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(57) Abstract: Disclosed is a WDR pixel array having
high sensitivity under the middle intensity of illumina-
tion and high intensity of illumination by using the 4T
pixel structure representing high sensitivity under the
low intensity of illumination. According to the embodi-
ment, the overflow charges generated under the very
high intensity of illumination are not discarded or par-
tially stored, but read through the 3T pixel operation, so
that the WDR pixel array having high sensitivity under
the middle intensity of illumination and high intensity of
illumination can be obtained based on the 4T pixel
structure without additionally providing a transistor or a
photodiode for the high intensity of illumination in the
WDR pixel array.
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Description
Title of Invention: WDR PIXEL ARRAY, WDR IMAGING
APPARATUS INCLUDING THE SAME AND METHOD FOR

OPERATING THE SAME
Technical Field

The embodiment relates to a WDR (wide dynamic range) pixel array, an imaging
apparatus including the same and a method for operating the same. More particularly,
the embodiment provides a WDR pixel array having high sensitivity under the middle
intensity of illumination and high intensity of illumination by using the 4T pixel
structure representing high sensitivity under the low intensity of illumination.
According to the embodiment, the overflow charges generated under the very high
intensity of illumination are not discarded or partially stored, but read through the 3T
pixel operation, so that the WDR pixel array having high sensitivity under the middle
intensity of illumination and high intensity of illumination can be obtained based on
the 4T pixel structure without additionally providing a transistor or a photodiode for

the high intensity of illumination in the WDR pixel array.
Background Art

A dynamic range is one of important factors to determine the quality of an image
sensor. In general, the dynamic range refers to the maximum range for processing
signals without distorting input signals. In the case of the image sensor, images having
the superior quality can be obtained as the dynamic range becomes widened regardless
of the brightness variation.

However, according to the color image sensor of the related art, the dynamic range is
so narrow that the original color of the image may not be expressed well when one of
red, green and blue colors is saturated. In order to solve the problem caused by the
narrow dynamic range, a WDR (wide dynamic range) pixel has been suggested.

First, there has been suggested a method of realizing the WDR operation by adjusting
irradiation time of the light in the image sensor of the related art.

Second, there has been suggested a method of providing an additional capacitor to
change FD (floating diffusion) capacity, in which a pixel structure includes a transistor
to adjust the additional capacitor so that overflow charges, which are generated from a
PD (photodiode) under the high intensity of illumination as light intensity is increased,
can be stored in the additional capacitor.

Third, there has been suggested a method of providing a WDR pixel, in which two
PDs are installed in one pixel such that charges generated from the two PDs are

combined with each other.
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However, according to the first method, the sensitivity is constant regardless of the
variation of light intensity (that is, high intensity of illumination and low intensity of il-
lumination), so that the image may be darkened under the low intensity of illumination.
In addition, while the pixel is being operated, the timing adjustment for the pixel
operation under the high intensity of illumination may be limited.

Disclosure of Invention

Technical Problem

The embodiment provides a WDR pixel array having high sensitivity under the
middle intensity of illumination and high intensity of illumination by using the 4T
pixel structure representing high sensitivity under the low intensity of illumination, and

a method for operating the WDR pixel array.
Solution to Problem

A method for operating a pixel according to the embodiment includes the steps of
flushing a photo-electro conversion unit and a storage region by applying a reset signal
to a reset switching unit; reducing an integration time required for accumulating
overflow charges generated from the photo-electro conversion unit in the storage
region; reading an overflow signal level of the storage region; draining optical charges
stored in the storage region by applying the reset signal to the reset switching unit;
reading a reset signal level; transferring the stored optical charges from the photo-
electro conversion unit to the storage region by turning on a transfer switching unit;
and reading a signal level of the optical charges transferred to the storage region.

