WO 2007/ 081743 PCTI US2007/ 000175 METHOD AND APPARATUS PROVI DI NG PI XEL
STORAGE GATE CHARGE SENSI NG FOR ELECTRONI C STABI LI ZATION I N | MAGERS FI ELD
OF THEIIW@%Q%ﬁ%k#QpOl] The invention rel ates generally £8T.§ﬁg%ﬂ%1 Vi ces
and nore particularly to circuits and sensor architecture T0r electronic
stabilization in inmaging device. BACKGROUND [0002] A CMOS inmger circuit

i ncludes a focal plane array of pixel «cells, each one of the cells

i ncl udi ng a photosensor, for exanple, a photogate, photoconductor or a
phot odi ode overlying a substrate for accunul ating photo-generated charge in
t he underlying portion of the substrate. Each pixel cell has a readout
circuit that includes at least an output field effect transistor fornmed in
the substrate and a charge storage region forned on the substrate connected
to the gate of an output transistor. The charge storage regi on may be
constructed as a floating diffusion region. Each pixel may include at |east
one el ectroni cMETHERD ANID ARP ARATEUS BROVIIXIN G BEXEER STOQRAGEGATE om t he

phot osensor {(HARGESENSING FOR ELFCTRONIE STHEBIRZYOTION IR IMAGERS
transistor, for resetting the storage region to a predeterm ned charge

| evel prior to charge ”a”SfeﬁﬁﬁO"ﬁ'ﬂQEWB%Hﬁ PCT/ US2007/ 000175

[0003] In a CMOS i nager, the a —a prxel cell perform the
necessary functions of: (1) photon to charge conversion;

[0001] The invention relates generally to imaging devices and more
particularly to circuits and sensor architecture for electronic stabilization

in imaging device.

BACKGROUND

[0002] A CMOS imager circuit includes a focal plane array of pixel
cells, each one of the cells including a photosensor, for example, a
photogate, photoconductor or a photodiode overlying a substrate for
accumulating photo-gerierated charge in the underlying portion of the
substrate. Each pixel cell has a readout circuit that includes at least an
output field effect transistor formed in the substrate and a charge storage
region formed on the substrate connected to the gate of an output |
transistor. The charge storage region may be constructed as a floating
diffusion region. Each pixel may include at least one electronic device
such as a transistor for transferring charge from the photosensor to the
storage region and one device, also typically a transistor, for resetting the

storage region to a predetermined charge level prior to charge

transference.



(2) accurnul ation of imge charge; (3) resetting the storage region to a
known state before the transfer of charge to it; (4) transfer of charge to
the stor j acconpani ed by charge anplification; Lon of a
pi xel fora§gégggF?ﬂgnd (6) output and anplification of apg?éﬁéﬁ%@@%kgsenting
pi xel charge. Photo charge may be anplified when it noves fromthe initial
charge accunul ation region to the storage region. The charge at the storage
region is typically converted to a pixel output voltage by a source

foll ower output transistor. [0004] CMOS i nmagers of the type discussed above
are generally known as discussed, for exanple, in U S. Patent no.

6, 140,630, U. S. Patent no. 6,376,868, U S. Patent no. 6,310,366, U.S.

Patent no. 6,326,652, U S. Patent no. 6,204,524 and U. S. Patent no.

6, 333, 205, assig M Technol.ogy,.Ing., which are hereb

i ncor por at ed by H@g@gﬁ%%ﬁﬁ\&aﬁfmgeremq %é’c‘&ﬁ.e PHEH5] oha pixeleall I?%'iﬁ?m‘

transistor (41) CMOS imager pixel , 10 is showmm jn FIG 1., The pixel 10
i ncl udes a pho le%r@éwy%umﬁsn? Oé’hg\)d?h‘ﬁeé,toc RESDEEETSKY. ), transfer

transistor 14, floating diffusion region ED, reset transistor 16, source

f ol | ower trans@ta@mmﬁa%@foéwn@sp@hﬁrg&:é%smﬂmngzmest?ﬁ%g%)mﬁle@éﬁ@or 12 is
connected to the floating diffusion region FD by the transfer transistor 14
when the t ranskBpwiysipte befgre the trangferof shawgeady 1 (4) Fansterrofyhvese athel
signal TX. 2 WD 2007/081743 PCT/ US2007/000175 [0006] The reset transistor
16 i s connect e$fOBREWERGION RECOIPANTGHhbYichatRs IMPUSGAEANHS) Sslecliongfiay pi xel

supply voltage Vaa_pi Xx. A rese
PPy J pixe 1or readout; an& (6) output and amplification of a signal representing

pixel charge. Photo charge may be amplified when it moves from the
initial charge accumulation region to the storage region. The charge at the
storage region is typically converted to a pixel output voltage by a source
follower output transistor.

[0004] CMOS imagers of the type discussed above are generally known
as discussed, for example, in U.S. Patent no. 6,140,630, U.S. Patent no.
6,376,868, U.S. Patent no. 6,310,366, U.S. Patent no. 6,326,652, U.S. Patent
no. 6,204,524 and U.S. Patent no. 6,333,205, assigned to Micron
Technology, Inc., which are hereby incorporated by reference in their
entirety.

[0005] A typical four transistor (4T) CMOS imager pixel 10 is shown in
FIG. 1. The pixel 10 includes a photosensor 12 (e.g., photodiode,
photogate, etc.), transfer transistor 14, floating diffusion region FD, reset
transistor 16, source follower transistor 18 and row select transistor 20.
The photosensor 12 is connected to the floating diffusion region FD by the
transfer transistor 14 when the transfer transistor 14 is activated by a

transfer gate control signal TX.



control signal RST is used to activate the reset transistor 16, which resets
the floating diffusion region FD to the array pixel supply voltage Vaa_pi x

| evel as 'WOKWW@JW the art. [0007] The source foll ower %@mggd@)g@& 518 has

its gate connected to the floating diffusion region FD a Eeted
between the array pixel supply voltage Vaa pix and the row sel ect

transi stor 20. The source follower transistor 18 converts the charge stored
at the floating diffusion region FD into an electrical output voltage
signal Vout. The row select transistor 20 is controllable by a row sel ect
signal SEL for selectively connecting the source follower transistor 18 and
Its output voltage signal Vout to a colum line 22 of a pixel array. [0008]
There are a variety of applications t hat benefit fromthe ability to sense

scene informati o arr ior to out th i cations
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reading out only [ba&lpfh“sgam%ffohower T8 5e1s HES & ENO Rl inko the

floating diffusion region FD and is connected between the array pixel
supply voltage Vaa_pix and the row select transistor 20. The source
follower transistor 18 converts the chérge stored at the floating diffusion
region FD into an electrical output voltage signal Vout. The row select
transistor 20 is controllable by a row select signal SEL for selectively
connecting the source follower transistor 18 and its output voltage signal
Vout to a column line 22 of a pixel array.

[0008] There are a variety of applications that benefit from the ability to
sense scene information in the pixel array prior to readout. These
applications include e. g.» motion estimation to compensate for camera
movement (hand jitter), object motion tracking to assist with compressing
video streams, auto-exposure, and auto-white balancing. With the ability
to track camera movement, digital imager control circuits can adjust the
starting position of a readout operation (typically, the array contains
additional row and columns to allow a smaller window to be readout to
keep the image centered in the frame for electronic stabilization).

[0009] Estimating localized motion of objects in the array prior to

image readout also allows for video stream compression. This occurs by
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prior image frame. For |ong exposures used in the capture of still images,
notion blur can be elimnated if the notion is sensed during integration

and sub-f npagBs7ARE4sli Scarded while good franme data is be in
the pixel. The notion estimtion approach that enabl es thgggﬁg(@gmz%ctl ons

al so allows the detection of the magnitude of signals in the scene, which
can be used to predict proper exposure and |ight tenperatures (for a sensor
with color filters). [0010] The statistics gathered prior to i mge readout
can be used to adjust the wi ndow start |ocation, w ndow size, integration
time, and signal gain. The statistics can also be used with digital inmge
processing algorithnms to assist inmage processing functions |ike notion
detection, auto-exposure, and auto whi te bal ancing. Qther techniques to
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functions also allows the detection of the magnitude of signals in the

scene, which can be used to predict proper exposure and light

temperatures (for a sensor with color filters).

[0010] The statistics gathered prior to image readout can bé used to

adjust the window start location, window size, mtegratién time, and signal

gain. The statistics can also be used with digital image processing

algorithms to assist image processing functions like motion detection,

auto-exposure, and auto-white balancing. Other techniques to perform

these operations include: (1) using frame memories and digital image

processing to track motion; or (2) incorporating separate motion detectors

in the camera (e.g., gyros) to detect camera motion. These techniques,

however, are undesirable.

[0011] Accordingly, there is a need and desire for a scene sensing
technique that gathers image scene statistics usable to e.g., detect motion
or process signals faster than prior art techniques and without the need for

additional memory or discrete external components.



signals faster than prior art techniques and w thout the need for additional
menory or discrete external conponents. [0013] Various exenplary enbodi nents

of the inyggbiPRsPLPVi de an imaging device that stores SEqu%%o%&ofI’r
phot osensor under at |east one storage gate. A driver useéd t0 operdte the

at | east one storage gate, senses how nmuch charge was transferred to the
storage gate. The sensed charge is used to obtain at |east one signature of
the i mage scene. The at |east one signature nmay then be used for processing
such as e.g., notion detection, auto-exposure, and auto-white bal anci ng.
BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0014] The foregoi ng and ot her advant ages
and features of the invention will becone nore apparent fromthe detailed
description of exenplary enbodi nents provided below with reference to the
acconpanyi ng drawings in which: [0015] FIG 1 illustrates a typical four
transistor (4T) CMOS imager pixel; [0016] FIG 2 illustrates a CMOS i mager
that may utilize the present inventi SEMMARY007/081743 PCT/ US2007/ 000175
[0017] FIG 3a illustrates one exanple of a driver portion used in the FIG
2 imager; [0018] FIG 3b is an exenplary timng diagram of an operation of

the FIG 3a drivginipPrheQRverin Protides o \Gehb sbilind eehAl R InTRNgep! 2

driver portion
that gathers image scene statistics usable to e.g., detect motion or process

signals faster than prior art techniques and without the need for additional
memory or discrete external components.

