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CORRELATED MULTIPLE SAMPLING
CMOS IMAGE SENSOR

[0001] The present patent application claims the priority
benefit of French patent application FR14/56598, the con-
tents of which is hereby incorporated by reference in its
entirety to the maximum extent allowable by law.

BACKGROUND

[0002] The present disclosure relates to the field of CMOS
image sensors. It particularly aims at a low-noise CMOS
image sensor, capable of operating in low luminosity condi-
tions.

DISCUSSION OF THE RELATED ART

[0003] Conventionally, a CMOS image sensor comprises
pixels arranged in an array of rows and columns. Each pixel
comprises a photodiode used in reverse mode, having its
junction capacitance discharged by a photocurrent according
to a received light intensity. At the end of a period, called
image acquisition or integration period, before and after
which the pixel is reset by recharging of its photodiode, the
photogenerated charges stored in the photodiode are trans-
ferred to a capacitive sense node of the pixel. The illumination
level received by the pixel is measured by measuring the
potential variation of the pixel sense node, caused by the
transfer, on this node, of the charges photogenerated in the
photodiode of the pixel.

[0004] In practice, various noise sources are capable of
affecting the measurement, which may raise an issue when
the quantity of charges photogenerated in the photodiode is
small, and particularly when the sensor is used in low lumi-
nosity conditions.

[0005] FIG.1isanelectric diagram showing an example of
a pixel 100 of a CMOS image sensor. Pixel 100 comprises a
photodiode 101, a storage node K formed by the cathode of
photodiode 101, and a sense node SN. The anode of photo-
diode 101 is connected to a node of application of a low
reference potential GND, for example, the ground. Pixel 100
further comprises a transfer transistor 103 having its conduc-
tion nodes (source/drain) respectively connected to node K
and to node SN, a reset transistor 105 having its conduction
nodes respectively connected to node SN and to a node of
application of a high reference potential VDD, a read transis-
tor 107 assembled as a source follower, having its gate con-
nected to node SN and having its drain connected to a node of
application of a reference potential, and a selection transistor
109 having its conduction nodes respectively connected to the
source of read transistor 107 and to an output conductive track
111, which may be common to a plurality of pixels of the
sensor. In the shown example, transistors 103, 105, 107, and
109 are N-channel MOS transistors, and transistor 107,
assembled as a source follower (or common drain assembly),
has its drain connected to a node of application of a high
reference potential, potential VDD in the present example. In
operation, the potential variations of node SN are transferred
to the source of transistor 107 in a substantially identical
form. Pixel 100 receives control signals TX, RT, and RS
respectively applied to the gates of transistors 103, 105, and
109.

[0006] As an example, pixel 100 may be controlled as fol-
lows:
[0007] during a pixel integration phase (preceded by a

step of resetting photodiode 101), transfer transistor 103
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is kept non-conductive (signal TX in the low state in the
present example) to isolate storage node K from sense
node SN. The electric charges generated in photodiode
101 under the effect of light then cause a progressive
decrease of the voltage of node K.

[0008] Beforethe end of the integration phase, reset tran-
sistor 105 is turned on (signal RST in a high state in this
example) to reset the potential of sense node SN to
potential VDD, after which transistor 105 is turned off to
isolate node SN from node VDD.

[0009] After the step of resetting node SN, the potential
of node SN is read and stored in a first read step, to be
used as a reference for a subsequent step of measuring
the discharge level of the photodiode. To achieve this,
selection transistor 109 is turned on (signal RS in a high
state in this example), so that the potential of node SN is
transferred to output track 111, via transistors 107 and
109. The potential of track 111 is then read and stored,
via a read circuit, not shown.

[0010] After the first reading step, transfer transistor 101
is turned on (signal TG in the high state in this example)
to cause the transfer of the photogenerated charges
stored in the photodiode onto sense node SN. The volt-
age at node SN then decreases by a value representative
of the amount of photogenerated charges stored in the
photodiode, and thus of the light intensity received by
the photodiode during the integration.

[0011] The potential of node SN, transferred onto output
track 111 by transistors 107 and 109, is then read again
during a second read step, by a read circuit, not shown.

