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DELTA VISION SENSOR

REFERENCE TO RELATED APPLICATION

This application is a U.S. National Stage filing of Inter-
national Application PCT/EP2020/061391, filed Apr. 23,
2020, which claims benefit of priority of European Patent
Application Number 19171222.3, filed on Apr. 25, 2019,
each of which is hereby incorporated by reference herein in
its entirety.

FIELD OF INVENTION

The present invention relates to an image sensor and a
method of operating an image sensor. In particular, the
present invention relates to a delta vision sensor and a
respective method.

BACKGROUND ART

In a conventional video camera, an array of photosensi-
tive elements (i.e. an array of pixels) enables capturing of
images at a given frame rate. Newer video standards support
8 megapixels, 33 megapixels, etc. and frame rates of 120
frames per second (fps), 240 fps, 300 fps, etc., thereby
generating video streams of relatively high data rates. In
many scenes, for example when capturing a video stream of
a tennis game, the differences between consecutive frames
may only be relatively small, for example the difference may
relate only to a displacement of a moving racket or of a
flying tennis ball, while the reminder of the scene, such as
the tennis field, may remain essentially unchanged. Thus,
because of the parts of the scene which remain unchanged,
the video stream may comprise highly redundant data.
Processing of the video stream may require highly powerful
video processing devices, for example in order to determine
the trajectory of a flying tennis ball with respect to the tennis
field.

A delta vision sensor transmits pixel level changes only at
the time they occur, thereby providing a low latency event
stream having a low bandwidth. With respect to a conven-
tional camera, the amount of data to be processed is reduced.
Processing of the event stream may be enabled by less
powerful processing devices than required in case of a
conventional video stream.

U.S. Pat. No. 7,728,269 discloses a photoarray which
includes an array of cells. Each cell has a photosensor
generating a sensor signal dependent on a light intensity at
the cell. A first capacitor is charged by a time-derivate of a
current. A threshold detector detects if a voltage over the first
capacitor exceeds a threshold value and generates an output
signal if it does. A discharge device discharges the first
capacitor after occurrence of the output signal. The cell
generates only an event when the incoming light intensity
changes, which reduces the amount of data to be processed.

U.S. Pat. No. 9,961,291 discloses a pixel acquisition
circuit, an image sensor, and an image acquisition system.
The pixel acquisition circuit comprises a photodetection
unit, a filter-amplifier unit, a sample and hold unit, and an
activation control unit. The photodetection unit is operative
to output a first electrical signal corresponding to the light
signal illuminating thereon in real time. The filter-amplifier
unit has its input terminal coupled with the output terminal
of the photodetector, and is operative to perform amplifica-
tion and filtering out the signal component below a fre-
quency threshold on the first electrical signal, so as to output
a second electrical signal. A threshold comparison unit is
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operative to determine whether the second electrical signal
is greater than a first threshold and/or less than a second
threshold, and generate an activation instruction signal when
the second electrical signal is greater than the first threshold
or less than the second threshold. The sample and hold unit
has its output terminal coupled with an interface bus. In
response to receiving an activation instruction signal, the
activation control unit instructs the sample and hold unit to
acquire and buffer the first electrical signal, and sends a
transmission request to the interface bus.

US20160227135 discloses a pixel circuit comprising a
front-end circuit, a transient detector circuit, and an expo-
sure measurement circuit. The front-end circuit comprises a
photodiode and is configured to deliver a photoreceptor
signal derived from a light exposure of the photodiode. The
transient detector circuit is configured to detect a change in
the photoreceptor signal. The exposure measurement circuit
is configured for measuring the photoreceptor signal upon
detection by the transient detector circuit of a change in the
photoreceptor signal.

WO 2015/036592 discloses a dynamic single photodiode
pixel circuit.

Patrick Lichtsteiner et al. disclose a 128x128 120 dB 15
us Latency Asynchronous Temporal Contrast Vision Sensor.

Christian Brandli et al. disclose a 240x180 130 dB 3 us
Latency Global Shutter Spatiotemporal Vision Sensor.

DISCLOSURE OF THE INVENTION

There may be a need for an improved image sensor and
a method of operating an image sensor. In particular, there
may be a need for an improved delta vision sensor. In
particular, there may be a need of an image sensor having an
improved offset residue in the signal path. In particular, there
may be a need of an image sensor having reduced require-
ments as regards the implementation of a capacitor, specifi-
cally having reduced requirements as regards e.g. linearity,
parasitic effects to ground, etc. enabling that a CMOS
capacitor can be used having a higher density than a metal
capacitor used in the prior art. In particular, there may be a
need of an image sensor having a reduced drift rate. In
particular there may be a need for an image sensor having a
reduced number of comparators. In particular there may be
a need for an image sensor having improved pixel density.

Such a need may be met with the subject-matter of the
independent claims. Advantageous embodiments are defined
in the dependent claims.

Ideas underlying embodiments of the present invention
may be interpreted as being based, inter alia, on the follow-
ing observations and recognitions.

An aspect of the invention relates to an image sensor
comprising an arrangement of pixels, the pixels including an
acquisition circuit each, the acquisition circuit including: a
sensor circuit configured to generate a sensor signal depend-
ing on a light signal illuminating a photosensor of the pixel;
a storage circuit configured to store during a storage interval
a stored signal proportional to the sensor signal; and a
comparator circuit configured to generate after the refresh
interval a comparator signal depending on the sensor signal
and the stored signal.

A further aspect of the invention relates to an image
sensor comprising an arrangement of pixels, the pixels
including an acquisition circuit each, the acquisition circuit
including: a sensor circuit configured to generate a sensor
signal depending on a light signal illuminating a photosensor
of the pixel; a storage circuit configured to store during a
storage interval a stored signal proportional to the sensor
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signal; and a comparator circuit configured to generate after
a refresh interval a comparator signal depending on the
sensor signal and the stored signal. The storage circuit
includes at least one amplifier, and the comparator circuit
includes the same at least one amplifier, and the sensor
signal is connected to an input of the at least one amplifier
and wherein the other input of the at least one amplifier is
connected via a capacitor to ground, substrate, or other
common potential.

