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Description

Title of Invention: IMAGING WITH AMBIENT LIGHT SUB-
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TRACTION
Technical Field

This application relates generally image sensors. More specifically, this application
relates to a time-of-flight image sensor having imaging with ambient light subtraction.
Background Art

Image sensing devices typically include an image sensor, generally implemented as
an array of pixel circuits, as well as signal processing circuitry and any associated
control or timing circuitry. Within the image sensor itself, charge is collected in a pho-
toelectric conversion device of the pixel circuit as a result of impinging light. There are
typically a very large number of individual photoelectric conversion devices (e.g. tens
of millions), and many signal processing circuitry components working in parallel.
Various components within the signal processing circuitry are shared by a large
number of photoelectric conversion devices; for example, a column or multiple
columns of photoelectric conversion devices may share a single analog-to-digital
converter (ADC) or sample-and-hold (S/H) circuit.

In photography applications, the outputs of the pixel circuits are used to generate an
image. In addition to photography, image sensors are used in a variety of applications
which may utilize the collected charge for additional or alternative purposes. For
example, in applications such as game machines, autonomous vehicles, telemetry
systems, factory inspection, gesture controlled computer input devices, and the like, it
may be desirable to detect the depth of various objects in a three-dimensional space
and/or detect an amount of light reflected off the various objects in the same three-
dimensional space.

Moreover, some image sensors support pixel binning operations. In binning, input
pixel values from neighboring pixel circuits are averaged together with or without
weights to produce an output pixel value. Binning results in a reduced resolution or
pixel count in the output image, and may be utilized so as to permit the image sensor to
operate effectively in low light conditions or with reduced power consumption.
Summary of Invention

Various aspects of the present disclosure relate to devices, methods, and systems
having imaging with ambient light subtraction therein. Specifically, the present
disclosure is directed to Frame Double Data Sampling (DDS) that enables the sub-
traction of ambient light by performing two integrations -- one integration with the il-

lumination source off, and a second integration with the illumination source on. Frame
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DDS processing further separates the illumination signal from ambient light as well as
fixed pattern noise due to pixel (mainly source follower offset) and readout electronics.
The illumination signal, reflected from the object, may then be used to detect object
features.

In one aspect of the present disclosure, a time-of-flight imaging sensor is provided.
The time-of-flight imaging sensor includes a pixel array including a plurality of pixel
circuits, a control circuit, and a signal processing circuit. Respective pixel circuits of
the plurality of pixel circuits individually include a photoelectric conversion device
and a floating diffusion. The control circuit configured to control a first reset of re-
spective floating diffusions in the respective pixel circuits and control a second reset of
the respective floating diffusions. The signal processing circuit is configured to read
out a first data signal from the respective floating diffusions during a first frame, the
first frame being after the first reset and after a first integration of respective photo-
electric conversion devices in the respective pixel circuits while a light generator is in a
non-emission state, read out a second data signal from the respective floating
diffusions during a second frame, the second frame being after the second reset and
after a second integration of the respective photoelectric conversion devices while the
light generator is in an emission state, and generate a third data signal by subtracting
the first data signal from the second data signal, the third data signal being indicative
of a light signal emitted by the light generator and reflected off an object.

In another aspect of the present disclosure, a method for operating a time-of-flight
image sensor is provided. The method includes reading out, with a signal processing
circuit, a first data signal from respective floating diffusions of respective pixel circuits
from a plurality of pixel circuits during a first frame, the first frame being after a first
reset of the respective floating diffusions and after a first integration of respective pho-
toelectric conversion devices of the respective pixel circuits while a light generator is
in a non-emission state, wherein each of the respective floating diffusions is elec-
trically connected to only one of the respective photoelectric conversion devices. The
method includes reading out, with the signal processing circuit, a second data signal
from the respective floating diffusions during a second frame, the second frame being
after a second reset of the respective floating diffusions and after a second integration
of the respective photoelectric conversion devices while the light generator is in an
emission state. The method also includes generating, with the signal processing circuit,
a third data signal by subtracting the first data signal from the second data signal, the
third data signal being indicative of a light signal emitted by the light generator and
reflected off an object.

In yet another aspect of the present disclosure, a system is provided. The system

includes a light generator configured to emit a light wave and a time-of-flight image
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sensor. The time-of-flight imaging sensor includes a pixel array including a plurality of
pixel circuits, a control circuit, and a signal processing circuit. Respective pixel circuits
of the plurality of pixel circuits individually include a photoelectric conversion device
and a floating diffusion. The control circuit configured to control a first reset of re-
spective floating diffusions in the respective pixel circuits, control a second reset of the
respective floating diffusions, and control the light generator. The signal processing
circuit is configured to read out a first data signal from the respective floating
diffusions during a first frame, the first frame being after the first reset and after a first
integration of respective photoelectric conversion devices in the respective pixel
circuits while a light generator is in a non-emission state, read out a second data signal
from the respective floating diffusions during a second frame, the second frame being
after the second reset and after a second integration of the respective photoelectric
conversion devices while the light generator is in an emission state, and generate a
third data signal by subtracting the first data signal from the second data signal, the
third data signal being indicative of a light signal emitted by the light generator and

reflected off an object.
In this manner, the above aspects of the present disclosure provide for improvements

in at least the technical field of object feature detection as well as in related technical
fields of imaging, image processing, and the like.

