METHOD AND APPARATUS PROVI DI NG Pl XEL STORAGE GATE
CHARGE SENSI NG FOR ELECTRONI C STABI LI ZATI ON I N | MAGERS
WO-R@Z8 123 THE | NVENTI ON [ 0001] The inventi on rRCHUSH07/000175
generally to imagi ng devices and nore particularly to

circuits and sensor architecture for electronic
stabilization in imging device. BACKGROUND [ 0002] A
CMCS imager circuit includes a focal plane array of

pi xel cells, each one of the cells including a

phot osensor, for exanple, a photogate, photoconductor
or a photodi ode overlying a substrate for accunul ati ng
phot o- generated charge in the underlying portion of
the substrate. Each pixel cell has a readout circuit

t haMEfﬁ@@em\m AEPAR ATUSWREVIDELE PHIBC STORAGE GATE

s é&?@@é@ﬁ% EOR S ERUSHT sTAB 7RG py naGERs
e gate of an outp ge storage
regi on may be const%ﬁi@m&%ﬁum on

regi on. Each pixel may include at |east one electronic
devi ce such as a transistor for transferring charge
f rom t [0®OphThedanation celabes gdreraldy to Bpagingaddvicagand more
device, also typically a transistor, for resetting the
st opagtculaglyoto ¢iocuatsparet] s¢resomanel tatiareyfor|edeatompicistabilization
to charge transference.[0003] In a CMOS i nager, the
act inémagimgdevicef a pi xel cell performthe necessary
functions of: (1) photon to charge conversion; (2)
accunul ati on of imge charge; (3) resetting the
storage region to a

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-generated 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 tramferﬁng 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.



known state before the transfer of charge to it; (4)

transfer of charge to the storage regi on acconpani ed
whygooclosx7ge anplification; (5) selection of a pP&EUSI007/000175

readout; and (6) output and anplification of a signal

representing pixel charge. Photo charge may be

anplified when it noves fromthe initial charge

accurul ation region to the storage region. The charge

at the storage region is typically converted to a

pi xel output voltage by a source follower output

transistor. [0004] CMOS imagers of the type discussed

above are generally known as discussed, for exanple in

U.S. Rebes) tmrwc:h@oMﬁla?@e, thed. agtiveal@ntntsoof Hpdwd c8HGerform

U. S. Patent no. 6,310,366, U S. Patent no. 6,326, 652,

U. SheRadeBdariGunbtidfd oh2(l) hbtbh $o cRatgentormersion;

6, 333, 205, assigned to Mcron Technol ogy, Inc., which

ar ey ecelvulaion poirahgd chirgee (2 resettingnthiehstorage region to a

entirety. [0005] A typical four transistor (4T) CMOS

i meswpi stete Hforstishiransfien of thtargk. toihd4 pirapkfer ®f charge to the

i ncl udes a photosensor 12 (e.g., photodi ode,

phostogageregitn apcompanisdeby thargs amptifitation] (Gaselegtion of a

di ffusion region FD, reset transistor 16, source )

f ol pixnedfort readouistand (6 cariput and senplificatiomef 8 signalgepresenting

The photosensor 12 is connected to the floating

di f pixsil changeyiRwtpRhieyge may beastlifiad whengt srovies ffpeythe

the transfer transistor 14 is activated by a transfer

gat imitishthasige sicgwayulation gegisn tpHbe skazage rpgiony stiag chggge at the

is connected between the floating diffusion region FD

andsterage regionix BPisalip ronvented 4@ arixel Futpuk Vlogt:,a&e by a source

control signal RST is used to activate the reset

t r aflawer CuputfFARSStPES et s

[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.



the floating diffusion region FD to the array pixe
supply voltage Vaa pix level as is known in the art.

wQ 0@0/P$17dhe source foll ower transistor 18 has PCHUSEDB000175
connected to the floating diffusion region FD and is
connected between the array pixel supply voltage
Vaa_pi x and the row select transistor 20. The source
foll ower transistor 18 converts the charge stored at
the floating diffusion region FD into an electrica
out put voltage signal Vout. The row sel ect transistor
20 is controllable by a row sel ect signal SEL for
sel ectively connecting the source follower transistor
18 and0004] The maset wahsEyer 16 Frainngoted betveeaothenflodting:
22 of a pixel array. [0008] There are a variety of
appdifbation negivhai D bedein arrayqrixelmipplyvaliageoV serms. A reset
scene information in the pixel array prior to readout.
Theeentaphdignak RS ds iised talectivaje theweses fransistoni powhich resets
conpensate for canmera novenent (hand Jltter) obj ect
mot thenfloating difusionaegiont Fijitorthe ampyegieh gupphewoltage Vaa_pix
streans, auto-exposure, and auto-white balancing. Wth
t helexs] b isknawnrindke esfrer a novenent, digital inager
control circuits can adjust the star%ang posi ti on of

r eadoUP0@elhg soprcet 9BPE’@F transister 4% fag HsEmty icﬂgne‘:ted to the
addltlonal .row and col 0 allow a naller w ndow
o Heatingdity 51951 Tegign Wean%g‘@ < Bebw et e aranpixel
r il i AL "y o
ik L ol
S HILE R R TR
¢ ap&lingis?(;r 5t 5! dontf BB Te by a row select s1gna1 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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notion blur can be elimnated if the notion is sensed

during integration and sub-franmes are discarded while
w@owd/o817ase data is being accunmul ated in the pPEEUS2007@0175

notion estinmation approach that enabl es the above

functions also allows the detection of the nmagnitude

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 imge readout can be used to adjust the

w ndow start | ocation, w ndow size, integration tineg,

and signal gain. The statistics can also be used with

di girealiinghageoplyohegsirtignadfghe iitage that hasclsangedarpdative to the

processing functions |ike notion detection,

aut préaapiasagefraatd Bott longleaxipesbadsansednig. thetdapiture of still images,

techni ques to performthese operations include: (1) ]

usi ngotivarkumean beedinsindted] ifithemotiey és sarsedstuning tptegration

track notion; or (2) incorporating separate notion

det emtcbsub-frarhesareadiscarded. while gpodsframe dptade beingneemulated

noti on. These techni ques, however, are undesirable.

[ 00 Zin]thaqixeldi Fhy motionestimation apprpachdthas enables ghe gbove

scene sensing techni que that gathers inmge scene .

st atfusctions alsemliows the detectien of themagaituge pf ggaals in the

signals faster than prior art techni ques and w_t hout

t he seene, Whichaerti be uped tapredigt BFORETPOsETe 20 dight

conmponent s. SUMVARY [ 0012] _The invention provides a

scerfemparaturgs (e mteanser Path e9lor BAi§ES)- t hat gat hers

i mage scen tatistics usable t.o e.g., dete¢ct noti,on

or pr o&%@ﬁﬁ&ﬁﬁ?ﬁ%&g eYSratpF ?%?“‘35? PR Grdee used to

and é’ﬁjh?@ tlge w}whnedonveesgarft Rca o%l, tvxlmol %lw size, integration 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.



menory or discrete external conponents. [0013] Various
exenpl ary enbodi nents of the invention provide an