Various embodiments may preferably implement the fol-
lowing features.

In some embodiment, the storage interval is a reset
interval or a refresh interval. Storing a stored signal propor-
tional to the sensor signal during a storage interval and
comparing the sensor signal with the stored signal after the
storage interval enables to provide a delta vision sensor.

In some embodiments of the image sensor, the stored
signal is connected via a capacitor to ground, substrate, or
other common potential. The capacitor has reduced require-
ments as regards e.g. linearity, parasitic effects to ground,
etc. and enables that a CMOS capacitor can be used having
a higher density than a metal capacitor.

In some embodiments of the image sensor, the storage
circuit includes at least one amplifier or high gain amplifi-
cation stage, wherein an output of the at least one amplifier
or high gain amplification stage provides the stored signal
during the storage interval. The at least one amplifier or high
gain amplification stage may be designed to provide for a
particularly improved stored signal.

In some embodiments of the image sensor, the storage
circuit includes a first amplifier and a second amplifier,
wherein the first amplifier is connected to the sensor signal
and the stored signal, wherein the second amplifier is
connected to the output of the first amplifier and a hysteresis
signal having a predetermined signal level during the storage
interval, wherein a switch connects the output of the second
amplifier to the stored signal during the storage interval, and
wherein the switch disconnects the output of the second
amplifier from the stored signal after the storage interval.
The first amplifier, the second amplifier and the signal level
of the hysteresis signal may be designed to provide for a
particularly improved stored signal.

In some embodiments of the image sensor, the comparator
circuit includes at least one amplifier or high gain amplifi-
cation stage, wherein the comparator signal is generated
after the storage interval additionally depending on a first
offset signal during a first interval and depending on a
second offset signal during a second interval. The at least
one amplifier or high gain amplification stage may be
designed to provide for a particularly improved stored
signal.

In some embodiments of the image sensor, the comparator
circuit includes a first amplifier and a second amplifier,
wherein the first amplifier is connected to the sensor signal
and the stored signal, wherein the second amplifier is
connected to the output of the first amplifier and a hysteresis
signal having after the storage interval a predetermined first
offset signal during a first interval and a predetermined
second offset signal during a second interval, and wherein
the output of the second amplifier is connected to the
comparator signal. The first amplifier, the second amplifier,
the first offset signal and the second offset signal may be
designed to provide for a particularly improved stored
signal.

In some embodiments of the image sensor, the storage
circuit includes at least one amplifier or high gain amplifi-
cation stage, and the comparator circuit includes the same at
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4

least one amplifier or high gain amplification stage. The
pixel density may be improved.

In some embodiments of the image sensor, the storage
circuit includes a first amplifier and a second amplifier, and
wherein the comparator circuit includes the same first ampli-
fier and the same second amplifier. The pixel density may be
improved.

In some embodiments of the image sensor, the acquisition
circuit further includes a first 1 bit storage block connectable
to the comparator signal during a first interval, and a second
1 bit storage block connectable to the comparator signal
during a second interval.

In some embodiments of the image sensor, the acquisition
circuit further includes a first signal line and a second signal
line being associated with the first respectively the second 1
bit storage block, and being connected to source voltage or
being floating depending on the bit stored in the respective
1 bit storage block, and depending on the state of a row line.

In some embodiments of the image sensor, the acquisition
circuit further includes a signal line for refreshing the stored
signal.

In some embodiments of the image sensor, the acquisition
circuit further includes logic gates for refreshing the stored
signal depending on a processing of the comparator signal.

In some embodiments of the image sensor, the acquisition
circuit further includes a readout circuit for reading out the
sensor signal.

In some embodiments of the image sensor, the image
sensor is a metal oxide semiconductor.

In some embodiments, the capacitor is a high density
capacitor, preferably a MOS capacitor or a poly-poly capaci-
tor, wherein more preferably the capacitor has a bottom-
plate shorted to ground, substrate, or other common poten-
tial.

A further aspect of the invention relates to a method of
operating an image sensor comprising an arrangement of
pixels, the pixels including an acquisition circuit each,
preferably according to an aspect as described above, the
method comprising: generating a sensor signal depending on
a light signal illuminating a photosensor of the pixel using
a sensor circuit; storing a stored signal proportional to the
sensor signal during a storage interval in a storage circuit;
and generating after a refresh interval a comparator signal
depending on the sensor signal and the stored signal using a
comparator circuit.

A further aspect of the invention relates to a method of
operating an image sensor comprising an arrangement of
pixels, the pixels including an acquisition circuit each,
preferably operating an image sensor according an aspect as
described above, the method comprising: generating a sen-
sor signal depending on a light signal illuminating a pho-
tosensor of the pixel using a sensor circuit; storing a stored
signal proportional to the sensor signal during a storage
interval in a storage circuit; and generating after a refresh
interval a comparator signal depending on the sensor signal
and the stored signal using a comparator circuit, wherein the
storage circuit includes at least one amplifier, and the
comparator circuit includes the same at least one amplifier,
and wherein the sensor signal is connected to an input of the
at least one amplifier and wherein the other input of the at
least one amplifier is connected via a capacitor to ground,
substrate, or other common potential.

Various embodiments may preferably implement the fol-
lowing features.

In some embodiments of the method, the storing com-
prises providing the stored signal during the storage interval
at an output of the at least one amplifier.
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In some embodiments of the method, the storage circuit
includes a first amplifier and a second amplifier, wherein the
first amplifier is connected to the sensor signal and the stored
signal, wherein the method further comprises providing a
hysteresis signal having a predetermined signal level during
the storage interval and connecting the second amplifier to
the output of the first amplifier and the hysteresis signal, and
connecting the output of the second amplifier to the stored
signal during the storage interval via a switch, and control-
ling the switch to disconnect the output of the second
amplifier from the stored signal after the storage interval.