This disclosure can be embodied in various forms, including hardware or circuits
controlled by computer-implemented methods, computer program products, computer
systems and networks, user interfaces, and application programming interfaces; as well
as hardware-implemented methods, signal processing circuits, image sensor circuits,
application specific integrated circuits, field programmable gate arrays, and the like.
The foregoing summary is intended solely to give a general idea of various aspects of
the present disclosure, and does not limit the scope of the disclosure in any way.
Brief Description of Drawings

These and other more detailed and specific features of various embodiments are more
fully disclosed in the following description, reference being had to the accompanying
drawings, in which:

[fig. 1]FIG. 1 is a diagram illustrating an exemplary time-of-flight (TOF) imaging en-
vironment according to various aspects of the present disclosure;

[fig.2]FIG. 2 is a circuit diagram illustrating an exemplary pixel circuit according to
various aspects of the present disclosure;

[fig.3]FIG. 3 is a circuit diagram illustrating an exemplary TOF image sensor
according to various aspects of the present disclosure;

[fig.4]FIG. 4 is a diagram illustrating an exemplary process for ambient light sub-
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traction according to various aspects of the present disclosure; and

[fig.5]FIG. 5 is a flowchart illustrating a method for operating the exemplary TOF
imaging system of FIG. 1.

Description of Embodiments

In the following description, numerous details are set forth, such as flowcharts, data
tables, and system configurations. It will be readily apparent to one skilled in the art
that these specific details are merely exemplary and not intended to limit the scope of
this application.

Moreover, while the present disclosure focuses mainly on examples in which the
processing circuits are used in image sensors, it will be understood that this is merely
one example of an implementation. It will further be understood that the disclosed,
devices, methods, and systems may be used in any device in which there is a need to
detect object features (for example, facial detection).

Imaging System

FIG. 1 is a diagram illustrating an exemplary time-of-flight (TOF) imaging en-
vironment 100 according to various aspects of the present disclosure. In the example of
FIG. 1, the TOF imaging environment 100 includes a TOF imaging system 101 that is
configured to image an object 102 located a distance d away. The TOF imaging system
101 includes a light generator 111 configured to generate an emitted light wave 120
toward the object 102 and an image sensor 112 configured to receive a reflected light
wave 130 from the object 102. The emitted light wave 120 may have a periodic
waveform. The image sensor 112 may be any device capable of converting incident
radiation into signals. For example the image sensor may be a Complementary Metal-
Oxide Semiconductor (CMOS) Image Sensor (CIS), a Charge-Coupled Device (CCD),
and the like. The TOF imaging system 101 may further include distance determination
circuitry such as a controller 113 (for example, a microprocessor or other suitable
processing device) and a memory 114, which may operate to perform one or more
examples of object feature detection processing (e.g., facial detection) and/or time-
of-flight processing as described further below. The light generator 111, the image
sensor 112, the controller 113, and the memory 114 may be communicatively
connected to each other via one or more communication buses.

The light generator 111 may be, for example, a light emitting diode (LED), a laser
diode, or any other light generating device or combination of devices, and the light
waveform may be controlled by the controller 113. The light generator may operate in
the infrared range so as to reduce interference from the visible spectrum of light,
although any wavelength range perceivable by the image sensor 112 may be utilized.

In some examples, the controller 113 may be configured to receive a light intensity
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image from the image sensor 112 in which ambient light has been subtracted from the
light intensity image, and detect features of the object 102 with the light intensity
image. For example, the light intensity image may be an IR or near-IR light intensity
image for detection of facial features. Additionally, in some examples, the controller
113 may also be configured to receive a depth image from the image sensor and
calculate a depth map indicative of the distance d to various points of the object 102.

