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(57) ABSTRACT
The present invention provides a pixel circuit comprising a
pinned photodiode, at least one first transfer gate for elec-
trically connecting the pinned photodiode to at least one
storage node and at least one further transfer gate. The at
least one further gate can connect the at least one storage
node with at least one floating diflusion node. At least one
merging switch is included for allowing connection between
the at least one floating diflusion node with one or more
capacitor nodes, which can accept charge that exceeds the
maximum storage capacity of the storage node.
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GLOBAL SHUTTER HIGH DYNAMIC
RANGE SENSOR

FIELD OF THE INVENTION

[0001] The invention relates to the field of image sensors.
More specifically it relates to image pixels with global
shutter and method of operation thereof.

BACKGROUND OF THE INVENTION

[0002] Particular types of radiation sensors work under the
photoelectric efl'ect. Impinging photons are converted into
electrons and are integrated (collected) in sensor pixels.
After a predetermined time period (e.g. a predetermined
integration cycle), the collected charge is converted into a
voltage (which may occur in the pixel itself, as in standard
CMOS sensors), which is supplied to the output terminals of
the sensor. The voltage may reach the output in analog or
digital form. Pixels usually comprise a bufl'er amplifier (e.g.
a source follower), which drives the sense lines that are
connected to the pixels by suitable addressing transistors.
After charge to voltage conversion is completed and the
resulting signal transferred out from the pixels, the pixels are
reset in order to be ready for accumulation of new charge.
Floating diflusion (FD) and reset transistors may also be
included for charge detection and removal of collected
charge. The reset transistor usually produces thermal noise
with can be reduced or removed via Correlated Double
Sampling (CDS).
[0003] One of the disadvantages of standard CMOS sen-
sors is the sequential pixel scanning, usually row by row,
generating the "rolling shutter" artifact of exposure time
skew (distortion of moving objects). Global shutter is a
preferred method, which eliminates distortion. CCD image
sensors usually work under global shutter, but they are
generally more expensive than CMOS sensors and are more
sensitive to saturation artifacts: when saturation is reached in
a pixel, the charge may overflow to adjacent pixels, and an
artifact (blooming) appears in the image. Also during charge
transfer, if saturation is reached, the charges may flow into
adjacent pixel columns, producing smearing artifacts. Satu-
ration levels are determined by factors like the area, which
is a constraint in compact and portable applications. CMOS
are generally less sensitive to these artifacts. In order to
implement global shutter in CMOS, all pixels are exposed at
the same time to radiation, but an extra charge storage
should be provided. The charge storages can then be read
row by row, and the image does not present skew. There are
examples of incorporation of global shutter to CMOS con-
figurations, for example by transferring charge to registers.
However, saturation has to be taken into account for the
pixel and also for the charge storage. Some implementations
include overflow barriers and doped regions which reduce
blooming and remove the excess charge into the substrate,
but the excess photocharges are then lost. Additionally, some
of these solutions require complex gate control and addi-
tional switches, and transfer and readout times become
large, making these systems less ideal for video applications
and for fast image capture.

SUMMARY OF THE INVENTION

[0004] It is an object of embodiments of the present
invention to provide good quality pixels, and a sensor
comprising such good quality pixels. The pixels have high
dynamic range.

[0005] In a first aspect, the present invention provides a
pixel circuit comprising a pinned photodiode, at least one
first transfer gate for electrically connecting the pinned
photodiode to at least one storage node, at least one second
transfer gate for electrically connecting the at least one
storage node with at least one floating diflusion node, and at
least one merging switch for connecting the at least one
floating diflusion node with at least one capacitor node
arranged for accepting charge that exceeds the maximum
storage capacity of the storage node. It is not elaborated
here, as it is well-known to persons skilled in the art, how the
signal present on the floating diflusion (FD) of pixels is
bufl'ered or amplified for voltage or current readout and
multiplexing. In a pixel circuit according to embodiments of
the present invention, the at least one capacitor node is
connected, over a barrier, either to the storage node or to the
pinned photodiode.

[0006] It is an advantage of embodiments of the present
invention that the principles of a global electronic shutter,
capable of performing readout with CDS without being
limited by the relatively high dark current of a surface diode,
can be combined with linear high dynamic range, by creat-
ing multiple linear ranges of "charge at full well" (Q ~
ranges).
[0007] The charge storage capacity of the pixel may be
increased without increasing the area of the pixel. Further,
blooming may be reduced.

[000S] The pixel circuit according to embodiments of the
first aspect may further comprise at least one third transfer
gate for electrically connecting the pinned photodiode and
the at least one capacitor node.

[0009] It is an advantage of embodiments of the present
invention that charges may be selectively overflown directly
or indirectly from the PPD, allowing selectivity of Q ~.
[0010] The pixel circuit according to embodiments of the
first aspect may further comprise at least one fixed barrier
between the pinned photodiode and the at least one capacitor
node.

[0011] It is an advantage of embodiments of the present
invention that the size of the circuit may be reduced by
implementing the barrier via doping, deposition or pattern-
ing.

[0012] The pixel circuit according to embodiments of the
first aspect may further comprise at least one third transfer
gate for electrically connecting the storage node and the at
least one capacitor node.

[0013] It is an advantage of embodiments of the present
invention that PPD may be substantially emptied of charges
and the overflow to the capacitor may be tuned, thus tuning
the dynamic range, allowing difl'erent levels of sensitivity of
the pixel for diflerent illumination conditions.