In some embodiments of the method, the comparator
circuit includes at least one amplifier, wherein the method
further comprises generating the comparator signal after the
storage interval additionally depending on a first offset
signal during a first interval and depending on a second
offset signal during a second interval.

In some embodiments of the method, the comparator
circuit includes a first amplifier and a second amplifier,
wherein the method further comprises connecting the first
amplifier to the sensor signal and the stored signal, and
providing a hysteresis signal having after the storage interval
a predetermined first offset signal during a first interval and
a predetermined second offset signal during a second inter-
val and connecting the second amplifier to the output of the
first amplifier and to the hysteresis signal, and connecting
the output of the second amplifier to the comparator signal.

In some embodiments of the method, the method further
comprises connecting a first 1 bit storage block of the
acquisition circuit to the comparator signal during a first
interval, and connecting a second 1 bit storage block of the
acquisition circuit to the comparator signal during a second
interval.

In some embodiments of the method, the method further
comprises associating a first signal line of the acquisition
circuit and a second signal line of the acquisition circuit with
the first respectively the second 1 bit storage block, and
connecting the first and second signal line to source voltage
or being floating depending on the bit stored in the respec-
tive 1 bit storage block, and depending on the state of a row
line.

In some embodiments of the method, the method further
comprises refreshing the stored signal with a signal line of
the acquisition circuit.

In some embodiments of the method, the method further
comprises refreshing the stored signal depending on a pro-
cessing of the comparator signal via logic gates.

In some embodiments of the method, the acquisition
circuit further includes a readout circuit, wherein the method
further comprises reading out a diode signal related to the
sensor signal via the readout circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, advantageous embodiments of the
invention will be described with reference to the enclosed
drawings. However, neither the drawings nor the description
shall be interpreted as limiting the invention.

FIG. 1 is a schematic block diagram of a single cell of an
image sensor according to the prior art;

FIG. 2a is a schematic block diagram of an acquisition
circuit of a pixel of an image sensor in accordance to some
embodiments of the present invention;

FIG. 2b is a schematic block diagram of an acquisition
circuit of a pixel of an image sensor in accordance to some
embodiments of the present invention;
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FIG. 2c¢ is an alternative structure of a storage circuit and
a comparator circuit in accordance to some embodiments of
the present invention;

FIG. 2ca is a first implementation of a voltage bias block;

FIG. 2¢b is a second implementation of a voltage bias
block;

FIG. 2d is a further alternative structure of a storage
circuit and a comparator circuit in accordance to some
embodiments of the present invention;

FIG. 3 is a schematic time diagram of signals of an
acquisition circuit of a pixel of an image sensor in accor-
dance to some embodiments of the present invention;

FIG. 4 is a schematic block diagram of a plurality of
pixels of an image sensor in accordance to some embodi-
ments of the present invention;

FIG. 5 is a schematic block diagram of four pixels
arranged at a particular location of an image sensor in
accordance to some embodiments of the present invention;

FIG. 6 is a schematic block diagram of a readout circuit
of a pixel of an image sensor in accordance to some
embodiments of the present invention.

The figures are only schematic. Same reference signs may
refer to same or similar features.

MODE(S) FOR CARRYING OUT THE
INVENTION

FIG. 1 is a schematic block diagram of a single cell of an
image sensor according to the prior art, e.g. as disclosed in
U.S. Pat. No. 9,961,291. U.S. Pat. No. 7,728,269 enables the
same functionality. The cell includes a photodiode D1, a first
amplifier stage including amplifier Al, a second amplifier
stage including amplifier A2, a threshold detecting stage
with thresholds VH, VL, a hand shaking stage with request
lines Row_Req, Col_Req and acknowledgement lines
Row_Ack, Col_Ack, and an analog bus line Col_analog_
bus. The first amplifier stage with amplifier Al provides a
voltage which is related to the incoming light intensity at
photodiode D1. The voltage related to the light intensity at
photodiode D1 is fed to the second amplifier stage with
amplifier A2. The second amplifier stage with amplifier A2
includes a switched capacitor amplifier including capacitor
CAC and capacitor C1. The output of the second amplifier
stage with amplifier A2 is connected to the threshold stage,
which provides OFF and ON signals according to a com-
parison of the output with thresholds VH and VL. The OFF
and ON signals are fed to logic gate G1, which output is fed
to the handshaking stage H1 with request/acknowledgment
lines Row_Req, Col_Req, Row_Ack, Col_Ack. The analog
bus line Col_analog_bus is connected via transistors M2,
M3 to one end of capacitor CAC. Operation of the circuit
according to FIG. 1 is described in detail in U.S. Pat. No.
9,961,291. U.S. Pat. No. 7,728,269 enables the same func-
tionality. Operation of the circuit includes changing the state
of switch SW of the second amplifier stage. Advantageously
the ratio CAC/C1 is set to be fairly high, e.g. CAC/C1=10.

As will be explained further below, the cell according to
FIG. 1 has several disadvantages. One disadvantage relates
to the offset residue in the signal path. Another disadvantage
relates to the requirements as regards the implementation of
capacitor CAC, namely the requirements that the implemen-
tation enables for adequate linearity and little parasitic
effects. A further disadvantage relates to the drift rate when
switch SW is open. Yet a further disadvantage is that the
threshold stage includes two comparators.

Note that the term amplifier in the following description
of the present invention applies generally to mean a high
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gain amplification stage. As will be shown later, the present
invention is insensitive to the actual gain of this high gain
stage and therefore tolerant to variation in manufacture and
operating conditions (voltage supply, temperature).