FIG. 2 is a circuit diagram illustrating an exemplary pixel circuit 200 according to
various aspects of the present disclosure. As shown in FIG. 2, the pixel circuit 200
includes a photoelectric conversion device 201 (e.g., a photodiode), a pixel reset
transistor 202, a first transfer transistor 203a, a second transfer transistor 203b, a first
floating diffusion FDa, a second floating diffusion FDb, a first tap reset transistor 204a,
a second tap reset transistor 204b, a first intervening transistor 205a, a second in-
tervening transistor 205b, a first amplifier transistor 206a, a second amplifier transistor
206b, a first selection transistor 207a, and a second selection transistor 207b. The pho-
toelectric conversion device 201, the first transfer transistor 203a, the first tap reset
transistor 204a, the first intervening transistor 205a, the first amplifier transistor 206a,
and the first selection transistor 207a are controlled to output an analog signal (A) via a
first vertical signal line 208a, which may be an example of the vertical signal line 313a
illustrated in FIG. 3 below. This set of components may be referred to as “Tap A.” The
photoelectric conversion device 201, the second transfer transistor 203b, the second tap
reset transistor 204b, the second intervening transistor 205b, the second amplifier
transistor 206b, and the second selection transistor 207b are controlled to output an
analog signal (B) via a second vertical signal line 208b, which may be an example of
the vertical signal line 313b illustrated in FIG. 3 below. This set of components may be
referred to as “Tap B.”

Additionally, in some examples, the pixel circuit 200 may also include two optional
capacitors (optionality illustrated by boxes with dashed lines). The two optional ca-
pacitors include a first capacitor 213a and a second capacitor 213b. The first capacitor
213ais included in Tap A and the second capacitor 213b is included in Tap B. The two
optional capacitors may be used to maximize the saturation charge by shorting the two
optional capacitors to the respective floating diffusions FDa and FDb during charge
collection. For example, when the two optional capacitors are included in the pixel
circuit 200, the first and second intervening transistors 205a and 205b are ON con-
tinuously, and the first and second tap reset transistors 204a and 204b control the
operation of the pixel circuit 200. However, when the two optional capacitors are not
included in the pixel circuit 200, the first and second intervening transistors and the
first and second tap reset transistors 204a and 204b are ON continuously, and the first

and second intervening transistors 205a and 205b control the operation of the pixel
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[0019] The first transfer transistor 203a and the second transfer transistor 203b are
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controlled by control signals on a first transfer gate line 209a and a second transfer
gate line 209b, respectively. The first tap reset transistor 204a and the second tap reset
transistor 204b are controlled by a control signal on a tap reset gate line 210. The first
intervening transistor 205a and the second intervening transistor 205b are controlled by
a control signal on a FD gate line 211. The first selection transistor 207a and the
second selection transistor 207b are controlled by a control signal on a selection gate
line 212. The first and second transfer gate lines 209a and 209b, the tap reset gate line
210, the FD gate line 211, and the selection gate line 212 may be examples of the
horizontal signal lines 312 illustrated in FIG. 3 below.

In operation, the pixel circuit 200 may be controlled in a time-divisional manner such
that, during a first half of a horizontal period, incident light is converted via Tap A to
generate the output signal A; and, during a second half of the horizontal period,
incident light is converted via Tap B to generate the output signal B.

During a light intensity imaging mode, the control signals with respect to the first
transfer gate line 209a and the second transfer gate line 209b turn ON the first transfer
transistor 203a and the second transfer transistor 203b and maintain the ON state of the
first transfer transistor 203a and the second transfer transistor 203b for a predetermined
period of time. During a depth imaging mode, the control signals with respect to the
first transfer gate line 209a and the second transfer gate line 209b turn ON and OFF the
first transfer transistor 203a and the second transfer transistor 203b at a specific
modulation frequency.

While FIG. 2 illustrates the pixel circuit 200 having a plurality of transistors in a
particular configuration, the current disclosure is not so limited and may apply to a
configuration in which the pixel circuit 200 includes fewer or more transistors as well
as other elements, such as additional capacitors (e.g., the two optional capacitors),
resistors, and the like.

FIG. 3 is a circuit diagram illustrating an exemplary TOF image sensor 300
according to various aspects of the present disclosure. The TOF image sensor 300
includes an array 301 of the pixel circuits 200 as described above and illustrated in
FIG. 2. The pixel circuits 200 are located at intersections where horizontal signal lines
318 and vertical signal lines 208a and 208b cross one another. The horizontal signal
lines 318 are operatively connected to a vertical driving circuit 220, also known as a
“row scanning circuit,” at a point outside of the pixel array 301, and carry signals from
the vertical driving circuit 320 to a particular row of the pixel circuits 200. Pixels in a
particular column output analog signals corresponding to respective amounts of

incident light to the vertical signal line 208a and 208b. For illustration purposes, only a
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subset of the pixel circuits 200 are actually shown in FIG. 3; however, in practice the
image sensor 300 may have up to tens of millions of pixel circuits (“megapixels” or
MP) or more.

