD 60. The horizontal CCD 60 is
similar to the horizontal CCD of an ordinary interline CCD and
adapted to transfer signal charges leftward in FIG. 1. The signal
charges transferred to the ending point of the horizontal CCD 60
are injected at output section 61 into the floating diffusion (not
shown) having a reverse-biased pn junction and the electric
potential is amplified by an amp (not shown) and output to the
outside of the image sensor 10.

[0026]

Although not illustrated, it is preferably so arranged that



10

15

20

25

17

no electric charges get into the region outside the photoelectric
conversion sections 20 in FIG. 1 including in particular the CCD
memories 30, the vertical CCDs 50 and the horizontal CCD 60 except
the signal charges obtained at the photoelectric conversion section
20. For this reason, the CCD memories 30, the vertical CCDs 50 and
the horizontal CCD 60 are provided thereon with a metal-made light
shielding film so that no 1light may enter them to generate electric
charges.

[0027]

The operations of transferring signal chafges from the pixels
to the vertical CCDs 50 can be conducted simultaneously and the
signal charges injected into the vertical CCDs 50 from the pixels
are sequentially transferred to the horizontal CCD 60 and then
horizontally leftward in the horizontal CCD 60 for output. This
operation is similar to that of anordinary interline CCD. Inshort,
the image sensor 10 operates like an ordinary interline CCD from
the operation step of reading out signal charges from the pixels.
[0028]

The operations that take place in each of the CCD memories
30 of the image sensor 10 will be described below. Firstly, the
signal charge obtained at a predetermined image pickup timing and
in an integration time by the photoelectric conversion section 20
is transferred to the input transfer stage 31 in the CCD memory
30 by way of the input gate 21. After transferring the signal charge
by a stage in the CCD memory 30, the signal charge obtained at the
next image pickup timing in an integration time by the photoelectric
conversion section 20 is newly transferred to the input transfer
stage 31. The signal charges as many as the number of the image

signal recording elements that are obtained by so many image pickup
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operations at so many different image pickup timings can be
sequentially transferred to and accumulated in the respective
elements (transfer stages) of the CCD memory 30 by repeating the
above operation. Since the number of elements in the CCD memory
30 is 38 in the instance of FIG. 1, the signal charges obtained
by the photoelectric conversion section 20 by 38 image pickup
operations can be accumulated in the CCD memory 30. Each pixel is
provided with a CCD memory 30 and the signal charges accumulated
in each CCD memory 30 are obtained by a same photoelectric conversion
section 20 at different image pickup timings. This operation is
similar to those of the image sensors described in NPL 1 and NPL
2. With this arrangement, the signal charges obtained at short
image pickup timing intervals and with a short integration time
can be temporarily stored in a CCD memory 30 and subsequently read
out and output.

[0029]

Each of the pixels of this image sensor 10 subsequently
operate either in an overwrite mode or in an accumulation mode.
[0030]

In the overwrite mode, the 38 transfer stages in the CCD memory
30 store signal charges obtained at 38 image pickup timings in a
manner as described above. Thus, the first signal charge is in the
final transfer stage 32. If neither the drain gate 40 nor the input
gate 21 are turned on and a single transfer operation is conducted
at the CCD memory 30, the first signal charge is straightly
transferred to the input transfer stage 31 once again and can be
sequentially transferred again to the output transfer stage 33.
As the first signal charge is transferred to the output transfer

stage 33, then the signal charge at the output transfer stage 33
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is injected into the vertical CCD 50 by applying a predetermined
voltage to the readout gate 42 (turning on the readout gate 42).
As transfer operations are sequentially conducted at the CCD memory
30 and the vertical CCD 50, while keeping on applying the voltage
to the readout gate 42, the next signal charge is also sequentially
transferred to the vertical CCD 50 in the same way. Thus, the image
signals recorded in the CCD memory 30 can be sequentially read out
at the vertical CCD 50. Then, as a result, the signal charges that
are read out are extinguished from the inside of the CCD memory
30 and hence the transfer stages are reset. Subsequently, this
reset state gets to the input transfer stage 31 by way of the final
transfer stage 32 once again. Then, a overwrite operation of newly
injecting a signal charge into the input transfer stage 31 is
conducted in this state. The end result is that an overwrite
operation of storing new signal charges in all the transfer stages
of the CCD memory 30 is completed.

[0031]

When the image signals recorded in the CCD memory 30 are not
to be read out at the vertical CCD 50, the recorded image signals
(signal charges) are discharged from the drain 41 by turning on
the drain gate 40 at the time of conducting transfer operations
in the CCD memory 30. As a result of this operation, the signal
charge in the input transfer stage 31 is reset. Therefore, in this
case again, an overwrite operation is conducted in a manner as
described above.