FIG. 2a is a schematic block diagram of an acquisition
circuit 1 of a pixel of an image sensor in accordance to some
embodiments of the present invention. A photo detection
circuit 11 provides for a sensor signal VLOG and a diode
signal VPD which depend on the light intensity received at
a photo sensor of the pixel. The sensor signal VLOG is
received in a storage circuit 12 in order to store stored signal
VSTORE, in particular during a refresh interval. The sensor
signal VLOG and the stored signal VSTORE is received in
a comparator circuit 13 in order to generate a comparator
signal VCOMP depending on the sensor signal VLOG and
the stored signal VSTORE, in particular after the refresh
interval. The comparator signal VCOMP is received in a
controller circuit 14, which interacts with interface bus 16
and controls storage circuit 12, comparator circuit 13 and
APS readout 15 (APS: active pixel sensor). APS readout 15
receives diode signal VPD and provides an output to inter-
face bus 16, in particular after the refresh interval.

FIG. 2b is a schematic block diagram of an acquisition
circuit 1 of a pixel of an image sensor in accordance to some
embodiments of the present invention. The anode of pho-
todiode D1 is connected to ground. The cathode of photo-
diode D1 is connected to source of transistor M2 and to gate
of transistor M1. The cathode of photodiode D1 provides
diode signal VPD. Source of transistor M1 is connected to
ground. Drain of transistor M1 is connected to gate of
transistor M2, to the inverting input of a first amplifier A1
and via current source 11 to source voltage VDD. The
inverting input of first amplifier Al receives sensor signal
VLOG. The diode current ID1 through photodiode D1
depends on the light intensity at photodiode D1. The diode
current ID1 and the sensor signal VLOG have a logarithmic
relation. APS readout block 15 (APS: Active Pixel Sensor)
is connected to diode signal VPD.

In this disclosure, it is referred to the inverting and
non-inverting input of amplifiers, respectively. The inverting
input and the non-inverting input may, however, also be
referred to “one input” and “another input” or “first input”
and “second input” as they are interchangeable and may be
connected in either way according to some examples of the
present disclosure.

As soon as an operational amplifier is involved into the
sampling, it implies the definition of “active”. When the
feedback is connected to the inverting input or the equiva-
lent inverting input, it implies the implementation of “nega-
tive feedback”™.

The method comprises the following steps:

Step 1. Sense the signal at a certain time and store it into

C1,

Step 2. Sense the input continuously, amplify the differ-

ence and compare it to a given threshold,

Step 3. In the event of a state change, store the event in

a memory and report (output) the status.

As indicated in FIG. 25, photodiode D1, transistors M1,
M2 and current source 11 belong to the photo detection
circuit 11 of FIG. 2a.

The examples and embodiments of the present disclosure
are described using the term “ground” as a reference poten-
tial. However, the present disclosure also encompasses using
a different common potential than ground or a substrate. The
terms “ground”, “substrate” and “(other) common potential”
may thus be used interchangeably.
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The sensor signal VLOG is connected to the inverting
input of first amplifier A1. The non-inverting input of first
amplifier A1 is connected via capacitor C1 to ground,
substrate, or other common potential. Thus, one end of
capacitor C1 is connected to the non-inverting input of first
amplifier A1, while the other end of capacitor C1 is con-
nected to ground. As will be further explained below, the end
of capacitor C1 connected to the non-inverting input of first
amplifier A1 has stored signal VSTORE.

The output of first amplifier Al is connected to the
inverting input of a second amplifier A2. The non-inverting
input of second amplifier A2 is connected to signal line
VHYS, which will be further described below. The output of
second amplifier A2 is connected via switch SW to the end
of capacitor C1 which is connected to the non-inverting
input of first amplifier A1. Switch SW is controlled by signal
line Fresh, which will be further described below. The output
of second amplifier A2 has comparator signal VCOMP.

As indicated in FIG. 2b, amplifiers A1, A2, switch SW
and capacitor C1 belong both to the storage circuit 12
(during the refresh interval) and the comparator circuit 13
(after the refresh interval) of FIG. 2a.

The comparator signal VCOMP is connected to switch
SW1 and via an inverter to switch SW2. Switch SW1 is
controlled by signal line (IA and switch SW2 is controlled
by signal line ¢2. Signals ¢1, $2 will be further described
below. The other ends of switches SW1, SW2 are each
connected to a respective 1 bit storage block. The 1 bit
storage blocks are each controlled by control signal line
Reset, which will be further described below. The output of
1 bit storage block connected to switch SW1 provides the
signal line Up. The output of 1 bit storage block connected
to switch SW2 provides the signal line Down. The signal
line Up is connected to one input of logic gate G1. The
signal line Down is connected to one input of logic gate G2.
The signal line RowSel is connected to another input of each
of the logic gates G1, G2. The logic gates G1, G2 control
switches which are arranged between source voltage VDD
and a signal line providing a signal Stronger respectively a
signal line providing a signal Weaker.

The logic gates G1, G2, as well as the further logic gates
G3, G4, G5 explained below are illustrated in the figures
using a function symbol. Different implementations are
available for these logic gates.

As indicated in FIG. 25, switches SW1, SW2, 1 bit
storages blocks, gates G1, G2, G3, G4, G5 belong to the
controller circuit 14 of FIG. 2a.

The signal line Up is further connected to one input of
logic gate G3. The signal line Down is further connected to
another input of logic gate G3. The output of logic gate G3
is connected to one input of logic gate G4. Another input of
logic gate G4 is connected to a signal line Refresh, which
will be further described below. The output of logic gate G4
is connected to an input of logic gate G5. Another input of
logic gate G5 is connected to signal line Reset, which
already has been mentioned. The output of logic gate G5
provides the signal line Fresh, which already has been
mentioned, for controlling switch SW. Logic gates G1, G2,
G4 are AND gates providing the logic AND function, while
logic gates G3, G5 are OR gates providing the logic OR
functions.