The vertical signal lines 208a and 208b conduct the analog signals for a particular
column to a column circuit 330, also known as a ““signal processing circuit.” Moreover,
while FIG. 3 illustrates a single readout circuit 331 for all columns, the image sensor
300 may utilize a plurality of readout circuits 331. The analog electrical signals
generated in photoelectric conversion device 201 in the pixel circuit 200 is retrieved by
the readout circuit 231 and is then converted to digital values. Such a conversion
typically requires several circuit components such as sample-and-hold (S/H) circuits,
analog-to-digital converters (ADCs), and timing and control circuits, with each circuit
component serving a purpose in the conversion. For example, the purpose of the S/H
circuit may be to sample the analog signals from different time phases of the
photodiode operation, after which the analog signals may be converted to digital form
by the ADC.

The signal processing circuit may perform Frame DDS operations as described below
in FIG. 4. In some examples, the Frame DDS processing is performed individually
with respect to tap A and tap B. However, in other examples, the two digital outputs
from the Frame DDS processing described below may be added together by the signal
processing circuit to increase the signal-to-noise ratio (SNR).

FIG. 4 is a diagram illustrating an exemplary process 400 for ambient light sub-
traction according to various aspects of the present disclosure. As illustrated in FIG. 4,
the readout circuit 331 may perform the subtraction process 400 of frame double data
sampling (also referred to as “Frame DDS”). Frame DDS also overcomes some pixel
noise related issues by sampling each pixel circuit 200 twice. First, a first reset voltage
V.eset 401 is applied to each pixel circuit 200 to reset the FD. After the first reset
voltage V... 401 is applied, a first integration 402 of the FD is performed with the il-
luminator in a non-emission state. After the first integration 402 of the FD, a first data
voltage V.., 403 of each pixel circuit 200 (that is, the voltage after each pixel circuit
200 has been exposed to light) is sampled and output as a first data signal. After the
first Vg, 403 sampling, a second reset voltage V... 404 is applied to each pixel circuit
200 to reset each pixel circuit 200. After the second reset voltage V. 404 is applied, a
second integration 405 of the FD is performed with the illuminator in an emission
state. After the second integration 405 of the FD, a second data voltage V 4., 406 of
each pixel circuit 200 is sampled and output as a second data signal.

In the Frame DDS, the first data voltage V4., 403 (i.e., the first data signal sampled
during a first frame) is generally equal to ambient light and the second data voltage V

4406 (i.e., the second data signal sampled during a second frame) is equal to ambient
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light and a reflected light signal from the object. Frame DDS is defined by the
following expression:
1) Frame 2 — Frame 1= A = (Slgnal{e2) + enbicnt{ad} ~ amblent{al)

In the above expression, frame 2 is the second data signal and frame 1 is the first data
signal. Additionally, in the above expression, signal(a) is indicative of the light signal
emitted by a light generator and reflected from an object, ambient(a2) is the ambient
light associated with frame 2, and ambient(al) is the ambient light associated with
frame 1. Put simply, the first data signal is subtracted from the second data signal to
output a third data signal that is indicative of a light signal reflected from an object, the
light signal generated by a light generator. The Frame DDS also reduces or eliminates
the fixed pattern noise between frame 2 and frame 1 along with the ambient light sub-
traction.

The column circuit 330 is controlled by a horizontal driving circuit 340, also known
as a “‘column scanning circuit.” Each of the vertical driving circuit 320, the column
circuit 330, and the horizontal driving circuit 340 receive one or more clock signals
from a controller 350. The controller 350 controls the timing and operation of various
image sensor components such that analog signals from the pixel array 301, having
been converted to digital signals in the column circuit 330, are output via an output
circuit 360 for signal processing, storage, transmission, and the like. In some examples,
the controller 350 may be similar to the controller 113 as described above in FIG. 1.

FIG. 5 is a flowchart illustrating a method 500 for operating a TOF imaging sensor
according to various aspects of the present disclosure. The method 500 includes
reading out, with a signal processing circuit, a first data signal from respective floating
diffusions of respective pixel circuits from a plurality of pixel circuits during a first
frame, the first frame being after a first reset of the respective floating diffusions and
after a first integration of respective photoelectric conversion devices of the respective
pixel circuits while a light generator is in a non-emission state, wherein each of the re-
spective floating diffusions is electrically connected to only one of the respective pho-
toelectric conversion devices (at block 501). For example, the readout circuit 331 reads
out a first data signal 403a from respective floating diffusions FD of respective pixel
circuits 200 from a plurality of pixel circuits during a first frame, the first frame being
after a first reset 401 of the respective floating diffusions FD and after a first in-
tegration 402 of respective photoelectric conversion devices 201 of the respective pixel
circuits 200 while a light generator is in a non-emission state, wherein each of the re-
spective floating diffusions FD is electrically connected to only one of the respective
photoelectric conversion devices FD (at block 501). The first data signal is indicative
of ambient light (including fixed pattern noise) during the first frame.