[0012] The output value of the pixel is equal to the dif-
ference between reset potential V., read from track
111 during the first reading step and potential V 577
read from track 111 during the second reading step, or
signal potential. An analog subtraction circuit, not
shown, may be provided to calculate this difference.

[0013] Such areading method, generally called CDS in the
art, for “Correlated Double Sampling”, enables to at least
partly do away with certain sources of noise, such as the reset
noise introduced by transistor 105.

[0014] To further decrease the pixel noise, a read method
called CMS in the art, for “Correlated Multiple Sampling”,
has been provided. CMS reading essentially differs from
CDS reading in that:

[0015] after the step of resetting node SN and before the
transfer of the photogenerated charges onto node SN, the
reset potential on node SN, instead of being read once, is
read M successive times, where M is an integer greater
than 1; and

[0016] after the transfer of the photogenerated charges
onto sense node SN. The signal potential on node SN,
instead of being read once, is read M successive times.

[0017] TheM samples of thereset potential on the one hand
and the M samples of the signal potential on the other hand are
averaged, and the difference between the average of the reset
level and the average of the signal level defines the output
value of the pixel.

[0018] This type of reading method is generally called
CMS in the art, for “Correlated Multiple Sampling”. Such a
reading method has the same advantages in terms of noise
reduction as a CDS-type reading, and enables to further
decrease the reading noise, particularly due to transistors 107
and 109.
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[0019] Examples of circuits capable of implementing a
CMS-type reading in a CMOS image sensor have been
described in article “Column-Parallel Correlated Multiple
Sampling Circuits for CMOS Image Sensors and Their Noise
Reduction Effects” of Sungho Suh et al. (Sensors 2010, 10,
9139-9154). Such circuits however have various disadvan-
tages.

[0020] In the circuit of FIG. 1 of the above-mentioned
article, the M samples of the reset potential are integrated
(that is, summed up) in a first capacitor, and the resulting
signal is stored in a second capacitor. The M samples of the
signal potential are then integrated (summed up) in the first
capacitor and the resulting signal is stored in a third capacitor.
The difference between the voltage across the second capaci-
tor and the voltage across the third capacitor is then calcu-
lated, and defines the output value of the pixel. A disadvan-
tage of such a circuit is that the accumulation of M successive
samples of the reset potential on the one hand and of the signal
potential on the other hand decreases by a factor M the
dynamic range of the pixel, that is, the range of luminosity
levels that the pixel is capable of discriminating.

[0021] In the circuit of FIG. 3 of the above-mentioned
article, to avoid such a dynamic range decrease, it is provided
to integrate in a capacitor, instead of the M successive
samples of the reset potential (respectively of the signal
potential), the difference between each sample of the reset
potential (respectively of the signal potential) and a reference
potential. A disadvantage of such a circuit is its complexity
and its relatively significant electric power consumption, par-
ticularly resulting from the presence of a comparator com-
paring each sample with a reference potential. Further, prob-
lems of non-linearity of the output value of the pixel may
arise.

[0022] Article“A 1.1e-Temporal Noise 1/3.2-inch 8Mpixel
CMOS Image Sensor using Pseudo-Multiple Sampling” of
Yong Lim et al. (ISSCC 2010/SESSION 22/IMAGE SEN-
SORS/22.2) further provides a CMOS image sensor capable
of implementing a CMS-type reading, where the M succes-
sive samples of the reset potential and the M successive
samples of the signal potential are first digitized, and the
difference between the average of the reset potential samples
and the average of the signal potential samples is digitally
calculated. A disadvantage of such a sensor is due to the
performance constraints (particularly in terms of speed) bear-
ing on the analog-to-digital converters of the sensor.

[0023] Thereis aneed fora CMOS image sensor capable of
implementing a CMS-type reading method, such a sensor
overcoming all or part of the disadvantages of existing sen-
SOrS.