WO pgiosJ4dlevi ce that stores charge from a phot BREOSZNNT/000175
under at | east one storage gate. A driver used to
operate the at | east one storage gate, senses how nuch
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 signhature may then be
used for processing such as e.g., notion detection,
aut o- exposure, and auto-white bal anci ng. BRI EF
DESCRI PTI ON OF THE DRAW NGS [ 0014] The foregoi ng and
ot her advantages and features of the invention wll
become nore apparent from gtmiNeARN ed description of
exenpl ary enbodi nents provided below with reference to
t he acconpanyi ng drawi ngs in which: [0015] FIG 1

oi xe : [088h afietbertBon PRULicls Agseae Srpaing IRgUr dLRdor an imager
i Ff“lféé Srifee R SRR o enle i dsieiyaBfipn or process
1 ot P OO R aTR BT e Rneh E R B4 for additional
1 TFRger O st ot PR uance w th the ©

i nvent t()%TSja %r%%%defeﬂl}glg% EL{Bodments 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;



i mager; [0020] FIG 4b is an exenplary timng di agram

of an operation of the FIG 4a driver portion; [0021]
wOo-R@7/081743 | ustrates a CMOS i mager construct ed PET/US2007/000175

accordance with an exenpl ary enbodi nent of the

invention; [0022] FIG 6 illustrates another CMOS

i mger constructed in accordance with an exenpl ary

enbodi ment of the invention; [0023] FIG 7 illustrates

anot her CMOS i nager constructed in accordance with an

exenpl ary enbodi nent of the invention; [0024] FIG 8

illustrates exenplary frane i mages and i mage

signatures used by the invention; [0025] FIG 9

i |1 ust [G019F FIG. 8X Aiyta4tss ShaleRanipls of achiféghidaidroised in the

whi ch can utilize the present invention; and [0026]

FI GFId)) 2iibddgeiry at es a system suitable for use with any

one of the enbodi ments of the invention. DETAI LED

DESCRI f0018NHICGO3B |s A ekamplaty isiing diggminh ©fl an operation of the

description, reference is made to the acconpanying

dr aIGySa diveatpatiena part of the specification, and

in which is showm by way of illustration various

enbodi 0193 Fieda Hjudtheies anembodinneyt dfea driget ipogdon

These enbodi nments .are described in sufficient detail

t 0 evabtrectdbseashrdanc: with the iavention maideusaddinuthe Flks 2

invention. It is to be understood that other

enbddiagent s nmay be utilized, and that structural,

| ogical, and electrical changes, as well as changes in

[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.



the materials used, may be made w thout departing from

the spirit and scope of the present invention. [0028]
wab@7ogrms " pi xel " refers to a photo-el ement unP€T/TEL007/000175

cont ai ni ng a photo-conversi on device or photosensor

and transistors for processing an el ectrical signal

fromel ectromagnetic radi ati on sensed by the

phot oconver si on devi ce. The pixels di scussed herein

are illustrated and described as inventive

nodi fications to four transistor (4T) pixel circuits

for the sake of exanple only. It should be understood

that the invention '%E‘I%ILFW%§CF§P‘TIUNr transi stor
(4T) pixel, but may pi xel -

arrangenents having fewer (e.g., 3T) or nore (e.g.,
5T) than four transistors. Althou h the invention is

descri B¥@7h&n Eha fcvqun&fl@#aéﬁééiqssr@ﬁ@nar%ﬁer%ry&la faade to the

and fabrication of one piXxe it should be understood

t hataCEAMPaNYIRg r ayEHgs MR érea Hﬂrﬁpg\a"“% 5P %ﬁlgﬁ?w gnd in

e PSS ke e

ol 1V ERGER AR R GUAR: 2“?%3%&15@%‘#’3@ paf '&Fﬁéfescgggd in

ok etenoat i ©ly i dubetiiod ot Uit e tingfg ent sl e

0l argentih 0 %@Pisf’qﬂj efgr's 5 ke réer%ﬁog BERE Ry be utilized,

1 G P AL ISR S e QB ol bR 2 chgnges in

o e g i WY 55, 6 g o

P R g 102 e s

[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 pﬂels 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



nunber of rows and columms. In operation, the pixels
110 of each rowin the array 102 are all turned on at

wob@7osaTe3 ti e by a row select |line e.g., SEL(E)T/ESZN07/000175

the pixels 110 of each colum are sel ectively output
on a columm line 122. A plurality of row and col um
lines are provided for the entire array 102. [0030]
The row lines e.g., SEL(O are selectively activated
by row decoder 130 and driver circuitry 132 in
response to an applied rowaddress. Colum select |ines
(not shown) are selectively activated in response to
an applied colum address by a colum circuitry that

| NCldRTof bt BE LAUAT inlPmifig SenS QU LROBRIDE the present

addresses are provided for each pi xel 110. The

| Mgy erliith issd&ﬁ%c%gg %ﬂ?e Spp&fded eRimg! and image

processing circuit 1 ich controls the row and

col umMpgphby R'e?éri‘iﬁgot'o el fB51re8 GvhBRe BREFEREérdletiabeildesignate
colum lines for pixel readout. [0031] Each colum is
conngetdsmieAts 30! 2 MBusPRas al@VIDORHaged 10 Etatinay Déilize
S/Hcircuitry 136. A pixel reset signal Vrst and a
Pi X@kpbtBYE thé BRANHGH. ThOImagéreTieghchides! & pivet array 102
sanpled and held by the S/Hcircuitry 136. A
di f iconABéted! tosobinmin davtiple-aviel hold S/H) ettvaitdy f186. dhelpixel array
pi xel by the differentialanplifier 138, which applies
a gaon compiisessi phahlityeofpixets Titoanrahgedintagiredetermined
136. The differential signal is digitized by an
analagnber df givsaand aolenner Il éperarid), thappixels 110 of each row in
anal og-to-digital converter 140 supplies the digitized
pi xéhe sigryal® are albnwoed comtrtbe same fimedy provesaleqidine e.g.,
circuit 150, which anong other things, fornms a digital
i mGELLO) ad therpixelsbbef eachocalummargssabectivaly outPubge a
reference circuitry 144, . .

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.

[0031] 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



[0032] Typical 4T pixels (e.g., pixel 10 of FIG 1)
contain a pinned photodi ode phot osensor, transfer

wo e@nsssedr, and a floating diffusion regi on tPCT/UOB108T000175
charge and sense it. The typical pixel array is
readout using a rolling shutter technique, which
of tenti nmes generates inmage artifacts from having the
first and last row of the array coll ect scene data at
different tines (typically determ ned by the readout
rate for the rows and the nunber of rows in the
image). [0033] FIG 2 illustrates a nodified pixe
110, which includes a storage gate 124 for storing

g 2‘;’: ta?x?)ﬁ)lﬁ@ﬂéqj %\Q% ?%ﬁﬁ? %;%éli}l%o HhE Bighat kELR0E Sn§ the S/H

Sl gna to a storage gate contr ol

| n%n\]/cvﬁ]@% 15!561'%1% cﬁk@?er%}ﬂ lg%ﬁgé& zﬁgaﬁﬁfbg to-digital

125 used to drain a excess charg

fr O'@of‘lt}gﬁg? g&g Sgpig{j ”ﬂﬂ@aﬂﬁlsglt@fﬁlgﬁhl e RQRMBLORIPhlies rhe

si gna I't sho appreci ated that

t he
e ARkl 926 St %ot e gtheggprocLRg i 150

3a, v@ﬂﬁh‘%ﬁﬁ@ﬁg Sther ﬁﬁﬂ S8Rk aQlighhl AnRPe bt@@utl 3Phe @hager also
the row driver 132 tha is used ?o drive the S

contbRkaifs BiaingFdageQeferbhéstirauintyofadi xel s 110 in
t he array 102 are now expl ai ned. The driver portion

132" iy qsffa.fblmqaﬁalse(e 8106 PHE 1 )ldvhtainch pinned
alrne drrver 64. It shoul%ﬁg; appreci ated that an

nmagtotediddt phetosdaser, tlagafdr traresistot, \werd p floating diffeision
per row. The driver portions 132" can be activated at
t he region td colldcd chaydecarahserase it| Eoe typical pixebatray is readout
shutter or they can be activated on a row by row basis
whersing habiling binti tter tachnitpte, sdsich eftentimes 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