[0032]

When conducting an overwrite operation and a signal charge

is injected from the photoelectric conversion section 20 into the

input transfer stage 31 in the CCD memory 30, the input transfer
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stage 31 is in a reset state. Therefore, the most fresh image
signals (signal charges) of 38 frames are stored in the CCD memory
30. Thereafter, the most fresh image signals of 38 frames are read
out by way of the vertical CCD 50 and the horizontal CCD 60. While
a considerable time may be required to read the image signals of
38 frames, the read time is unrelated to the time intervals of the
frames because the read operation is conducted after temporarily
storing the image signals of 38 frames in the CCD memory 30. Thus,
the time intervals of frames can be reduced to make it possible
to realize a high-speed image pickup operation. This operation is
same as that of any conventional IS-type CCD image sensor.
[0033]

Now, operations in the accumulation mode will be described
below. The accumulation mode is particularly preferably employed
when picking up an image of a repetitive phenomenon.

[0034]

Operations in the accumulation mode are same as those in the
overwrite mode until image signals of 38 frames are stored in the
CCD memory 30. Note that, however, in the accumulation mode, the
next transfer operation is conducted at the CCD memory 30 without
turning on the readout gate 42 and the drain gate 40. Then, as a
result, the accumulated signal charges are sequentially
transferred on a stage by stage basis and the signal charge that
is obtained at the first image pickup timing is straightly
transferred once again to the input transfer stage 31. The signal
charge that is newly obtained in this state at the photoelectric
conversion section 20 at the next image pickup timing is injected
into the input transfer stage 31 by way of the input gate 21. Thus,

as a result of this operation, the signal charge that is obtained
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at the most recent image pickup timing is added to the signal charge
already stored in the input transfer stage 31 so that an integrated
signal charge produced by integration of the two signal charges
is accumulated in the input transfer stage 31. As this operation
is repeated to carry out transfer operations for 38 elements (1
cycle), each of all the transfer stages of the CCD memory 30
accumulates an integrated signal charge produced by integration
of two image signals. More image signals can be integrated as such
integrating operations are repeated for another cycle at the CCD
memory 30. In short, by repeating integrating operations for a
desired number of cycles, integrated signal charges obtained by
integrating image signals for a number of times that is equal to
the number of cycles can be accumulated and stored.

[0035]

The subsequent operations of reading image signals from the
CCD memory 30 are same as those in the overwrite mode that are
described above. In other words, integrated signal charges can be
sequentially read out from the output transfer stages 33 by way
of the readout gate 42, the vertical CCD 50 and the horizontal CCD
60 by conducting transfer operations at the CCD memory 30.
[0036]

Note, however, that the image signals obtained in the
accumulation mode are image signals of integrated signal charges
obtained by integrations conducted for a desired number of cycles.
Therefore, if a phenomenon is such that only weak image signals
can be obtained by a single image pickup operation, it is possible
to obtain an image with a high S/N ratio by way of integrating
operations. Therefore, if the phenomenon to be obsexrved (and an

image thereof is to be picked up) by the image sensor 10 takes place
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cyclically with a fixed time period, an image of the phenomenon
can be picked up with a high S/N ratio by making the cycle period
of operation in the accumulation mode agree with the cycle period
of the phenomenon.

[0037]

The operations of the first cycle in the accumulation mode
are same as those in the overwrite mode. More specifically, with
the image sensing method that the image sensor executes in the
accumulation mode, firstly an image pickup operation of the first
cycle is conducted in a state where the CCD memory 30 (a plurality
of image recording elements) are reset and the obtained signal
charges are stored in the CCD memory 30 (overwrite step). The signal
charges are injected into the respective transfer stages (image
recording elements) and accumulated there. Then, an image pickup
operation of the second cycle is conducted and the obtained signal
charges are injected into the transfer stages and the integrated
signal charges obtained by adding them to the respective signal
charges that are already accumulated are newly accumulated in the
respective transfer stages of the CCDmemory 30 (accumulation step) .
The operation of the accumulation step can be repeated for a desired
number of times. Then, the integrated signal charges obtained by
adding newly obtained signal charges to the respective signal
charges (integrated signal charges) that are already accumulated
in each transfer stage for each accumulation step are newly
accumulated as the most recent integrated signal charges.
Thereafter, the accumulated integrated signal charges are
sequentially read out from the CCD memory 30 and image signals are
output according to them (read step).

[0038]



10

15

20

25

23

At this time, the above-described cycle period becomes fixed
by making the image pickup timings of a plurality of image pickup
operations in a plurality of accumulation steps periodical,
referring to the image pickup timings of a plurality of image pickup
operations in the overwrite step. Then, an image of a phenomenon
that appears repeatedly with such a cycle period can be picked up
with a high S/N ratio.

[0039]

Only two types operation are described for the drain gate
40 in the above instance for the purpose of simplicity. They are
an operation of turning on the drain gate 40 and an operation of
turning off the drain gate 40. The expression of turning “on” as
used herein means that a voltage that can transfer all the signal
charges in the final transfer stage 32 to the draingate 40 is applied
and that of turning “off” means that a voltage that does not transfer
any of the signal charges is applied (or no voltage is applied).
However, a voltage of a level somewhere between them may be applied
to the drain gate 40 so as to transfer only the signal charges
exceeding a predetermined quantity to the drain gate 40. This is
a function similar to that of a blooming suppression gate for
suppressing a phenomenon referred to as blooming (a phenomenon where
the signal charges to be transferred exceed the quantity of electric
charge that can be transferred and get into and become mixed with
the signal charges of adjacent elements). In short, it is possible
to make the drain gate 40 function so as to suppress blooming for
the image signals to be read out. This operation can be realized
both in the overwrite mode and in the accumulation mode. Note that
the drain gate 40 may not necessarily be arranged at the final

transfer stage 32 and may alternatively be arranged at any other
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transfer stage of the CCD memory 30.
[0040]

With the above-described arrangement, it is possible to
appropriately and optionally use the overwrite mode and the
accumulation mode to realize a high-speed image sensing operation
by means of the image sensor 10.