SUMMARY

[0024] Thus, an embodiment provides a CMOS image sen-
sor comprising at least one pixel and one circuit arranged to
receive, on a first node of the circuit, an analog signal repre-
sentative of the luminosity level received by the pixel, the
circuit being capable of successively acquiring 2” samples of
said signal, n being an integer greater than or equal to 2, and
of delivering, on a second node of the circuit, an analog signal
having a value equal to the average of the values of said
samples, without generating an intermediate signal having a
value greater than the value of the largest acquired sample, the
circuit comprising: first and second capacitors, the second
capacitor having a first electrode connected to the first node
via a first switch, and a second electrode connected to a node
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of application of a reference potential, and the first capacitor
having a first electrode connected to the second node and
connected to the first electrode of the second capacitor via a
second switch, and a second electrode connected to a node of
application of the reference potential; n-1 branches, each
comprising two switches in series between the first electrode
of the second capacitor and the first electrode of the first
capacitor, and a capacitor connecting the junction point of the
two switches of the branch and a node of application of the
reference potential; and a control unit capable of controlling
the switches to successively acquire 2” samples of the voltage
atthe first node in the n+1 capacitors, and of delivering, across
the second capacitor, a voltage equal to the average of the
acquired samples.

[0025] According to an embodiment, the capacitors have
the same capacitance.

[0026] According to an embodiment, the first node of the
circuit is connected to the pixel via an amplification stage.
[0027] According to an embodiment, the pixel comprises a
photodiode connected to a sense node by a transfer transistor.
[0028] According to an embodiment, the sensor comprises
a control circuit capable of, during a phase of reading an
output value of the pixel: resetting the sense node; controlling
the circuit to acquire 2” samples representative of the poten-
tial of the sense node and delivering a first analog signal
having a value equal to the average of these samples; trans-
ferring photogenerated charges stored in the photodiode of
the pixel onto the sense node via the transfer transistor; con-
trolling the circuit to acquire 2" samples representative of the
potential of the sense node and deliver a second analog signal
having a value equal to the average of these samples; and
delivering an output value equal to the difference between the
first and second analog signals.

[0029] The foregoing and other features and advantages
will be discussed in detail in the following non-limiting
description of specific embodiments in connection with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1, previously described, is an electric diagram
of'an example of a pixel of a CMOS image sensor;

[0031] FIG. 2 is a partial electric diagram of an embodi-
ment of a circuit enabling to implement a CMS-type reading
in a CMOS image sensor;

[0032] FIG. 3 is atiming diagram illustrating an example of
a method of controlling the circuit of FIG. 2;

[0033] FIG. 4 is a partial electric diagram of another
embodiment of a circuit enabling to implement a CMS-type
reading in a CMOS image sensor;

[0034] FIG. 5 is a partial electric diagram of an embodi-
ment of a CMOS image sensor capable of implementing a
CMS-type reading; and

[0035] FIG. 6is atiming diagram illustrating an example of
a method of controlling the sensor of FIG. 5.

[0036] For clarity, the same elements have been designated
with the same reference numerals in the various drawings
and, further, the timing diagrams of FIGS. 3 and 6 are not to
scale.

DETAILED DESCRIPTION

[0037] According to an aspect of the described embodi-
ments, a CMOS image sensor comprising a circuit capable of
analogically calculating the average of M successive samples
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of'an output signal of a pixel of the sensor, without generating
an intermediate value greater than that largest acquired
sample value, is provided. An advantage is that a CMS-type
reading method can thus be implemented without for the
dynamic range of the sensor to be limited by the average
calculation circuit.

[0038] In a preferred embodiment, which will now be
described, the average calculation circuit is a switched-ca-
pacitance circuit, having its operation based on the following
principle: when two capacitors of same capacitance, respec-
tively charged to voltages V1 and V2, are connected in par-
allel, the voltage across the parallel association of the two
capacitors takes value (V1+V2)/2. Connecting two capacitors
in parallel thus enables to calculate the average of two voltage
values, without generating an intermediate value greater than
the largest of the two voltage values. According to an aspect,
an average calculation circuit using this principle to recur-
sively calculate the average of M samples of the potential of
an input node IN of the circuit is provided, in the case where
M is a non-zero power of 2, that is, M=2", n being an integer
greater than or equal to 1.

[0039] FIG. 2 is an electric diagram of an embodiment of a
circuit 200 capable of acquiring and of calculating the aver-
age of M=8 successive samples of the potential of an input
node IN of the circuit, without generating an intermediate
signal having a value greater than the largest acquired sample
value.