[0035] An electronic global shutter operation is

achi eved by inputting a storage gate gl obal enable
wGe@nag178G gl obal _enable into the OR gate 162.Pdmnes2007/000175

out put of the OR gate 162 is input into the line

driver 164, which drives the SG control signal SE O

with a high voltage Vsgjhi (e.g., 2.8V) onto the

storage gate control |ine 124a. Otherwi se, the line

driver 164 drives the SG control signal SO wth a

| ow 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 sel ect signal

Decrfleidrsira@d. dnsheukd e agpratdtedehabhr isiageakvould include at

SG enabl e. The use of the coder _sel ect and SG enabl e

si ghalkstofk deivertgatidhi 182f ppoOFdWOITHERE venpbetione132’ @dn be

on a row by row basis (rather than as a gl obal .

shuaé@vitedfatdnsisant tifneGo iftpleiens enatledramicglabgl shutter or

timng of the operation of the driver portion 132" for

a ghiebatarshebtvatedesmbirow bAsowabadiewdesn ghdtml gbutter is not

from the phot odi ode phot osensor 112 is transferred

unddesiréd. st orage gate 124 (into channel 1246) after

the SG control signal SO is driven with the high i

vol t ag@088gAm eleetrgnic global shurtter apryatiporiagehigaed by inputting a

control line 124a. [0037] A first enbodi nent of the

i nveturage gatd globat enaelesignal §G g@loball enablednio frIOR gate 162.

storage gate control signal driver circuit to gather

scefbermupihof the O gatg k6rds inpubinta ghe lise dpegratqdpphich

from various groups of pjxels across the array. )

Phodisivgsibe SCeerrirelsigpSehwite @ g Yﬁé‘tiﬁ?oa%%éﬁs(srgv 2.8V)

112 are transferred under, the storage gate 124 at. the

endOBFO MSTORRER BatE SR 4 OfherHase i L v 164

ari Yiirinv%s atl:hg is%cc()x%frgl 51g121a18 é%(O) with a low voltage Vsg_lo (e.g., 0V) onto
the storage gate control iine 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



SG control signal onto the storage gate control |ine

124a. The inventor has determ ned that because the
webargel7an t he storage gate 124 is primarily deCEUR0B00175

by the charge transferred into the channel 124b bel ow

the gate 124 a nodified driver portion 132' generating

the sensor gate control signal SG could be used to

det ect how much charge was transferred to the storage

gate 124. Accordingly, the invention accurately

measures this charge and uses the charge for

processing such as e.g., notion detection,

aut o- exposure, and auto-white bal anci ng. [0038]

Ref ghfbitafion/ diing B gldbalshatbél dherationexeiPvatiyus groups of

enbodi nent of the invention is now described. FIG 4a

i ERlRFOS PRFdrr®n PBR3to-génchatattelet@dnk chBrurdd ibys etk

to cl%ﬁtrol t he stor%e gat e8124. The FI G 4a§3¢ivehr)¥

por tplastodSasordri2vae tidief&Ted amideniths sgrage gate 1266 the end of

onto the storage gate control line 124a and at the

samgheiifftegiatiefperitrl. dfhe itansfer Happaas diy devirgua high (e.g., 2.8V)

the line 124a. Because the storage gate control |ine

124866 sontraisigriab oakd thdstopagegatelcbitial Lirtecl 24aw, Thédimventor has

charge sensed by the row driver portion 132"

r eprdeterminecthatecatisatie dthrrge botthestomgegage R4 is primarily

the row. [0039] The driver portion 132" includes

swi tdg¢tesmirtgl by 2he chyrge trggsfengd int@the gharing) 124b below the gate

capacitor 176, a feedback capacitor 178, an anplifier

186,124na maodifinsl drizarphotien 487 ganerating thp sergprgate gpntrol

hold circuit 190 includes two storage capacitors 192,

196 sigraal%facoyid bemeed tg detadihiow gruich grargeipe Bgpgkarred to the

capacitor 178 when switched across the anplifier 186 .

det eteragesgated 24aiArcardingdy.dhejayention agsirately mepgures this

i nput capacitor 176 at the invertjng input of the )

anpl Gerge andgrses b ﬁﬁéﬁg T RPEAGHS sl & g yBftion 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 chafge 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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out to the storage gate control |ine 124a and any DC

i nput voltage to ensure that the anplifier 186 works
w@e@pesl7ys Switches 170, 174, 180 and 182 are PCT/US2007/000175

controlled by a first signal Phil. Switches 172 and

184 are controlled by a second signal Phi2. The two

signals Phil, Phi2 may be non overl appi ng

conpl ementary cl ock signals. [0040] In operation, when

the first signal phil is active (e.g., 2.8V), swtches

170, 174, 180 and 182 are cl osed. The second signal

Phi2 is Iow, which opens switches 172 and 184. As

such, the storage gate control line 124a is driven | ow

Wi t HeddlisakSehpaRitoe 178 8¢hdresWitchéd herdsbehé 186 determines

capacitor 178 is reset, and the anplifi.er 186 is

aut qhé ¢ade af tHdarivvt P@tﬁ@ﬁ 18Pe FhplihpuecaplfoyIg6se tise

will be a reset level (i.e., Vein or 1.2V), which is

st orifdleiting BijAN dfcthe b¥dplifielt 186 devmipde DIGIvoltageildvelddriven

when the sanple reference control signal sanple_ref

cl osre tewht ctorhge gaké caliwol kindi4pand angtled ihpat voltage to

switch 193 is usegto read out the voltage stored in

capagistipe tH8Zhe[dlifieVIB wohles pagpaty.sByiteheph?Q, 74, 180 and

activated (e.g., 2.8V), switches 172 and 184 are

cl 0s88.ar¢ventiolled sy gfiabt gnal Fluill GwyitdpsriiZ2grshil 84 aess

170, 174, 180 and 182. As such, the storage gate

contoookrdlladebyt 24ecord dignad Fhid. gihe ywotségrals Phibd2hig may be non

f eedback capacitor 178. The anplifier 186 out put

Vs g_oswentapping lcomplememtasy daclasigmals. pr oporti onal to

t he anobunt of charge required to bring the stora?e

gat e cE40bInopesationawhen thefipstgigralinhjd isagive (e.gn28V),

charge is set b%_kt he anpunt of chay transferred from

t he syHbehesclT8ol74 150anG H2 a3e diased- 1Dhe serpndyeisgn 1s fow,

of Q/?’{lia(‘ili ct)l:i>gns switches 172 and 184. As such, the storage gate control line
124a is driven low with the ng_lo voltage (e.g., 0V), 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 sarﬁple hold circuit 190 when the sample
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 sig1_1a1 phi2 is activated (e.g., 2.8V), switches
172 and 184 are clos.led. 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

12



charge required to charge the storage gate contro
line 124a (shown in FIG 4b as V = Cf x Qixel + C
wWXQpanssud i c). The anplifier output Vsg _sense PEI/ESmOE0175
in capacitor 196 in the sanple hold circuit 190 when
the sanple signal control signal sanple_sig closes
swtch 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 inmager readout circuit path.
That is, the output is digitized (by the ADC 140) and
stored in a line buffer of a line buffer nenory 142

for ths j W j
Lep M PR TENESEHAR e O Achrf U g e
POT L G thd2phRbSEnSRN12!tBGhe Bﬁ%ﬁt@qtmfa&ﬂnﬁﬁ‘er%&lﬂg of Phrasitic

parasitic capaclitance in the e 124a due to netal

r 0“&1439%@ ?é’qﬁlp@d 86 ChagR WRltorhgd gaeé Ko@bEliR@4¥4a (shown in FIG.