[0041]

The above-described image sensor 10 is characterized most
remarkably by the existence of CCD memories 30 having a meandering
profile that are arranged for respective pixels. Inorder to secure
the necessary number of image signal recording elements (transfer
stages) for each of the CCD memories 30, it is effective to provide
a plurality of lines running in parallel with each other, at each
of which a plurality of transfer stages are linearly arranged, in
such a way that adjacent lines show mutually opposite transfer
directions. With this arrangement, the CCD memory 30 can
temporarily store a large number of pieces of information on image
signals, which is advantageous particularly for high-speed image
sensing operations.

[0042]

Now, CCD memories 30 having the above-described
configuration will be described more specifically below. Firstly,
an instance where a CCD memory 30 is operated for 2-phase will be
described. FIGS. 2A and 2B illustrate the arrangement of a part
of the CCD memory 30 where the transfer direction changes when it
is operated for 2-phase. FIG. 2A is a plan view of that part and
FIG. 2B is a schematic illustration of the cross section of the
related channel and its vicinity and the situation thereof when

signal charges are transferred along with the shape of the applied
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pulse. Referring to FIG. 2A, the center left line has a downward
transfer direction and the center right line has an upward transfer
direction and the two lines are connected by the bottom end transfer
stage. Therefore, signal charges are transferred from the center
left line to the center right line.

[0043]

Referring to the plan view (FIG. 2A), the channel region of
each element (transfer stage) in the CCD memory 30 includes regions
of two types whose impurity concentrations are different from each
other. They are the first doped regions 301 and the second doped
regions 302. Transfer electrodes are formed on the two regions by
way of an oxide film (not shown). No depletion layer is formed
except the channel region and channel stop regions 303 showing a
raised impurity concentration and/or provided with a thick oxide
film are formed so as not to store any signal charge.

[0044]

In the case of 2-phase drive, Al electrodes 305 and A2
electrodes 306 are employed as two types of transfer electrodes,
to which a same pulse is applied. As shown at the top of FIG. 2B,
Al electrodes 305 and A2 electrodes 306 are arranged alternately
at each transfer stage. With this arrangement, the transfer
electrodes of adjacent transfer stages are arranged independently
and same transfer electrodes (transfer electrodes for showing a
same electric potential) exist both on the first doped region 301
and on the second doped region 302.

[0045]

The impurity concentration of the first doped regions 301

is selected in such a way that potential wells are formed in the

channel when a predetermined voltage is applied to the transfer
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electrodes of the first doped regions 301 according to the operation
principle of CCDs. The impurity concentration of the second doped
regions 302 is selected in such a way that, when the same voltage
is applied to the transfer electrodes of the second doped regions
302, the potential wells formed in the second doped regions 302
become deeper than the potential wells formed in the first doped
regions 301 as shown in FIG. 2B. Additionally, in each transfer
stage, a first doped region 301 is located in front of a second
doped region 302 as viewed in the direction of transferring signal
charges. With this arrangement, when a pulse voltage that makes
the potential of the Al electrodes 305 and that of the A2 electrodes
306 alternately become High and Low as shown in the right part of
FIG. 2B is applied, the energy diagram of the potential wells in
the corresponding channel region will be the one shown in FIG. 2B.
Signal charges (shown by circles in FIG. 2B) are stored in the
minimal points of the potential wells and are transferred highly
efficiently from the left side to the right side as the minimal
points are shifted sequentially. This arrangement is same as that
of any known 2-phase CCDs.
[00456]

Note, however, that the signal charges that are transferred
from above to below on the center left line are then forced to turn
at the center bottom and then transferred from below to above on

the adjacent right line as shown in FIG. 2A. As described above,

‘a first impurity region 301 is formed on a second doped region 302

at each transfer stage on the center left line. Conversely, a first
doped region 301 is formed under a second doped region 302 at each
transfer stage on the center right line. At the transfer stage at

the bottom that provides an inflection point, a first doped region
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301 is at the left side and a second doped region 302 is formed
at the right side. Thus, the direction from the first doped region
301 to the second doped region 302 at each transfer stage on one
of two adjacent lines is reverse relative to the direction from
the first doped region 301 to the second doped region 302 at each
transfer stage on the other line. Additionally, the transfer stage
at the trailing end of the upstream side line (center left line)
located at the upstream side as viewed in the transfer direction
and the transfer stage at the leading end of the downstream side
line (center right line) located at the downstream side as viewed
in the transfer direction are connected to each other by way of
a transfer stage having the first doped region 301 at the side of
the upstream side line and the second doped region 302 at the side
of the downstream side line.