[0040] Circuit 200 comprises a capacitor ¢, having a first
electrode connected to input node IN by a switch s, and to an
output node OUT of the circuit by a switch s,, and having its
second electrode connected to a node of application of a
reference potential GND, for example, the ground. Circuit
200 further comprises a capacitor c,,,, having a first electrode
connected to node OUT and having its second electrode con-
nected to a node of application of reference potential GND.
Circuit 200 further comprises, in parallel with switch s,,
between the first electrode of capacitor ¢, and the first elec-
trode of capacitor c,,,, a first branch comprising two series-
connected switches s, and s, the junction point of switches s
and s, being connected to a node of application of reference
potential GND by a capacitor c,, and a second branch com-
prising two series-connected switches ss and s, the junction
point of switches s; and sq being connected to a node of
application of reference potential GND by a capacitor c;.

[0041] The control nodes of switches s, s,, S5, 54, 55, and s
are respectively connected to nodes of application of control
signals @, ®,, ®,, d,, P, and O,.

[0042] Circuit 200 further comprises a control unit 201
(CTRL) capable of delivering signals @, ®,, @, D, P, and
@, for controlling switches s, s,, S5, S4, S5, and sg.

[0043] FIG. 3 is atiming diagram illustrating an example of
the method of controlling the circuit of FIG. 2, enabling to
calculate the average of M=8 successive samples of potential
Vv of node IN. More particularly, FIG. 3 shows the time
variation of potential V, of node IN and of signals @, ®,,
D, D,, B, and D, for controlling switches s,, S5, S5, S4s Ss,
and sg.

[0044] At a time tl, switches s1 and s3 are turned on (sig-
nals @, and @, in the high state in the shown example), all the
other switches being maintained off (signals ®@,, ®@,, ®5, and
@, in the low state in this example). Capacitors ¢, and ¢, then
charge to the value of signal V..
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[0045] Atatimet2 subsequentto timetl, switch s, is turned
off. Value V1 of signal V ,at time t2 is then stored in capacitor
¢,. The voltage across capacitor ¢, keeps on following the
variations of signal V.

[0046] Atatimet3 subsequentto timet2, switchs, is turned
off. Value V2 of signal V at time t3 is then stored in capacitor
c,.

[0047] Atatimetd subsequentto timet3, switch s, is turned

on. The voltage across each of capacitors ¢, and c, then takes
value (V1+V2)/2.

[0048] AtatimetS subsequentto timet4, switch s, is turned
off. Value (V14+V2)/2 is then stored in capacitors ¢, and c,.
[0049] Atatimet6 subsequent to timet5, switches s, and s,
are turned on. Capacitors ¢, and c,,, then charge to the value
of'signal V.

[0050] Atatimet7 subsequentto timet6, switch s, is turned
off. Value V3 of signal V ,;at time t7 is then stored in capacitor
c,,.- The voltage across capacitor ¢, keeps on following the
variations of signal V.

[0051] Atatimet8 subsequentto timet7, switchs, is turned
off. Value V4 of signal V ;at time t8 is then stored in capacitor
c,.
[0052] Atatimet9 subsequentto timet8, switch s, is turned
on. The voltage across each of capacitors ¢, and c,,,,, then takes
value (V3+V4)/2.

[0053] At a time t10 subsequent to time t9, switch s, is
turned off. Value (V3+V4)/2 is then stored in capacitors ¢,
andc,,,

[0054] At a time t11 subsequent to time t10, switch s, is
turned on. The voltage across each of capacitors ¢, and ¢,
then takes value (V1+V2+V3+V4)/4.

[0055] Further, at time t11, switches s, and s are turned on.
Capacitors ¢, and ¢, then charge to the value of signal V.
[0056] At a time t12 subsequent to time t11, switch ss is
turned off. Value V5 of signal V,,; at time t12 is then stored in
capacitor c;. The voltage across capacitor ¢, keeps on follow-
ing the variations of signal V..

[0057] Further, at time t12, switch s, is turned off. Value
(V1+V2+V3+V4)/4 is then stored in capacitors ¢, and c,,,.
[0058] At a time t13 subsequent to time t12, switch s, is
turned off. Value V6 of signal V ,; at time t13 is then stored in
capacitor ¢;.