capacitance. Dark rows in the array 102 can be used to

det egyadry 4 Gexgﬁﬁfx@t + X Cpradtibe TIRIBMRIifltsidifput Vsg_sense is’
sinple switched capacitor Circuit techni ques. As set

f or tsoRdeitEcapRRRbr 199/ih thé Sempld RYId1EZiis120MIRSET @ sainple
a respective row driver circuit 132". As noted bel ow,

t he sigmall @rarsl shphdl sainipslei dig kidbed eadtchor95ndedhbald be

reside in the rowcircuits 1f a nodification is made

t o tdppretieedd Hiatapvit€l?19Disakdedvwoaepdidutithe voktagelstoned in

sanple and hold circuits 136 (described below in nore

det adalppcitpP09él] FIG 5 illustrates another exenplary

| mger 200 constructed according to the invention. The

i |1 ust [G042] Tinegartp2d©f ithe Huives parfidx @B f isyraxessed by the

conprising a plurality of pixels 210 arranged in a

pr edesrenaliineager 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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nunber of rows and colums. Row lines e.g., SEL(O

connected to the array 202 are selectively activated
whyoorosi7decoder 230 and driver circuitry 232 iPCT/US2007/000175

response to an applied row address. Col um sel ect

lines are selectively activated in response to an

applied colum address by colum circuitry including a

col utm decoder 234. [0045] The CMOS i mager 200 is

operated by a sensor control and i mage processing

circuit 250, which controls the row and col umm

circuitry for selecting the appropriate row and col umm

lines for pixel readout. Each columm is connected to

s anptiayR2agmnptisirg @ pliuslity ofipixeln2B) armengediinmypr2zdetermined

A pi xel reset signal Vrst and a pixel inage signal

Vsi gufrdrerse recteahgicebirsnar Bovalipése.gn SBld0ycdnynadied to the

S/Hcircuitry 236. A differential signal (Vrst-Vsig)

i s prragn2Rchreeelastivelpactitated bytrewdidetedenri23hand driver circuitry

anplifier 238, which applies a gain to the signal

r ec@3% gurdéspemsetie ag/appliadcigw addeew. Golengn elecelingsare

signal is digitized by an anal og-to-digital converter

240s¢lppyely mesivated tyresponse §9 anappiedcgalepupaddress by column

supplies the digitized pixel signals to sensor control

andcireraigey probeding agokime dgecoden?34uhi ch anong ot her

things, forns a digital image output. The inager al ?0

cont ailR94%} Fhe agger200dp eperated byl sy £pntrol and

[0046] The imager 200 is different than the FI 2 ..

i malBRSe BEOFSFSH e gt 35?/&& ntyels fag rew “H'é‘ﬁ:%{flg&‘ circuitry

enbodi nent, ap additional storage .gate,.224b is. added

o, ATt the SPRTORTHaS 50 VAR ies fatk fof fEadout. Each
g%gg{?loug%r Ié% gggg%(ggg 38 Eﬁ%gzcla%’ac{tlogssén& tsw?vrlé %s %?éﬁi 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, first storage gate 224a, second storage gate

224D, transfer gate 214, floating diffusion region FD, reset transistor 216
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224b, transfer gate 214, floating diffusion region FD
reset transistor 216and a row sel ect transistor 220.
WA00m08114pi xel 110 (FIG 2), an anti bl oom ng tPERESRDT000175
225 may be used to drain charges away fromthe
phot osensor 212 when the AB signal is applied. The
addi tional storage gate 224b is added to the pixel 210
to sense charge across an entire colunmm of pixels 210.
As di scussed previously, the first storage gate 224a
I's used to sense charge across an entire row of pixels
210. [0047] Another difference is that the imger 200
requires storage gate driver and sensing circuitry 237

conpgat £Ebw eflick HankiBoSEERNA s e po&1 4ab EFEDIT) gh anti-
signals SG B. The driver and sensing circuitry 237 may

use b‘l&@mﬁ%_ fainéBEo2S iR Heddsed fd Graid @haf@scwgdrom the

above. The row driver 232 includes the SG driver and

SenphosdriseH 212 WwHetethd ABGigAal)is applied. Thethdditidnay storage
storage gate control signals SG A tor the first

st olgase 238 BSaddeibtd thedpikel210 to sdmgu cHatife agpseanh@hngide column
that” the storage gate driver and sense circuit 237

coulog ladied Asadistgssed| prenicadplthe first stotrapegaie2da)is used

236. For colum parallel gain architectures the sane

anmpho berge duagefaorogsrarcasiitengw vhpixetla2t0.may be used

for sensing the charge driven to the second SG gates

224b. [0DaZBArthendiffrrencd ist that shoimageri0aequingsstenage gate

charge sensing circuits needs to be digitized and

st odeivarand $enmsingairteitryo237 hentdated tfifive the seegn gtorage gate

for subsequent gr ocessing. It should be appreciated

t hatontrel signaioPGEgB. @Jﬂv&w@d senping singultsy 237 may use the SG

circuits are not as easily connected to the existi n%§

col whivenipastionaki3(it(FiGr 4a) describgd gbgue. (Therew; deiver232
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 224aina
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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colum readout circuits to digitize the row storage
gate data, in a desired enbodi nent, the output of the

WO oW78810rRge gate driver and charge sensingci rBUi/US2007/000175
132" should be driven to a floating diffusion region
FD in one of the row s pixels and then readout into
the columm sanple and hold circuitry 236. [0049] FI G
6 illustrates another enbodi ment of an inager 300
according to the invention. The imager 300 is
essentially the sane as the FIG 5 imager 200 with the
foll ow ng exceptions. The imger 300 utilizes an array
302 having pixels 210 constructed as shown in FIG 5
wher@rduits 1824 shoeifld bleadriveteto & featingrdiffsiskiroregid FIxin one of
normal Iy connected to Vaa-pix (e.g., 2.8V). The array
302 thlegow’ B¢lixsle andtthbaaaidoweinpd Ked c@ilibnh eamgde Anddwld
in the array 302. In pixel 310, the drain of the reset
t r angraiity 2856 nust be driven fromthe row direction
rather than vertical colum direction to give the row
st or ag¢0Q] FI¢H. i6viinstxatbssmotkervdmbadimentl 804n aveges3@d
this line. As such, pixels 310 has its reset
t r anmicetdingltbaherinventien.niChalimaganded svessentihldy thesame as the
driver 232 {via line 311) to generate the path to the
col Ui Seimphgertidil0gwithribaifollo®dng Seesplinnse impager 300 utilizes
driver nust deposit a value into the colum sanple and
hol carcarrayi302yhaving ixgls @10 constenetedasshomwm up‘rfTEGr Dwdrere the
nmust be enabled to drive the pixel output |ine 222.
Al deaim of the pixqliresat teansisfonalo ismormallyeennestey t & aa-pix

* the output | ine 222 but the floatlng di ffusi on_reqi ons

FD o8 -8Vdvd hgrasraesV glseindydepat kegst pne pisd il foyeach row

and 0 ShgagrAY 36 HAPICl PO nh drnibyp ke Feset arsistor 316 fust 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 meniory 242. This data represents a signature 520 indicative of the

- sumn of the pixel values in the x direction and a signature 510 indicative of
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colum storage gate driver and sense circuits 132",
237 are stored in a line buffer nenory 242. This data