[0014] The pixel circuit according to embodiments of the
first aspect may further comprise at least one fixed barrier
between the storage node and the at least one capacitor node.

[0015] It is an advantage of embodiments of the present
invention that blooming into the FD may be reduced with
avoiding using a further gate, reducing space and energy
consumption.

[0016] In the pixel circuit according to embodiments of
the first aspect, the merging switch may be a transistor gate
that can be set to at least 2 DC levels.

[0017] It is an advantage of embodiments of the present
invention that static gate control may be applied.
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[001S] In the pixel circuit according to embodiments of
the first aspect, the merging switch may be a merging
transfer gate.

[0019] It is an advantage of embodiments of the present
invention that standard transistor gates may be used, allow-

ing easy manufacture.

[0020] In the pixel circuit according to embodiments of
the first aspect, any or both of the first or second transfer
gates can be set to at least 3 difl'erent levels comprising an
OFF level, an ON level, and at least one intermediate level,
wherein the transfer gate is an overflown variable barrier.

[0021] It is an advantage of embodiments of the present
invention that dynamic gate control can be used by increas-
ing or decreasing overflowing of the transfer gates into the
storage node or capacitor node.

[0022] Also the merging transfer gate can be set to at least
3 diflerent levels comprising an OFF level, an ON level, and
an intermediate level wherein the transfer gate is an over-
flown variable barrier.

[0023] It is an advantage of embodiments of the present
invention that capacitors in the capacitor node may be
protected from overloading by overflow through the merg-
ing transfer gate to the floating diflusion node.

[0024] In the pixel circuit according to embodiments of
the first aspect, the at least one capacitor node may comprise
a pair of capacitors in parallel configuration, each capacitor
connected to the capacitor node via a switch.

[0025] It is an advantage of embodiments of the present
invention that overflow charges of odd and even integration
times may be independently stored, allowing full global
shutter and "read while integrating" function.

[0026] Such pixel circuit may comprise two further
capacitors, each connected via two overflow gates to each of
the two parallel capacitors and switches.

[0027] It is an advantage of embodiments of the present
invention that charges not fitting in the parallel capacitors
may overflow to the further capacitors.

[002S] A pixel circuit according to embodiments of the
first aspect may further comprise a reset transistor connected
to the floating diflusion layer.

[0029] It is an advantage of embodiments of the present
invention that charges may be flushed out after integration
time. It is a further advantage that any charge overflown into
the FD from the storage or the capacitor node may be
removed, thus reducing or avoiding blooming.

[0030] The pixel circuit according to embodiments of the
first aspect may comprise at least two first transfer gates for
electrically connecting the pinned photodiode to at least two
storage nodes, at least two second transfer gates for electri-
cally connecting the at least two storage nodes with at least
one floating diflusion node, and at least two merging
switches for connecting the at least one floating diflusion
node with at least two capacitor nodes. The pixel circuit may
further comprise at least two further transfer gates or fixed
barriers between the pinned photodiode, or between each of
the storage nodes, and each of the at least two capacitor
nodes

[0031] It is an advantage of embodiments of the present
invention that a pipelined shutter is obtained by paralleliza-
tion of the circuit, allowing photocharges to be stored and
processed alternatingly through at least a first and second
storage and capacitor nodes.

[0032] In a second aspect, the present invention provides
a method of operation of a pixel circuit according to embodi-
ments of the first aspect. The method comprises:

[0033] illuminating the pixel circuit, thereby integrating
photocharges in the pinned photodiode,

[0034] transferring an amount of charge through the at
least first transfer gate into the at least one storage node,
whereby charge exceeding the maximum capacity of the at
least one storage node is transferred or overflown to the
capacitor node,

[0035] transferring the charges of the at least one storage
node to at least one floating diflusion node, reading the
charge in the at least one floating diflusion node.

[0036] It is an advantage of embodiments of the present
invention that a global electronic shutter can be combined
with linear high dynamic range, by creating multiple linear

Q ~ranges, decreasing noise, and increasing capacity of the
pixel, further reducing blooming, while at the same time
utilizing most or all of the integrated photocharges.

[0037] The method according to embodiments of the sec-
ond aspect may further comprise:

[003S] transferring the charges through the merging
switch from the capacitor node to the floating diflusion node,
and

[0039] reading the charge in the at least one floating
diflusion node.

[0040] It is an advantage of embodiments of the present
invention that the charge can be read out using CDS.
[0041] The method according to embodiments of the sec-
ond aspect may further comprise transferring the charge
from the capacitor node to at least two capacitors through at
least two transistors before transferring the charges from the
capacitor node to the floating diflusion node.

[0042] It is an advantage of embodiments of the present
invention that the capacitors may be further protected from
overload.

[0043] In the method according to embodiments of the
second aspect, transferring the charge to at least two capaci-
tors may comprise transferring the charge related to a
predetermined frame to one or more capacitors, and trans-
ferring the charge related to a further frame to one or more
difl'erent capacitors.

[0044] It is an advantage of embodiments of the present
invention that RWI can be obtained, thereby simultaneously
integrating photocharges while trans ferring the charges from
one capacitor to the FD for readout, thus increasing the
speed of the pixel and increasing frame rate of the sensor.