[0013] Various exemplary embodiments of the invention provide an
imaging device that stores charge from a photosensor under at least one
storage gate. A driver used to operate the at least one storage gate, senses
how much charge was transferred to the storage gate. The sensed charge
is used to obtain at least one signature of the image scene. The at least one
signature may theﬁ be used for processing such as e.g., motion detection,

auto-exposure, and auto-white balancing.

BRIEF DESCRIPTION OF THE DRAWINGS

\

[0014] The foregoing and other advantages and features of the
invention will become more apparent from the detailed description of
exemplary embodiments provided below with reference to the
accompanying drawings in which:

[0015] FIG. 1 illustrates a typical four transistor (4T) CMOS imager
pixel;

[0016] FIG. 2 illustrates a CMOS imager that may utilize the present

invention;



constructed in accordance with the invention and used in the FIG 2 inmager;
[0020] FIG 4b is an exenplary timng diagramof an operation of the FIG

4a driver wohbj7@8i74g 0021] FIG 5 illustrates a CMOS i mag din
accordance with an exenplary enbodi nent of the inventi o%;&T)[i%@%O&E?% 6

illustrates another CMOS i mager constructed in accordance with an exenpl ary
enbodi nent of the invention; [0023] FIG 7 illustrates another CMOS i mager
constructed in accordance with an exenpl ary enbodi nent of the invention;
[0024] FIG 8 illustrates exenplary frame i mages and i mage signatures used
by the invention; [0025] FIG 9 illustrates an exenplary shared- pi xel
configuration which can utilize the present invention; and [0026] FIG 10
illustrates a systemsuitable for use with any one of the enbodinents of

t He invention: 6 1081743 PCT/ US2007/0Q0175 ., DETAI LED DESCRI PTI ON
[0027] In the fol Y@ﬁ%}ﬁegﬂ%ﬂwéemaxaswﬂepé@eﬁiréﬂerep%ﬂ%&ée i the
acconpanyi ng dr%vm' ngs, which are a part of the specification, and in which
is shown by wa 6 41Maga; ati on vari ous enbodi nent s whereby the invention
may be practiced. Th diments are describged in ufficient detail to
enabl e those skil [%H%iﬁ“&:ggéﬁ%n%emgm@% Iagkamiof Ay RPYAtionofitiet o pe

under st ood that__ot her_ enbodi nents nmay be utilized,
1G. 3a driver portion;

[0019] FIG. 4a illustrates an embodiment of a driver portion
constructed in accordance with the invention and used in the FIG. 2
imager;

[0020] FIG. 4b is an exemplary timing diagram of an operation of the
FIG. 4a driver portion;

[0021] FIG. 5 illustrates a CMOS imager constructed in accordance with
an exemplary embodiment of the invention;

[0022] FIG. 6 illustrates another CMOS imager constructed in
accordance with an exemplary embodiment of the invention;

[0023] FIG. 7 illustrates another CMOS imager constructed in
accordance with an exemplary embodiment of the invention;

[0024] FIG. 8 illustrates exemplary frame images and image signatures
used by the invention;

[0025] FIG. 9 illustrates an exemplary shared-pixel configuration which
can utilize the present invention; and

[0026] FIG. 10 illustrates a system suitable for use with any one of the

embodiments of the invention.



and that structural, logical, and electrical changes, as well as changes in
the materials used, nay be made wi thout departing fromthe spirit and scope
of the prep@ioriogmention. [0028] The term "pixel " refersptPrdhfiegs€! ement
unit cell containing a photo-conversion device or photosensor an£
transistors for processing an electrical signal from el ectromagnetic

radi ati on sensed by the photo- conversion device. The pixels discussed
herein are illustrated and described as inventive nodifications to four
transi stor (4T) pixel circuits for the sake of exanple only. It should be
understood that the invention is not limted to a four transistor (4T)

pi xel , but may be used with other pixel arrangenents having fewer (e.g.,
3T) or nore (e.g., 5T) than four transistors. Although the invention is

described herein with referenceDETAMED DESCRIPTIONand fabrication of one
pi xel, it should be understood that this is representative of a plurality

of pixels in anarray of an inmager device. In addition, although the

nvention [ S desclihepThehORilbiihg HEGLAEATAHBHRN N BrAR R mad b i ent | on

has applicability ny soli state 1 magi ng tevi ce having pixe The

B s

therefore, not to mtin : e scope'of t he present
TeTELOT, o 5P By Wy SPGB g QB i B
At B L
hold (S/'H) ci r gUEfifi¥nt dbtail {d%erRibtE th¥e'skYiled in the art to make and use the

invention. It is to be understood that other embodiments may be utilized,

and that structural, logical, and electrical changes, as well as changes in

the materials used, may be made without departing from the spirit and

scope of the present invention.

[0028] The term “pixel” refers to a photo-element unit cell containing a
photo-conversion device or photosensor and transistors for processing an
electrical signal from electromagnetic radiation sensed by the photo-
conversion device. The pixels discussed herein are illustrated and
described as inventive modifications to four transistor (4T) pixel circuits
for the sake of example only. It should be understood that the invention is
not limited to a four transistor (4T) pixel, but may be used with other pixel
arrangements having fewer (e.g., 3T) or more (e.g., 5T) than four
transistors. Although the invention is described herein with reference to
the architecture and fabrication of one pixel, it should be understood that
this is representative of a plurality of pi;<els in an array of an imager
device. In addition, although the invention is described below with
reference to a CMOS imager, the invention has applicability to any solid

state imaging device having pixels. The following detailed description is,
7



102 conprises a plural ity of pixels 110 arranged in a predeterm ned nunber
of rows and colums. |In operation, the pixels 110 of each rowin the array

102 are a!\{,OPngbggmgn at the same tine by a row sel ect Ikgﬁmgz(%g@?(u%ﬂ(?)ne

and the pixe of each columm are sel ectively output
122. A plurality of row and colum |ines are provided for the entire array
102. [0030] The row lines e.qg., SEL(0) are selectively activated by row
decoder 130 and driver circuitry 132 in response to an applied row address.
Col um select lines (not shown) are selectively activated in response to an
applied colum address by a colum circuitry that includes colum decoder
134. Thus, row and col um addresses are provided for each pixel 110. The
CMOS i mager 100 is operated by a sensor control and image processing
circuit 150, which controls the row and colum circuitry for selecting the
appropri at e rothereforepnotrto bertalerf iy a fimitingrseadeend floostpeafcheqoiesent i s
connected to sanpling capacitors and switches in the S/Hcircuitry 136. A
pi xel reset si gmedntitsis defined pnkeby ithegppendediclaivsi g for sel ected pi xel s
are sanpled and held by the S/Hcircuitry 136. A differential signal
(Vrst-Vsig) is prpdageRefarirgaththe fimirebywhbee lké teferendeahunmbeiDd §igrRat81743
PCT/ US20071000175 anplifier 138, which applies a gain to the signal
recei ved from flike eébédrientd, FEGL 2 ilfusidstes aleMDF irnagert 1G0 tisitgnay uitdizdi gi ti zed
by an anal og-to-digital converter 140 (ADC). The anal og-to-digital
converter 140 sspettsed théinvetitiprt. i Peelimaged 100 ipchides @ ppeai swrayctiR r ol and
| mge processing circuit 150, which anong other things, forns a digital
i mage out put. Thaneceddo calemn sample and hold (S/H) circuitry 136. The pixel array

102 comprises a pluraiity of pixels 110 arranged in a predetermined

number of rows and columns. In operation, the pixels 110 of each row in

the array 102 are all turned on at the same time by a row select line e.g,.,

SEL(0) and the pixels 110 of each column are selectively output on a

column line 122. A plurality of row and column lines are provided for the

entire array 102.

{0030] The row lines'e.g., SEL(0) are selectively activated by row

decoder 130 and driver circuitry 132 in response to an applied row

address. Column select lines (not shown) are selectively activated in

response to an applied column address by a column circuitry that includes

column decoder 134. Thus, row and column addresses are provided for

each pixel 110. The CMOS imager 100 is operated by a sensor control and

image processing circuit 150, which controls the row and column circuitry

for selecting the appropriate row and column lines for pixel readout.

f0031] Each column is connected to sampling capacitors and switches
in the S/H circuitry 136. A pixel reset signal Vrst and a pixel image signal
Vsig for selected pixels are sampled and held by the S/H circuitry 136. A

differential signal (Vrst-Vsig) is produced for each pixel by the differential

8



contains biasing/voltage reference circuitry 144. [0032] Typical 4T pixels
(e.g., pixel 10 of FIG 1) contain a pinned photodi ode photosensor,

transfer twenssPls and a floating diffusion region to ge and
sense it. The typical pixel array is readout wusing a roFﬁ?}rﬂég@ﬁ’WZ{f

techni que, which oftentines generates image artifacts fromhaving the first
and last row of the array collect scene data at different tinmes (typically
determ ned by the readout rate for the rows and the nunber of rows in the
image). [0033] FIG 2 illustrates a nodified pixel 110, which includes a
storage gate 124 for storing charge fromthe photosensor 112 when a storage
gate control signal SGis applied to a storage gate control line 124a. FIG
2 also shows an anti-bloonm ng gate 125, which may be used to drain away
excess charge fromthe photosensor 112 when an anti-bl oom ng gate signal AB
is applied. |tamsplifiexil38; vehizheappliesc gdiattotthe sigtal rbteived iepmyahe SIS i s not
required to practice the invention. [0034] Referring to FIGS. 2 and FIG 3a,
the conponent s cirditopdBét e differentiadrsigoal id d¥itiaéd thyeam awabhpHtcedigi@? t hat

is used to drive the SG control signal SGO0) to a first row of pixels 110
in the array 1Q@dnsectendd0¢ARDG). Hie andlbg-tordigital pomvénter 14Psupplidsities an AND
gate 160 and OR gate 162 and a 9 WD 2007/081743 PCT/ US2007/ 000175 i ne

driver 164. |t digitided hiehgignals @isedsohesnteol anhgaageprbdedsig cideuialso,l east
one driver portion 132" per row. The driver portions 132' can be activated

at the sane ti wehich amphgrathér things,dotmeal digithblmhge butpet. Tie ithager alsm be
activated on a row by row basis en a global shutter is not
contains biasing/voltage reference circuitry 144.