WO e@resEms s a signature 520 indicative of the BCIUSI007/000175

the pixel values in the x direction and a signature
510 indicative ofthe sumof the pixel values in the y
direction for a particular frame 500. The franme 500

i ncl udes objects 502, 504, 506 and 508. The foll ow ng
i mage franme 530 contains the sane objects 502, 504,
506 and 508 but slightly noved when conpared to their
position in the first frame 500. The direction of the
obj ects' 502, 504, 506 and 508 novenent is indicated

by ahe euirb6Othe] PiREllValliee it daetp dlireationtfer atparrtigalagdtame 500.
driver and sense circuits 132", 237 sense circuits for

t he THeqeathef508MAchiRsaife s BOZE0UNSG6 sed 668, Fhierfolbwing image
line buffers within buffer nenory 242; the difference

bet ¥egne 6BE containe thiesqneo dbjugtd 502 504,f506rand §08 but slightly
determ ned and analyzed. FIG 8 illustrates signatures
540,m&%ét indteri temparathth freinpo&ifon ibithe fiast fdatne 500. (Tre
line buffer is shifted one pixel location at a tine,

up tdirddtiinnefstheabijects 5622504, $0biand H08emoivaiveminis btdirated by
difference in val ues between the two |ine buffers

(i . arrowm 508l ue at each location in the reference line
buffer is conpared to the shifted value in the new

f r ame' 06l hdhsutadeubatitherpiorage grte diivediantesense eircpis 1327,

generated). The shift with the mninmumdifference is,

i ndi28Zsense grcwiswfontbr sepend fiagee 33 atesyforeyd irna second pair of

direction of the row or colum. |t should be

apprizei atféers within bréfer masmenofiaie differepge Retween the two

RS R RE R AL TP —

\é\g: ?s‘égr\é\&bt;lg% %4‘20:,J l?,gg 281(? S{je sue%o}'lg%re{:rf% %%.aﬂig{t]alo&atg% 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 (i.e., a
value at ;aach 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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the signatures. The start address for the i mnage w ndow
is adjusted to match the shift in the inmage to achi eve
WO pgessiabi | i zation. It is expected that a ni PCTUR/2007/000175
di fference threshold should be used to stabilize a
frame inthe situations where there is too nuch
nmovenent in a scene to accurately predict the notion
vector. [0052] The signature and difference
i nformati on could al so be used together with
sensor-on-chip (SOC) image processing to reduce the
nunber of required line nenories by giving the SOC an
esti mate of how nuch notion has occurred in the inage.

Thatihé SituhAbAS WwhdiatherRAYitbb AYu@NRISRNEENESIRNe @S acourately
adjust for worst case notion, the nunber of Iine

neng;rba&titﬁemi@edea@epr ding to the accuracy of the
anal'og domai n processing. [0053] FIG 7 illustrates

anot he[o052hJ%ke siffatereahdditfeterica Adonndtioneounild hlso be used
anot her enbodi ment of the invention. The inmager 400 is

ess apgeibler with sensoreorshi(SOGpiragSPloadssiFigGo edwice fthe

the followi ng differences. The inmager 400 has a pi xel

ar r ayurdbér bhedquitdd line sngrhweibs byt pivingviheQddirt éstimate of how
storage gates 424c oriented in a diagonal

confrhgdn anotion has poonrted )intthe obage.nThet is, rather tean equiring
about the image shift. That is, in pixel 410 three

st orengeghdlits mizvaries foradjusbinr vorstchsgs matigredhe number of line
directions are checked within a scene to determne jf
and themoaiesiismedutesbacrordingdto the asratacy ¢dhgppraepsiagain
that a nore conplex orientation (e.g., serpentine) may

be yMedessinglesired. To accommodate the additi onal

storage gates, the imager 400 uses additional storage
gate diQ0p8l FiGd7 ilusmates ppgfherymages 4RO crrstrygfed 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, 424c 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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driver 432 and the colum storage gate driver and
sense circuitry 437 to generate the three required
wat@ragu4yat e control signals SG A SG B, SG ¢D0S20p7/000175
To find object notion in an image that is not globally
stabilized, for exanple, the notion vector for a frane
is first determ ned. Then, large local differences of
val ues stored in the line buffers 242 can be used to
track objects that noved nore than the franme jitter
novenment. In addition, it should be appreciated that
the pixels 410 with the additional storage gates could
use the same driver circuits used by the other pixels
in a mudsp! P Ehd BB BE motiBA 3Alan iBeadeHa0 1Y RSt EbAlly
exanpl e of "the accuracy of the storage gate driver and

Sensakilized) for Xhniple, thRURBEOARreckilfol BiffaB¥ 8Bk & ddibmined.
average storage gate stored charge is 5,000 el ectrons

(asspwas largeubkalBkferériced Of 94010 se6tddOiSthe KELBEBREIL2 can be

of pixels in arow (e.g., for a 2Meg pi xel sensor) is

160Qssednd tidtak bisjectidabkt sapedirhafcthad theSrZpR jithe movement. In
vol tage output of the circuit beconmes V= Q C (5, 000x1

. 6e-aki)itibAN/sBphldbe appyecidtednthat fiZe pPixiels 410 with the additional

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

eac st ergrpeecauiidsuse, theGatE0diiteOreuitdbSedtbyp ¢he oftser pixels in

[0056] For a pixel with a full well of 10,000

el ect mondplexhd rebonage gate driver and sense circuit

can detect about a 20% change in any pixel's value in

t hat r (8055] Tiwel fpllpmdngps am exatnpie of tha-acmaracy obtheestorage gate

pixels in the row nost |ikely change in value when the

| maglrivervasyl sensegdrauits of dhe nvention. t Forsthvigexgropie, the average

to determ ne how many pixels changed in value or_the
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 2ZMeg 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 electrons.

[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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absol ute anmount for any one pixel. It is expected that
arowwll still have enough of a unique signature

wo c@mostte3 si gnal detected fromthe sense oper aP€DOS2007/000175
making it possible to use the value to track the inmage
novenent in a particular direction.[0057] For pixels
Wi th nore charge capacity (or in order to shrink the
f eedback capacitor in the sense circuit), the transfer
operations coul d happen before the end of the
integration tine to avoid clipping the signal in the
sense circuit. Sub-frame sanpling also allows the
possibility of detecting notion during |ong
i nt egr a6 For PiRel8 With 2AEN dHargd L& AL GbrGAMEer tdhrink the
was acquiréd en there was canera notion. This

I eqUicb8Baddetpitifr Th The 8dh@atRulitg, thddrdsfet opé@itions could
charge is transferred to if there is no notion (i.e.

ac C AP pdreBefohé Hkeerh d Ot rtb@ladioptbmbranRoidRipping the signal
met hod to renove charge if there is notion. One nethod

of riarmeisagsd HecElbasgb-fremb Gaipaiel gbo hllleweiegsoditsikity of

t hrough the storage gates to the photosensor so it can

be rdstevigily Bibtasit duaingionilintagrhtion tianes agd gatoving integrated
O herw se, a transfer gate nust be added to the pixel

t 0 adHaepe thataths hequiréd evisdrothege wistamdra raotiehe diio requires
sink node. Note also that this sensing technique could

al scadiingsestotragaigitertoithe pivhed thptr dppege expessfeerdthio if there is no
been achi eved by detecting the anount of accunul ated
charmetidor(i.agattiengildies change frépos8ltiple sub-fratiaimngda method
that there will be an offset in the storage gate sense

ci r cioi temexeidhargd ifethese ishanogiong (ae msithpd of apasiviiag ¢lae charge
on the storage gate control linés. For exanple, it is

est i isde depnsfesttheichapge back througp4be storage gataste the photosensor

storage gate control_ line routing for_one_ pixel is )
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 Qis equalto=CxV =
1.2€F 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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approximately 1.2fF and that the voltage of the

routing during the sense operation is approxinmately
WQ@20V/08Fa3 asitic charge Qis equal to =C x V =pAT/B8H0%000175