FIG. 2c¢ illustrates schematically an alternative structure
of a storage circuit 12 and a comparator circuit 13. As
illustrated in FIG. 2¢, the sensor signal VLOG is connected
to the non-inverting input of first amplifier A1. The inverting
input of first amplifier A1 is connected via first capacitor C1
to ground. The output of first amplifier Al is connected via
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switch SW to the end of first capacitor C1 which is con-
nected to the inverting input of first amplifier A1. The switch
SW is controlled by the signal Fresh. The output of first
amplifier Al is further connected via second capacitor C2 to
the non-inverting input of second amplifier A2. As indicated
in FIG. 2¢, second amplifier A2 is configured as a compara-
tor. The inverting input of second amplifier A2 is connected
to the signal line VHY'S. The output of second amplifier A2
has comparator signal VCOMP, which is connected to the 1
bit storage blocks as described in connection with FIG. 2b.
As illustrated in FIG. 2¢, a voltage bias block is connected
to the end of second capacitor C2 which is connected to the
non-inverting input of second amplifier A2. Voltage bias
block receives the reference signal VREF. Voltage bias block
defines the DC voltage of the VCAC node, which is con-
nected to the end of second capacitor C2 connected to the
non-inverting input of second amplifier A2. FIG. 2ca illus-
trates a first implementation of the voltage bias block on the
basis of a large resistor connected between the reference
signal VREF and the VCAC node. FIG. 2¢b illustrates a
second implementation of the voltage bias block on the basis
of a switch connected between the reference signal VREF
and the VCAC node and controlled by the signal Fresh.

FIG. 2d illustrates schematically a further alternative
structure a storage circuit 12 and a comparator circuit 13.
From sensor signal VLOG until VCAC node, the structure
according to FIG. 2d equals the structure of FIG. 2¢. As
illustrated in FIG. 2d, VCAC node is connected to the
non-inverting input of UP second amplifier A2UP and to the
inverting input of DOWN second amplifier A2DOWN. As
illustrated in FIG. 2d, the UP second amplifier A2UP and the
DOWN second amplifier A2DOWN are configured as com-
parators. The inverting input of UP second amplifier A2UP
is connected to reference signal VREF_PLUS. The non-
inverting input of DOWN second amplifier A2DOWN is
connected to reference signal VREF_MINUS. The output of
UP second amplifier A2UP provides the signal VCOMP_UP,
which is connected to 1 bit storage block. The output of
DOWN second amplifier A2DOWN provides the signal
VCOMP_DOWN, which is inverted and connected to 1 bit
storage block.

The structures according to FIG. 2¢ and FIG. 24 have the
advantage to have an additional high pass filter compared to
the structure according to FIG. 25 without a second capaci-
tor C2.

FIG. 3 is a schematic time diagram of signals of an
acquisition circuit 1 of a pixel of an image sensor in
accordance to some embodiments of the present invention.
FIG. 3 includes the schematic time diagram of the signals on
signal lines ¢1, ¢2 for controlling the switches SW1, SW2.
FIG. 3 includes the schematic time diagram of the signal on
signal line Reset. Reset occurs periodically with a pre-
defined frequency, e.g. 1 Hz. The reset is shared with all
pixels. That means the reset signal will reset all the pixels.
FIG. 3 includes the schematic time diagram of the signal on
signal line VHYS, which is connected to the non-inverting
input of second amplifier A2. FIG. 3 includes the schematic
time diagram of the signal on signal line RowSel, which is
connected to respective inputs of logic gates G1, G2. The
signals ¢1, ¢2, Reset, and RowSel change between a low
state and a high state for controlling respective switches or
logic gates. The signal VHYS changes between signal levels
VREF, VREF_PLUS, and VREF_MINUS. As indicated in
FIG. 3, the transition of the signal RowSel from the high
state to the low state defines the beginning and the end of one
cycle.
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In the following, the working principle of the image
sensor according to some embodiments of the present inven-
tion is explained with reference to FIG. 26 and FIG. 3.

In the reset mode, VHYS is set to VREF. All pixels share
the same Reset. When Reset has a high state, the switch SW
receives a logic 1 signal and SW is closed. The signal at the
output of second amplifier becomes
VCOMP=VSTORE=VLOG-offset. The VLOG-offset is
stored in capacitor C1.

In the auto-zeroing mode, namely during a refresh inter-
val, VHYS is set to VREF. When the signal Refresh has a
high state, if neither Up nor Down signal has a high state, the
switch SW receives a logic 0 signal and there is no refresh.
When the signal Refresh has a high state, if either Up or
Down signal has a high state, the switch SW receives a logic
1 signal and SW is closed. The signal at the output of second
amplifier becomes VCOMP=VSTORE=VLOG-offset. The
offset includes both systematic offset (due to the finite gain
of the A1 and A2) and the random offset (due to the
mismatch of the elements inside the Al and A2). The
VLOG-offset is stored in capacitor C1. As indicated in FIG.
2b, the 1 bit storage blocks are set to logic 0.

As indicated in FIG. 3, the signal Refresh changes to low
state. Accordingly, the switch SW opens. First and second
amplifiers A1, A2 work now as a comparator. VCOMP at the
output of second amplifier depends on VSTORE, VLOG and
VHYS. VSTORE is the signal stored in capacitor C1 during
Refresh. VLOG relates to changes in the light intensity at
photodiode D1.

In ¢1 mode, namely during a first interval, VHYS is set in
accordance to the time diagram illustrated in FIG. 3 to
VREF_PLUS and signal ¢1 is set to a high state. The
difference between VREF and VREF_PLUS is the hyster-
esis. In accordance to signal ¢1, switch SW1 is closed.
VCOMP indicates if the signal increase of VLOG is higher
or lower than VSTORE+(VREF_PLUS-VREF)/A1. For
example, VCOMP becomes to logic “1” if the signal
increase is higher than (VREF_PLUS-VREF)/Al, and
VCOMP becomes to logic “0” otherwise. The result is stored
in 1 bit storage block connected to switch SW1, i.e. a logic
“1” is stored if the signal increase of VLOG is higher than
(VREF_PLUS-VREF)/A1, and a logic “0” is stored if the
signal increase of VLOG is lower than (VREF_PLUS-
VREF)/Al.