[0032] Typical 4T pixels (e.g., pixel 10 of FIG. 1) contain a pinned
photodiode photosensor, transfer transistor, and a floating diffusion
region to collect charge and sense it. The typical pixel array is readout
using a rolling shutter technique, which oftentimes generates image
artifacts from having the first and last row of the array collect scene data at
different times (typically determined by the readout rate for the rows and
the number of rows in the image).

[0033] FIG. 2 illustrates a modified pixel 110, which includes a storage
gate 124 for storing charge from the photosensor 112 when a storage gate
control signal SG is applied to a storage gate control line 124a. FIG. 2 also
shows an anti-blooming gate 125, which may be used to drain away excess
charge from the photosensor 112 when an anti-blooming gate signal AB is
applied. It should be appreciated that the anti-blooming gate 125 is not
required to practice the invention. |

[0034] Referring to FIGS. 2 and FIG. 3a, the components and operation
of a portion 132’ of the row driver 132 that is used to drive the SG control
signal SG(0) to a first row of pixels 110 in the array 102 are now explained.

The driver portion 132’ includes an AND gate 160 and OR gate 162 and a

9



desired. [0035] An electronic global shutter operation is achieved by
I nputting a storage gate gl obal enable signal SG gl obal _enable into the OR

gate 162. wdbg7RyiRyt of the OR gate 162 is input into t ' yer 164,
whi ch drives the SG control signal SE0) with a high voPﬁa}g‘fé?@égﬁﬂl# (e.g..

2.8V) onto the storage gate control |ine 124a. O herwi se, the |ine driver
164 drives the SG control signal S 0) with a low voltage Vsg |lo (e.g., OV)
onto the storage gate control line 124a. [0036] The AND gate 160 has an

i nput connected to receive a decoder select signal Decoder_select and a
storage gate enable signal SG enable. The use of the Decoder select and

SG enabl e signals allows the driver portion 132" to be operated on a row by
row basis (rather than as a global shutter) if desired. FIG 3b illustrates

an exanple tim.ng of the operatio of the driyer portion 132' fo | obal
shutter operaﬂlﬁﬁ.drﬂéerc"é‘?- saQe ,be'éHHF%j%aquld:{f?f WS&YMQ‘&HB{&&SOF
112 is transferred under the storage gate %@i.nto channel 1246) after the
SG control si gifst ane griver peptiofel32\Pen o We riy8r PRgEoNe d34icapdgy. | 2. 8v)
onto the storage _gate control line 124a. [0037] A first epbodi ment of the

i nvention uti| pstdeatedatdhgsage medoimplenient anglectrenis slebabutten® control
signal driver circuit_ to gat her scene 10 WD 20Q7/Q81743_ PCT/ US2007/ 000175

i nformat i on dufe¥gcamie geBratedsonarew byaput basis when 3 glokal shytisn psnet
pi xel s across the array. Photo-generated el ectrons captured by the
phot osensor 11desireds r ansferred under the storage gate 124 at the end of

[0035] An electronic global shutter operation is achieved by inputting a
storage gate global enable signal SG_global_enable into the OR gate 162.
The output of the OR gate 162 is input into the line driver 164, which
drives the SG control signal SG(0) with a high voltage Vsg_hi (e.g., 2.8V)
onto the storage gate control line 124a. Otherwise, the line driver 164
drives the SG control signal SG(0) with a low voltage Vsg_lo (e.g.. 0V) onto
the storage gate control ﬁne 124a.

[0036] The AND gate 160 has an input connected to receive a decoder
select signal Decoder_select and a storage gate enable signal SG_enable.
The use of the Decoder_select and SG_enable signals allows the driver
portion 132’ to be operated on a row by row basis (rather than as a global
shutter) if desired. FIG. 3b illustrates an example timing of the operation
of the driver portion 132’ for a global shutter operation. As can be seen,
charge from the photodiode photosensor 112 is transferred under the
storage gate 124 (into channel 1246) after the SG control signal SG(0) is
driven with the high voltage Vsg_hi (e.g., 2.8V) onto the storage gate
control line 124a.

[0037] A first embodiment of the invention utilizes the storage gate 124

-and a modified storage gate control signal driver circuit to gather scene

10



the integration period. The transfer happens by driving a high (e.g., 2.8V
SG control signal onto the storage gate control line 124a. The inventor has

determ negv%g@?/ﬁgﬁgﬂuse the charge on the storage gate 1§§T@§f@é¢b@% |y

determ ne arge transferred into the channel 12 € gate
124, a nodified driver portion 132' generating the sensor gate control
signal SG could be used to detect how nmuch charge was transferred to the
storage gate 124. Accordingly, the invention accurately neasures this
charge and uses the charge for processing such as e.g., notion detection,
aut o- exposure, and auto-white bal ancing. [0038] Referring nowto FIGS. 2, 4a
and 4b, an exenplary enbodi nent of the invention is now described. FIG 4a
illustrates a portion 132" of driver 132 (FIG 2) used to control the
storage gate 124, The FIG 4a driver _portion 132" dfrives the SG control
signal e.g., Saptyrmatiendyeing Heglobghshutterppergtion; fsam vamoys grops ok sane
time senses the anpunt of charge driven out on the |ine 124a. Because the
storage gate cdrikelsiaqrpsithearsay.sPhetarganenated elecineonssaplirediy they t he row,
t he charge sensed by the row driver, portion 132" represents the sum of all
t he phot osensorPhotgremsor 112 are transferred yuiderfae giarage gate 124at ttuvend at| udes
sw tches 170, 172, 174, 180, 182, 184, an _input capacitor 176, a feedback
capacitor 178, theintagratipaperdsl. TBhetransterhisppensdyndriving ahigh (a.g0 2.8k
sanple and hold circuit 190 includes two storage capacitors 192,196 and
four switches 133 contol signal gnto mstozagwtzams%ﬁéimslzé@wﬂ@mn@@mh%

f eedback capacitor 178 when switched across the anplifier 186 determ nes

the gain of theleiprminedthiatingsauspthe chasge ppuhesigragetante 126 inprimarily
| determined by the charge transferred into the channel 124b below the gate
124, a modified driver portion 132" generating the sensor gate control
signal SG could be used to detect how much charge was Hansfe&ed to the
storage gate 124. Accordingly, the invention accurately measures this
charge and uses the charge for processing such as e.g., motion detection,
auto-exposure, and auto-white balancing,.

[0038] Referring now to FIGS. 2, 4a and 4b, an exemplary embodiment
of the invention is now described. FIG. 4a illustrates a portion 132" of
driver 132 (FIG. 2) used to control the storage gate 124. The FIG. 4a driver
portion 132" drives the SG control signal e.g., SG(0) onto the storage gate
control line 124a and at the same time senses the amount of charge driven
out on the line 124a. Because the storage gate control line 124a is common
to all the pixels 110 in the row, the chal.'ge sensed by the row driver portion
132" represents the sum of all the photosensor signals in the row.

[0039] The driver portion 132" includes switches 170, 172, 174, 180, 182,
184, an input capacitor 176, a feedback capacitor 178, an amplifier 186, and
a sample and hold circuit 190. The sample and hold circuit 190 includes

two storage capacitors 192, 196 and four switches 191, 193, 195, 197. The
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inverting input of the anplifier 186 decouples DC voltage |evels driven out
to the storage gate control line 124a and any DC i nput voltage to ensure
that the ' 86 works properly. Switches 170, 174, are
controllegﬁ@%ME f{r%t signal Phil. Switches 172 and 184 }éﬂugg%ﬁ?¢§%ied by a
second signal Phi2. The two signals Phil, Phil may be non overl apping

conpl enentary dock signals. [0040] In operation, when the first signal phi

is active (e.g., 2.8V), switches 170, 174, 180 and 182 are dosed. The
second signal Phil is low, which opens switches 172 and 184. As such, the

storage gate control line 124a is driven lowwth the Vsg_ |lo voltage (e.g.,
DV), the feedback capacitor 178 is reset, and the anplifier 186 is

aut o- zeroed. The out put of the arrpl ifier 186 Vsg_sense will be a reset
level (i.e., Vcm Is stored_in capacitor 192 in_the sanple

hol d circuit 1§ee @%cstaﬁﬂ% when gvirbed asrase dhe anyplifies gl eteraines oses
switch 191. It should be appreciated that switch 193 is used to read out the
vol t age st or ed the gaimphthe drivegporfionld2”.\\has inpat capasiterd7§asitheni 2 i s
activated (e.g., 2.8V), switches 172 and 184 are dosed, The first signal

Phil is Iow, oﬁ@ﬁ‘?@&%ﬁ%sﬂ‘fmphfl%l%l@ﬁ%ﬂiquﬁ valfage levely ﬂ@vgvor age

gate control line 124a is ‘driven high y the swtched-in feedback capacitor
178. The anpl i fawto1Be skraga @at%@ltrglehml%a ang anyildk ippubvoliage ke
proportional to the amount of har ge reqwred to bring the storage gate
control line 1mur@&ea’fethmagnp1}@e oworkopropelp 91760047880 gndt age
Vsg hi. This charge is set by the ampunt, _of charge transferred

1827are controlled by a first signal Phil. Sw1gches 172 and 184 are

controlled by a second signal Phi2. The two signals Phil, Phi2 may be non
overlapping complementary clock signals.