[0045] In the method according to embodiments of the
second aspect, charge that exceeds the maximum capacity of
the at least one storage node may be transferred or overflown
from the pinned photodiode to the capacitor node.

[0046] Charge that exceeds the maximum capacity of the
at least one storage node may be transferred or overflown
from the storage node to the capacitor node.

[0047] It is an advantage of embodiments of the present
invention that charges are not lost, but stored for future use.

[004S] Particular and preferred aspects of the invention are
set out in the accompanying independent and dependent
claims. Features from the dependent claims may be com-
bined with features of the independent claims and with
features of other dependent claims as appropriate and not
merely as explicitly set out in the claims.
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[0049] These and other aspects of the invention will be
apparent from and elucidated with reference to the embodi-
ment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] FIG. 1 illustrates a pixel according to embodiments
of the present invention, comprising a storage node and a
capacitor node connected to the pinned photodiode (PPD)
via potential barriers

[0051] FIG. 2 illustrates an alternative embodiment of a
pixel according to embodiments of the present invention,
comprising a storage node connected to the PPD and a
capacitor node connected to the storage node via potential
barriers.
[0052] FIG. 3 illustrates an embodiment of a pixel com-
prising the topology of FIG. 1, further comprising a first
couple of capacitors in parallel connected to the capacitor
node via switches.
[0053] FIG. 4 illustrates an embodiment of a pixel com-
prising the topology of FIG. 2, further comprising two
capacitors in parallel connected to the capacitor node via
switches.
[0054] FIG. 5 illustrates an embodiment of a pixel accord-
ing to the topology of FIG. 3, further comprising a further
couple of switches and capacitors connected to the first
couple of capacitors.
[0055] FIG. 6 illustrates an embodiment of a pixel accord-
ing to the present invention, comprising a single PPD and a
single FD, further comprising a couple of storage nodes and
capacitor nodes connected to the PPD via potential barriers.
[0056] FIG. 7 illustrates an embodiment of a pixel accord-
ing to the present invention comprising a single PPD, and
further comprising a couple of storage nodes connected to
the PPD via potential barrier, a couple of FDs and a couple
of capacitor nodes each connected to a respective storage
node via potential barriers.
[0057] FIG. S illustrates a flowchart illustrating methods
according to embodiments of the present invention.

[005S] The drawings are only schematic and are non-
limiting. In the drawings, the size of some of the elements
may be exaggerated and not drawn on scale for illustrative
purposes.
[0059] Any reference signs in the claims shall not be
construed as limiting the scope.
[0060] In the diflerent drawings, the same reference signs
refer to the same or analogous elements.

Detailed Description of Illustrative Embodiments

[0061] The present invention will be described with
respect to particular embodiments and with reference to
certain drawings but the invention is not limited thereto but
only by the claims. The drawings described are only sche-
matic and are non-limiting. In the drawings, the size of some
of the elements may be exaggerated and not drawn on scale
for illustrative purposes. The dimensions and the relative
dimensions do not correspond to actual reductions to prac-
tice of the invention.

[0062] The terms first, second and the like in the descrip-
tion and in the claims, are used for distinguishing between
similar elements and not necessarily for describing a
sequence, either temporally, spatially, in ranking or in any
other manner. It is to be understood that the terms so used
are interchangeable under appropriate circumstances and

that the embodiments of the invention described herein are
capable of operation in other sequences than described or
illustrated herein.
[0063] Moreover, the terms top, under and the like in the
description and the claims are used for descriptive purposes
and not necessarily for describing relative positions. It is to
be understood that the terms so used are interchangeable
under appropriate circumstances and that the embodiments
of the invention described herein are capable of operation in
other orientations than described or illustrated herein.
[0064] It is to be noticed that the term "comprising", used
in the claims, should not be interpreted as being restricted to
the means listed thereafter; it does not exclude other ele-
ments or steps. It is thus to be interpreted as specifying the
presence of the stated features, integers, steps or components
as referred to, but does not preclude the presence or addition
of one or more other features, integers, steps or components,
or groups thereof. Thus, the scope of the expression "a
device comprising means A and B"should not be limited to
devices consisting only of components A and B. It means
that with respect to the present invention, the only relevant
components of the device are A and B.
[0065] Reference throughout this specification to "one
embodiment" or "an embodiment" means that a particular
feature, structure or characteristic described in connection
with the embodiment is included in at least one embodiment
of the present invention. Thus, appearances of the phrases
"in one embodiment" or "in an embodiment" in various
places throughout this specification are not necessarily all
referring to the same embodiment, but may. Furthermore,
the particular features, structures or characteristics may be
combined in any suitable manner, as would be apparent to
one of ordinary skill in the art from this disclosure, in one
or more embodiments.

[0066] Similarly, it should be appreciated that in the
description of exemplary embodiments of the invention,
various features of the invention are sometimes grouped
together in a single embodiment, figure, or description
thereof for the purpose of streamlining the disclosure and
aiding in the understanding of one or more of the various
inventive aspects. This method of disclosure, however, is not
to be interpreted as reflecting an intention that the claimed
invention requires more features than are expressly recited
in each claim. Rather, as the following claims reflect,
inventive aspects lie in less than all features of a single
foregoing disclosed embodiment. Thus, the claims follow-
ing the detailed description are hereby expressly incorpo-
rated into this detailed description, with each claim standing
on its own as a separate embodiment of this invention.