The method 500 includes reading out, with the signal processing circuit, a second
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data signal from the respective floating diffusions during a second frame, the second
frame being after a second reset of the respective floating diffusions and after a second
integration of the respective photoelectric conversion devices while the light generator
is in an emission state (at block 502). For example, the readout circuit 331 reads out a
second data signal 406a from the respective floating diffusions FD during a second
frame, the second frame being after a second reset 404 of the respective floating
diffusions and after a second integration 405 of the respective photoelectric conversion
devices while the light generator is in an emission state. The second data signal is in-
dicative of ambient light (including fixed pattern noise) and a light signal emitted by
the light generator 111 and reflected of an object 102 during the second frame.

The method 500 includes generating, with the signal processing circuit, a third data
signal by subtracting the first data signal from the second data signal, the third data
signal being indicative of a light signal emitted by the light generator and reflected off
an object (at block 503). For example, the readout circuit 331 generates a third data
signal by subtracting the first data signal from the second data signal, the third data
signal being indicative of a light signal emitted by the light generator 111 and reflected
off an object 102.

In some examples, the method 500 may further include outputting, with the signal
processing circuit, the third data signal for light intensity image processing. In other
examples, the method 500 may further include performing, with the signal processing
circuit, light intensity image processing on the third data signal.

In some examples, the respective photoelectric conversion devices 201 may be elec-
trically connected to respective first taps 203a and respective second taps 203b, the re-
spective first taps 203a include the respective floating diffusions as first respective
floating diffusions FDa, and the respective second taps include second respective
floating diffusions FDb. In these examples, the method 500 further includes the
readout circuit 331 reading out a fourth data signal 403b from the second respective
floating diffusions FDb during a third frame, the third frame being after a third reset
401 of the second respective floating diffusions FDb and after a third integration 402
of the respective photoelectric conversion devices 201 while the light generator is in a
non-emission state, reading out a fifth data signal 406b from the second respective
floating diffusions FDb during a fourth frame, the fourth frame being after a fourth
reset 404 of the second respective floating diffusions FDb and after a fourth integration
405 of the respective photoelectric conversion devices 201 while the light generator is
in an emission state, and generating a sixth data signal by subtracting the fourth data
signal from the fifth data signal, the sixth data signal being indicative of the light signal
emitted by the light generator and reflected off the object 102.

The fourth data signal is indicative of ambient light (including fixed pattern noise)
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during the third frame. The fifth data signal is indicative of ambient light (including
fixed pattern noise) and a light signal emitted by the light generator 111 and reflected
of an object 102 during the fourth frame.

Additionally, in some examples, the method 500 may further include the readout
circuit 331 generating a seventh data signal by adding together the third data signal and
the sixth data signal, the seventh data signal being indicative of two light signals
emitted by the light generator and reflected off the object, and outputting the seventh
data signal for light intensity image processing.

In some examples, the method 500 may include the readout circuit 331 reading out
the first data signal from the respective floating diffusions in parallel to reading out the
fourth data signal from the second respective floating diffusions. Alternatively, in other
examples, the method 500 may include the readout circuit 331 reading out the first data
signal from the respective floating diffusions not in parallel to reading out the fourth
data signal from the second respective floating diffusions.

In some examples, the method 500 may include the readout circuit 331 reading out
the second data signal from the respective floating diffusions in parallel to reading out
the fifth data signal from the second respective floating diffusions. Alternatively, in
other examples, the method 500 may include the readout circuit 331 reading out the
second data signal from the respective floating diffusions not in parallel to reading out
the fifth data signal from the second respective floating diffusions.

Conclusion

With regard to the processes, systems, methods, heuristics, etc. described herein, it
should be understood that, although the steps of such processes, etc. have been
described as occurring according to a certain ordered sequence, such processes could
be practiced with the described steps performed in an order other than the order
described herein. It further should be understood that certain steps could be performed
simultaneously, that other steps could be added, or that certain steps described herein
could be omitted. In other words, the descriptions of processes herein are provided for
the purpose of illustrating certain embodiments, and should in no way be construed so
as to limit the claims.

Accordingly, it is to be understood that the above description is intended to be il-
lustrative and not restrictive. Many embodiments and applications other than the
examples provided would be apparent upon reading the above description. The scope
should be determined, not with reference to the above description, but should instead
be determined with reference to the appended claims, along with the full scope of
equivalents to which such claims are entitled. It is anticipated and intended that future
developments will occur in the technologies discussed herein, and that the disclosed

systems and methods will be incorporated into such future embodiments. In sum, it
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should be understood that the application is capable of modification and variation.

All terms used in the claims are intended to be given their broadest reasonable con-
structions and their ordinary meanings as understood by those knowledgeable in the
technologies described herein unless an explicit indication to the contrary is made
herein. In particular, use of the singular articles such as “a,” “the,” “said,” etc. should
be read to recite one or more of the indicated elements unless a claim recites an explicit
limitation to the contrary.