[0040] In operation, when the first signal phil is active (e.g., 2.8V),
switches 170, 174, 180 and 182 are closed. The second signal Phi2 is low,
which opens switches 172 and 184. As such, the storage gate control line
124a is driven low with the Vsg_lo voltage (e.g., OV), the feedback
capacitor 178 is reset, and the amplifier 186 is auto-zeroed. The output of
the amplifier 186 Vsg_sense will be a reset level (i.e., Vem or 1.2V), which
is stored in capacitor 192 in the saﬁple hold circuit 190 when the sample P
reference control signal sample_ref closes switch 191. It should be
appreciated that switch 193 is used to read out the voltage stored in
capacitor 192.

[0041] When the second signal phi2 is activated (e.g., 2.8V), switches
172 and 184 are closed. The first signal Phil is low, opening switches 170,
174, 180 and 182. As such, the storage gate control line 124a is driven high
by the switched-in feedback capacitor 178. The amplifier 186 output
Vsg_sense will go high by an amount proportional to the amount of

charge required to bring the storage gate control line 124a to the high
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fromthe photosensor 112 to the 5G gate 124 and the anount of parasitic
charge required to charge the storage gate control line 124a (shown in FIG

4b as V - 2wh7ixkgl + O X Qparasitic). The anplifier ense is'
stored invgpac@lorfl% in the sanple hold circuit 190 \/\g&él{r“l/%?#eo /ga l e

signal control signal sanple_sig closes switch 195. It should be appreciated
that switch 197 is used to read out the voltage stored in capacitor 196.
[ 0042] The out put of the driver portion 132" is processed by the nornmal
| mager readout circuit path. That is, the output is digitized (by the ADC
140) and stored in a line buffer of a line buffer nmenory 142 for subsequent
processing with the next charge sensing step. [0043] The signal detected by
the row driver portion 132" also contains an offset fromcharging the
parasitic capacitance in the |line 124a due to netal routing and the storage
gate 124 back gwiltageddsg ddpdtis charge iDaetiby themmonnt bé chargetradgecrad be used
to determne the. offset, which can be renoved using sinple swtched
capaci tor ci r cfromtthelpliatosensosd 1240 the S{hgatald@¢@ndethenmount of phmsitic ay 102
i's connected to a respective row driver «circuit 132". As noted bel ow, the
sanpl e and hol dherge requitdd tolckargedhe shomage gate esntdel line il Béa (dhoven icblGs i f
a nodification is nmade to the pixel array 102 to allow a path to the col um
sanpl e and hol dibcas ¢ €6x pixe] € €Ot Qpadaditt)oVThanamplifieteietply Vsg_§aaGe4d
FIG 5 illustrates another exenplary |Imager 200 constructed according to
the invention. stred in capacitord96 im gee saa0pla maldudssitl 30 wdien the sadrple
2007/ 081743 PCT[ US2007/ 000175
signal control signal sample_sig closes switch 195. It should be
appreciated that switch 197 is used to read out the voltage stored in
capacitor 196.
[0042] The output of the driver portion 132" is processed by the
normal imager readout circuit path. That is, the output is digitized (by the
ADC 140) and stored in a line buffer of a line buffer memory 142 for
subsequent processing with the next charge sensing step.
[0043] The signal detected by the row driver portion 132" also contains
an offset from charging the parasitic capacitance in the line 124a due to
metal routing and the storage gate 124 back gate body capacitance. Dark
rows in the array 102 can be used to determine the offset, which can be
removed using simple switched capacitor circuit techniques. As set forth
above, each row in the array 102 is connected to a respective row driver
circuit 132”. As noted below, the sample and hold circuit 190 does not
need to reside in the row circuits if a modification is made to the pixel
array 102 to allow a path to the column sample and hold circuits 136
(described below in more detail).
[0044] FIG. 5 illustrates another exemplary Imager 200 constructed

according to the invention. The illustrated imager 200 includes a pixel
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array 202 conprising a plurality of pixels 210 arranged in a predeterm ned
nunber of rows and colums. Row lines e.g., SEL(0O) connected to the array

202 are sgigShd7g|yzactivated by row decoder 230 and dri ¥E’im%5609)d6¢195)’ 232

in response to an applied row address. Colum select lines arée 'selectively
activated in response to an applied colum address by colum «circuitry

I ncl udi ng a col um decoder 234. [0045] The CMOS i mager 200 is operated by a
sensor control and inage processing circuit 250, which controls the row and
colum circuitry for selecting the appropriate row and colum |ines for

pi xel readout. Each colum is connected to sanpling capacitors and sw tches
in SSHcircuitry 236. A pixel reset signal Vrst and a pixel inmage signa
Vsig for selected pixels are sanple and held by the S/H circuitry 236. A

G ferent o S Sl ML W E R0 SRR s B i
anal 0g. to- i g PP Res s and golimpe) Koy Bnedefodmr Oy fofhentédialle (o 240
SUPPLI oS e 0 ) ol ASh o PIALE L SO0 L0l 00 Tl e o
| mager 200 1 o AP FFRSROTIRR AVAPPIY Fv RegRrs (ORI Shlect ES ok ng. ways.
e LS bt Tl Rl S0 RS, B8 PRl Sl (o
BT e 2t b b enge by sloreoe e 220
[0045] The CMOS imager 200 is operated by a sensor control and
image processing circuit 250, which controls the row and column circuitry
for selecting the appropriate row and column lines for pixel readout. Each
column is connected to sampling capacitors and switches in S/H circuitry
236. A pixel reset signal Vrst and a pixel image signal Vsig for selected
pixels are sample and held by the S/H circuitry 236. A differential signal
(Vrst-Vsig) is produced for each pixel by the differential amplifier 238,
which applies a gain to the signal received from the S/H circuitry 236.
The differential signal is digitized by an analog-to-digital converter 240
(ADC). The analog-to-digital converter 240 supplies the digitized pixel
signals to sensor control and image processing circuit 250, which among
other things, forms a digital image output. The imager also contains
biasing/voltage reference circuitry 244.
[0046] The imager 200 is different than the FIG. 2 imager 100 in the
following ways. In the illustrated embodiment, an additional storage gate
_224b is added to each pixel 210 in the array 202. Thus, each pixel 210
comprises a photosensor 212, fi;st storage gate 224a, second storage gate

224b, transfer gate 214, floating diffusion region FD, reset transistor 216
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WD 2007/ 081743 PCT/ US2007/ 000175 and a row select transistor 220. As with
pi xel 110 (FIG 2), an anti- bloom ng transistor 225 may be used to drain

charges awayd07@g7uhie phot osensor 212 when the AB si gnapcrfsadiPhigss The
additional storage gate 224b is added to the pixel 210 to sense charge

across an entire colum of pixels 210. As discussed previously, the first
storage gate 224a is used to sense charge across an entire row of pixels
210. [0047] Another difference is that the inager 200 requires storage gate
driver and sensing circuitry 237 connected to drive the second storage gate
control signals SG B. The driver and sensing circuitry 237 may use the SG
driver portion 132" (FIG 4a) described above. The row driver 232 includes
the SG driver and sensing circuitry 132" (FIG 4a) and is used to drive

storage gate control sigpals SG A f the first stor tes 224a in a

row. It shoul d%@%ﬁﬂ?égp%mﬁé?rm éﬁé’Y‘ngvﬁiggog?ﬁ% » 3¢ ¢Bnse circuit
237 could be added to the colu saml e and hgld circuitry 236. For colum
paral | el gain gfm%r'ésst? g}%ﬁq;qcﬁoe&aeggha;gﬁs BV 6¥$§%‘P§§e i mage
data nmay be used for sensing the charge driven jo.t second SG gates 224b.
[0048] The out plotesensE 242 srhep Ygnde 2RRA e@h&?\f@‘i‘g‘ﬁ@ SYrABRI t

needs to be digitized and_ st rea},in. a line buffer of the line buffer nmenory
242 for subseq&ait 2#saddedyto the rixgl2H) tnsenisp Fbargs agross an entize cglymn
storage gate driver .and charge sensing circuifs are not as easily conpected
to the existingf O5xeIAAIN g@‘%@%ﬁ?&f‘ R VQHSES the 765 HOFABOERIE 1248 16 HETh
colum readout circuits to digitize the row st%iéigﬁ%gate data, in a desired

enbodi ment , t h&0 8ERSSENATBCAGEOSS AR LR irepy ghPE r and charge sensing
' [0047] Another difference is that the imager 200 requires storage gate

driver and sensing circuitry 237 connected to drive the second storage gate
control signals SG_B. The driver and sensing circuitry 237 may use the SG
driver portion 132" (FIG. 4a) described above. The row driver 232
includes the SG driver and sensing circuitry 132" (FIG. 4a) and is used to
drive storage gate control signals SG_A for the first storage gates 224ain a
row. It should be appreciated that the storage gate driver and sense circuit
237 could be added to the column sample and hold circuitry 236. For
column parallel gain architectures the same amplifier used for processing
image data may be used for sensing the charge driven to the second SG
gates 224b.