[0067] Furthermore, while some embodiments described
herein include some but not other features included in other
embodiments, combinations of features of difl'erent embodi-
ments are meant to be within the scope of the invention, and
form diflerent embodiments, as would be understood by
those in the art. For example, in the following claims, any of
the claimed embodiments can be used in any combination.

[006S] In the description provided herein, numerous spe-
cific details are set forth. However, it is understood that
embodiments of the invention may be practiced without
these specific details. In other instances, well-known meth-
ods, structures and techniques have not been shown in detail
in order not to obscure an understanding of this description.

[0069] Where in embodiments of the present invention
reference is made to "global shutter pixels", reference is
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made to pixels with a pinned photodiode, a first transfer gate
from the pinned photodiode towards a storage node and a
second transfer gate from the storage node towards a floating
diflusion. The intention of such global shutter pixels is to
realize pixels with pipelined synchronous (called "global" )
electronic shutter capable of performing readout with cor-
related double sampling (CDS), and not being limited by the
relatively high dark current of a surface diode (such as a
floating diflusion).
[0070] Where in embodiments of the present invention
reference is made to "linear High Dynamic Range (HDR)
pixels", reference is made to pixels with a pinned photo-
diode, a transfer gate from the pinned photodiode towards a
floating diflusion, and additional storage capacitors con-
nected to the floating diflusion via switches or overflow
barriers, with the intention to create multiple linear Q ~
ranges, resulting after linear combination in an overall high
dynamic range.
[0071] Where in embodiments of the present invention
reference is made to "a charge storage node", reference is
made to a means for storing charges (e.g. an excess of
charges) collected by the photodiode.

[0072] Where in embodiments of the present invention
reference is made to "full well capacity", reference is made
to the largest charge a pixel can hold (charge at full well,

Q ~) before saturation, resulting in degradation of the
signal.

[0073] Where in embodiments of the present invention
reference is made to "blooming" a process is referred to
where the charge in a pixel exceeds the pixel's saturation
level, and the charge starts to fill adjacent pixels.
[0074] Where in embodiments of the present invention
reference is made to "radiation", reference is made to
electromagnetic radiation of any type, e.g. visible light, UV
light, infra-red light, X-rays, gamma rays. Alternatively, the
impinging radiation may be particles, including low or high
energy electrons, protons, hadrons or other particles. Hence,
in the context of the present invention, charges can be
photocharges or particle charges. If in embodiments of the
present invention, only photocharges are mentioned, this is
not intended to be limiting for the invention, but this is done
for the purpose of illustration only.

[0075] In a first aspect, the present invention relates to a
pixel circuit with a high dynamic range and variable (e.g.
high) charge at full well (Q ~).
[0076] In embodiments of the present invention, a pixel
circuit comprises a pinned photodiode (PPD), and at least
one of each of the following: a floating diflusion node (FD),
a capacitor node and a storage node. The storage node is
connected to the PPD and the FD via a first and second
transfer gates (TG), respectively. The capacitor node is
connected to at least one capacitor, and it may be connected
to either the PPD or the storage node by a potential barrier,
for example by a third TG or by a barrier such as a transistor
gate, a multi-level gate (e.g. a DC gate), or by a fixed barrier,
e.g. a passive potential barrier as disclosed in
US2014263947AI, incorporated herein by reference. The
capacitor node is adapted for receiving charges that would
otherwise surpass the maximum storage capacity of the
storage node. Thus, the capacitor node may be connected to
the storage node via an overflow barrier, fixed or variable,
and charges that surpass the maximum storage of the node
thus overflow to the capacitor node. Alternatively, the node
may be connected directly to the PPD via an overflow

barrier, so when the storage node reaches its maximum
charge, the photocharges of the PPD overflow to the capaci-
tor node. Disadvantageous eflects such as blooming of the
PPD or charge drain to substrate can be reduced or avoided,
because the charge storage capacity of the PPD is increased
thanks to the connection to the capacitor node. Finally, the
capacitor node and the FD are connected via a merging
switch, for merging charges stored on the capacitor node and
the FD. This gives the additional advantage of better utili-
zation and readout of generated charges, with no need of
flushing them out of the pixel and losing them. The merging
switch may be a multi-level gate, e.g. a transistor gate that
can be set to at least 2 DC levels, or may be a transfer gate
(merging transfer gate).
[0077] The first and second TGs can be a multi-level
transfer gate, for example comprising an OFF level, an ON
level, and an intermediate level wherein the transfer gate is
an overflown variable barrier.

[007S] The first and second TGs and the merging switch
are not limited to the present examples, and may be any
suitable type of switch, selective barrier, etc. Likewise,
between the capacitor node and the PPD or the storage node,
other suitable barriers, variable or not, may be used. This
confers the pixel circuit a broad selectivity of Q ~.
[0079] The storage node may be advantageously inte-
grated within the substrate of the pixel; for example, it may
be a pinned storage node, a surface or buried channel storage
gate comprising an inversion layer (e.g. a CCD topology).
[00SO] In some embodiments of the present invention, the
capacitor node may comprise a capacitor set. For example,
it may be connected to two or more capacitors. For example,
the connection can be done via switches, transistors, etc.
These can be used for increasing versatility of the storage
capacity, for example to increase it in a controlled way,
and/or for storing charges of difl'erent exposures or frames.
For example, separately storing odd and even frames helps
to realize full global shutter, also called RWI "read while
integrating": while one capacitor stores and allows readout
of the information of one frame, the other capacitor can
already accept charges from the next frame or integration
time. Further capacitors may be connected to the first one via
(fixed or variable) overflow gates, allowing charges not
fitting in the first capacitor to overflow to the further ones.