An imaging apparatus according to the embodiment includes a photo-electro
conversion unit on a substrate; a transfer switching unit on the substrate at one side of
the photo-electro conversion unit; a storage region on the substrate at one side of the
transfer switching unit; a plurality of pixels including a reset switching unit on the
substrate at one side of the storage region; and a control circuit reading a signal level
and a reset signal level and applying a signal to the transfer switching unit and the reset
switching unit. The control circuit reduces an integration time required for accu-
mulating overflow charges generated from the photo-electro conversion unit in the
storage region, reads an overflow level of the photo-electro conversion unit, applies a
reset signal to the reset switching unit to drain optical charges stored in the storage
region, reads the reset signal level, turns on the transfer switching unit to transfer the
stored optical charges from the photo-electro conversion unit to the storage region, and

reads a signal level of the optical charges transferred to the storage region.
Advantageous Effects of Invention

According to the embodiment, the overflow charges generated under the very high

intensity of illumination are not discarded or partially stored, but read through the 3T
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pixel operation, so that the WDR pixel array having high sensitivity under the middle
intensity of illumination and high intensity of illumination can be obtained based on
the 4T pixel structure without additionally providing a transistor or a photodiode for
the high intensity of illumination in the WDR pixel array.

Brief Description of Drawings

FIG. 1 is a circuit view of a WDR pixel according to one embodiment;

FIG. 2 is a schematic view for explaining the operation of a photodiode PD, a
transfer transistor TX and a floating diffusion node FD;

FIG. 3 is a timing diagram showing the switching operation of switching devices of a
pixel according to the embodiment;

FIG. 4 is a schematic view showing the potential profile of PD, TX, FD and RX cor-
responding to the switching operation shown in FIG. 3;

FIG. 5 is a schematic view showing quantity of charges generated under the low
intensity, middle intensity, high intensity and very high intensity of illumination;

FIG. 6 is a graph showing an output signal as a function of the light intensity of a
pixel array according to one embodiment in the 4T operation section and the 3T
operation section;

FIG. 7 is a graph obtained by combining the 4T operation section and the 3T
operation section shown in FIG. 6;

FIG. 8 is a flowchart showing the procedure for operating a pixel array according to
the embodiment;

FIG. 9 is a block view showing the structure of an imaging apparatus according to
one embodiment;

FIG. 10 is a timing diagram showing a method for operating switching devices to
expand the dynamic range having the linear characteristic according to one em-
bodiment;

FIG. 11 is a timing diagram showing a method for operating switching devices to
expand the dynamic range having the linear characteristic according to another em-
bodiment;

FIG. 12 is a graph showing an output signal obtained through a method for operating
a pixel representing the expanded dynamic range having the linear characteristic; and

FIG. 13 is a flowchart showing a method for operating a pixel according to one em-
bodiment.

Mode for the Invention

Hereinafter, the embodiments will be described in detail with reference to the ac-

companying drawings.

FIG. 1 is a circuit view of a WDR pixel 100 according to one embodiment.
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As shown in FIG. 1, the WDR pixel 100 of the embodiment includes a photodiode
PD, a transfer transistor TX, a floating diffusion node FD, a reset transistor RX
provided at one side of the transfer transistor TX, a drive transistor DX and a select
transistor SX.

The photodiode PD is an example of a photo-electro conversion unit according to the
embodiment and receives photo energy to generate and store photo charges.

The transfer transistor TX an example of a transfer switching unit according to the
embodiment and transfers the charges (or optical current) stored in the photodiode PD
to the floating diffusion node FD in response to a control signal input into a gate.

The floating diffusion node FD is an example of a storage region according to the
embodiment and receives the charges generated from the photodiode PD through the
transfer transistor TX to store the charges therein.

The reset transistor RX is an example of a reset switching unit according to the em-
bodiment and is connected between a power supply VDD and the floating diffusion
node FD to drain the charges stored in the floating diffusion node FD to the power
supply VDD in response to a rest signal RST.

The drive transistor DX (or source follower transistor) is an example of a drive
switching unit according to the embodiment and is connected between the power
supply VDD and a first node NA to source-follow the first node NA to the power
supply VDD based on the charges stored in the floating diffusion node FD.

The select transistor SX is an example of a select switching unit according to the em-
bodiment and is connected to the first node NA and an output node ND1 to form an
electric route for the first node NA and the output node ND1 in response to a select
signal SEL.

FIG. 2 is a schematic view for explaining the operation of the photodiode PD, the
transfer transistor TX and the floating diffusion node FD.

The photodiode PD receives the light to store charges 11 (electrons or holes) therein.
The photodiode PD accumulates the charges 11 until the transfer transistor TX is
turned on. However, as shown in FIG. 2, if the light exceeding the maximum capacity
of the photodiode PD is received in the photodiode PD, the charges may overflow a
channel potential barrier 12 of the transfer transistor TX kept in the turn-off state. This
phenomenon is called "blooming". One of important functions of the transfer transistor
TX is an anti-blooming function for preventing the charges from spreading to pho-
todiodes of other pixels by overflowing the channel potential barrier 12 of the transfer
transistor TX kept in the turn-off state. The intensity of overflow charges may not be
read, and this limits the dynamic range under the high intensity of illumination in the
related art.