[0048] The output of the storage gate driver and charge sensing circuits
needs to be digitized and stored in a line buffer of the line buffer memory
242 for subsequent processing. It should be appreciated that the row
storage gate driver and charge sensing circuits are not as easily connected
to the existing column-wise readout circuits. In order to re-use these

| column readout circuits to digitize the row storage gate data, in a desired

embodiment, the output of the row storage gate driver and charge sénsing
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15 WO 2007/081743 PCT/ US2007/ 000175 <circuits 132" should be driven to a
floating diffusion region FDin one of the row s pixels and then readout

into the QRbUNT /03 l e and hold <circuitry 236. [0049] Fl}’?ﬁ(‘ﬁ&ﬁdﬁ(’#ﬁég at es

anot her enbgglnen of an imager 300 according to the in I mager
300 is essentially the sane as the FIG 5 imager 200 with the follow ng
exceptions. The inmager 300 utilizes an array 302 having pixels 210
constructed as shown in FIG 5 where the drain of the pixel reset
transistor 216 is normally connected to Vaa-pix (e.g., 2.8V). The array 302
al so includes at |east one pixel 310 for each row in the array 302. In

pi xel 310, the drain of the reset transistor 316 nust be driven fromthe
row direction rather than vertical colum direction to give the row storage
gate driver and sense_cifrcuitry 132" access to this line. As ych, pixels
310 has it res@PCunkes sehupuldrhs ¥1xmt@érffﬁamg€'é o8 aegion RN ongiptar | ver
232 (via line 311) to generate the path to the co{unn sample hold circuit

236. Because eaBf 5w sdpixgksrand thengesdent infoshe gelumnsamyele andl bold sanpl e

and hold circuitry in parallel, pixels frommnultiple rows nust be enabl ed
to drive the pi Eﬁﬁ line 222. Al rows in the pixel array 302 are
allowed to drive the qutput |ine 222 but the floating diffusion_ regions FD
of all rows are sdP04y B&.&ullbstratesyangibesgrbodiment ghandmager 3fPxel s 310. -
[ 0050] Referring now to FIGS, 6 and 8, digitized data fromthe row and

col urm st orage &aoEding e thesinyentinge Therimiages 304 is esseotiallythesamens thea | ne

buffer nmenory 242. This data represents a signature 520 indicative of the
FIG. 5 imager 200 with the following exceptions. The imager 300 utilizes

an array 302 having pixels 210 constructed as shown in FIG. 5 where the
drain of the pixel reset transistor 216 is normally connected to Vaa-pix
(e.g., 2.8V). The array 302 also includes at least one pixel 310 for each row
in the array 302. In pixel 310, the drain of the reset transistor 316 must be
driven from the row direction rather than vertical column direction to give
the row storage gate driver and sense circuitry 132" access to this line. As
such, pixels 310 has its reset transistor 316 drain terminal connected to the
row driver 232 (via line 311) to generate the path to the column sample
hold circuit 236. Because each row driver must deposit a value into the
column sample and hold circuitry in parallel, pixels from multiple rows
must be enabled to drive the pixel output line 222. All rows in the pixel
array 302 are allowed to drive the output line 222 but the floating diffusion
regions FD of all rows are set to 0V except for the specially configured
pixels 310. .

[0050] Referring now to FIGS. 6 and 8, digitizéd data from the row and
column storage gate driver and sense circuits 132", 237 are stored in a line
buffer memory 242. This data represents a signature 520 indicative of the

- summn of the pixel values in the x direction and a signature 510 indicative of
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sum of the pixel values in the x direction and a signature 510 indicative of
16 WO 200}?83&743,f?ﬂ[USZOO?/OOOl?S the sumof the pixel values in they

di rection YOBLAi cul ar frame 500. The frame 500 incPGE@EH%B@@¥F§ 502,
504, 506 and 508. The following image frame 530 contains the sanme objects
502, 504, 506 and 508 but slightly noved when conpared to their position in
the first frame 500. The direction of the objects' 502, 504, 506 and 508
novenent is indicated by arrow 560. 10051] The readout of the storage gate
driver and sense circuits 132", 237 sense circuits for the second frame 530
are stored in a second pair of I|ine buffers wthin buffer nenory 242; the
di fference between the two corresponding line buffers is determ ned and
analyzed. FIG 8 illustrates signatures 540, 550 for the second frame 530.
Digital data irthekam ofthdpixetvalies iafthé yedirenivrpforal particedardisanie 500t i me, up
to Ntinmes (e.g., N=32) to find the mninumtotal difference in val ues

bet ween the twrTHd femubdteineldesLobjeéts 502) 304, 806 aad 5080 ddid followinghithage
reference line buffer is conpared to the shifted value in the new frane's

l'ine buffer andrirfie 53060ataihgehe ishimer $502, 509568 &h@BD8 bﬁh@_ligh'tlgrt ‘with
the mninumdifference is indicative of how nuch the imge shiTted in the

direction of thgoyedviiert 8biiPared to BaH bdsibien iANReSRsiGthe SUTRI TRE®
invention may utilize a specialized line buffer with 1logic to enable |ocal

cal cul ation of dimwﬂéﬁ&@}s}ﬁeé@msea, BB BIRO Vet is Wd eltedy d speed

up the calculation of the correlation between the signatures. The start
address for therdR®soM Ndow is adjusted to match the shift in the imge to
achieve image stabilization. It is expected

[0051] The readout of the storage gate driver and sense circuits 132%,
237 sense circuits for the second frame 530 are stored in a second pair of
line buffers within buffer memory 242; the difference between the two
corresponding line buffers is determined and analyzed. FIG. 8 illustrates
signatures 540, 550 for the second frame 530. Digital data in the line buffer
is shifted one pixel location at a time, up to N times (e.g., N=32) to find the
minimum total difference in values between the two line buffers (ie,a
value at :each location in the reference line buffer is compared to the
shifted value in the new frame’s line buffer and the sum of the differences
is generated). The shift with the minimum difference is indicative of how
much the image shifted in the direction of the row or column. It should be
appreciated, that the invention may utilize a specialized line buffer with
logic to enable local calculation of the difference values at each memory
word, which would speed up the calculation of the correlation between
the signatures. The start address for the image window is adjusted to
match the shift in the image to achieve image stabilization. It is expected

_that a minimum difference threshold should be used to stabilize a frame in
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that a mnimum di fference threshold should be used to stabilize a frane in

17 WO 20048843171/ US2007/ 000175 the situations wher %th;ru%f]a)g@%g_?hguch

novenent in a scene to accurately predict the notion ve

signature and difference information could al so be used together with
sensor-on-chip (SOC) inmage processing to reduce the nunber of required |ine
menories by giving the SOC an estimte of how mnuch notion has occurred in
the image. That is, rather than requiring enough |ine nenories to adjust
for worst case notion, the nunber of line nenories is reduced according to
the accuracy of the anal og domain processing. 10053] FIG 7 illustrates
anot her imager 400 constructed in accordance wth another enbodi nent of the
i nvention. The imger 400 is essentially the sanme as the inmager 300 of FIG
6 with the fol |theistgationsevhersatherdisdooimuge marginenting peens tosaacuyately? t hat
utilizes pixels 410 having additional storage gates 424c oriented in a

di agonal confi geredidtdhe otionve68)r.t o obtain nore information about the

i mage shift. That is, in pixel 410 three storage gates 424a, 424b, 424c and
t hus, three direc{0052} Thessighetikedndudifference sdfenmationdenuddmilswebe ttsedhd how
an i mge has shifted. It should be appreciated that a nore conpl ex
orientation (e.tggethesmpithtsensyr-onychi (30E€Yimage grecessihg Toreshuerthedat e t he
addi tional storage gates, the imager 400 wuses additional storage gate
driver and sensexmberof tequined hine thémmoriesbydgiiviregy thE3506hain estimatd afnowt or age
gate driver and sense circuitry 437 to generate the three required storage
gate control simnehsn&eAhaSGcBurred in the image. That is, rather than requiring

enough line memories to adjust for worst case motion, the number of line
memories is reduced according to the accuracy of the analog domain
processing.

[0053] FIG. 7 illustrates another imager 400 constructed in accordance
with another embodiment of the invention. The imager 400 is essentially
the same as the imager 300 of FIG. 6 with the following differences. The
imager 400 has a pixel array 402 that utilizes pixels 410 having additional
storage gates 424c oriented in a diagonal configuration (arrow 466) to
obtain more information about the image shift. That is, in pixel 410 three
storage gates 424a, 424b, 424¢ and thus, three directions are checked
within a scene to determine if and how an image has shifted. It should be
appreciated that a more complex orientation (e.g., serpentine) may be used
if desired. To accommodate the additional storage gates, the imager 400
uses additional storage gate driver and sense circuitry within the row
driver 432 and the column storage gate driver and sense circuitry 437 to
generate the three required storage gate contrél signals SG_A, SG_B,
SG_C.
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SG C. 18 WD 2007/081743 PCT/ US2007/ 000175 [0054] To find object notion in
an image that is not globally stabilized, for exanple, the notion vector for

a frame iﬁgaigh(ﬁwgg@germ ned. Then, large |ocal di fferen%ﬁg%%%oé%h@% stored

in the li 242 can be wused to track objects th re than
the frame jitter novenent. In addition, it should be appreciated that the
pi xel s 410 with the additional storage gates could use the sane driver
circuits used by the other pixels in a multiplexed manner. [0055] The
following is an exanple of the accuracy of the storage gate driver and
sense circuits of the invention. For this exanple, the average storage gate
stored charge is 5,000 electrons (assunes a full well is 10,000 electrons),
t he nunber of pixels in arow (e.g., for a 2Meg pi xel sensor) is 1600, and
t he feedback capacitance Cf is 2pF. The voltage output of the <circuit
becones V= Q C = ([6054]0Tb.fired dBjext iftichpin an inbgd/thalis moh glabdilyt

anal og-to-digital converter using a 0.64V reference, each LSB represents

5, 000x1600/ 4096stabjliRd3{e @cimples thd RGN ventonfqriairhm isifirst determinkd. of
10, 000 el ectrons, the storage gate driver and sense circuit can detect

about a 20% chaThen,ilargalocal dfferenved dferaliss §toaéd hovhe fine Bluffer a2 phn bl
changed. However, other pixels in the row nost |ikely change in val ue when

the i mage nmovesusdd RpEratlk ebjRbswiat ashdd mdrs that tHofanid fiteondsieai¢ntndnhow
many pi xel s changed in value or the absolute anount for any one pixel. It

e
storage gates could use the same driver circuits used by the other pixels in
a multiplexed manner.

[0055] The following is an example of the accuracy of the storage gate
driver and sense circuits of the invention. For this example, the average
storage gate stored charge is 5,000 electrons (assumes a full well is 10,000
electrons), the number of pixels in a row (e.g., for a 2Meg pixel sensor) is
1600, and the feedback capacitance Cf is 2pF. The voltage output of the
circuit becomes V= Q/C = (5,000x1.6e-19)x1600/2pF = 0.64V. With a 12-bit
analog-to-digital converter using a 0.64V reference, each LSB represents
5,000x1600/4096 = 1953 elect.rons.