[0047]

With this arrangement, signal charges can be transferred from
the center left line to the center right line by using the Al
electrodes 305 and the A2 electrodes 306 as transfer electrodes.
Such an arrangement can be produced with ease by selectively
injecting ions into a region that corresponds to the first doped
regions 301 or the second doped regions 302. The oxide film and
the transfer electrodes arranged thereon can be formed as in the
case of any known CCD. Thus, a CCD memory having the above-described
structure can be manufactured with ease as in the case of
manufacturing an ordinary 2-phase drive CCD. The arrangement of
impurity distribution as described above can be applied to CCDs
other than 2-phase CCDs.

[0048]

While only the arrangement of two lines are described above,
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it will be clear that a similar arrangement can be applied to any
two adjacent lines if there are three or more lines and a complete
CCD memory can be produced by connecting all the two adjacent lines.
[0049]

Now, an instance where a CCD memory 30 is operated for 4-phase
will be described. While a 2-phase CCD is characterized by the
doping distribution of each transfer stage, a 4-phase CCD is
characterized by the configuration of transfer electrode. FIG. 3A
is a schematic plan view of the arrangement and FIG. 3B is a schematic
illustration of the cross section of the related channel and its
vicinity and the situation thereof when signal charges are
transferred along with the shape of the applied pulse.

[0050]

With this arrangement, four types of transfer electrodes
including Bl electrodes 311, B2 electrodes 312, B3 electrodes 313
and B4 electrodes 314 are employed. Transfer of signal charges
takes place sequentially in the direction from a Bl electrode 311
to a B4 electrode 314. Unlike 2-phase drive, it is not necessary
to provide an doping distribution at the channel parts under the
electrodes.

[0051]

With this arrangement, when a pulse as shown in the right
part of FIG. 3B is applied, the energy diagram of the potential
wells in the corresponding channel region will be the one shown
in FIG. 3B. Signal charges are accumulated in the minimal points
of the potential wells and are transferred from the left side to
the right side as the minimal points are shifted sequentially. This
arrangement is same as that of any known 4-phase CCDs. With this

arrangement, the channel immediately below adjacent (successive)
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two transfer electrodes, for example, Bl electrode 311 and B2
electrode 312, can be regarded as a single image signal recording
element as may be clear from FIG. 3B.

[0052]

What is characteristic here is that the transfer electrodes
of two adjacent lines are connected by using an arrangement as shown
in FIG. 3A. With this arrangement, a Bl electrode 311, a B2
electrode 312, a B3 electrode 313 and a B4 electrode 314 are arranged
in the above mentioned order as viewed in the transfer direction.
Since the transfer direction is directed downward at the left line
and upward at the right line, the four electrodes are arranged
reversely relative to each other of the two lines. If a Bl electrode
311 and a B2 electrode 312 form a pair and a B3 electrode 313 and
a B4 electrode 314 form another pair, each pair of one of the lines
is turned upside down from the corresponding pair of the other line.
[0053]

The dotted chain line X in FIG. 3A is the boundary line of
twopixels. Inother words, the CCDmemory arranged under the dotted
chain line X stores and transfers image signals of a pixel different
from the pixel of the upper CCD memory. A channel stop region 303
is formed at the boundary region of a left line and a right line
and also at the boundary region of an upper pixel and a lower pixel.
[0054]

With this arrangement, a Bl electrode 311 and a B2 electrode
312 are located side by side and a B3 electrode 313 and a B4 electrode
314 are located side by side on the left and right lines. Then,
two Bl electrodes 311, two B2 electrodes 312, two B3 electrodes
313 and two B4 electrodes 314 on the two adjacent lines can be

mutually connected without problem by using two wires that cross
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each other on the boundary of the two lines to form a so-called
double twisted-pair electrode structure as shown in FIG. 3B. In
other words, in this structure, of any two successive transfer
electrodes arranged on one of the lines and the two successive
transfer electrodes arranged at the side of the former two
electrodes on the other line, ‘the upstream side transfer electrodeé
of the two lines (Bl electrodes 311 or B3 electrodes 313) and the
downstream side transfer electrodes of the two lines (B2 electrodes
312 or B4 electrodes 314) are connected respectively by two wires
and the two wires cross each other between the two lines (on channel
stop region 303).

[0055]

As a result, when a transfer pulse is applied to each of the
electrodes on one of the lines, the transfer pulse is also applied
to the electrodes on the other line. As shown in FIG. 3A, the
electrodes of two different pixels that are arranged adjacently
can be mutually connected so as to cross the boundary 1ine X (channel
stop region 303) separating them. Furthermore, while FIG. 3A shows
only two adjacent lines, the above description applies to an
arrangement where there are three or more lines so iong aé any two
adjacent lines thereof show opposite transfer directions. Inother
words, by using such a double twisted-pair electrode structure,
an arrangement of applying 4 types of transfer pulses can be realized
with ease for a structure where any two adjacent lines show opposite
transfer directions. FIG. 4 schematically illustrates an exemplar
double twisted-pair electrode structure of 4 lines. Such a
structure is particularly suitable for a CCD memory 30 formed by
combining lines showing opposite transfer directions as described

above. Additionally, since pixels can be connected to each other
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so as for the wires connecting them to cross the boundary line X,
the area occupied by a CCD memory in the total area of a pixel can
be reduced. Then, the area of each pixel can be reduced to downsize
the chip having such pixels. Alternatively, the area occupied by
the photoelectric conversion section of a pixel can be raised to
improve the S/N ratio of image signals if the area of the pixel
is not reduced. As shown in FIG. 3A, in a region where pixels are
formed successively (the boundary region X and the upper and lower
regions thereof in FIG. 3A), the electrodes of transversally
adjacent pixels show a folded structure. Additionally, the
electrodes arranged at end sections of such regions (positions
neighboring the boundary region X) are commonly used. This
arrangement is particularly effective when a plurality of linearly
formed CCDs is arranged in parallel to secure the total number of
transfer stages.