[00S1] By "capacitor" is understood a charge storage
device in the general sense. In some embodiments of the
present invention, MIM or MOS structures can be used. For
example, transistors or transistor gates can be used for
charge storage.

[00S2] In some embodiments, a RESET switch may be
connected to the FD. For example, it may be used for
resetting the FD between subsequent readings of a first and
second capacitors in the capacitor node. Other elements may
be included in a pixel circuit according to embodiments of
the present invention, for example further RESET switches
for resetting nodes (charge and/or capacitor nodes), and/or a
readout circuit, e.g. a source follower, connected to the FD
for readout of the voltage level.

[00S3] Some or all components of a pixel according to
embodiments of the present invention may comprise semi-
conductors (Si, Ge, InGaAs, etc.), doped semiconductors,
dielectrics and oxides (e.g. silicon oxide, etc.), metal con-
tacts, etc. These materials may be arranged, according to the
function of the component they are part of, in several
configurations, for example: metal-insulator-metal or metal-
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insulator-semiconductor structures, metal-oxide-semicon-
ductor (MOS) structures, physical barriers or doped barriers
for capacitors, gates and/or switches (e.g. transistors), areas
with photo-electric material (e.g. PPD), conductive channels
(e.g. by providing a metal wire or strip wire, semiconductor
degeneration, etc.); areas for charge storage and FD, and
such. Some or all of these components can be obtained via
standard semiconductor processing, for example in semi-
conductor wafers, by deposition, by lithography, etc.

[00S4] Exemplary embodiments will be described with
reference to the attached figures. In the figures, active areas
(e.g. photodiode, sources, drains) are patterned, while bar-
riers (e.g. transistor gates, transfer gates, fixed barriers) are
represented with a white box.

[00S5] FIG. 1 shows an implementation of a pixel accord-
ing to embodiments of the present invention, with a pinned
photodiode (PPD) 101 connected, via a first transfer gate
(TG) 110, to a storage node 102. The storage node is
connected to the floating diflusion (FD) 103 via a second TG
120. A capacitor node 104 is connected to the PPD 101 via
a fixed or variable barrier 130, which may be for example a
transistor gate or any other suitable barrier. The relative
position of the barrier 130 and capacitor node 104 depends
on design and specific layout of the pixel, and it does not
need to be next to the first transfer gate 110.The capacitor
node 104 is further connected to a capacitor 105.A merging
switch 150 (such as a transistor gate) connects the FD and
the capacitor node, suitable for merging the charges of the
capacitor 105 in the FD. The TGs 110, 120 and, optionally,
the variable barrier 130 (in those embodiments in which the
barrier 130 between the capacitor node and the PPD is
variable) may be set to any of two states (ON or OFF,
allowing or blocking the flow of charges) or to three or more
states (ON, OFF and at least one further overflow interme-
diate state, in which only charges over a pre-determined
charge threshold are allowed to flow). This can be obtained

by transistors, transfer gates, DC gates, etc. Further connec-
tions (not pictured) may be included, e.g. to voltage sources,
groundings, etc.

[00S6] FIG. 2 shows an alternative embodiment of a pixel
circuit according to embodiments of the present invention,
with the capacitor node 204 not being connected via a
variable barrier to the PPD as in FIG. 1, but with the
capacitor node 204 connected to the storage node 102
through a barrier 230 (e.g. a passive potential barrier, a
transfer gate, etc.). The potential of the barrier 203 may be
advantageously lower than the potential of the second TG
120, allowing charges first to overflow from the storage node
102 to the capacitor node 204 instead of to the FD or to any
surrounding substrate (e.g. in integrated device), hereby
reducing blooming and other parasitic efl'ects.

[00S7] The capacitor node is adapted to relieve charges
from the PPD by overflow of charges, either from the charge
storage node connected to the PPD (thus allowing more
charges to be transferred from the PPD to the storage node),
or directly from the PPD. This can be chosen depending on
design needs, compactness, etc. In some embodiments, the
capacitor node is placed at least partially on top of the PPD,
for example as a MOS structure. The overflow may be
regulated by a fixed barrier or, in some embodiments, by a
variable barrier, in which case the barrier may be set high or
low, depending on the environmental circumstances, the
particular application of the pixel, etc. The overflown charge

is not lost, and it can be read out by sending it to the FD, for
example through a switch or further gate.

[00SS] FIG. 3 shows an alternative embodiment of a pixel
circuit according to embodiments of the present invention,
in which the capacitor node 104 is connected to a plurality
of, in the embodiment illustrated two, capacitors 301, 302 in
parallel, via one switch 303, 304 each. The merging switch
150 between the FD 103 and the capacitor node 104 is
represented here as a transistor for simplification only. This
is not intended to mean that in these embodiments the
merging switch is required to be a transistor. A further switch
306, or "reset switch", may connect the FD to a voltage
VDD for resetting the FD to a start value when required.