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 offset at the output

of the sense circuit = -0.24e-12/2rF 0.12V. Thi sof fset

can be nmeasured on dark rows in the image and

subtracted out by setting the Voffset that sets the

pre-charge vol tage across the feedback capacitor to

the appropriate value. [0059] The present invention

may offsed ciie bd eehsuited BRGRIrk romidinsharifithgel atel subtracted out by

configurations. FIG 9 illustrates an exenplary

shasettingy ¥ed Voffbet thiat sdts ¢ha pbe-chiagst wltdgreadrossend feedback

invention. The FIG 9 configuration and operation of

t he capaciesk o thelappkOptiatsealueorth in U S patent

application no. 11/213,936, filed on August 30 2005,

whi ch [0058% Thkypresadripoentien ninyy algd dreaned innmdgers with shared

entirety. [0060] In the illustrated enbodi nent, the

pi xgix@iontiguratiors Flie Plibtsosbesar exd@hpldry sbbapéd-pivel 610,

storage gates 624, 624], two transfer gates 614Q

614 whighfdapahe tn@cblby tluzspmsenegwmti@ TresBIGt% cordfigunation and

616 and a rowsel ect transistor 620. Anti-bl oom ng

t r aeplesatien of s slgpgd piyelfd Ous et fogthinaleS. méiergte@ﬂmylon no.

fromthe phot osensors 612 612 when an AB<O> signal

i s dFHAI3HB6, fited @ﬂeﬁt‘%}éﬁt@g 3305 svihicl e hevaby ingpnarafashiby

by respectlve sto e gate control signals SG<0>,

SG<1st el‘#’h@?—%ﬂk‘%ﬁn is operated in a manner simlar

to plxel 110 of F{G 2, wth the ehtgwptlon t hat

r eadout004RY In Sagillustrasest embodimend theqixeh S 10,gomapHiseavo

ateg 624o,
J i\otosensors é120, 6121, two storage gates 624, 6241, two transfer gates

6140, 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 612(, 61217 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 va11-1es would indicate the
amount of charge for groups of different colored pixels. Dépending on the
scene color content and lighting condition, this information could be used

for white balance determination.
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[0061] For color imagers, the storage gates could be

W red separately for each color. Then, the sensed
wgar@rag4yjat e val ues woul d i ndi cate t he anmountPOf/US2007/000175

charge for groups of different col ored pixels.

Dependi ng on the scene col or content and |ighting

condition, this information could be used for white

bal ance determ nati on.[0062] Thus, the invention uses

charge sensing circuitry within row storage gate

drivers to detect the anount of charge accunul ated in

a group of pixels (entire rows, diagonal or arbitrary

group configuration) and uses charge signature

i nf or npide) Thets, thedidivientiohaises chard erddtgcirchiitey within row

sensor notion anount and direction. Mreover, the

I NVepbiage gisedridiens ge detrs tigamibuat bf clyanget ddcanstlataim a

gate drivers inside the colum circuitry to detect the

anmo yiroupf ofpinegeentice ratv gt didgonalaorgarbitpanf griwe banfiguration)

(entire colum, diagonal or arbitrary group

confdrgliusds dnargebigriatere sifgmaatior fond panticulen séare @ detect the

particul ar scene to detect the sensor notion anount

and sghsectriotion 10063} afidelirentiont iMoredww, Hicoingention uses charge

digitized signal signature in line menories for two or

nor eehsimgedrarittydeitbin staxage gatel drivens ibsidedbe colkemn circuitry to

signatures to determ ne the anount/direction of_ .

not idetectthe anndonhef ¢horge acasaylated de eegreupeobpirelg (entire

w ndow starting address to renove canera shake in

vi dewolwmay dingenal oy agbidrary grougrondiguradonhand fusgs signature

integration period, charges fromthe photosensor na

be dafpmadionferp PREHEHAF @@%éﬁﬁeﬁ‘@déﬁ? SEMIFTYMRHOR;

the row or colum drivers to detect notion and

sub 'y renove or accunul ate charge within the

pi xel

ount and

. t[0006r3‘f Iﬁ\\leeinvention 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

22



notion artifacts during | ong exposure periods. [0064]
The invention may use the sensed signatures to detect
wo c@mestmayenent and notion of objects within aP¢T/aR®ODY0175

| ooki ng at the maxi mum i ndividual difference val ues
between the stored Iines of sense information that
have strong correlations. The invention may use the
exi sting pixel array readout circuitry to readout the
charge sensing circuitsto apply gain to the readout
anplifier and offsets needed for A/ D conversion. The
i nvention may use the signatures for separate .storage
gates for individual colors to determ ne proper white

oal : o .
a g&y? $Pplp g?mo &%%eﬁagﬂéalgyglﬁe@ B QL gfnegﬁe& b6: A/D

arr erm ne proper osure I1n an

dest ] : j

o COFE TSl Ry Lo R BRI ALY sorsge

pi X FLG. :1) ] ' f ' d
ChargsLisadr fridial IR dtterhly R e gt may e

S€ n%%%gg?%ﬁ%ﬁagbg%f e :9&5? td ﬁeté‘fﬁﬁ{eq;rﬁg;e_)‘ expBsure in a non-

this river woul d be used to drive and

sensRstiealbansisdr. gate control signal TX (as opposed
to a storage gate control signal). [0066] FIG 10

shows 5P sfld ded apprediatdl] SeRIR0intutietaRBefised with the
to i nclude an i nmagi ng device 708 constructed in

acceyPRAt T \Wikél 10NEIC! 1} ldeeirbadiingebd oibtdrieg charge under a
i nvention. The processor-based system 700 is exenpl ary

of atSnageeimtatiafge dagbt storedragid sehstdaindeeithd tiansferdeate 14.
i mge sensor devices. Wthout being limting, such a

sy stasicedingly) mcthidlembodinmpnt, er dsyst wmuld bearsedsypsiréve and

scanner, machi ne vision, vehicle .
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
exémplary 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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navi gation, video phone, surveillance system auto
focus system star tracker system nption detection
wWQyErms743 nage stabilization system and data PCT/US2007/000175
conpression system [0067] System 700, for exanple a
camera system generally conprises a central
processing unit (CPU) 702, such as a m croprocessor,
that comunicates with an input/output (1/0O device
706 over a bus 704. Imagi ng device 708 al so
conmuni cates with the CPU 702 over the bus 704. The
processor-based system 700 al so i ncl udes random access
menory (RAM 710, and can include renovabl e nenory

715,84 Uﬁfbéés&‘ L BRdedBY/FRI 700 ST irih icfesGramMaloh GRb&s Whéthory

the CPU 702 over the’bus 704. The imgi ng device 708
nay PRONAH Yl hA@ulE 26899able PR 18, Sith as flash
digital Signal processor, or m croprocessor, with or

Wi t haendFahicts ARbaGen@tindcate MEHe the\CPW A02dver fibiis 704. The
or on a different chip than the processor. The imagi ng

deviigfagiAf de¥cdF0Samyy WeecoRhbined withgepsockébr, 8Qth as a CPU,
300, 400 constructed i n accordance with the invention.