[0056] For a pixel with a full well of 10,000 electrons, the storage gate
driver and sense circuit can detect about a 20% change in any pixel’s value
in that row if only that pixel changed. However, other pixels in the row
most likely change in value when the image moves across the sensor and it
is not possible to determine how many pixels changed in value or the
absolute amount for any one pixel. It is expected that a row will still have
enough of a unique signature from the signal detected from the sense

operation, making it possible to use the value to track the image

movement in a particular direction.
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operation, making it possible to use the value to track the imge novenent
in a particular direction. 19 WD 2007/081743 PCT/ US2007/ 000175 [0057] For
pi xels with nore charge capacity (or in order to shrink the feedback

capaci tor V@ P¥0Mise circuit), the transfer operations RIWROHAPIEN
before the end of the integration tinme to avoid clipping the signal in the
sense circuit. Sub-frame sanpling also allows the possibility of detecting
notion during long integration tines and renoving integrated charge that
was acquired when there was camera notion. This requires adding a storage
gate to the pixel that charge is transferred to if there is no notion
(i.e., accunul ates charge fromnultiple sub-franme) and a nethod to renopve
charge if there is notion. One nmethod of renoving the charge is to transfer
t he charge back through the storage gates to the photosensor so it can be

removed by activat n'hoos7} Rér pdlels WiOHoE gl cggahﬁfr\(bﬁﬁx ofder fordkahiii et e

must be added to the pixel "to allow a path the storage gates to an

el ectron sink n@é@dbaxﬂtc%@kﬁ& irhéle dAk8 i78E}), MHe h%ﬁ@fﬂrg:gferﬁﬁ%ﬁl o0 be

used to determ ne when pfroper exposure has béen achiev by detecting the

armount of accu n}%gi,gﬂ b“ef@xre%e@ﬂd @gﬂ{eqﬁte?sgﬁgﬁ FESto gggﬁagcﬁlg llnltgs?g;sg ot ed

that there wll an offset in the storage gate sense circ ut due

to charging pargsihd ge:&aw@%-mnwsarﬁgﬁhg%o méﬁsqaayoggibhﬁ For

exanple, it is estimated that the parasiti apacitance of the storage gate

oL "% e oo OR At OGRS, el
Parasi tic char 9gnfddethaffis dufred Wh¥nThere was camera motion. This requires
adding a storage gate to the pixel that charge is transferred to if there is no
motion (i.e.,, accumulates charge from multiple sub-frame) and a method
to remove charge if there is motion. One method of removing the charge
is to transfer the charge back through the storage gates to the photosensor
so it can be removed by activating the anti-blooming gate. Otherwise, a
transfer gate must be added to the pixel to allow a path from the storage
gates to an electron sink node. Note also that this sensing technique could
_also be used to determine when proper exposure has been achieved by
detecting the amount of accumulated charge during the sub-frames.
[0058] It is estimated that there will be an offset in the storage gate
sense circuit readout due to charging parasitic capacitance on the storage
gate control lines. For example, it is estimated that the parasitic
capacitance of the storage gate control line routing for one pixel is
approximately 1.2fF and that the voltage of the routing during the sense
operation is approximately 3.0V. Parasitic charge Q is equalto=Cx V=
1.2fF x 1600 x 3V =5.76e-12 Coulombs. The feedback capacitor pre-charge
(with the voltage offset Voffset set to 0V) =3V x 2pF = 6e-12 Coulombs.

The offset at the output of the sense circuit = -0.24e-12/2pF = 0.12V. This
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1.2fF x 1600 x 3V - 5.76e-12 Coul onbs. The feedback capacitor pre-charge
(with the voltage offset Voffset set to OV) = 3V x 2pF = 6e-12 Coul onbs.

The of fset tput of the sense circuit = -0.24e-1 = . This
205w 200 BB B B P U 0071000378 Cof feot can bo measuSaUSRIR Y e i

the image and subtracted out by setting the Voffset that sets the
pre-charge vol tage across the feedback capacitor to the appropriate val ue.
[ 0059] The present invention may al so be used in inmagers with shared pixel
configurations. FIG 9 illustrates an exenplary shared-pi xel 610, which can
be used by the present invention. The FIG 9 configuration and operation of
the shared pixel 610 is set forth in U S. patent application no.

11/ 213,936, filed on August 30, 2005, which is hereby incorporated by
reference inits entirety. [00601 In the illustrated enmbodi nent, the pixel
610 conprises tfsetganihssagagiedprpdarisnoys in iy dnagegad gublackshout by 41
two transfer gates 6140, 6141, a floating diffusion region FD, reset

transi stor 616 seiing theWofset gt setstheipresihasge voliage aprass tha deadbaski st or s
6250, 6251 may be used to drain charges away fromthe photosensors 6120,
6121 when an AB2paciter §xthe apprgpsiateyalume st orage gates 6240, 6241 are
control led by respective storage gate control signals SG0> SG<1>. The

pi xel 610 is oper&%&?]i%%premngbwesnﬁmraaY@éﬁOpbwﬁed_!mlmﬁgwsemtb,shmdm t he
exception that readout and reset conponents are shared by two storage gates
6240, 6241. [oqpixel senfigwnasionspdiger 8 illustrates angyemplassshareddpinel 618 ed
separately for each color. Then, the sensed storage gate val ues woul d

i ndi cate the which canbe used by the present invention. eF(IJG. 9 configuration and

operation of the shared pixel 610 is set forth in U.S. patent application no.
11/218,936, filed on August 30, 2005, which is hereby incorporated by
reference in its entirety.

[0060] In the illustrated embodiment, the pixel 610 comprises two
photosensors 612(, 6127, two storage gates 6240, 6241, two transfer gates
614y, 6141, a floating diffusion region FD, reset transistor 616 and a row
select transistor 620. Anti-blooming transistors 625q, 6251 may be used to
drain charges away from the photosensors 612q, 6127 when an AB<0>
signal is applied. The storage gates 624, 6241 are controlled by respective
storage gate control signals SG<0>, SG<1>. The pixel 610 is operated in a
manner similar to pixel 110 of FIG. 2, with the exception that readout and
reset components are shared by two storage gates 624, 6247.

[0061] For color imagers, the storage gates could be wired separately
for each color. Then, the sensed storage gate valt-xes would indicate the
amount of charge for groups of different colored pixels. bepending on the
scene color content and lighting condition, this information could be used

for white balance determination.
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amount of charge for groups of different col ored pixels. Depending on the

scene color content and lighting condition, this informati

on could be used

for white ygl, Agterm nation. 21 WO 2007/081743 PCT/ #%%%&74%&3&%25 [ 0062]

Thus, the invention uses charge sensing circuitry wthi
drivers to detect the anount of charge accunulated in a g
(entire rows, diagonal or arbitrary group configuration)
signature information for a particular scene to detect the
anount and direction. Mreover, the invention uses charge
within storage gate drivers inside the colum circuitry to
anount of charge accunulated in a group of pixels (entire
or arbitrary group configuration) and uses signature info

gate
roup of pixels
and uses charge
sensor notion
sensing circuitry
detect the
col um, di agona
rmation for a

particul ar scene to detect the_sensor m)tic%g amount, and direction. [00631

The invention al sd00e%) Brusithe invention yses

two or nore franes and detects a correl ati on between the

78R SERARE ICH LY WitRIRIqves f or

signhatures to

det ermi ne the a%totAgY grteclivers tordatentithe ampyatiofcharge permplated dg at o

determ ne a new wi ndow starting address to renove canera

shake i n video

sequences. | n agrAun ehpixels (engire mevisndipgonal onarytrary groupsendguratieiges

fromthe photosensor may be sanpl ed using the charge sens

ing circuitry

within the row ¥rd gsesiehargeisighature informationdor aipartiqular asseg e detept rgove
or accunul ate charge-within the pixel to renpve notion artifacts during

| ong exposur e pianseysotiguaniourtanddisaction Moreaver, the invention useprrhagges to

detect frane

sensing circuitry within storage gate drivers inside the column circuitry to

detect the amount of charge accumulated in a group of pixels (entire

column, diagonal or arbitrary group configuration) and uses signature

information for a particular scene to detect the sensor motion amount and

direction.

_[0063] The invention also stores digitized signal signature in line

memories for two or more frames and detects a correlation between the -

signatures to determine the amount/direction of motion.

The information

is used to determine a new window starting address to remove camera

shake in video sequences. In addition, during the imager’s integration

period, charges from the photosensor may be sampled using the charge

sensing circuitry within the row or column drivers to detect motion and

subsequently remove or accumulate charge within the pixel to remove

motion artifacts during long exposure periods.

[0064] The invention may use the sensed signatures to detect frame

movement and motion of objects within a frame by looking at the

maximum individual difference values between the stored lines of sense

information that have strong correlations. The invention may use the

existing pixel array readout circuitry to readout the charge sensing circuits
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nmovenent and notion of objects within a frame by | ooking at the maximum
i ndi vidual difference val ues between the stored |ines of sense information

that have wirargosgeysr €l ations. The invention may use the ptiShé ok Xel
array readout circuitry to readout the charge sensing circcﬁ?(ts 75‘% 1{7\%

2007/ 081743 PCT/ US2007/ 000175 to apply gain to the readout anplifier and

of fsets needed for A/D conversion. The invention may use the signatures for
separate storage gates for individual colors to determ ne proper white

bal ance and may use signature information for the array to determ ne proper
exposure in a non- destructive manner. [0065] It should be appreciated that
the invention can be used with the typical 4T pixel 10 (FIG 1) if desired.
I nstead of storing charge under a storage gate, charge can be stored and
sensed under the transfer gate 14. Accordingly, in this enbodinent, a

driver woul d betoapplytgaitito tke seatowtamsplifierand affsetsnepstedd fosAMD| signal TX

(as opposed to a storage gate control signal). [0066] FIG 10 shows system
700, a typical qoroeesion: Hysinwentiodirhay dise the sigrlatdresgor sepapate siveegee 708

constructed in accordance with one of the enbodiments of the invention. The
pr ocessor - basedgates fenindividunl colaeapd deterviina prppeemhita/balgnde ghdahaygseui t s
that could include inage sensor devices. Wthout beihg |imting, such a
system coul d i rsignaere infromaiice fanthe anyayctndetermyse propererposure omeiare
vision, vehicle navigation, video phone, surveillance system auto focus
system star tdestkectiveymtaamer.noti on detection system inmage stabilization
system and
[0065] It should be appreciated that the invention can be used with the
typical 4T pixel 10 (FIG. 1) if desired. Instead of storing charge under a
storage gate, charge can be stored and sensed under the transfer gate 14.
Accordingly, in this embodiment, a driver would be used to drive and
sense the transfer gate control signal TX (as opposed to a storage gate.
control signal).
[0066] FIG. 10 shows system 700, a typical processor system modified
to include an imaging device 708 constructed in accordance with one of
the embodiments of the invention. The processor-based system 700 is
exemplary of a system having digital circuits that could include image
sensor devices. Without being limiting, such a system could include a
computer system, camera system, scanner, machine vision, vehicle
navigation, video phone, surveillance system, auto focus system, star
tracker system, motion detection system, image stabilization system, and
data compression system,
[0067] System 700, for example a camera system, generally comprises a
central processing unit (CPU) 702, such as a microprocessor, that

communicates with an input/output (I/O) device 706 over a bus 704.