[00S9] FIG. 4 shows an embodiment of a pixel circuit
according to embodiments of the present invention, in which
the couple of capacitors 301, 302 coupled in parallel and the
switches 303, 304 of FIG. 3 are connected to a capacitor
node 404 in a topology as in FIG. 2, and a reset switch 306
is also connected to FD as before in FIG. 3.
[0090] FIG. 5 shows an embodiment as in FIG. 3 in which
a further plurality of capacitors 501, 502 is connected
between the plurality of capacitors 301, 302 and their
corresponding switches 303, 304. Preferably one further
capacitor 501, 502 may be connected between each capaci-
tor 301, 302 and its corresponding switch 303, 304.A couple
of switches or barriers 503, 504 are added so the capacitors
301, 302 do not overcharge, allowing the extra charges to
pass through and be stored in the further capacitors 301, 302.

[0091] When the pixel comprises a plurality of capacitors,
each of them may have a diflerent value of capacitance. For
example, a set of capacitors may be used under a predeter-
mined illumination intensity, and a second set, with higher
capacitance, may be used if the intensity threshold is sur-

passed. In other embodiments, all capacitors may be equiva-
lent and in case of failure of one, another one can be used
instead.

[0092] Other embodiments may comprise difl'erent capaci-
tor connection types, for example capacitors connected in
series, for example via a switch, for a selective capacitance
and increase of Q ~.
[0093] The capacitors can be sequentially filled and dis-
charged. In some embodiments, a set of MOS structures (e.g.
transistor gates, transistors) can be connected in series with
the FD and with the capacitor node. These MOS structures
acting as capacitors may have increasing channel lengths,
the shortest being closest to the FD connection. This way, all
photo charge can be integrated under all MOS capacitors
during FD potential readout, then opening the merging
switch and allowing to sequentially turn ofl' the furthest
MOS capacitor, thereby pushing the charge underneath back
into the smaller capacitors, thus gradually pushing the
charge towards the FD for readout.

[0094] FIG. 6 and FIG. 7 show embodiments of pixel
circuits according to the present invention, comprising a
pinned photodiode 101, two capacitor nodes 104, 604; 204,
704 and two storage nodes 102, 602; 102, 702. Charge of the
PPD 101 may be stored in both branches and be read in a
unique FD 603 (FIG. 6), or in two FDs 103, 703, one for
each branch (FIG. 7). This parallelized topology allows
"pipelined shutter", allowing photocharge of alternating
frames or integration times to be alternatively stored in one
branch or another, thus increasing readout flexibility and
dynamic range.
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[0095] FIG. 6 shows and embodiment with two storage
nodes 102, 602 connected to the PPD 101 via a first couple
of TGs 110, 610. Both storage nodes 102, 602 are further
connected to a unique FD 603 via a second couple of TG
120, 620. Each capacitor node 104, 604 is connected to a
capacitor 105, 605 in each branch, and they are further
connected to the PPD 101 by two potential barriers 130, 630
which may be any of a gate, a fixed barrier such a passive
potential barrier. The capacitor nodes 104, 604 and the FD
603 are connected via two merging switches 150, 650 of any
suitable type.

[0096] FIG. 7 shows the two storage nodes 102, 702
connected to the PPD 101via a first couple of TGs 110,710.
Both storage nodes 102, 702 are further connected to a
corresponding (separate) FD 103, 703 in each branch, via a
second couple of TG 120, 720. This allows two readouts per
pixel. Each capacitor node 204, 704 is connected to a
capacitor 105, 705 in each branch, and to the storage node
as in FIG. 2 and FIG. 4, by two potential barriers 230, 730
(which may be any suitable barrier, e.g. a variable or fixed
potential barrier). The capacitor nodes 204, 704 and the FDs
103, 703 are connected, respectively, via two merging
switches 150, 750 of any suitable type.

[0097] The present invention is not limited to one or two
storage nodes and one or two capacitor nodes, and more than
two of each may be connected to the photodiode.

[009S] In a second aspect, the present invention relates to
a method for operating a pixel circuit according to embodi-
ments of the first aspect of the present invention. In embodi-
ments of the second aspect, as illustrated in the flowchart of
FIG. S, the method comprises illuminating S01 the pixel
circuit (he. irradiating the pixel circuit), hence producing
photocharges (or particle charges) that are integrated in a
pinned photodiode. Then, charges are transferred S02
through the first TG into the storage node. If the charge
reaching the storage node exceeds its maximum charge
allowed, in order to avoid parasitic currents, blooming and
other disadvantageous efl'ect, the exceeding charge is trans-
ferred S10, either by overflow or through a TG or a transistor
gate, to the capacitor node. The charge may be transferred
S11 directly from the PPD (even during integration, if the
charges surpass the barrier), or it may be transferred S12
from the storage node. Either way, the PPD may be depleted
without losing charges exceeding the maximum charge
allowed in the storage node. Any charge transferred to the
capacitor node may be held S20 in a capacitor. This allows,
for example, reading the charges using Correlated Double
Sampling (CDS). The method further comprises transferring
S03 the charges from the storage node to a FD through the
second TG, wherein the charges (or a representative mag-
nitude, such as a voltage or current) are read S04 by, e.g. , a
readout circuit. The method may further comprise transfer-
ring S05 the charges from the capacitor node to the FD
through the merging switch (e.g. by closing the switch), and
reading S06 the charge in the FD. It is an advantage of
embodiments of the present invention that the charge in full
well (Q ~) may be linearly increased.