The Abstract of the Disclosure is provided to allow the reader to quickly ascertain the
nature of the technical disclosure. It is submitted with the understanding that it will not
be used to interpret or limit the scope or meaning of the claims. In addition, in the
foregoing Detailed Description, it can be seen that various features are grouped
together in various embodiments for the purpose of streamlining the disclosure. This
method of disclosure is not to be interpreted as reflecting an intention that the claimed
embodiments require more features than are expressly recited in each claim. Rather, as
the following claims reflect, inventive subject matter lies in less than all features of a
single disclosed embodiment. Thus the following claims are hereby incorporated into
the Detailed Description, with each claim standing on its own as a separately claimed

subject matter.
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Claims
A time-of-flight image sensor comprising:
a pixel array including a plurality of pixel circuits, respective pixel
circuits of the plurality of pixel circuits individually including
a photoelectric conversion device, and
a floating diffusion;
a control circuit configured to
control a first reset of respective floating diffusions in the respective
pixel circuits, and
control a second reset of the respective floating diffusions; and
a signal processing circuit configured to
read out a first data signal from the respective floating diffusions during
a first frame, the first frame being after the first reset and after a first in-
tegration of respective photoelectric conversion devices in the re-
spective pixel circuits while a light generator is in a non-emission state,
read out a second data signal from the respective floating diffusions
during a second frame, the second frame being after the second reset
and after a second integration of the respective photoelectric conversion
devices while the light generator is in an emission state, and
generate a third data signal by subtracting the first data signal from the
second data signal, the third data signal being indicative of a light
signal emitted by the light generator and reflected off an object.
The time-of-flight image sensor according to claim 1, wherein the re-
spective photoelectric conversion devices are electrically connected to
respective first taps and respective second taps opposite to the re-
spective first taps, and wherein the respective first taps include the re-
spective floating diffusions as first respective floating diffusions.
The time-of-flight image sensor according to claim 2, wherein the re-
spective second taps include second respective floating diffusions,
wherein the control circuit is further configured to control a third reset
of the second floating diffusion and control a fourth reset of the second
floating diffusion, and wherein the signal processing circuit is further
configured to
read out a fourth data signal from the second respective floating
diffusions during a third frame, the third frame being after the third
reset and after a third integration of the respective photoelectric

conversion devices while the light generator is in a non-emission state,
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read out a fifth data signal from the second respective floating
diffusions during a fourth frame, the fourth frame being after the fourth
reset and after a fourth integration of the respective photoelectric
conversion devices while the light generator is in an emission state,
generate a sixth data signal by subtracting the fourth data signal from
the fifth data signal, the sixth data signal being indicative of the light
signal emitted by the light generator and reflected off the object.

The time-of-flight image sensor according to claim 3, wherein the
signal processing circuit is further configured to

generate a seventh data signal by adding together the third data signal
and the sixth data signal, the seventh data signal being indicative of two
light signals emitted by the light generator and reflected off the object,
and

output the seventh data signal.

The time-of-flight image sensor according to claim 3, wherein the read
out of the first data signal from the respective floating diffusions is in
parallel to the read out of the fourth data signal from the second re-
spective floating diffusions.

The time-of-flight image sensor according to claim 3, wherein the read
out of the first data signal from the respective floating diffusions is not
in parallel to the read out of the fourth data signal from the second re-
spective floating diffusions.

The time-of-flight image sensor according to claim 3, wherein the read
out of the second data signal from the respective floating diffusions is
in parallel to the read out of the fifth data signal from the second re-
spective floating diffusions.

The time-of-flight image sensor according to claim 3, wherein the read
out of the second data signal from the respective floating diffusions is
not in parallel to the read out of the fifth data signal from the second re-
spective floating diffusions.

A method for operating a time-of-flight image sensor, the method
comprising:

reading out, with a signal processing circuit, a first data signal from re-
spective floating diffusions of respective pixel circuits from a plurality
of pixel circuits during a first frame, the first frame being after a first
reset of the respective floating diffusions and after a first integration of
respective photoelectric conversion devices of the respective pixel

circuits while a light generator is in a non-emission state, wherein each
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of the respective floating diffusions is electrically connected to only
one of the respective photoelectric conversion devices;

reading out, with the signal processing circuit, a second data signal
from the respective floating diffusions during a second frame, the
second frame being after a second reset of the respective floating
diffusions and after a second integration of the respective photoelectric
conversion devices while the light generator is in an emission state; and
generating, with the signal processing circuit, a third data signal by sub-
tracting the first data signal from the second data signal, the third data
signal being indicative of a light signal emitted by the light generator
and reflected off an object.