[ 00&8kithhsigh ﬁD?ﬁS&S@xﬁbd nderdResessos owithast withioeit memory
|Ilustrate preferred nmethods and typical devices of

manystbfige @odlsthdle integeatad dinpudidhiomda differenttahdp than the
description and drawi ngs illustrate enbodi nents, which
achiproeetdor. Ahjedatagzing eleticed®8 raag badwgndeg of thof inhdygers 100,
present invention. However, it is not intended that
t he 260z86%t400mosstriuetediin aicordanae Wit thedntfmttidm
above-descri bed and illustrated enbodi nents.
modi f i §2A68)Thet proggsseppaslatavigeaidasribed sdioive, 111ustrtateepreferred
present invention that conmes within the spl rit and
scopmethiodsnand typicel deyictsafmanydhaticaydddsrigsasbrrd 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-described and illustrated embodiments. Any modification,
though presently unforeseeable, of the present invention that comes
within the spirit and scope of the following claims 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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part of the present invention. [0069] Wat is clained
as new and desired to be protected by Letters Patent

wotoorhgl7uhi ted States is:1. An inmagi ng devi ce PCT/US2007/000175
conprising: a plurality of pixels, each pixe
conprising a photosensor and at least a first gate for
storing charge from sai d phot osensor 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 for
all _pixels in its respective first set and sensing an
amodnt ¢ BRABHES deHFREOTAIIN&ai d first gates in the
respectlve first set. 2. The i magi ng device of claim
1, mher

for <& 8 rﬁa Rgpgg)felegg:#r oﬁn%%“é%%\% %z?ﬁc\)l\%g&%& $# 8t least a
activat ey Qtesﬁ‘i%&?} ug f§ L SHid ﬁﬁ-ﬂgos?e?’isgr QRYdrEEctivated

further conp Ises a pl seco Ircuits, each

second C|155cy|firsp@jr{tgolc@gmap§1e@ to and associated with
a respecti've second set of pixels, each second circuit

generating the second control signal for all pixels in

i ts reppuelity of Ssgtmintuitst eaghdfizss siyicnly being seonected to and
charge stored under said secon tes

respect i v@sg%ﬁfgwé@t a reppegfige ? gt Eé’fﬁtl%éaaﬁh Hapt cipquit

Sat \émte : :Inéj riealgglé\ tllies Branc%n%%(i %qumaq @&Bgn %?elé hﬂt@ggspectlve first

set and sensing an amount of charge stored under said first gates in

the respective first set.

2. Theimaging 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. Theimaging 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.
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4. The imagi ng device of claim2, wherein a portion of
said pixels further conprises a third gate for storing
we b@rge17i3 om sai d phot osensor when acti vat ed bRCHUS1007/000175
control signal.5. The inmaging device of claim4,
wherein said first, second and third gates are storage
gate transistors. 6. The imging 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 thiyd gate _and sensing an, agnount of )
chadge S ismpaingalevich of QA é Sifsaid st sagrnyand third
devi ce of Ctl ai m%, furtqier co%n‘]n%ri sing a line buffer
mermory f 26T 879 HY WP EPRes of the sensed
charge fromsaid first, second and third gates. 8. The
I mag, ng ﬁfévig?ef‘geiﬁ&ﬁd%lv?éé%pclaifﬂ Qr G/HEref shig SRVES G &S omprises
Is used to determ ne scene information of an obtai ned
i mage. 9.a pheralifpef fgrd eitcaits, Machlthird drcuihbeidighcsttiedted to
third gates are organi zed as a di agonal pattern across
sai d arr aand associlted wiitly arrgspintivecthirfd gatei each thibé cieicwit
sai d sensed charge is used to_determ ne scene .
i nf or mat i gAnespting the third cantieh gignal for iheesprggyaghird gate and
device of claim 10, wherein said scene jinformation js
Used Lo GEPSEE bR HOLsHREST Sord BRdsheai Hed Ralse.
12. The i magi ng device of claim10, wherein said scene
ot or MRk . : . . ]
ope?glt | otl*n@fig}%‘ﬂg%%é’i‘fﬁ?uaﬂ’t‘ @ Rlrthe P AP a line buffer
memory for storing digitized values of the sensed charge from said

first, second and third gates.

8. Theimaging device of claim 6, wherein said sensed charge is used to

determine scene information of an obtained image.

9. Theimaging 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. Theimaging device of claim 10, wherein said scene information is

used in a white balancing operation for the device.
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13. The i magi ng device of claim 10, wherein said scene
information is used in a white bal ancing operation for

wo b@7dgvize. 14. The i magi ng device of claim 1, PeUTESEOTI000175
said first gate is a transfer gate and said first
control signal is a transfer gate control signal. 15.
The i magi ng device of claim1l, wherein said plurality
of pixels are organized into an array of rows and
colums, and each first set of pixels corresponds to a
respective row of pixels. 16. The inmagi ng device of
cl aim 15, wherein each second set of pixels

GO} 4 05 Gl Bich, HEPRECH LMENCL WD B B gl is dBnster

Yarm ‘her conpri si ng co

sanpl e aggt@ﬁk&i sGidl G tc&')x){l:rﬁp gﬁﬁt 8 transflr Wans cohtrdBsignal.

pi xel s, Sard colum sanple and hold circuitry
digitizing the sensed anount of charge fromthe

pl wsal i The fnafing decice ofictaém Whehedein saidipbmatiedof plxels are
amount of charge fromthe plurality of first circui
are rout edgatizedghtcsarp pxtaly odmous aAhpeiuannig as*ai gach ficst set of

pi xel s. 18. A system conpri si roc sso and an
i magi ng &l %éo’éré‘ﬁﬂ%‘h‘ii%gﬂﬁ‘@sﬂiﬁ%‘flﬁeé' “SP sor, said

device conprising: a plurality of pixels organized as

22 l}%{ Ir ?ﬁr}g flralllra%péog 8006 Y ‘élﬂﬁg\ Qfﬂefé‘xﬁ( ghoth Be&HAsd! df els

osensor an east |rst gate

storing %B?feegoﬁag% a%sbéah%%aﬁwoﬂ/mmsact i vat ed by
a first contr signal, ‘anda plurality of first

circuits, each first CIrCUIt bei ng connected to and
17. The imaging device of claim 1 further comprising column sample
and hold circuitry connected to columns of said pixels, said column
sample 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
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associated with a respective first set of pixels, each
first circuit generating the first control signal for
wW@bkdo7poswed s in its respective first set and sePGI/N§0am000175

amount of charge stored under said first gates in the
respective first set. 19. The system of claim 18,

wherei n each pixel further conprises a second gate for
storing charge from sai d phot osensor when activated by

a second control signal, and said device further
conprises a plurality of second circuits, each second
circuit being connected to and associated with a

respecti ve second t of pixels, each second circui
Gener at | PRGN GeRianst CBRRIS cach el CF Rt QRingpoidiested to and

| ts respect Ig%/}s%ﬁf?g%? Q\%ﬁ gtrg negcﬁ%%%ljspget%} ;?%gﬂpga&{ first circuit

charge stor gatres in

respective g&%}?gtn%gﬁg Fat c%%ﬁolséi AP hlGhREM ihdts respective

wher ei n sai seco gates are storage gate

transi st or sfirgtket 4hQ seMsihgBndmeuat 6 dRargehofddiuder said first
~portion of said pixels further conprises a third gate

for storinggatesingehé respestivd fiphldedsensor when
activated by a third control signal. 22. The system of
claim2l, wherein said first, second and thjrd gates

ar d9t oﬂ%‘g‘é)’@'ﬁtﬂé of £y 18, m'%e.rezgﬁa%@)@?éf bFOINPAISRY @

21, wh [ i d, devi N h R |
of thi ra seReRdens R sirivh cheree SRR i Bkl v
to andassoghalashykodd BSARSI bighal kil gate.  each

third circui
said device further comprises a plurality of second circuits, each second
circuit being connected to and assodated 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.

20. The system of claim 19, wherein said first and second gates are

storage gate transistors.

21. The system of claim 19, wherein a portion of said pixels further
comprises a third gate for storing charge from said photosensor

when activated by a third control signal.