In ¢2 mode, namely during a first interval, VHYS is set in
accordance to the time diagram illustrated in FIG. 3 to
VREF_MINUS and signal ¢2 is set to a high state. The
difference between VREF and VREF_MINUS is the hys-
teresis. In accordance to signal ¢2, switch SW2 is closed.
VCOMP indicates if the signal decrease of VLOG is higher
or lower than VSTORE+(VREF-VREF_MINUS)/A1. For
example, VCOMP becomes to logic “0” if the signal
decrease of VLOG is higher than VSTORE+(VREF-
VREF_MINUSY A1, and VCOMP becomes logic “1” oth-
erwise. The result is inverted and is stored in 1 bit storage
block connected to switch SW2, i.e. a logic “1” is stored if
the signal decrease of VLOG is higher than VSTORE+
(VREF-VREF_MINUS)/A1, and a logic “0” is stored if the
signal increase of VLOG is lower than VSTORE+(VREF-
VREF_MINUS)/A1.

In order to read out the pixel, the signal line RowSel is set
to a high state, as indicated in FIG. 3. As illustrated in FIG.
2b, the signal line RowSel forms one input to the logic gates
G1, G2, while each output of the 1 bit storage blocks forms
another input to the respective logic gates G1, G2. Depend-
ing on the data in the 1 bit storage blocks, the signal line
Stronger and the signal line Weaker are either pulled up to
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source voltage VDD or have high impedance (i.e. have
floating output). By applying a current between the signal
line Stronger respectively the signal line Weaker and
ground, either a logic “1” or a logic “0” can be read out from
the pixel. Because the signal line Stronger respectively the
signal line Weaker is at high impedance (rather than gener-
ating a logic “0”), a single signal line is sufficient for reading
for reading the Stronger signal respectively the Weaker
signal of pixels arranged in columns and rows.

During read out of the pixel, if one (or both, which is not
expected and should be very rare) of the signal Up and the
signal Down has a high state, a high state is generated on the
signal line Refresh, which has been mentioned above, in
order to close the switch SW controlled by the signal line
Fresh. Accordingly, VCOMP=VSTORE=VLOG-offset,
which results from the current light intensity at photodiode
D1, is stored on capacitor C1 for a next detection of changes
in the light intensity at photodiode D1.

FIG. 4 is a schematic block diagram of a plurality of
pixels of an image sensor in accordance to some embodi-
ments of the present invention. The pixels are arranged in an
array of N columns and M rows. Pixels of a particular row
share a single line RowSel<m>, where m indicates the row
number and is between O and M-1. Pixels in the same
column share a single line c_st<n> related to the Stronger
signal and a single line c_wk<n> related to the Weaker
signal, where n indicates the column number and is between
0 and N-1. As illustrated in FIG. 4, the lines ¢_st< . .. >
related to the Stronger signals are connected to readout
circuit block O_st and the lines ¢ wk< . . . > related to the
Weaker signals are connected to readout circuit block O_wk.
The readout circuit blocks O_st, O_wk will be further
explained below in connection with FIG. 6.

FIG. 5 is a schematic block diagram of four pixels
arranged at a particular location of an image sensor in
accordance to some embodiments of the present invention.
As illustrated in FIG. 4, a particular arrangement of pixels is
arranged at position m,n. FIG. 5 illustrates an arrangement
of four pixels located at position m,n. The signal lines
Stronger and the signal lines Weaker of the pixels, which
were described above in connection with FIG. 24 for a single
pixel, are connected to the column lines c_st<n,n+1> respec-
tively the column lines ¢_wk<n,n+1>. The signal lines
RowSel<m,m+1> are connected to the respective inputs of
the logic gates arranged in the pixels, as described above in
connection with FIG. 25 for a single pixel. If a particular
signal line RowSel<m> is selected, depending on the change
in illumination of the respective pixel, the column lines
c_wk< ... > are either pulled up to source voltage VDD or
are at high impedance (floating).

FIG. 6 is a schematic block diagram of a readout circuit
of a pixel of an image sensor in accordance to some
embodiments of the present invention. FIG. 6 illustrates a
readout circuit O_wk<n>, namely a particular one of the N
readout circuits of readout circuit block O_wk. The column
line ¢_wk<n> is connected to current source I, which in turn
is connected to ground. The column line ¢_wk<n> is further
connected to buffer Buffer, which provides the output signal.
If ¢_wk<n> is pulled up to source voltage VDD, the output
signal is at high state, e.g. “1”. If c_wk<n> is at high
impedance (floating), c_wk<n> is pulled to ground and the
output signal is at low state, e.g. “0”. The readout circuits of
readout circuit block O_st have a respective structure.

As mentioned above, the pixel according to the present
invention has several advantages.

A first advantage concerns offset. In the prior art, with
reference to FIG. 1, the offset residue, or the input referred
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offset in the signal path is VOS=(VOS_Amp)/(1+A)+Vch,
where VOS is the total input referred offset, VOS_Amp is
the input referred offset of the amplifier, A is the amplifier
gain and Vch is the charge injection error caused by switch
SW when it changes its state. As indicated in FIG. 1,
parasitic capacitance Cpar is included between the input of
the amplifier and ground. Parasitic capacitance Cpar is
designed to be minimized considering the gain, because
CAC and Cpar form a capacitive divider, which has the
effect that a bigger Cpar results in a bigger attenuation of
VA. As illustrated in FIG. 1, AVA=Vch=QCH/Cpar, where
QCH is the injected charge when switch SW changes its
state. Thus, Vch can be large.