[0059] At a time t14 subsequent to time t13, switch s is
turned on. The voltage across each of capacitors ¢, and c; then
takes value (V5+V6)/2.

[0060] At a time t15 subsequent to time t14, switch ss is
turned off. Value (V5+V6)/2 is then stored in capacitors ¢,
and c;.

[0061] Atatimet16 subsequenttotimetl5, switches s, and
s, areturned on. Capacitors ¢, and ¢, then charge to the value
of'signal V.

[0062] At a time t17 subsequent to time t16, switch s, is
turned off. Value V7 of signal V,,; at time t17 is then stored in
capacitor c,,,. The voltage across capacitor ¢, keeps on fol-
lowing the variations of signal V..

[0063] At a time t18 subsequent to time t17, switch s, is
turned off. Value V8 of signal V ; at time t18 is then stored in
capacitor ¢;.

[0064] At a time t19 subsequent to time t18, switch s, is
turned on. The voltage across each of capacitors ¢, and ¢,
then takes value (V7+V8)/2.

[0065] At a time t20 subsequent to time t19, switch s, is
turned off. Value (V7+V8)/2 is then stored in capacitors ¢,
andc,,,

out

out

out
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[0066] At a time t21 subsequent to time t20, switch s¢ is
turned on. The voltage across each of capacitors ¢; and ¢,
then takes value (V5+V6+V7+V8)/4.

[0067] At a time t22 subsequent to time t21, switch s, is
turned off. Value (V5+V6+V7+V8)/4 is then stored in each of
capacitors ¢; and c,,,,.

[0068] At a time t23 subsequent to time t22, switch s, is
turned on. The voltage across each of capacitors ¢, and ¢,
then takes value (V1+V2+V3+V4+V5+V6+V7+V8)/8. The
average of the 8 samples V1 to V8 is then available on output
node OUT of circuit 200.

[0069] At atime t24 subsequent to time t23, switch s, may
be turned off to enable to use capacitor ¢, again for a new
measurement.

[0070] FIG. 4 is an electric diagram of an embodiment of
circuit 200 of FIG. 2, generalized to case M=2" for any n
greater than or equal to 2.

[0071] Circuit 200 of FIG. 4 comprises, as in the example of
FIG. 2, two capacitors ¢, and ¢, and two switches s, and s,
arranged in the same way as in the example of FIG. 2 between
input node IN and output node OUT of the circuit.

[0072] Circuit 200 of FIG. 4 further comprises, in parallel
with switch s,, n—1 branches each comprising two switches
$,,.; ands,, in series between the first electrode of capacitorc,
and the first electrode of capacitor c,,,. In each branch, the
junction point of switches s,, ; and s,, is connected to a node
of application of reference potential GND by a capacitor c,,
where i is an integer in the range from 2 to n.

[0073] The control nodes of switches s, to s,,, are respec-
tively connected to nodes of application of control signals @,
to @,,.

[0074] Circuit 200 further comprises a control unit 201
(CTRL) capable of providing switches s, to s,,, with a control
sequence capable of implementing the calculation, by circuit
200, of the average of M successive samples of potential V
of node IN, and of delivering the calculated average value
onto output node OUT of the circuit, for example, a control
sequence of the type described in relation with FIG. 3.
[0075] In the case where M=2 (n=1), circuit 200 for
example only comprises capacitors ¢, and c,,,,, switches s,
and s,, and a control unit 201 (CTRL) capable of providing
switches s, and s, with a control sequence capable of calcu-
lating the average of 2 successive samples of potential V,,
and of delivering the calculated average value onto output
node OUT of the circuit.

[0076] FIG. 5 is a partial electric diagram of an embodi-
ment of a CMOS image sensor 500 capable of implementing
a CMS-type reading.