However, according to the embodiment, the dynamic range can be expanded by
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reading the overflow charges. Different from the related art, the overflow charges are
not drained, but collected to read the signal level of the overflow charges, so that the
light having the high intensity of illumination can be read. Thus, according to the em-
bodiment, the wide dynamic range can be realized by reading the overflow charges.

FIG. 3 is a timing diagram showing the switching operation of the transfer transistor,
the reset transistor RX, and the select transistor SX according to the embodiment, and
FIG. 4 is a schematic view showing the potential profile of the photodiode PD, the
transfer transistor TX, the floating diffusion node FD and the reset transistor RX corre-
sponding to the switching operation shown in FIG. 3.

Referring to FIGS. 3 and 4, in the PD flush step (a), the transfer transistor TX and the
reset transistor RX are turned on so that all charges remaining in the photodiode PD
and the floating diffusion node FD are drained. Then, the transfer transistor TX and the
reset transistor RX are turned off to perform the charge integration process. During the
charge integration process, the overflow charges may be generated and there is
variation in the quantity of the overflow charges depending on the light intensity, such
as the low intensity, middle intensity, high intensity and very high intensity of illu-
mination. FIG. 4(b) represents the middle intensity of illumination and FIG. 5
represents the low intensity, middle intensity, high intensity and very high intensity of
illumination.

In the overflow signal level reading step (b), the level of the overflow signal
transferred from the photodiode PD to the floating diffusion node FD is read. In the
typical 4T pixel operation, that is, when four transistors TX, RX, SX and DX are used,
the charges accumulated in the floating diffusion node FD is drained to the power
supply VDD before the reset signal level of the floating diffusion node FD is read.
However, according to the embodiment, the overflow charges transferred from the
photodiode PD to the floating diffusion node FD are not drained, but read through the
typical 3T pixel operation, in which the transfer transistor TX is not used. Different
from the 3T pixel operation of the related art, according to the embodiment, the signal
level of the overflow charges transferred to the floating diffusion node FD from the
photodiode PD is read without reading the signal level of the charges accumulated in
the photodiode PD.

Meanwhile, in order to read the signal level of the overflow charges, the select
switching unit SX is turned on earlier than the related art. In detail, the select switching
unit SX is turned on before the reset transistor RX is turned on to read the FD reset
signal level.

In the FD reset step (c), the reset transistor RX is turned on to drain all charges of the
floating diffusion node FD. In the reset signal level reading step (d), the FD reset

signal level is read.
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In the PD signal transfer step (e), the transfer transistor TX is turned on to transfer
the charges accumulated in the photodiode PD to the floating diffusion node FD and
then the transfer transistor TX is turned off. In the signal level reading step (f), the FD
signal level is read.

Steps (b), (c) and (d) correspond to the 3T pixel operation, and steps (d), (e) and (f)
correspond to the 4T pixel operation. Since the 3T pixel operation and the 4T pixel
operation are performed in one pixel, the above operation may be referred to as a
hybrid pixel operation scheme.

In the above operation, the signal levels are read three times, in which the signal
difference between the overflow signal level and the reset signal level becomes the
actual overflow signal level and the signal difference between the reset signal level and
the PD signal level becomes the actual PD signal level.

FIG. 6 is a graph showing an output signal as a function of the light intensity of the
pixel array according to one embodiment in the 4T operation section and the 3T
operation section.

The first section shown in FIG. 6 is subject to the low intensity of illumination or the
normal intensity of illumination where the overflow charges are not generated from the
photodiode PD, so the general 4T operation is performed. At this time, a linear signal
level 21 is detected until it reaches the maximum capacity of the photodiode PD. The
3T operation is performed in the second and third sections, in which a signal level 22
represents the linear characteristic in the early stage and then represents the log charac-
teristic converged to the asymptotic line 23 after the reset transistor RX has been
turned on. In detail, the overflow charges start to generate from the photodiode PD in
the second section. According to the embodiment, as described above, the overflow
charges generated from the photodiode PD are not discarded, but the signal level of the
overflow charges is read. The third section starts after the overflow charges have been
fully filled in the storage region and represents the sub-threshold behavior before the
reset transistor RX is turned on. Thus, the output signal is very slowly increased in the
vicinity of the turn-on of the reset transistor RX and represents the log characteristic
converged to the asymptotic line 23. In other words, even if the light having the high
intensity is incident, the output signal is converged to the asymptotic line 23 due to the
sub-threshold behavior of the reset transistor RX without exceeding the maximum
capacity of the photo-electro conversion unit (that is, the photodiode PD), so the
dynamic range can be expanded as wide as possible.