[0099] Other steps may be included. For instance, holding
S20 the charge in a capacitor may comprise holding S21 the
charge in a plurality of capacitors in parallel. Optionally or
additionally, the charge may be alternatively transferred to a
plurality of capacitors. For example, they may be transferred
S22 to one capacitor or transferred S23 to a second capacitor,
using switches, for alternate frames. For example, for odd

frames, the charges may be transferred S22 to a first capaci-
tor, and for even frames, the charges may be transferred S23
to a second capacitor. The read-out may follow a similar
assignment, and the charges from a first capacitor may be
transferred S05 to the FD by opening the first switch and the
merging switch, while the charges from a second capacitor
may be transferred S05 to the FD by opening the second
switch and the merging switch.

[0100] In the following, the method of the second aspect
of the present invention is applied to pixel topologies of the
first aspect of the present invention.

[0101] In a method applied to the topology shown in FIG.
1, the photocharges (or particle charge) may be integrated in
the pinned photodiode 101 (e.g. due to exposure to radiation
such as light). Then, the first TG 110 is pulsed, thereby
transferring charge into the storage node 102, as far as
charge fits therein. Then the barrier 130 may be pulsed, so
that charge still remaining in the PPD 101 is transferred to
the capacitor node 104 and into the capacitor 105.Alterna-
tively, if the barrier 130 is a fixed potential barrier, or a
transfer gate biased as a fixed potential barrier, charges that
do not fit the PPD 101 may overflow to the capacitor node
104 during the integration time, i.e. even before the TG 110
is pulsed.

[0102] Afterwards, charges may be transferred from the
storage node 102 to the FD 103 by closing the second TG
120, so the charge in the storage node can be read out, for
example using CDS. Finally, the charge in the capacitor
node 104 can also be read out on the FD 103 by closing the
merging switch 150 (e.g. merging transistor) and transfer-
ring the charges from the capacitor node 104 to the FD 103.
The order of steps can be changed, and the charges in the
capacitors may be read before the charges in the storage
node.

[0103] In a method applied to the topology shown in FIG.
2, photocharges (or particle radiation charges as equivalent
wherever this term is used) may be integrated in the pinned
photodiode 101.Then, when pulsing the first TG 110,charge
is transferred into the storage node 102, whereby, if the
charge surpasses the maximum capacity of the storage node,
it overflows the potential set by the barrier or TG or
transistor 230 into the capacitor node. This barrier 230 may
be a fixed potential barrier, for example a doped region, or
a variable barrier, for example a transistor or transfer gate,
as before.

[0104] Afterwards, the procedure is similar to the one
followed for the previous topology of FIG. 1: transferal of
charges from the storage node 102 to the FD 103 by closing
the second TG 120, readout (optionally using CDS), and
readout of charges in the capacitor node 204 by closing the
merging switch 150 between the FD 103 and the capacitor
node 204.

[0105] In a method applied to the topology shown in FIG.
3 and FIG. 5, the photocharge is integrated in the PPD 101,
then when pulsing the first TG 110,charge is transferred into
the storage node, up to its actual maximum capacity. Then
the TG 130 is pulsed so that charge still remaining in the
PPD, if any, is transferred to one of the plurality of capacitor
nodes. For example, charges from odd frames may be
transferred to a first capacitor 301 and charges from even
frames to a second capacitor 302, via corresponding
switches 303, 304. More elaborate assignment of capacitor
(nodes) to frame sequences may be applied.
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[0106] Afterwards, as before, the charge in the storage
node 102 can be read out on the FD using, e.g. , CDS, and
the charge in the various capacitor nodes is read out on the
FD 103 by closing the merging switch 150 and the appro-
priate switch 303, 304 connecting to each capacitor node
301, 302. For example, the reading may be done alterna-

tively, opening the merging switch 150 and each of the
switches 303, 304, one by one following a predetermined
timing, or all combined. Charges left in the floating diffusion
may be removed by appropriately actuating the reset switch
306.
[0107] In a method applied to the topology shown in FIG.
4, the photocharges in the PPD 101 are transferred into the
storage node 102 (e.g. by pulsing the first TG 101),whereby,
if the charge does not fit in the storage node 102, it overflows
the barrier set by the TG 130 into the capacitor node 404,
into one more than one capacitors 301, 302, for instance, one
capacitor for odd and another for even frames. As before, a
more elaborate assignment of capacitors to frame sequences
may be used, up to even making a short sequence of images
or a short movie.
[010S] Afterwards, the charge in the storage node 102 and
in the capacitor nodes 301, 302 may be read in the FD 103
as before, either following an assignment or all combined.

[0109] In general, if any charge remains in the PPD at the
end of the integration time, a further step of transferring the
charges to the storage node 102 and to the FD may be added,
for example by pulsing the first and second gates.

[0110] In a method applied to the topology shown in FIGS.
6 and 7, pipelined shutter is obtained by parallelization of
the storage and capacitor nodes, alternating the transferal of
the photocharges integrated in alternating frames towards
one or another branch. In case of FIG. 6, the photocharges
in the PPD 101 are alternatively transferred into the storage
nodes 102, 602 (e.g. by pulsing the first TG 101, 601),
depending on the frame. For example, odd frames may
transfer the photocharges to a first storage node 102, while
even frames may transfer them to a second storage node 602.
If the charge does not fit in the storage node 102, it may
overflow the barrier set by the barriers 130, 630 into the
capacitor node 104, 604 into one more than one capacitors
105, 605, for instance, one capacitor for odd and another for
even frames.