[0077] In this example, sensor 500 comprises at least one
pixel 100 of the type described in relation with FIG. 1. Pho-
todiode 101 of pixel 100 preferably is a pinned photodiode or
buried photodiode. The use of a pinned diode indeed enables
to decrease the pixel noise, and more particularly the noise
due to dark currents and the reset noise. In practice, sensor
500 may comprise a plurality of identical or similar pixels
100. Pixels 100 may for example be arranged in rows and
columns. As an example, the pixels of a same column are
connected to a same output track 111 and the pixels of differ-
ent columns are connected to different output tracks 111.
Further, as an example, the pixels of a same row have their
nodes of application of control signals TX, RT, and RS
respectively interconnected, which enables to control the sen-
sor pixels row by row. The described embodiments are how-
ever not limited to this specific arrangement of the sensor
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pixels. Further, the described embodiments are compatible
with other pixel structures than those described in relation
with FIG. 1.

[0078] In this example, sensor 500 comprises an amplifi-
cation stage 501 having an input node n1 connected to output
track 111 of pixel 100. Amplification stage 501 is capable of
providing, on an output node n2 of stage 501, a voltage equal
to the voltage on node nl, multiplied by a gain G. Amplifica-
tion stage 501 particularly enables to decrease the thermal
noise of the pixel. In the shown example, amplification stage
501 comprises an amplifier 503 having its input connected to
a node n3 and having its output connected to node n2. Stage
501 further comprises a capacitor 505 connecting node nl to
node n2, a capacitor 507 connecting node n3 to node n2, a
switch SW1 connecting node n3 to node n2 in parallel with
capacitor 507, and a capacitor 509 connecting node n2 to a
node of application of low reference potential GND. The
control node of switch SW1 is connected to a node of appli-
cation of a control signal AZ0. Gain G of amplification stage
501 is a function of the ratio of the capacitance of capacitor
505 to the capacitance of capacitor 507. Switch SW1 enables,
when it is on, to reset the offset voltage of amplifier 503.
[0079] Sensor 500 further comprises an analog average
calculation circuit 200, of the type described in relation with
FIGS. 2, 3, and 4. In the shown example, average calculation
circuit 200 is identical or similar to circuit 200 of FIG. 2.
Thus, in this example, circuit 200 is capable of calculating the
average of M=8 successive samples of the input signal. As a
result, as will be detailed hereafter, sensor 500 is capable of
implementing a CMS-type reading method, where 8 samples
of' the reset potential, respectively of the signal potential, are
averaged. It will however be within the abilities of those
skilled in the art to adapt circuit 200 to form a sensor capable
of implementing a CMS reading with a number M of aver-
aged samples different from 8.

[0080] In the shown example, input node IN of circuit 200
is connected to output node n2 of amplification stage 501.
Further, in this example, the electrode of capacitor ¢, oppo-
site to node OUT, instead of being directly connected to a
node of application of low reference potential GND as in the
example of FIG. 6, is connected to an input node n4 of a
single-ramp analog-to-digital converter 511, where node n4
may for example be taken to reference potential GND during
an average calculation phase.

[0081] In this example, analog-to-digital converter 511
comprises a comparator having its input connected to node n4
and having its output connected to a node n5, and a switch
SW2 connecting node n4 to node n5. The control node of
switch SW2 is connected to a node of application of a control
signal AZ1. Analog converter 511 further comprises a capaci-
tor 515 connecting node n4 to anode Vi, ,» of application of
avoltage ramp. Converter 511 further comprises a ramp gen-
erator, not shown, capable of applying a voltage ramp to node
V raams @nd a circuit, not shown, capable of successively
sampling a plurality of times the state of output node n5 of
comparator 513 during the period of application of the volt-
age ramp, to generate a digital word representative of the
voltage level at the input of converter 511.

[0082] In practice, in the case of a sensor comprising a
plurality of pixels, amplification stage 501, average calcula-
tion circuit 200, and analog-to-digital stage 511 may be
shared by a plurality of pixels of the sensor. Sensor 500
further comprises one amplification stage 501, one average
calculation circuit 200, and one analog-to-digital conversion



US 2016/0014361 Al

circuit 511 per output track 111, that is, per pixel column in
the above-mentioned example.