[0056]

Note that a double twisted-pair electrode structure can be

-used for other than 4-phase CCDs. FIG. 5isa schematic illustration

of an exemplar double twisted-pair electrode structure used for
a 3-phase drive CCD, which is a plan view as seen from above. Three
types of electrodes including Cl electrodes 321, C2 electrodes 322
and C3 electrodes 323 are employed for this structure and a signal
charge is transferred when a transfer pulse is applied to any of
them. With this arrangement, a Cl electrode 321 and a C3 electrode
323 are located side by side and two C2 electrodes 322 are located
side by side. Then, the C2 electrodes 322 are connected to form
an ordinary electrode structure that extends horizontally, whereas
the Cl1 electrode 321 and the C3 electrode C323 are connected to

form a double twisted-pair electrode structure. When a C3
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electrode 323 and a Cl electrode 321 are located near the boundary
line X of pixels, the electrodes of the upper pixel and those of
the lowe: pixel can be connected by means of a double twisted-pair
electrode structure. The above-described arrangement can be
applied to three or more lines that are located side by side.
[0057]

Thus, an image sensor 10 having a configuration as described
above can be manufactured like any conventional image sensor (CCD
image sensor). The area occupiedby CCDmemories 30 canbe minimized
by using the above-described arrangement for the CCD memories 30
to suppress any possible increase of the pixel area or the chip
area. Then, such an image sensor can be manufactured at low cost
if compared with conventional high-speed image sensors.

[00581]

When an interlaced image sensing method (of alternately
recording pixels of odd-numbered columns and even-numbered columns
and reading image signals in them) is employed, each CCD memory
30 can continuously record frames substantially twice as many as
the number of transfer stages K of the CCD memory 30 (for example,
300 frames when K = 150). Furthermore, with an arrangement of
sequentially recording image signals in four pixels that are
horizontally and vertically adjacently arranged and reading image
signals from them, each CCD memory 30 can continuously record frames
four times as many as the number of transfer stages.

[0059]

It will be clear that the arrangements of FIGS. 2A through
5 can be applied to any semiconductor devices other than image
sensors that include CCDs where a plurality of lines having a

plurality of linearly arranged transfer stages are formed in
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parallel and any two adjacent lines show opposite transfer
directions. Examples of using CCD memories for other than image
sensing applications include delay lines.

[0060]

While signal charges or integrated signal charges are read
out from each pixel by means of a vertical CCD and a horizontal
CCD in the arrangement of FIG. 1, they can alternatively be read
out by means of a CMOS switch. In other words, signal charges or
integrated signal charges can be read out from each pixel for
high-speed image pickup operations and the S/N ratio of image can
be improved regardless of the method employed for reading them.
[0061]

The use of CCD memories having the above-described
configuration is effective for pixel structures different from the
one illustrated in FIG. 1. This will be described below. FIG. 6
is a schematic illustration of an exemplar arrangement having not
only a photoelectric conversion section and a CCD memory but also
a signal read circuit in a single pixel. FIGS. 7A through 7C are
a schematic illustration of operations (flows of signal charges)
in an overwrite mode (A), in an accumulation mode (B) and at a read
time (C) of a structure having a read circuit in a single pixel.
[0062]

In the arrangement of FIG. 6, not a photodiode using a pn
junction but a MOS structure similar to a CCD is employed for the
photoelectric conversion section. Then, as a voltage is applied
to charge accumulation gate 71, optical signal charges are
accumulated immediately below the gate 71. As for the direction
of incident light, a rear surface irradiation method of making light

enter from the surface opposite to the surface where the charge
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accumulation gate 71 and the transfer electrodes of the CCD memory
are arranged can be used for the image sensor. The accumulated
signal charges are transferred to an input transfer stage 81 of
the CCD memory 80 as the voltage application to the charge
accumulation gate 71 is stopped to turn on the adjacent input gate
72. The CCD memory 80 is a 4-phase drive CCD memory and signal
charges are sequentially transferred to downstream image pickup
transfer stages 81 as a transfer pulse is applied to Al through
A4 in FIG. 6 and the signal charges that are already transferred
to the input transfer stages 81 are ultimately transferred to the
final transfer stage 82 following the arrows shown in FIGS. 7A
through 7C. A double twisted-pair electrode structure can
typically be applied to the electrode arrangement. Note that the
CCD memory 80 and other components are shielded from light to prevent
any electric charges other than the signal charges being transferred
from being generated.