According to the present invention, the input-referred
offset is reduced by two means providing much better
performance than the prior art. First, a high gain amplifica-
tion stage with gain A1, or a two-stage amplifier is arranged
having a higher total gain A=A1 or A=A1*A2. The total
input referred offset is therefore reduced by the high gain of
amplifier A1 or the gain enhancement of the second stage
A2. As a result, the present invention is insensitive to both
the offset and gain of the amplifiers. Second, the capacitor
C1 illustrated in FIG. 1, which is arranged between the
sensitive node VA and ground, substrate, or other common
potential, can be designed as a large, high density capacitor
(e.g. MOS capacitor, poly-poly capacitor), thereby reducing
the offset caused by charge injection QCH and extending the
dynamic range.

A second advantage concerns area. In the prior art, the AC
coupling topology according to FIG. 1 requires small para-
sitic (which causes signal attenuation) and high voltage
independence (which reduces the linearity of signal path) for
both CAC and C1. Thus the metal-metal capacitor is chosen
for CAC and C1 implementation.

According to the present invention, the capacitor is
grounded or connected to substrate or another common
potential, and a high density capacitor (e.g. MOS capacitor,
poly-poly capacitor) can be used because the bottom-plate
capacitor is shorted to ground, substrate, or other common
potential. Compared to a metal-metal capacitor, a high
density capacitor such as a MOS capacitor, poly-poly
capacitor, etc. has a higher density and the required area for
the pixel can be significantly reduced.

For example, the image sensor of FIG. 1 according to the
prior art requires a metal capacitor which has a capacitance
density of maximally 3 fF/um2, wherein the capacitor
requires about 25% of the total area of the pixel. According
to the present invention, a high density capacitor may be
used having a capacitance density of about 6-7 fF/um2,
which results in a pixel size which is reduced by about
12.5%.

A third advantage concerns drift. In the prior art, with
reference to FIG. 1, when switch SW is open, the voltage VA
drifts with time due to leakage, e.g. the leakage of switch
SW and the leakage at the input of amplifier A.

According to the present invention, VSTORE also drifts
due to similar reasons. However, capacitor C1 as illustrated
in FIG. 24 is by a factor of for example two or three larger
than the capacitor CAC illustrated in FIG. 1, while using the
same area. According to the invention, the drift rate is
therefore less serious. This enables a reduced refresh rate,
with the advantage that slower changes in light intensity at
the pixel can be detected.

A fourth advantage concerns the comparator devices.
According to the prior art, with reference to FIG. 1, two
comparators are required (comparators labeled with ON and
OFF in FIG. 1). Each of the comparators requires a specific
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area and power. The comparators work in parallel in order to
distinguish whether there was a change in light intensity
(ON=1/OFF=0 or ON=0/OFF=1) or whether there was no
change in light intensity (ON=0 and OFF=0). The mismatch
of the comparators must be calibrated, or the difference
between VH and VL (see FIG. 1) must be large enough to
mask the mismatch. The input referred (referring to Al
output) difference of VH and VL is (VH-VL)*C1/CAC.
Due to the technology and area limitation, the ratio between
C1 and CAC is not large. If the A1 output change is less than
(VH-VL)*C1/CAC, it will not be detected. A large differ-
ence between VH and VL results in a reduced detection
sensitivity.

According to the present invention, only one comparator
is required. Accordingly, less area is required. Moreover, the
comparator generates the Up and Down signals (cf. FIG. 25,
FIG. 3) are generated using a small signal VHYS set either
to VREF, VREF_PLUS or VREF_MINUS. In the auto-
zeroing mode, VHYS=VREF. In the ¢1 mode,
VHYS=VREF_PLUS=VREF+AV. The AV is used as hys-
teresis. When the increase of VLOG is larger than AV/Al,
the comparator outputs logic “1” and the signal Up is thus
1. Otherwise, the signal Up is 0. In the ¢2 mode,
VHYS=VREF_MINUS=VREF-AV. The AV is used as hys-
teresis. When the decrease of VLOG is larger than AV/A1,
the comparator outputs logic “0” and inverted by inverter,
thus the signal Down is 1. Otherwise the signal Down is 0.
Accordingly, two phases in the signals for generating the Up
and Down signals are required, which has the result that one
cycle (cf. FIG. 3) requires more time. For most applications,
the difference is in the micro-second range and therefore not
important. However, the mismatch of the two comparators
does not exist and AV can be as small as just for noise
reasons.

Finally, it should be noted that the term “comprising” does
not exclude other elements or steps and the “a” or “an” does
not exclude a plurality. Also elements described in associa-
tion with different embodiments may be combined. It should
also be noted that reference signs in the claims should not be
construed as limiting the scope of the claims.

The invention claimed is:

1. An image sensor comprising an arrangement of pixels,
each of the pixels including an acquisition circuit, the
acquisition circuit including:

a sensor circuit configured to generate a sensor signal
depending on a light signal illuminating a photosensor
of the pixel;

a storage circuit configured to store during a storage
interval a stored signal proportional to the sensor
signal; and

a comparator circuit configured to generate, after the
storage interval, a comparator signal depending on the
sensor signal and the stored signal,

wherein the storage circuit includes at least one amplifier,
and the comparator circuit includes the same at least
one amplifier,

wherein the sensor signal is connected to an input of the
at least one amplifier and wherein another input of the
at least one amplifier is connected via a capacitor to
ground, substrate, or other common potential,

wherein the at least one amplifier and the capacitor belong
to the storage circuit during the storage interval and
belong to the compactor circuit after the storage inter-
val,

wherein the acquisition circuit further comprises a signal
line for refreshing the stored signal during the storage
interval, and
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wherein an output of the at least one amplifier is con-
nected via a switch to the capacitor, wherein the switch
is controlled by the signal line.
2. The image sensor of claim 1, wherein the stored signal
is connected via the capacitor to ground, substrate, or other
common potential.
3. The image sensor of claim 1, wherein another output of
the at least one amplifier or a high gain amplification stage
provides the stored signal during the storage interval.
4. The image sensor of one of claim 1, wherein the storage
circuit comprises a first amplifier of the at least one amplifier
and a second amplifier of the at least one amplifier, wherein
the first amplifier is connected to the sensor signal and the
stored signal,
wherein the second amplifier is connected to the output of
the first amplifier and a hysteresis signal having a
predetermined signal level during the storage interval,

wherein a second switch connects the output of the second
amplifier to the stored signal during the storage inter-
val, and

wherein the second switch disconnects the output of the

second amplifier from the stored signal after the storage
interval.