[0111] Afterwards, the charge in the storage nodes 102,
602 and in the capacitor nodes 105, 605 may be alternatively
read in the FD 603 as before, either following a pre-
determined assignment (first, charges collected in an odd
frame; then, charges collected during an even frame) or all
combined. Other possibilities, such as the use of transistors
with increasing channel length in series, can be used as a set
of capacitors with different capacitance. For example, the
charge accumulated can be sent to the FD after integration
by turning OFF the transistors in sequence towards the FD.
[0112] Instead of a single FD, two or more FDs 103, 703
may be used, as shown in FIG. 7, allowing independent
readout of charges collected during sequential frames.

[0113] The present invention has been described in the
framework of pixel circuits and image sensors, but it is not
limited to visible radiation and it may be applicable to other
types of radiation, such as corpuscular radiation, X-rays,
infrared, etc. Likewise, the present invention is not limited
to the disclosed features, for example instead of a pinned
photodiode with a buried layer, other topologies of photo-
electronic pixels or sensors may be used.

1.An image sensor comprising one pinned photodiode, at
least one first transfer gate for electrically connecting the
pinned photodiode to at least one storage node, at least one
second transfer gate for electrically connecting the at least
one storage node with at least one floating diflusion node,
and at least one merging switch for connecting the at least
one floating diffusion layer with at least one capacitor node,
for accepting any charge that exceeds the maximum capacity
of the storage node.

2. The image sensor according to claim 1, further com-
prising at least one third transfer gate for electrically con-
necting the pinned photodiode and the at least one capacitor
node.

3. The image sensor according to claim 1, further com-
prising at least one fixed barrier between the pinned photo-
diode and the at least one capacitor node.

4. The image sensor according to claim 1, further com-
prising at least one third transfer gate for electrically con-
necting the storage node and the at least one capacitor node.

5. The image sensor according to claim 1, further com-
prising at least one fixed barrier between the storage node
and the at least one capacitor node.

6. The image sensor according to claim 1, wherein the
merging switch is a transistor gate that can be set to at least
2 DC levels.

7. The image sensor according to claim 1, wherein the
merging switch is a merging transfer gate.

S. The image sensor according to claim 1, wherein any
transfer gate can be set to at least three diflerent levels
comprising an OFF level, an ON level, and an intermediate
level wherein the transfer gate is an overflown variable
barrier.

9. The image sensor according to claim 7, wherein the
merging transfer gate can be set to at least three diflerent
levels comprising an OFF level, an ON level, and an
intermediate level wherein the transfer gate is an overflown
variable barrier.

10.The image sensor according to claim 1, wherein the at
least one capacitor node comprises a pair of capacitors in
parallel configuration, each capacitor connected to the
capacitor node via a switch.

11.The image sensor according to claim 10, comprising
two further capacitors each connected via two overflow
gates to each of the two parallel capacitors and switches.

12. The image sensor according to claim 1, further com-
prising a reset transistor connected to the floating diffusion
layer.

13. The image sensor according to claim 1, comprising
two first transfer gates for electrically connecting the pinned
photodiode to two storage nodes, two second transfer gates
for electrically connecting the two storage node with at least
one floating diflusion node, and two merging switch for
connecting the at least one floating diflusion node with two
capacitor node, further comprising two further transfer gates
or fixed barriers between the pinned photodiode and each of
the two capacitor nodes.

14. The image sensor according to claim 1 comprising
two first transfer gates for electrically connecting the pinned
photodiode to two storage nodes, two second transfer gates
for electrically connecting each storage node with at least
one floating diflusion node, and two merging switch for
connecting the at least one floating diflusion node with two
capacitor nodes, further comprising two further transfer
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gates or fixed barriers between each of the two storage nodes
and each of the two capacitor nodes.

15.A method of operation of an image sensor according
to claim 1, the method comprising:

illuminating the image sensor, thereby integrating pho-
tocharges in the pinned photodiode,

transferring an amount of charge through the at least first
transfer gate into the at least one storage node,

whereby any charge exceeding the maximum capacity of
the at least one storage node is transferred to the
capacitor node,

opening the at least second transfer gate, thereby trans-
ferring the charges of the at least one storage node to at
least one floating diflusion node,

reading the charge in the at least one floating diflusion
node.

16. The method according to claim 15, further compris-
ing:

transferring the charges through the merging switch from
the capacitor node to the floating diflusion node,

reading the charge in the at least one floating diflusion
node.

17.The method according to claim 16, further comprising
transferring the charge from the capacitor node to at least
two capacitors through at least two transistors before trans-
ferring the charges from the capacitor node to the floating
diflusion node.

1S. The method according to claim 17, wherein transfer-
ring the charge to at least two capacitors comprises trans-
ferring the charge to one or more capacitors for a predeter-
mined frame, and transferring the charge to one or more
difl'erent capacitors for a further frame.

19. The method according to claim 15, wherein any
charge that exceeds the maximum capacity of the at least one
storage node is transferred from the pinned photodiode to
the capacitor node.

20. The method according to claim 15, wherein any
charge that exceeds the maximum capacity of the at least one
storage node is transferred from the storage node to the
capacitor node
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