The method to claim 9, wherein the respective photoelectric conversion
devices are electrically connected to respective first taps and respective
second taps, wherein the respective first taps include the respective
floating diffusions as first respective floating diffusions, and wherein
the respective second taps include second respective floating diffusions,
the method further comprising:

reading out, with the signal processing circuit, a fourth data signal from
the second respective floating diffusions during a third frame, the third
frame being after a third reset of the second respective floating
diffusions and after a third integration of the respective photoelectric
conversion devices while the light generator is in a non-emission state;
reading out, with the signal processing circuit, a fifth data signal from
the second respective floating diffusions during a fourth frame, the
fourth frame being after a fourth reset of the second respective floating
diffusions and after a fourth integration of the respective photoelectric
conversion devices while the light generator is in an emission state; and
generating, with the signal processing circuit, a sixth data signal by
subtracting the fourth data signal from the fifth data signal, the sixth
data signal being indicative of the light signal emitted by the light
generator and reflected off the object.

The method according to claim 10, further comprising:

generating, with the signal processing circuit, a seventh data signal by
adding together the third data signal and the sixth data signal, the
seventh data signal being indicative of two light signals emitted by the
light generator and reflected off the object; and

outputting, with the signal processing circuit, the seventh data signal.

The method according to claim 10, wherein reading out the first data
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signal from the respective floating diffusions is in parallel to reading
out the fourth data signal from the second respective floating
diffusions.

The method according to claim 10, wherein reading out the first data
signal from the respective floating diffusions is not in parallel to
reading out the fourth data signal from the second respective floating
diffusions.

The method according to claim 10, wherein reading out the second data
signal from the respective floating diffusions is in parallel to reading
out the fifth data signal from the second respective floating diffusions.
The method according to claim 10, wherein reading out the second data
signal from the respective floating diffusions is not in parallel to
reading out the fifth data signal from the second respective floating
diffusions.

A system comprising:

a light generator configured to emit a light wave; and

a time-of-flight image sensor including a pixel array including a
plurality of pixel circuits, respective pixel circuits of the plurality of
pixel circuits individually including

a photoelectric conversion device, and

a floating diffusion;

a control circuit configured to

control a first reset of respective floating diffusions in the respective
pixel circuits,

control a second reset of the respective floating diffusions, and

control the light generator; and

a signal processing circuit configured to

read out a first data signal from the respective floating diffusions during
a first frame, the first frame being after the first reset and after a first in-
tegration of respective photoelectric conversion devices in the re-
spective pixel circuits while a light generator is in a non-emission state,
read out a second data signal from the respective floating diffusions
during a second frame, the second frame being after the second reset
and after a second integration of the respective photoelectric conversion
devices while the light generator is in an emission state,

generate a third data signal by subtracting the first data signal from the
second data signal, the third data signal being indicative of a light
signal emitted by the light generator and reflected off an object.
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The system according to claim 16, wherein the respective photoelectric
conversion devices are electrically connected to respective first taps
and respective second taps opposite to the respective first taps, and
wherein the respective first taps include the respective floating
diffusions as first respective floating diffusions.

The system according to claim 17, wherein the respective second taps
include second respective floating diffusions, wherein the control
circuit is further configured to control a third reset of the second
floating diffusion and control a fourth reset of the second floating
diffusion, and wherein the signal processing circuit is further
configured to

read out a fourth data signal from the second respective floating
diffusions during a third frame, the third frame being after the third
reset and after a third integration of the respective photoelectric
conversion devices while the light generator is in a non-emission state,
read out a fifth data signal from the second respective floating
diffusions during a fourth frame, the fourth frame being after the fourth
reset and after a fourth integration of the respective photoelectric
conversion devices while the light generator is in an emission state,
generate a sixth data signal by subtracting the fourth data signal from
the fifth data signal, the sixth data signal being indicative of the light
signal emitted by the light generator and reflected off the object.

The system according to claim 18, wherein the signal processing circuit
is further configured to

generate a seventh data signal by adding together the third data signal
and the sixth data signal, the seventh data signal being indicative of two
light signals emitted by the light generator and reflected off the object,
and

output the seventh data signal.

The system according to claim 18, wherein the read out of the first data
signal from the respective floating diffusions is in parallel to the read
out of the fourth data signal from the second respective floating

diffusions.