Imaging device 708 also communicates with the CPU 702 over the bus 704.
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data conpression system [0067] System 700, for exanple a camera system
generally conprises a central processing unit (CPU) 702, such as a

M Croprocegpahedsi@a comunicates with an input/output @b&ﬁ%uQﬁmb@@5706
over a bus 704. |Imaging device 708 al so comruni cates with the CPU 702 over
the bus 704. 23 WD 2007/081743 PCT/ US2007/ 000175 The processor-based
system 700 al so includes random access nenory (RAM 710, and can i ncl ude
renovabl e menory 715, such as flash nenory, which also comunicate with the
CPU 702 over the bus 704. The imaging device 708 may be conbined with a
processor, such as a CPU, digital signal processor, or mcroprocessor, with
or without nenory storage on a single integrated circuit or on a different
chip than the processor. The imagi ng device 708 nmay be any one of the

i mgers 100, 200, 300, 400 constructed in accqQrdance with the invention.
[0068] The procthepsogsssorbesed sysiamcfi0nlso indyudes randomacsess BEEOd

met hods and typical devices of many that could be used and, produced. The
above descri pti GRANIY1G andsaR includeremeyabie mamery 15, wickips flash; eve the

objects, features, and advantages of the present invention. wever, it is
not intended thECTRMEY, sylisBlsq epmemuiratsavithithe GRU 70Ogiaves the bugi@4. The
above-described and illustrated enpodi nents; Any nodification, though

presently unf or EBagiAg devige 798, mnay be sombingeewittod Pracassenfawh agia GFK t he
spirit and scope of the follow ng clainms should be considered part of the
present invent i Sigital 6igEvI PrACASSPE QrIrAicHaBresess WA OH BEh@d MBI Ypr ot ect ed

by Letters . ) .. . )
storage on a single integrated circuit or on a different chip than the

processor. The imaging device 708 may be any one of the imagers 100,
200, 300, 400 constructed in accordance with the invention.

[0068] The processes and devices described above illustrate preferred
methods and typical devices of many that could be used and produced.
The above description and drawings illustrate embodiments, which
achieve the objects, features, and advantages of the present invention.
However, it is not intended that the present invention be strictly limited to
the above-deécribed and illustrated embodiments. Any modification,
though presently unforeseeable, of the present invention that comes
within the spirit and scope of the following daims should be considered
part of the present invention.

[0069] What is claimed as new and desired to be protected by Letters

Patent of the United States is:
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Patent of the United States is: 24 CLAIMS 1. An imagi ng device conprising:
a plurality of pixels, each pixel conprising a photosensor and at |east a
first gate for storing charge from said photosensor when activated by a
first control signal; and a plurality of first circuits, each first circuit
bei ng connected to and associated with a respective first set of pixels,
each first circuit generating the first <control signal on a first contro

line for all pixels inits respectivecihrlﬁ,iﬁset and sensing via the first
control line an anount of charge stor r said first gates in the

respective first set. 2. The inmaging device of claiml1, wherein each pixel

further conprises a second ggat& for storing charge fromsaid photosensor
when activated bylra setHHPRERMITHC OPYRSEINE" and sai d device further

compri ses. a pl ur alg Sty SEAOIE oGl Fitt! dmyRRHT SRS uhd kol N0

connected to and assocl W th a respective seco set of pixels, each
second ci r cuifirstgenefoationgg chargs foanchid pittosehsawivgrealacfivatedby a firstel s in its
respective second set and sensing an anount of charge stored under said
second gat eopioksignatdddect i ve second set. 3. The inmmging device of claim

2, wherein said fiyr t - istors. 4. The
i magi ng devi ce of ac@ gﬁa%{g? %ﬁ@d}%u%@,;ﬁ%%f}f&lf girr]cﬁ%ﬂ s% ‘Efg‘%%%ﬁﬁ g urther
conpri ses a taksocthtghivith haespsttove firgt sehaf girelb,reach fest dirplingeanseating therfiren
activated by a third control Sitgnﬁl" . L .

control signal on a first confrol line for all pixels in its respective first set and

sensing via the first control line an amount of charge stored under said first gates

in the respective first set.

2. The imaging device of claim 1, wherein each pixel further
comprises a second gate for storing charge from said photosensor when activated
by a second control signal, and

said device further comprises a plurality of second circuits, each second
circuit being connected to and associated with a respective second set of pixels,
each second circuit generating the second control signal for all pixels in its
respective second set and sensing an amount of charge stored under said second

gates in the respective second set.

3. The imaging device of claim 2, wherein said first and second gates

are storage gate transistors.
4. The imaging device of claim 2, wherein a portion of said pixels
further comprises a third gate for storing charge from said photosensor when

activated by a third control signal.

5. The imaging device of claim 4, wherein said first, second and third

gates are storage gate transistors.
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5. The imagi ng device of claim4, wherein said first, second and third
gates are storage gate transistors. 25 6. The inmagi ng device of claim4,
wherein said device further conprises a plurality of third circuits, each
third circuit being connected to and associated with a respective third
gate, each third circuit generating the third control signal for its
respective third gate and sensing an anount of charge stored under said
third gate. 7. Thg ima r ng a line
buffer nmenory for’ stog:h%qmgg\ﬁk%\z’@%ioggﬁf es’ O?Jr esglgi dneggcgm“lﬁ%r e fromsaid
first, secondon@ﬂdestefplnﬂhgacbfethlrd81rc1]it‘seeach'amwlglr<dél\/be¢18g, @a‘nneétadlmaﬁ;d wher ei n
sai d sensed charge is, used to determ ne scene  information of an obtained
i mage. 9. ThéSjorigsdwithiavespectye t@F‘bBﬁFa@“b\H‘é@éﬁ‘W“ﬁ@F@Frﬁ%‘i‘%@eé}?ﬁlfdes are

organi zed as devi ce of
claim1, V\/nercgnﬁ&:sg%ﬁor%tr%g%cﬂ“%%ﬁ@ gatgglé% sg{s{c@c@ta{}a}?%n ?]_QF%H(? ggegé t(lﬂg or mat i on
of an obt ai negdérsaiethird kateThe i magi ng device of claim 10, wherein said scene
information is used to detect notion of objects in an obtained i mage. 12.
The i magi ng device of claim 10, wherein said scene information is used in

an autonatic bal ancing ﬁg%ﬁ@fﬂﬁ@é% Pf&gmggviluﬁﬁerdc]oﬁpri'agn%n% ]tirggegt%)dggédeyi ce of

claim 10, wherein Said scene 1on 1S useé nci ng
operation fomdm@ydevitetng digitizdd @alubeef thgsehesd eltur@ frémabid first, vhronedi n sai d
first gate is a transfer gate and said first control signal is a transfer
gate control a§ﬁ§ﬁ?ﬂ gates.

8. The imaging device of claim 6, wherein said sensed charge is used

to determine scene information of an obtained image.

9. The imaging device of claim 4, wherein said third gates are

organized as a diagonal pattern across said array.

10.  The imaging device of claim 1, wherein said sensed charge is used

to determine scene information of an obtained image.

11.  The imaging device of claim 10, wherein said scene information is

used to detect motion of objects in an obtained image.

12. The imaging device of claim 10, wherein said scene information is

used in an automatic balancing operation for the device.

13.  The imaging device of claim 10, wherein said scene information is

used in a white balancing operation for the device.

14.  The imaging device of claim 1, wherein said first gate is a transfer

gate and said first control signal is a transfer gate control signal.
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26 15. The imagi ng device of claim1l, wherein said plurality of pixels are
organi zed into an array of rows and columns, and each first set of pixels
corresponds to a respective row of pixels. 16. The imgi ng device of claim
15, wherein each second set of pixels corresponds to a respective colum of
pi xel s. 17. The imagi ng device of claim1 further conprising colum sanple
and hold circuitry connected to colums of said pixels, said col um sanpl e

d hold ci i di f f h
Dlural ity of firstS ci itifebfedicf A5 RGBS ¢ om ¢ ne

plurality of ofrgSarn dGhtoGHiakRy ofFSvd MHdt RILrknY, AtDEhch fRLe! ofyikdly conpri sing
sai d pixels. A system conprisin a processor; and an inmagi ng device

communi cat i ngowmespendsiion IgERESE¥S AW Oglai’(ds-devi ce conprising: a plurality of
pi xel s organi zed as an array of rows and colums, each pixel in said array
conprising a photosensor and at least a first gate for storing charge from

sai d phot osensor wgen aleehMﬁ%i%@ dlevlc@ofelaﬁﬁ19qmdrahe§¢rg§b@bnd sdf pixBlsur al i ty
of first circuits, each first circuit being ‘connected to and associ at ed

with a respe@Dm@OhM@ta@e}neCcf’ep@lumhsofpealﬁh first circuit generating the
first control signal on a first control line for all pixels inits
respective first set and sensing via the first control |ine an anount of

charge stored undgy, saiThefijinaging@RVi2s of blﬁlrﬂ T?uﬁl?e‘f REmbliviRg tblusin afiple 19. The
system of claim 18, wherein each pixel further conprises a second gate for
storing char ged hplsnisaity hoeded tosmitumiref saich pivels, sdi dopluns sanaple and

hold circuitry digitizing the sensed amount of charge from the plurality of first

circuits, wherein said sensed amount of charge from the plurality of first circuits

are routed through a pixel array comprising said pixels.