[0063]

In the overwrite mode (FIG. 7A), a signal charge that has
made a full turn in the CCD memory 80 is detected and amplified
as an electric signal by floating diffusion amp 92 and read out
by a readout circuit 93 as readout gate 91 is turned on from the
final transfer stage 82. The floating diffusion amp 92 and the
readout circuit 93 are similar to those that are employed in ordinary
CCDs and CMOS image sensors and hence will not be described here
any further. The output of the readout circuit 93 is the output
of the pixel and can be read out typically by way of a CMOS switching
device.

[0064]

A blooming suppression gate 94 may be connected to the input
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gate 72 so that, when the signal charges to be transferred exceed
a predetermined value, only the excessive signal charges are
transferred to a drain 95 by way of the blooming suppression gate
94. The predetermined value can be adjusted by setting the voltage
to be applied to the blooming suppression gate 94. With this
arrangement, any blooming that can arise when signal charges are
transferred in the CCD memory 80 can be suppressed.

[0065]

With the above-described operation, the image signals
(signal charges) obtained with short intervals of image pickup
timings can be temporarily stored in the CCD memory 80 and read
out at a later time. The signal charges are made to make a full
turn in the CCD memory 80 when they are read out and the input transfer
stages 81 are reset so that the CCD memory 80 always stores the
most recent image signals.

[0066]

In an accumulation mode (FIG. 7B), the readout gate 91 is
not turned on after a signal charge is made to full turn in the
CCD memory 80 and transferred to the final transfer stage 82 but
the CCD memory 80 is driven for a transfer operation. Then, as a
result, the signal charges accumulated in the final transfer stage
82 are transferred to the input transfer stage 81. If the input
gate 72 is turned on as described above at this time, the signal
charges accumulated newly under the charge accumulation gate 71
can be transferred to the input transfer stage 81 and accumulated
as integrated signal charges that are obtained by adding them to
the signal charges already found in the input transfer stage 81.
By repeating this operation, the electric charges at the elements

(transfer stages) of the CCD memory 80 can be turned to integrated
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signal charges of a total of two cycle periods, which then can be
sequentially transferred.
[0067]

The operation at the read time after the accumulation mode
(FIG. 7C) is similar to the corresponding operation in the overwrite
mode. More specifically, in the accumulation mode, the signal
charges that are made to turn around in the CCD memory 80 for a
plurality of cycle periods and integrated and returned to the final
transfer stage 82 are read out as in the overwrite mode. Note that
the pixel can be reset by turning on reset gate 92, transferring
the signal charges to the drain 95 and discharging them from the
drain 95.

[0068]

With this arrangement, when signals are amplified and read
out on a pixel by pixel basis, operations in the overwrite mode
and in the accumulation mode can be conducted by using a CCD memory
80 having the above-described configuration. Particularly, an
image of a highly repetitive phenomenon can be picked up with a
high S/N ratio by using the accumulation mode.

[0069]

An image sensing operation in the accumulation mode is
effective for measuring radiocactive rays. In some measurement of
radioactive rays, it is necessary to generate radioactive rays and
measure (pick up an image of) the spatial distribution thereof.
Of radioactive rays, neutron rays and y rays are detected by means
of a scintillator and the phenomenon where the fluorescent material
of the scintillator is made to emit light by such radioactive rays
is observed. Therefore, the distribution of emissions of light

corresponds to the distribution of radiocactive rays. Since a
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single emission of light is weak, it is not possible to sense an
image of the emitted light with a high S/N ratio. In such a case,
an image can be sensed with a high S/N ratio by periodically
generating radiocactive rays and making the cycle period of
generation of radioactive rays agree with the cycle period of
operation of the CCD memory. When radicactive rays are generated
periodically according to a clock signal, such an operation can
be particularly easily conducted by generating a transfer pulse
of the CCD memory by utilizing the clock signal.

[0070]

The above description can also be applied to experiments of
observing the brain functions. In such an experiment, the
fluorescent light generated from a brain due to an electric stimulus
applied to the brain may be observed and an image thereof may be
sensed. Insuchan instance, a single emissionof fluorescent 1ight
last only for a short time and its intensity is also low. Then,
an image of the fluorescent light can be sensed with a high S/N
ratio by making the cycle period of electrically stimulating the
brain and the cycle period of operation of the CCD memory agree
with each other. It will be clear that a similar effect can be
achieved for any repetitive phenomena other than the above examples.
[0071]

The above-described operation in the accumulation mode is
realized by arranging the input transfer stage and the final
transfer stage side by side so that signal charges can also be
transferred from the final transfer stage to the input transfer
stage in a CCD memory in both of the above-described image sensor
examples (FIGS. 1 and 6). However, it may be clear that a similar

effect can be achieved by means of an arrangement other than the
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above arrangement where integrated signal charges formed by
integrating a plurality of signal charges output from a
photoelectric conversion section at different image pickup timings
are temporarily stored (accumulated) in a pixel and image signals
formed according to the integrated signal charges are output.
[0072]

FIG. 8 schematically illustrates an exemplar configuration
that can be adapted to an image pickup apparatus by using such an
image sensor. The object of which an image is to be picked up is
found at the left side of the image pickup apparatus 100 in FIG.
8. Light fromthe object enters imaging plane 104 on an image sensor
103 having the above-described configuration by way of a lens
(optical image forming system) 101 and a mechanical shutter 102.
The lens 101 is so arranged that light from the object to be shot
is focused on the imaging plane 104. The image sensor 103 operates
exactly in the above-described manner and serially outputs image
signals by way of a readout line 105. Onthe other hand, the electric
charges (electric current) discharged to the drain flow to the earth
side by way of a drain line 106.