1/4

WO 2021/187124 PCT/JP2021/008338

[Fig. 1]
100
»
120 130
111
113 ~ _ 2 ) o
T3 — >
o1 = D) :I - ( %_J
—_—
114 112
» d -
FIG. 1
[Fig. 2]
200 -
. 209a 2038 202 203b 209h
I N [ [ Y
i\ T .
e P
2050 l\ | L — 205b
206a o n _I__I_, ———~ 206b
FDa | FDb
207a —— fg S~ 207b
Y, r NN Vg N
A 1) \ Cr ( L
_ My \I ( r \ T
2088 ~~__ & ) ) L__— 208b
Y 210 201 211 212 Y



2/4

WO 2021/187124 PCT/JP2021/008338
[Fig. 3]
_ 300
/320 208a 200 208b 3}18 /301 ‘/‘:
1& PIX ¢ ¢ =K = 9 s - =)
I_ 9 & L —8 [ o & L N N [ o =
S
@]
=
-
0
= *— ¢ o o ¢ ¢ oo - =3
2
o
)
» L ] » [ -
» [ ] [ ] L ]
L] L ] L] L] L
»— —8 o — — —8 * e 8 — -
350
N 331
CTL — READQUT CIRCUIT
330 /|
360 7 >

1

HORIZONTAL DRIVING CIRCUIT

FIG. 3



3/4

PCT/JP2021/008338

WO 2021/187124

[Fig. 4]

00v

v Ol

L0y

- JNIL
Smu> Jasal m«mu> o84
A N ﬁ%\/ A N 3>
_ _ _ _
_ _ _ _
_ _ _ _
_ _ _ _
_ _ _ _
_ _ _ _
_ _ _ _
_ _ _ _
0¥ _ “ ¥0v oy k _ _
_ _ _ _
_ _ _ _
_ _ _ _
_ _ _ _
L L
50 20
NO HOLYNIANTI 440 HOLYNIANT
‘NO NOILYYOILNI ‘NO NOILYHOILNI




4/4

WO 2021/187124 PCT/JP2021/008338
[Fig. 5]
~ 500

&

READ QUT FIRST DATA SIGNAL FROM RESPECTIVE FLOATING
DIFFUSIONS OF RESPECTIVE PIXEL CIRCUITS FROM PLURALITY
OF PIXEL CIRCUITS DURING FIRST FRAME AFTER FIRST RESET

OF RESPECTIVE FLOATING DIFFUSIONS AND AFTER FIRST

INTEGRATION OF RESPECTIVE PHOTOELECTRIC CONVERSION

DEVICES WHILE LIGHT GENERATOR IS IN NON-EMISSION STATE

|

READ OUT SECOND DATA SIGNAL FROM RESPECTIVE FLOATING
DIFFUSIONS DURING SECOND FRAME AFTER SECOND RESET OF | .. 502
RESPECTIVE FLOATING DIFFUSIONS AND AFTER SECOND '
INTEGRATION OF RESPECTIVE PHOTOELECTRIC CONVERSION
DEVICES WHILE LIGHT GENERATOR IS IN EMISSION STATE

l

GENERATE THIRD DATA SIGNAL BY SUBTRACTING FIRST DATA
SIGNAL FROM SECOND DATA SIGNAL, THIRD DATA SIGNAL - 503
BEING INDICATIVE OF LIGHT SIGNAL EMITTED BY LIGHT
GENERATOR AND REFLECTED OFF OBJECT

501

FIG. 5



INTERNATIONAL SEARCH REPORT

International application No

PCT/JP2021/008338

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO1S7/4863 GO1S7/4865
ADD.

GO1S17/10

G01S17/894 HO4N5/369

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

GO1S HOA4N

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, INSPEC, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

paragraphs [0030] - [0031],
[0049], [0053], [0057],
1,3,4

18 August 2011 (2011-08-18)
paragraphs [0077] - [0086],
[0126]; figures 3-7,9-10

paragraphs [0022],
[0047], [0054],
[0088]; figures 1,3-5

[0025] ,

[0112] -

X US 2019/081095 Al (HANZAWA KATSUHIKO [US] 1-20
ET AL) 14 March 2019 (2019-03-14)

[0047] -
[0059]; figures

A US 2011/199002 Al (KAMIYAMA TOMOYUKI [JP]) 1-20

A US 2018/176492 Al (BAMJI CYRUS SOLI [US] 1-20
ET AL) 21 June 2018 (2018-06-21)
[0032],
[0060] - [0069],

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

1 June 2021

Date of mailing of the international search report

11/06/2021

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Metz, Carsten

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/JP2021/008338
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2019081095 Al 14-03-2019 CN 111051917 A 21-04-2020
EP 3679396 Al 15-07-2020
JP 2020533564 A 19-11-2020
US 2019081095 Al 14-03-2019
US 2020119068 Al 16-04-2020
US 2020350349 Al 05-11-2020
WO 2019049685 Al 14-03-2019
US 2011199002 Al 18-08-2011 JP 2010098260 A 30-04-2010
US 2011199002 Al 18-08-2011
WO 2010047247 Al 29-04-2010
US 2018176492 Al 21-06-2018 CN 110121661 A 13-08-2019
EP 3559698 Al 30-10-2019
US 2018176492 Al 21-06-2018
US 2019335124 Al 31-10-2019
WO 2018118541 Al 28-06-2018

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report