FIG. 7 is a graph showing the expanded dynamic range of the pixel array according
to one embodiment. A line 24 shown in the graph of FIG. 7 is obtained by combining
the line 21 of the 4T operation and the line 22 of the 3T operation shown in FIG. 6.

As shown in FIG. 7, the signal represents the linear characteristicin the first and
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second sections, and represents the log characteristic converged to the asymptotic line
23 in the third section. It can be understood from FIG. 7 that the dynamic range is re-
markably expanded as compared with that of the related art.

The signal level shown in FIG. 7 may be obtained through the single exposure, other
than the dual exposure, so the operational speed may be faster than that of the
technology realizing the WDR through the multiple exposure. Thus, the WDR pixel
can easily realize the high speed frame rate under the higher resolution.

In addition, since the same storage region, that is, the same floating diffusion node
FD is used when reading the signal level of the overflow signal, the linearity can be
constantly maintained when combining the signal having the low intensity of illu-
mination with the signal having the high intensity of illumination. In addition, the 4T
pixel operation using the transfer transistor TX is used when reading the signal level of
the photodiode PD, the quality of the image having the low intensity of illumination
can be ensured.

FIG. 8 is a flowchart showing the procedure for operating a pixel array according to
the embodiment.

In step S11, the transfer transistor TX and the reset transistor RX are turned on to
drain all charges of the floating diffusion node FD and the photodiode PD and then the
transfer transistor TX and the reset transistor RX are turned off to start the integration
process.

In step S12, the signal level of the overflow charges of the photo-electro conversion
unit is read.

In step S13, the reset transistor RX is turned on to drain the charges stored in the
storage region.

In step S14, the reset signal level of the storage region is read.

In step S15, the transfer transistor TX is turned on to transfer the charges stored in
the photo-electro conversion unit to the storage region.

In step S16, the signal level of the charges transferred to the storage region is read.

After the process for reading the signal level has been completed, the difference
between the overflow signal level and the reset signal level becomes the actual
overflow signal level and the difference between the reset signal level and the PD
signal level becomes the actual PD signal level.

The method for operating the pixel according to the embodiment may be employed
in the pixel array 100 of an imaging apparatus 200 as shown in FIG. 9. The pixel array
100 includes a plurality of pixels, which are configured and operated according to at
least one of the embodiments described above. The pixels are arranged in the form of a
matrix including columns and rows. A signal processing circuit is connected to the

pixel array 100 and a part of the signal processing circuit is formed on a substrate. The
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pixel in each row of the pixel array 100 is turned on at the same time by the row
selection line and selectively output by each column selection line. A plurality of row
lines and column lines are provided in the pixel array 100. The row lines are se-
lectively activated by the row driver 212 according to a row address decoder 211.
Thus, the row and column addresses are provided for each pixel.

The CMOS imaging apparatus 200 is operated by a control circuit 210, which
controls address decoders 211 and 214 in order to select proper row and column lines
to apply the control voltage to the transfer and reset transistor. In addition, the control
circuit 210 controls row and column driver circuits 212 and 213 to apply the driving
voltage to the drive transistor of selected row and column lines. A pixel column signal
including an overflow level signal Vsig_3T, a pixel reset signal Vrst, and a pixel image
signal Vsig 4T is read by a sample/hold circuit 215.

The actual overflow level signal and the actual pixel image signal are calculated
through differential amplifiers 216 and 217 based on the signal read by the sample/
hold circuit 215. In detail, when the overflow signal level is read, a switch SW1 is
turned on, so that the overflow level signal Vsig 3T is output. In addition, when the
reset signal level is read, a switch SW2 is turned on, so that the reset level signal Vrst
is output. Further, when the signal level is read, a switch SW3 is turned on, so that the
signal level Vsig_4T is output. The first differential amplifier 216 calculates the actual
overflow signal level Vrst-Vsig 3T and the second differential amplifier 217 calculates
the actual signal level Vrst-Vsig 4T based on the output signals. The calculated actual
signals are combined by a summer 218 and then output. The signals combined by the
summer 218 represent the output shown in the graph of FIG. 7.