23.  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
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the third control signal for its respective third gate
and sensing an anount of charge stored under said

wo boor@sgat e. 24. The system of claim 23, furthR€T/US2007/000175
conprising a line buffer nenory 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
i nformati on of an obtained i mage. 26. The system of
claim 21, wherein said third gates are organi zed as a
di agonal pattern across said array. 27. The system of
claim 18, wherein said sensed char [

det er ni n@sgean@d WGraniRsPERBE third _%gf%iséﬁgﬁ ?‘-ﬁixfté?férwéfggeneraﬁng
0% 20 EBe BB P B RO ST Sl R B P R dePing an
i mage. 29, Thee &Y ﬂ&?gﬁ gtorﬁh%e%%aid\/gﬁf'&' tSai d scene

information 1's use an automat1 c bal anci ng

operation for the device. 30. The system of claim

27 paher g sydicen ©F elxemi 28, i rkl esmiptisisgd line buffél femory for
bal anci ng operation for the device. 31. The system of

cl ai m 18 stoting eligitizaddaphes of iheysecobedichatge fapm said first, second
organi zed into an array of rows and columms, and each

first setarts*ﬂbl’@(gﬁgescorresponds to a respective row of

pi xel s. 32. The system of claim 31, wherein each second

set,zof pixels corr . respecti f
e Bt SuRtck ERRAES W Beu] SHARGHLYE ARl ihd o
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.

28. The system of claim 27, wherein said scene information is used to

detect motion of objects in an obtained image.

29. The system of claim 27, wherein said scene information is used in an

automatic balancing operation for the device.

30. The system of claim 27,wherein said scene information is used in 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.
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a photosensor; a first gate for storing charge from

sai d photosensor when activated by a first contro
wa@nagt74and a second gate for storing charge PeDOSBAT/0175

phot osensor when activated by a second control signal.

34. The pixel of claim33, further conprising a third

gate for storing charge from said photosensor when

activated by a third control signal. 35. A nethod of

operating an i nmaging device, the inaging device

conprising a plurality of pixels, each conprising a

phot osensor and at |least a first storage gate, said

met_hod nprising,.the acts of: .for .eac i xel . staring

chefge RGBT BhcIBEEAL oyt Rect PRl iT or g

each pixe [ e first

gate;’an&bﬁgﬁﬁgagggoégﬁﬁgga%ﬁg?gggﬁﬁgfgg?%{n a first

signature of a first image scene obtained by the

|rn33.ngfﬁeﬁhgger Iebﬂqﬁﬁgn irst signature is

processed in at 1east one o&%ration consi sting of

not i on getection, automati c bal anci ng and white

bal ancphgi@ensd®he net hod of cl aim 35, wherein each

pi xel conprises a second gate and said nmethod further

C e A EA e e SN ahi BBl B A areaby o

pi xel, s ' . . tored on the second gate;

and using%%kgggéﬁgggggkggﬁg to obtain a second

signature of the first imge

a second gate for storing charge from said photosensor when activated

by a second control signal.

34. The pixel of claim 33, further comprising a third gate for storing

charge from said photosensor when activated by a third control

signal.

35. 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;
for each pixel, sensing the charge stored on the first gate; and

using the sensed charges to obtain a first signature of a first image scene

obtaitied by the imaging device,

wherein the first signature is processed in at least one operation

consisting of motion detection, automatic balancing and white

balancing.
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scene obtained by the inmaging device. 37. The nethod
of claim 36, wherein said acts of storing charge from
wo b@7psosbsensor to the first gate through theP@USIN7/000175
usi ng the sensed charge to obtain a second signature
of the imge scene obtained by the imagi ng device are
repeated for a second i mage scene obtai ned by the
i magi ng device. 38. The nethod of claim 37 further
conprising the act of using the first and second
signatures of the first and second scenes to determ ne
if there has been novenent between inmages within the
scenes. 39. The method of claim 37 further conprisi

C n
t he36act Toe methas ehelaimad, whegewashpixel somprises afsegond gate
the first _and.secopd enes to perform nption
esti mat i &?41% fﬁ*ﬁ@‘@ﬁﬁ@%{%ﬁ“&ﬁ&ﬁ?ﬁ %‘F ﬁ? Pﬁ'er
conprising the act of using one of the first and
secongl, ¢h g FIEstof; b FRIm3Re pheEgihseE 85 8Re ond gate;
an a%g%tgﬁ?%1 %tr?g{nr%&%ég%ati on.4f‘f‘l The r?et hod %f one gate
claim37 further conprising the act of using one of
t he ffiorshcapixeesaninhg tHyndiatgestaled de thé sadorahgate; and
second scenes for a white balancing operation. 42. The
met hod of claim 36, wherein a portion of the pixels
conprisieg the sansed ghargedn Pbsang sAcoRdpignaturgof the first image
conprises the t.s of: for. each pixel conprising the
third gatsé?ngf)g??lﬂﬁ‘qma énﬁgéﬂg%ﬁ@%ot osensor to the
third gate; for each pixel conprising the third gate,

seng N9 TRENCARP6f SPneSb, WhdrBf said acts of storing charge from the
photosensor to the first gate through the act of using the sensed

charge to obtain a second signature of the image scene obtained by
the imaging device are repeated for a second image scene obtained

by the imaging device.

38. The method of claim 37 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.

39. The method of claim 37 further comprising the act of using the first
and second signatures of the first and second scenes to perform

moton estimation.

40. The method of claim 37 further comprising the act of using one of the
first and second signatures of the first and second scenes for an

automatic balancing operation.
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third gate; and using the sensed charge to obtain a
third signature of the first inmge scene obtained by

wo b@7iosergs ng devi ce. 43. The net hod of cl ai m 4RCT/US2007/000175
wherein said acts of storing charge fromthe
phot osensor to the first gate through the act of using
the sensed charge to obtain a third signature of the
i mage scene obtained by the imging device are
repeated for a second i mage scene obtained by the
i magi ng device. 44. The nmethod of claim43 further
conprising the act of using the first second and third

SRS Aol b RS BB PARER P S G ot e
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Si gnatur&shggbfa%&ﬁgg eddibrpecond scenes to perform
notion estimation.46. The nmethod of claim43 further

conprising the act of using one of the first, second

andi2 hi Thesngtaidiobclath Achwieresta pottior ob thie pbelecomprises a
for an autonmtic bal anci ng_operation. 47. The netho

of cl ai mthird gaterpad sddppedodfurthergomprisessthepdnet of

the first, second and third signatures of the first

d for.. Lte. hal ' |
The et hach BPecapnaste s e TS iR Tfeds g the
conpri seéaﬁotgg&{gritgxhghﬁggtga@él l'y/electrically black
pi xel s, €ach conpri sing at

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

third gate; and

using the sensed charge to obtain a third signature of the first image

scene obtained by the imaging device.

43. The method of claim 42, 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 image scene obtained by
‘the imaging device are repeated for a second image scene obtained

by the imaging device.

44, The method of claim 43 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.

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

perform motion estimation.
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| east one first gate, said nmethod further conprising

the acts of: for each optically/electrically black
w@rooglos17eensi ng an offset attributable to paraBCT/U82007/000175

capaci tance of the first gate; and subtracting the

of fset associated with the parasitic capacitance from

the first signature information to renove signals not

associated with the first inage scene.

46. The method of claim 43 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.

47.  The method of claim 43 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.

48. The method of claim 35, wherein the imaging device comprises a
plurality of optically/electrically black pixels, each comprising at

least one first gate, said method further comprising the acts of:

for each optically/electrically black pixel, sensing an offset attributable to

parasitic capacitance of the first gate; and

subtracting the offset associated with the parasitic capacitance from the
first signature information to remove signals not associated with

the first image scene.
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