[0073]

The read out image signals are converted into digital signals
by an AD converter 107 and then temporarily stored in a buffer memory
108. Thereafter, an image signal processor 109 prepares video
signals of individual frames according to the image signals stored
in the buffer memory 108 and outputs them. Monitor 110 displays
the sensed image according to the video signals.

[0074]
Timing controller 111 is employed to prepare and adjust a

clock signal to be used to operate the image sensor 103. The clock
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signal is applied to the transfer electrodes of the CCD memory,
the vertical CCD and the horizontal CCD and various gates. Power
supply 112 is employed to operate as power source for driving the
image sensor 103.

[0075]

For the image sensor 103 to operate in the accumulation mode
as described above, it is important to define the cycle period (for
transferring a signal charge and making it to make a full turn in
the CCD memory) . For this purpose, a trigger signal generator 113
is connected to the timing controller 111. When the object of which
an image is to be picked up is shot periodically according to a
predetermined pulse, the pulse is input to the trigger signal
generator 113. The timing controller 111 defines the cycle period
of the CCD memory according to the pulse and prepares a transfer
pulse for the CCD memory accordingly. If the phenomenon of which
an image is to be picked up is not a periodical one, it will be
clear that a similar effect can be achieved by defining the cycle
period according to the intervals of shooting the phenomenon.
[0076]

Additionally, the timing controller 111 prepares transfer
pulées for the vertical CCD and the horizontal CCD and drives the
image sensor 103 by using them.

[0077]

It is also possible to measure the average brightness of the
object of which an image is to be picked up and input the result
of the measurement to the trigger signal generator 113. If such
is the case, the timing controller 111 can be controlled in such
a way that the overwrite mode is automatically selected for

operation when the brightness is high, whereas the accumulation
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mode is automatically selected for operation when the brightness
is low. As a result, it is possible conduct a high-speed image
sensing operation regardless of the brightness of the object of
which an image is to be picked up, in order to obtain good images.
[0078]

In this way, the image sensor according to the present
invention can be used for high-speed image sensing operations. It
will be clear that an image pickup apparatus according to the present
invention and having a configuration other than the above-described
ones can also be used.

[0079]

10, 103, 400, 500, 600 image sensor

20, 401, 501, 601 photoelectric conversion section
21, 72 input gate

30, 80, 402, 602 CCD memory (image signal recording elements)
31, 81 input transfer stage

32, 82 final transfer stage

33 output transfer stage

40 drain gate

41, 95 drain

42, 91 readout gate

50, 403, 504, 603 vertical CCD

60, 404, 503, 604 horizontal CCD

61, 405, 605 output section

71 charge accumulation gate

92 floating diffusion amp

93 readout circuit

94 blooming suppression gate

96 reset gate
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108
109
110
111
112
113
301
302
303
305
306
311
312
313
314
321
322

323

image pickup apparatus

lens (optical image forming system)

mechanical shutter

imaging plane

readout line

drain line

AD converter

buffer memory

image signal processor

monitor

timing controller

power supply
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trigger signal generator
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WHAT IS CLAIMED IS:

1. An image sensor comprising two-dimensionally arranged
pixels for image sensing operations and outputting an image signal,
each of the pixels having:

a photoelectric conversion section that outputs light as
signal charges;

a plurality of image signal recording elements that
accumulate a plurality of signal charges output from the
photoelectric conversion section at a plurality of different image
pickup timings in a series of image pickup operations;

the plurality of image signal recording elements being
adapted to respectively accumulate a plurality of integrated signal
charges obtained by adding a plurality of signal charges output
from the photoelectric conversion section at a plurality of
different image pickup timings in another series of image pickup
operations respectively to the plurality of signal charges
accumulated in the image signal recording elements; and

output an image signal according to the plurality of

integrated signal charges.

2. The sensor according to claim 1, wherein

the plurality of image signal recording elements are a CCD
memory comprising a plurality of transfer stages; and

the CCD memory has:

an input transfer stage into which a signal charge is injected
and a final transfer stage that is the final stage in the transfer
direction of the CCD memory arranged side by side so as to make

it possible for a transfer operation to take place from the final
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transfer stage to the input transfer stage.

3. The sensor according to claim 2, wherein

the CCD memory has:

a plurality of parallel lines formed by a plurality of
linearly arranged transfer stages in such a way that the transfer

directions of adjacent lines are opposite relative to each other.