[0083] FIG. 61is atiming diagram illustrating an example of
a method of controlling the sensor of FIG. 5. In this example,
a CMS-type reading with M=8 averaged samples is imple-
mented. FIG. 6 more specifically shows the time variation of
potential Vg, of sense node SN of pixel 100, and of control
signals RS, RT, TX, AZ0, ®,, ®,, D,, D, P, Py, and AZ1 of
pixel 100, of amplification stage 501, of average calculation
circuit 200, and of analog-to-digital conversion stage 511.
[0084] Atatime tl'before the end of an integration phase of
pixel 100, reset transistor 105 of the pixel is turned on (signal
RT in the high state in this example) to reset the potential of
sense nose SN, after which transistor 105 is turned off at a
time t2' subsequent to time t1', to isolate node SN from node
VDD. At time t1', selection transistor 109 is further set to the
on state (signal RS in the high state in this example). Further,
at time t1', switches SW1 and SW2 are turned on, which
causes the resetting to zero of the offset of amplification stage
501 and of analog-to-digital conversion stage 511.

[0085] At atime t3' subsequent to time t2', switch SW1 is
turned off. The voltage across capacitor 509 is then substan-
tially equal to the voltage on track 111, multiplied by gain G
of the amplification stage, and varies proportionally to the
voltage variations on track 111.

[0086] Between atime t4' subsequent to time t3', and a time
t7' subsequent to time t4', a control sequence of circuit 200,
identical or similar to the control sequence described in rela-
tion with FIG. 3, is implemented. In the shown example,
times t4' and t7' respectively correspond to times t1 and t24 of
FIG. 3. At the end of this sequence, capacitor ¢, has between
its terminals a voltage VR substantially equal to the average of
8 successive samples of the output signal of amplification
stage 501. Voltage VR is representative of the reset potential
of sense node SN of the pixel, multiplied by gain G.

[0087] Atatimet5' subsequent to the acquisition of the last
sample of the reset potential, that is, subsequent to time t18 of
the sequence of FIG. 3, transfer transistor 103 of pixel 100 is
set to the on state (signal TX in the high state in this example),
to transfer the photogenerated charges accumulated in pho-
todiode 100 onto sense node SN of the pixel. The voltage at
node SN then decreases by a value representative of the
amount of photogenerated charges stored in the photodiode,
and thus of the light intensity received by the photodiode
during the integration. At a time t6' subsequent to time t5',
transistor 103 is turned back off to isolate node SN from node
K. In the shown example, the transfer of the photogenerated
charges onto node SN is performed during a transfer period
15'-t6' between times t18 and 124 of the average calculation
sequence of FIG. 3. More particularly, in the shown example,
the transfer of the photogenerated charges is performed
between times t18 and t20 of the sequence of FIG. 3. The
described embodiments are however not limited to this spe-
cific case. As a variation, the transfer of the photogenerated
charges onto node SN may be performed after time 7.
[0088] Between a time t8' subsequent to time t7' and sub-
sequent to the transfer of the photogenerated charges onto
node SN, and a time t9' subsequent to time t8', a control
sequence for circuit 200, identical or similar to the control
sequence described in relation with FIG. 3, is implemented
again. In the shown example, times t8' and t9' respectively
correspond to times t1 and 124 of FIG. 3. At the end of this
sequence, capacitor c,,,, has between its terminals a voltage
VS substantially equal to the average of 8 successive samples
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of'the output signal of amplification stage 501. Voltage VS is
representative of the signal potential of sense node SN of the
pixel, multiplied by gain G.

[0089] Attime t8', switch SW2 is further turned off (signal
AZ1 in the low state in this example). As a result, from time
t8' on, the voltage on input node n4 of analog-to-digital con-
verter 511 is equal to the difference between the voltage
across capacitor c,,, at time t8' (that is, voltage VR) and the
voltage across capacitor c_,, at the current time.

[0090] At time t9', the voltage on input node n4 of analog-
to-digital converter 511 is thus substantially equal to VR-VS.
This voltage defines an output value of the pixel, and may be
digitized by analog converter 511, by applying an adapted
voltage ramp to node Vg ,, »» of converter 511.

[0091] An advantage of sensor 500 is that it enables to
implement a CMS-type reading, which reading does not limit
the dynamic range of the sensor pixels, and this, whatever
number M of samples averaged during the measurement.
[0092] Further, average calculation circuit 200 is particu-
larly simple to form and has a relatively low electric power
consumption.