The signals output through the summer 216 are digitalized through an analog-digital
converter 220. The analog-digital converter 220 supplies digital pixel signals to an
image processor 230 that forms and outputs digital images.

Meanwhile, although the method for operating the pixel according to the above em-
bodiments can expand the dynamic range as compared with the related art, as
described above with reference to FIG. 7, the output signal may represent the log char-
acteristic when the charges are fully filled in the floating diffusion node FD. That is,
the output signal represents the log characteristic in and after the third section. If the
log characteristic is represented in the sections, the processing algorism of the image
processor 230 of the imaging apparatus 200 becomes complex. Thus, in order to fa-
cilitate the signal processing, it is preferred to expand the dynamic range while
ensuring the linearity of the output signal.

If the gradient of the section representing the linear characteristic in the 3T operation
sections of FIG. 7 is lowered, that is, if the gradient of the second section is lowered,

the dynamic range representing the linearity can be expanded. According to one em-
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bodiment, the dynamic range representing the linearity can be expanded by reducing
the overflow integration time for accumulating the overflow charges in the photodiode
PD.

FIG. 10 is a timing diagram showing a method for operating switching devices to
expand the dynamic range having the linear characteristic according to one em-
bodiment.

As shown in FIG. 10, the reset transistor RX and the transfer transistor TX are turned
on for the purpose of PD and FD flush (a) and the reset transistor RX is turned on one
more before the overflow charges generated from the photodiode PD are accumulated
in the storage region. Then, the charges accumulated in the storage region are drained
once and the overflow integration process is performed. If the reset transistor RX is not
turned on one more, that is, in the case of the embodiment shown in FIG. 3, the in-
tegration time for integrating the overflow charges in the storage region is T1+T2.
However, if the reset transistor RX is turned on one more, the overflow integration
time T2 may be reduced. According to the above structure, the dynamic range rep-
resenting the linear characteristic can be expanded, which will be described later.

The subsequent processes are the same as the processes described with reference to
FIG. 3.

FIG. 11 is a timing diagram showing a method for operating switching devices to
expand the dynamic range having the linear characteristic according to another em-
bodiment.

As shown in FIG. 11, the reset transistor RX is turned on for the purpose of PD and
FD flush (a) and the turn-on state of the reset transistor RX is maintained for a prede-
termined interval T3. Since the reset transistor RX is turned on, the overflow charges
are not integrated in the storage region. The overflow charge integration may start after
the reset transistor RX has been turned off.

In FIGS. 10 and 11, T1 and T3 represent the intervals where the overflow integration
time is reduced. If T1 and T3 are increased, the overflow integration interval T2 may
be reduced.

FIG. 12 is a graph showing an output signal obtained through a method for operating
a pixel representing the expanded dynamic range having the linear characteristic.
When comparing with FIG. 7, the dynamic range representing the linearity (that is, the
second section) is expanded in FIG. 12.

In FIG. 10, if the interval T1 between two reset switching signals is enlarged, the
overflow integration interval T2 may be reduced and the gradient O of the second
section in FIG. 12 may be lowered. In this case, the dynamic range representing the
linear characteristic can be more widened. If the interval T1 is narrowed, the overflow

integration interval T2 and the gradient O are increased. In this case, the dynamic range
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representing the linear characteristic can be reduced.

In the same way, if the turn-on interval T3 of the reset switching device RX is
increased in FIG. 11, the overflow integration interval T2 may be reduced and the
gradient O of the second section in FIG. 12 may be lowered. In this case, the dynamic
range representing the linear characteristic can be more widened. If the interval T3 is
narrowed, the overflow integration interval T2 and the gradient O are increased. In this
case, the dynamic range representing the linear characteristic can be reduced.

FIG. 13 is a flowchart showing a method for operating a pixel according to one em-
bodiment.