4. The sensor according to claim 3, wherein

the channel of each transfer stage of the CCD memory includes:

a first doped region that shows an impurity concentration
selected so as to form a potential well in the channel when a
predetermined voltage is applied to transfer electrodes formed on
the channel by way of an oxide film and a second doped region that
forms a potential well deeper than the first doped region when the
voltage is applied;

the direction directed from the first doped region to the
second doped region at a transfer stage on one of two adjacent lines
and the direction directed from the first doped region to the second
doped region on the other line being opposite relative to each other;
and

the transfer stage at the tail end in the transfer direction
of the upstream side line located at the upstream side of the
transfer direction of one of the two adjacent lines and the transfer
stage at the starting point in the transfer direction of the
downstream side line located at the downstream side of the transfer
direction of the other line being

connected at a transfer stage having the first doped region

at the side of the upstream side line and the second doped region
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at the side of the downstream side line.

5. The sensor according to claim 3, wherein

the CCD memory is a 4-phase CCD or a 3-phase CCD; and

two wires are used, one for mutually connecting the transfer
electrodes located respectively at the upstream sidés in the
transfer directions of two adjacent lines and the other for mutually
connecting the transfer electrodes located respectively at the
downstream sides in the transfer directions of the two adjacent
lines

out of the continuously arranged two transfer electrodes to
be used on one of the adjacent two lines and the continuously
arranged two transfer electrodes to be used on the other line;

the two wires crossing each other between the two lines.

6. The sensor according to claim 5, wherein

the CCD memory includes three or more lines, of which any
two adjacent lines show opposite transfer directions; and

the transfer electrodes on each of the three or more lines
are made to be electrically common by forming the two wires between

adjacent ones of the three or more lines.

7. The sensor according to any one of claims 2 through
6, wherein

the CCD memory has two different operation modes for transfer
operations including:

an overwrite mode for an operation of not transferring any
signal charge from the final transfer stage to the input transfer

stage; and
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an accumulation mode for an operation of transferring from
the final transfer stage to the input transfer stage and
subsequently injecting the signal charge output from the

photoelectric conversion section into the input transfer stage.

8. A sensor according to any one of claims 2 through 7,
wherein

a gate for discharging the signal charges exceeding a
predetermined quantity to the outside of the CCD memory is connected

to a transfer stage in the CCD memory.

9. An image pickup apparatus for acquiring image signals
by means of the image sensor according to any one of claims 1 through

8.

10. A semiconductor device using a CCD comprising a
plurality of lines formed by a plurality of linearly arranged
transfer stages in such a way that the transfer directions of
adjacent lines are opposite relative to each other, wherein

the channel of the CCD includes:

a first doped region that shows an impurity concentration
selected so as to form a potential well in the channel when a
predetermined voltage is applied to the transfer electrodes formed
on the channel by way of an oxide film and a second doped region
that forms a potential well deeper than the first doped region when
the voltage is applied;

the direction directed from the first doped region to the
second doped region at a transfer stage on one of two adjacent lines

and the direction directed from the first doped region to the second
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doped region on the other line being opposite relative to each other;
and

the transfer stage at the tail end in the transfer direction
of the upstream side line located at the upstream side of the
transfer direction of one of the two adjacent lines and the transfer
stage at the starting point in the transfer direction of the
downstream side line located at the downstream side of the transfer
direction of the other line being

connected at a transfer stage having the first doped region
at the side of the upstream side line and the second doped region

at the side of the downstream side line.

11. A semiconductor device using a CCD comprising a
plurality of parallel lines formed by a plurality of linearly
arranged transfer stages in such a way that the transfer directions
of adjacent lines are opposite relative to each other,

the CCD being a 4-phase CCD or a 3-phase CCD; wherein

two wires are used, one for mutually connecting the transfer
electrodes located respectively at the upstream sides in the
transfer directions of two adjacent lines and the other for mutually
connecting the transfer electrodes located respectively at the
downstream sides in the transfer directions of the two adjacent
lines

out of the continuously arranged two transfer electrodes to
be used on one of the adjacent two lines and the continuously
arranged two transfer electrodes to be used on the other line; and

the two wires crossing each other between the two lines.

12. An image sensing method of using an image sensor having
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two-dimensionally arranged pixels for converting light into signal
charges, each pixel being provided with a plurality of image signal
recording elements for storing the signal charges obtained by a
single image pickup operation, and adapted to store a plurality
of signal charges obtained at a plurality of image pickup timings
for each pixel, and output image signals according to the plurality
of signal charges, the method comprising:

an overwrite step of conducting image pickup operations for
a number of times equal to the number of the image signal recording
elements of each pixel from a state where the plurality of image
signal recording elements are reset and injecting the signal charges
obtained by each image pickup operation into the image signal
recording elements for accumulation;

an accumulation step of conducting image pickup operations
once again for a number of times equal to the number of the image
signal recording elements of each pixel after the overwrite step
and newly accumulating the integrated signal charges obtained by
injecting the signal charges obtained by each image pickup operation
into the image signal recording elements and adding them to the
signal charges already accumulated in the image signal recording
elements; and

a read step of reading out the accumulated integrated signal
charges from the image signal recording elements and outputting

image signals according to the integrated signal charges.

13. The method according to claim 12, wherein
the accumulation step is executed for a plurality of times
between the overwrite step and the read step and a plurality of

image pickup operations are conducted in the plurality of
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accumulation steps periodically by referring to the image pickup
timings of the plurality of image pickup operations in the overwrite

step.
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