18. A system comprising:

a processor; and

an imaging device communicating with said processor, said device
comprising:

a plurality of pixels organized as an array of rows and columns, each pixel
in said array comprising a photosensor and at least a first gate for storing charge
from said photosensor when activated by a first control signal, and

a plurality of first circuits, each first circuit being connected to and
associated with a respective first set of pixels, each first circuit generating the first
control signal on a first control line for all pixels in its respective first set and
sensing via the first control line an amount of charge stored under said first gates

in the respective first set.

19.  The system of claim 18, wherein each pixel further comprises a
second gate for storing charge from said photosensor when activated by a second
control signal, and

said device further comprises a plurality of second circuits, each second

circuit being connected to and associated with a respective second set of pixels,
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control signal, and said device further conprises a plurality of second
circuits, each second circuit being connected to and associated with a
respective second set of pixels, 27 each second circuit generating the
second control signal for all pixels inits respective second set and
sensing an anount of charge stored under said second gates in the
respective second set. 20. The systemof claim 19, wherein said first and

second gates e . . Si rs. . The syst. .claim 19,
wherein a pore%hoshec(g)#&slg(\i%t%ﬁé@f‘éé fHu%rste %;en(r21 b g%r%srl nsaégoraa\ﬁt%g%%lﬁ e for storing

charge from sejpdctpraeosRIte0ind\dasingah amadtigcbileyargd stofdd shdepsdid eécoad gnal . 22.
The system of claim?21, wherein sard first, second and third gates are

storage gat e gefeaisihstrespectivesecanssetyst em of clai m 21, wherein said device
further conprises a plurality of third circuits, each third circuit being
connected to and associated with a respective third gate, each third

circuit generatingqthe TtHéiszﬁeﬁQﬂtc[d% 19] gherkeirf Qid fifsband RePREFdtveart hi rd gate
and sensing an anount of charge stored under said third gate. 24. The system

of clai m 23, starpgergate Ganspor8i ng a |ine buffer menmory for storing digitized
val ues of the sensed charge fromsaid first, second and third gates. 25.
The system of claim 23, wherein said sensed charge is used to determ ne

scene informationxf amehyabnesd limd®, whbreinlhporsiys beMi@pixelsdunhedl, Wherein
said third gates are organized as a diagonal pattern across said array.
comprises a third gate for storing charge from said photosensor when activated by

a third control signal.

22. The system of claim 21, wherein said first, second and third gates

are storage gate transistors.

23. The system of claim 21, wherein said device further comprises a
plurality of third circuits, each third circuit being connected to and associated with
a respective third gate, each third circuit generating the third control signal for its

respective third gate and sensing an amount of charge stored under said third gate.
24, The system of claim 23, further comprising a line buffer memory
for storing digitized values of the sensed charge from said first, second and third

gates.

25.  The system of claim 23, wherein said sensed charge is used to

determine scene information of an obtained image.

26.  The system of claim 21, wherein said third gates are organized as a

diagonal pattern across said array.

27.  The system of claim 18, wherein said sensed charge is used to

determine scene information of an obtained image.
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27. The systemof claim 18, wherein said sensed charge is used to determ ne
scene information of an obtained i mage. 28 28. The system of cl aim 27,
wherein said scene information is used to detect notion of objects in an
obtai ned i mage. 29. The system of claim 27, wherein said scene information
is used in an automatic bal ancing operation for the device. 30. The system
of claim27, wherein said scene information is used in a white bal ancing
operation for the device. 31. The systemof claim 18, wherein said plurality
of pixels are organized into an array of rows and col umms, and each first
set of pixels cordespdhiussysomeofroasmern wherciosaidcepe kebsnatRa.is Ted tsyst em of
claim 31, wherein each econd set of xels corresponds to a respective

col um of pi >€%Fe§t megon 4 ﬂ’@?ﬁé&‘%omﬁ‘@\e‘g’@%@' an i magi ng devi ce, the imaging
device conprising a plurality of pixels, each conprising a photosensor and
at least a first storage gate, said nethod conprising the acts of: for each
pi xel , storing cha&9e fTlemystem qiﬂubaims}?nsx(hereﬁmsaidmcehé irsforogtiom ibysedphaci ng a
control signal on ac Erol i ne; % each pixel, sensing via the first
control |ine aofat ACHIZAPCEANOR her the ?@?egate and using the sensed
charges to obtain a first signature of a first inmge scene obtained by the
i magi ng device, wherein the first signature is processed in at |east one
operation consistildlg drhewybteanoftddiec?, omereinisaidridene infadmatvinrigussddnwhi t e

bal anci ng. ) ) . .
a white balancing operation for the device.

31.  The system of claim 18, wherein said plurality of pixels are
organized into an array of rows and columns, and each first set of pixels

corresponds to a respective row of pixels.

32.  The system of claim 31, wherein each second set of pixels

corresponds to a respective column of pixels.

33. A method of operating an imaging device, the imaging device
comprising a plurality of pixels, each comprising a photosensor and at least a first
storage gate, said method comprising the acts of:

for each pixel, storing charge from the photosensor to the first gate by
placing a control signal on a control line;

for each pixel, sensing via the first control line the charge stored on the
first gate; and

using the sensed charges to obtain a first signature of a first image scene
obtained by the imaging device,

wherein the first signature is processed in at least one operation consisting

of motion detection, automatic balancing and white balancing.

34,  The method of claim 33, wherein each pixel comprises a second

gate and said method further comprises the acts of:
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34. The nethod of claim 33, wherein each pixel conprises a second gate and
said nethod further conprises the acts of. 29 for each pixel, storing charge
fromthe photosensor to the second gate; for each pixel, sensing the charge
stored on the second gate; and using the sensed charge to obtain a second
signature of the first inmage scene obtained by the inmaging device. 35. The
nmet hod of claim 34, wherein said acts of storing charge from the

phot osensor Lot Naul LRy 8LF i AER 118 RGnoflclis) RpLERRNSR, charge Lo

obtain a second signature e scen i“magi ng devi ce

are repeated for far arhoiktlsengieg teehargebioddd@dthbeddnd gatvaghdig devi ce. 36.
The nmethod of claim 35 further conprisi ng the act of using the first and
second si gnatusi@dhesensedchargesto obtrn 8 second sigpaiyesofithe HEtt dpA8ECRT t here has

been npbvene 3 i-thin the scenes. 37. The nethod of claim 35
'btbté?ﬁégd’\ﬁﬁge g@?@gg dWitd

further conprisi using the first and second signatures of the
first and second scenes to performnotion estimation. 38. The nethod of
claim 35 further conprising the act of using one of the first and second

si gnatures of the 3 r stThedactbed ohelaise #hevherain saif agigobrering chage feei ng

operaon, e IRSGTELNT 4| G AR ] B SOMPHAG A Bae R o U 19

one of the a e scenes for a

whi t e bal ancigbgain @B€doatl isiatufdof theemamiRest cHtaifédbyihd4mapingdeiide arepor tion of
the pixels conprises a third gate and said nethod further conprises the

acts of . for repagtedgpxepecondpnags segna eldaingd byithgamegingidgriceg charge fromthe

36.  The method of claim 35 further comprising the act of using the first
and second signatures of the first and second scenes to determine if there has been

movement between images within the scenes.

37.  The method of claim 35 further comprising the act of using the first

and second signatures of the first and second scenes to perform motion estimation.

38.  The method of claim 35 further comprising the act of using one of
the first and second signatures of the first and second scenes for an automatic

balancing operation.

39.  The method of claim 35 further comprising the act of using one of
the first and second signatures of the first and second scenes for a white balancing

operation.

40.  The method of claim 34, wherein a portion of the pixels comprises
a third gate and said method further comprises the acts of:

for each pixel comprising the third gate, storing charge from the
photosensor to the third gate;

for each pixel comprising the third gate, sensing the charge stored on the

third gate; and
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phot osensor to the third gate; for each pixel conprising the third gate,
sensing the charge stored on the third gate; and 30 using the sensed charge
to obtain a third signature of the first imge scene obtained by the

i mgi ng device. 41. The method of claim40, wherein said acts of storing
charge from the photosensor to the first gate through the act of using the
sensed charge to obtain a third signature of the i mage scene obtai ned by

t he i magi ng devic r e far.a. | obht al ned by the
magi ngdevi co. s HEPREURG Slobfir SR ERERE of AT Rer R R&¥ecY o
usi ng the fi odtaineddgahetmaging déviced signatures of the first and second scenes
to determine if there has been novenent between inages within the scenes.
43. The nethod of claim4l1l further conprising the act of using the first,

second and third ﬁhgnapﬁk %g&%%gﬁﬁ$%¥fgﬁgﬁﬂnaﬁggﬁgpféﬁﬁggg%%ggﬁﬁ%prn1nntion

estimation. 44. The netho er co of using

one of the fthd stotoseasRnsl thRMitst dditd GhrGighniad att 85 usihg tHeeehdedThar@Bdo second
scenes for an autonatic bal ancing operation, 45. The nethod_ of claim4l

further conprptimgthirdesignatureof theiimgeesrsne potaingd by ithesimagingdayéreadiel third
g'lgnat ures Ofetdifa'thf £lecBRdin S WeheS St b the Imihk Qevi@! @nci ng operation.
42.  The method of claim 41 further comprising the act of using the first,
second and third signatures of the first and second scenes to determine if there has

been movement between images within the scenes.

43.  The method of claim 41 further comprising the act of using the first,
second and third signatures of the first and second scenes to perform motion

estimation.

44,  The method of claim 41 further comprising the act of using one of
the first, second and third signatures of the first and second scenes for an

automatic balancing operation.
45.  The method of claim 41 further comprising the act of using one of

the first, second and third signatures of the first and second scenes for a white

balancing operation.
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