The steps shown in FIG. 13 are the same as steps S11 to S16 shown in FIG. 8 except
for step S22. When comparing with the steps shown in FIG. 8, step S22 for reducing
the integration time for accumulating the overflow charges in the storage region is
added after the start of the integration process S21. As described above, the overflow
charge integration time can be reduced by turning on the reset switching unit RX one
more as shown in FIG. 10 or increasing the turn-on time of the reset switching unit RX
as shown in FIG. 11.

If the dynamic range representing the linear characteristic is expanded according to
the above procedure, the algorism executed in the image processor can be more
simplified.

Any reference in this specification to one embodiment, an embodiment, example em-
bodiment, etc., means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment of the
invention. The appearances of such phrases in various places in the specification are
not necessarily all referring to the same embodiment. Further, when a particular
feature, structure, or characteristic is described in connection with any embodiment, it
is submitted that it is within the purview of one skilled in the art to effect such feature,
structure, or characteristic in connection with other ones of the embodiments.

Although embodiments have been described with reference to a number of il-
lustrative embodiments thereof, it should be understood that numerous other modi-
fications and embodiments can be devised by those skilled in the art that will fall
within the spirit and scope of the principles of this disclosure. More particularly,
various variations and modifications are possible in the component parts and/or ar-
rangements of the subject combination arrangement within the scope of the disclosure,
the drawings and the appended claims. In addition to variations and modifications in
the component parts and/or arrangements, alternative uses will also be apparent to
those skilled in the art.
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Claims

A method for operating a pixel, the method comprising:

flushing a photo-electro conversion unit and a storage region by
applying a reset signal to a reset switching unit;

reducing an integration time required for accumulating overflow
charges generated from the photo-electro conversion unit in the storage
region;

reading an overflow signal level of the storage region;

draining optical charges stored in the storage region by applying the
reset signal to the reset switching unit;

reading a reset signal level;

transferring the stored optical charges from the photo-electro
conversion unit to the storage region by turning on a transfer switching
unit; and

reading a signal level of the optical charges transferred to the storage
region.

The method of claim 1, wherein the reducing of the integration time
required for accumulating the overflow charges in the storage region
includes applying again the reset signal to the reset switching unit after
flushing the photo-electro conversion unit and the storage region.

The method of claim 1, wherein the reducing of the integration time
required for accumulating the overflow charges in the storage region
includes maintaining a turn-on state of the reset switching unit, which
has been turned on when flushing the photo-electro conversion unit and
the storage region, for a predetermined time.

The method of claim 1, wherein the reading of the overflow level is
omitted if an overflow charge is not generated in the photo-electro
conversion unit.

The method of claim 1, further comprising:

forming a first signal level based on the overflow signal level and the
reset signal level;

forming a second signal level based on the reset signal level and the
signal level of the storage region; and

outputting the first and second signal levels.

An imaging apparatus comprising:

a photo-electro conversion unit on a substrate;

a transfer switching unit on the substrate at one side of the photo-
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electro conversion unit;

a storage region on the substrate at one side of the transfer switching
unit;

a plurality of pixels including a reset switching unit on the substrate at
one side of the storage region; and

a control circuit reading a signal level and a reset signal level and
applying a signal to the transfer switching unit and the reset switching
unit,

wherein the control circuit reduces an integration time required for ac-
cumulating overflow charges generated from the photo-electro
conversion unit in the storage region, reads an overflow level of the
photo-electro conversion unit, applies a reset signal to the reset
switching unit to drain optical charges stored in the storage region,
reads the reset signal level, turns on the transfer switching unit to
transfer the stored optical charges from the photo-electro conversion
unit to the storage region, and reads a signal level of the optical charges
transferred to the storage region.

The imaging apparatus of claim 6, wherein the control circuit applies
again a reset signal to the reset switching unit before reading the
overflow level of the photo-electro conversion unit to reduce the in-
tegration time required for accumulating the overflow charges in the
storage region.

The imaging apparatus of claim 6, wherein the control circuit maintains
a turn-on state of the reset switching unit for a predetermined time
before reading the overflow level of the photo-electro conversion unit
to reduce the integration time required for accumulating the overflow
charges in the storage region.

The imaging apparatus of claim 6, wherein the control circuit omits the
reading of the overflow level if an overflow charge is not generated in
the photo-electro conversion unit.

The imaging apparatus of claim 6, wherein the control circuit forms a
first signal level based on the overflow signal level and the reset signal
level, forms a second signal level based on the reset signal level and the
signal level of the storage region, and outputs the first and second

signal levels.
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