5. The image sensor of claim 1,

wherein the comparator circuit is adapted to generate the

comparator signal after the storage interval additionally
depending on a first offset signal during a first interval
and depending on a second offset signal during a
second interval.

6. The image sensor of claim 1, wherein the comparator
circuit includes a first amplifier of the at least one amplifier
and a second amplifier of the at least one amplifier,

wherein the first amplifier is connected to the sensor

signal and the stored signal,
wherein the second amplifier is adapted to be connected
to an output of the first amplifier and a hysteresis signal
having, after the storage interval, a predetermined first
offset signal during a first interval and a predetermined
second offset signal during a second interval, and

wherein an output of the second amplifier is connected to
the comparator signal.

7. The image sensor of claim 1, wherein the storage circuit
includes a first amplifier of the at least one amplifier and a
second amplifier of the at least one amplifier, and

wherein the comparator circuit also includes the first

amplifier and the second amplifier.

8. The image sensor of claim 1, wherein the acquisition
circuit further includes a first 1-bit storage block connectable
to the comparator signal during a first interval, and a second
1-bit storage block connectable to the comparator signal
during a second interval.

9. The image sensor of claim 8, wherein the acquisition
circuit further includes a first signal line and a second signal
line being associated with the first 1-bit storage block and
the second 1-bit storage block respectively, and adapted to
be connected to source voltage or being floating depending
on the bit stored in the respective 1-bit storage block, and
depending on the state of a row line.

10. The image sensor of claim 1, wherein the acquisition
circuit further includes logic gates configured to refresh the
stored signal depending on a processing of the comparator
signal.

11. The image sensor of claim 1, wherein the acquisition
circuit further includes a readout circuit adapted to read out
a diode signal related to the sensor signal.

12. The image sensor of claim 1, wherein the image
sensor is a metal oxide semiconductor.
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13. The image sensor of claim 1, wherein the capacitor is
a high density capacitor.

14. A method of operating an image sensor comprising an
arrangement of pixels, each of the pixels including an
acquisition circuit, the method comprising:

generating a sensor signal depending on a light signal

illuminating a photosensor of the pixel using a sensor
circuit;
storing a stored signal proportional to the sensor signal
during a storage interval in a storage circuit; and

generating, after a refresh interval, a comparator signal
depending on the sensor signal and the stored signal
using a comparator circuit,

wherein the storage circuit includes at least one amplifier,

and the comparator circuit includes the same at least
one amplifier,
wherein the sensor signal is connected to an input of the
at least one amplifier and wherein another input of the
at least one amplifier is connected via a capacitor to
ground, substrate, or other common potential,

wherein the at least one amplifier and the capacitor belong
to the storage circuit during the storage interval and
belong to the compactor circuit after the storage inter-
val,

wherein the acquisition circuit further comprises a signal

line for refreshing the stored signal during the storage
interval, and

wherein an output of the at least one amplifier is con-

nected via a switch to the capacitor, wherein the switch
is controlled by the signal line.

15. The method of claim 14, wherein the step of storing
comprises providing the stored signal during the storage
interval at an output of the at least one amplifier.

16. The method claim 14, wherein the storage circuit
includes a first amplifier of the at least one amplifier and a
second amplifier of the at least one amplifier, wherein the
first amplifier is connected to the sensor signal and the stored
signal,

wherein the method further comprises,

providing a hysteresis signal having a predetermined

signal level during the storage interval, and
connecting the second amplifier to an output of the first
amplifier and the hysteresis signal; and
connecting an output of the second amplifier to the stored
signal during the storage interval via a switch; and

controlling the switch to disconnect the output of the
second amplifier from the stored signal after the storage
interval.

17. The method of claim 14,

wherein the method further comprises generating the

comparator signal after the storage interval additionally
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depending on a first offset signal during a first interval
and depending on a second offset signal during a
second interval.
18. The method of one of claim 17, wherein the com-
parator circuit includes a first amplifier of the at least one
amplifier and a second amplifier of the at least one amplifier,
wherein the method further comprises connecting the first
amplifier to the sensor signal and the stored signal, and

providing a hysteresis signal having, after the storage
interval, a predetermined first offset signal during a first
interval and a predetermined second offset signal dur-
ing a second interval and connecting the second ampli-
fier to an output of the first amplifier and to the
hysteresis signal, and

connecting an output of the second amplifier to the

comparator signal.

19. The method of claim 14, further comprising connect-
ing a first 1-bit storage block of the acquisition circuit to the
comparator signal during a first interval, and

connecting a second 1-bit storage block of the acquisition

circuit to the comparator signal during a second inter-
val.

20. The method of claim 19, further comprising associ-
ating a first signal line of the acquisition circuit and a second
signal line of the acquisition circuit with the first 1-bit
storage block and the second 1-bit storage block, respec-
tively;

connecting the first signal line to source voltage or

floating the first signal line depending on the bit stored
in the first 1-bit storage block, and depending on the
state of a row line; and

connecting the second signal line to source voltage or

floating the second signal line depending on the bit
stored in the second 1-bit storage block and depending
on the state of the row line.

21. The method of claim 14, further comprising refreshing
the stored signal depending on a processing of the compara-
tor signal via logic gates.

22. The method of claim 14, wherein the acquisition
circuit further includes a readout circuit, and

wherein the method further comprises reading out a diode

signal related to the sensor signal via the readout
circuit.

23. The image sensor of claim 13, wherein the capacitor
is a MOS capacitor or a poly-poly capacitor.

24. The image sensor of claim 13, wherein the capacitor
has a bottom-plate shorted to ground, substrate, or other
common potential.