[0093] Further, in the example of FIG. 5, the analog-to-
digital conversion step is advantageously used to analogically
calculate the difference between the reset potential level of
the pixel and the signal potential level of the pixel.

[0094] Specific embodiments have been described. Various
alterations, modifications, and improvements will readily
occur to those skilled in the art.

[0095] In particular, the described embodiments are not
limited to the specific example described in relation with FIG.
5 where an amplification stage is provided between the output
track of the pixel and the input of the average calculation
circuit. As a variation, amplification stage 501 of the example
of FIG. 5 may be omitted or replaced with a different ampli-
fication stage.

[0096] Further, the described embodiments are not limited
to the specific example described in relation with FIG. 5,
where the difference between the average of the M samples of
the reset potential and the average of the M samples of the
signal potential is calculated by means of the analog-to-digi-
tal conversion stage coupled to the pixel. As a variation, the
difference between the averages may be calculated by any
other adapted analog subtraction circuit.

[0097] Further, although an example of an average calcu-
lation circuit based on switched capacitances has been
described, the described embodiments are not limited to this
specific example. More generally, any other circuit capable of
analogically calculating an average of a plurality of succes-
sive samples of an output signal of a pixel of the sensor,
without generating an intermediate signal having a value
greater than the value of the largest sample, may be used to
replace above-described circuit 200, for example, a circuit
based on switched capacitances having an architecture differ-
ent from that described hereabove, or a circuit based on tran-
sistors.

[0098] Further, in the case where an average calculation
circuit based on switched capacitances of the type described
hereabove is used, it will be within the abilities of those
skilled in the art to provide other control sequences than the
sequence of FIG. 3 to acquire M samples of the voltage on
input node IN of the circuit, and deliver, on output node OUT
of'the circuit, a voltage equal to the average of the M samples.
[0099] Such alterations, modifications, and improvements
are intended to be part of this disclosure, and are intended to
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be within the spirit and the scope of the present invention.
Accordingly, the foregoing description is by way of example
only and is not intended to be limiting. The present invention
is limited only as defined in the following claims and the
equivalents thereto.

What is claimed is:

1. A CMOS image sensor comprising at least one pixel and
one circuit arranged to receive, on a first node of the circuit, an
analog signal representative of the luminosity level received
by the pixel, the circuit being capable of successively acquir-
ing 2” samples of said signal, n being an integer greater than
or equal to 2, and of delivering, on a second node of the
circuit, an analog signal having a value equal to the average of
the values of said samples, without generating an intermedi-
ate signal having a value greater than the value of the largest
acquired sample, the circuit comprising:

first and second capacitors,

the second capacitor having a first electrode connected to
the first node via a first switch, and a second electrode
connected to a node of application of a reference poten-
tial, and the first capacitor having a first electrode con-
nected to the second node and connected to the first
electrode of the second capacitor via a second switch,
and a second electrode connected to a node of applica-
tion of the reference potential;

n-1 branches, each comprising two switches in series
between the first electrode of the second capacitor and
the first electrode of the first capacitor, and a capacitor
connecting the junction point of the two switches of the
branch and a node of application of the reference poten-
tial; and
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a control unit capable of controlling the switches to suc-
cessively acquire 2” samples of the voltage at the first
node in the n+1 capacitors, and of delivering, across the
second capacitor, a voltage equal to the average of the
acquired samples.

2. The sensor of claim 1, wherein said capacitors have the

same capacitance.

3. The sensor of claim 1, wherein the first node of the circuit

is connected to the pixel via an amplification stage.

4. The sensor of claim 1, wherein said pixel comprises a

photodiode connected to a sense node by a transfer transistor.

5. The sensor of claim 4, comprising a control circuit

capable of, during a phase of reading an output value of the
pixel:

resetting the sense node;

controlling the circuit to acquire 2" samples representative
of the potential of the sense node and delivering a first
analog signal having a value equal to the average of these
samples;

transferring photogenerated charges stored in the photo-
diode of the pixel onto the sense node via the transfer
transistor;

controlling the circuit to acquire 2” samples representative
of the potential of the sense node and deliver a second
analog signal having a value equal to the average of these
samples; and

delivering an output value equal to the difference between
the first and second analog signals.
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