METHOD AND APPARATUS FOR PROVI DI NG A ROLLI NG DOUBLE
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generally to sem conductor imagers. Mre specifically,

the present invention relates to a novel timng

nmet hodol ogy to i nprove the perfornmance of gl oba

storage in inmagers. BACKGROUND OF THE | NVENTI ON [ 0002]
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Charge generated by the photosensor is sent to the floating diffusion region.

Imagers incorporating global storage include a transistor for transferring charge
from the photosensor to a storage node, and a transistor for transferring charge from
the storage node to the floating diffusion region (unless the floating diffusion region
is also serving as the storage region). The imager also includes a transistor to reset
the floating diffusion region. The imager may include a transistor include a

transistor to reset the photodiode.

[0003] FIG. 1 is an illustration of a conventional four transistor (4T) pixel 100
typically used in a CMOS imager. The pixel 100 includes a photosensor 105, shown

as a photodiode, a floating diffusion charge storage region (floating diffusion region)



follower transistor 125, and a row sel ect transistor

130. The pixel 100 accepts a TX control signal for
woaoniwviaidssng t he conductivity of the transfer PCT/US2007/006597

transi stor 115, a RST control signal for controlling

the conductivity of the reset transistor 120, and a

ROW control signal for controlling the conductivi ty of
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the RST control signal is asserted while the TX
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avoi ded by oostlng the reset signal. The pixel 100 -
140 duting@treset pegiodt si gnal (Vrst) at node 135. As will be

explained in greater detail below in connection with
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signal iseaspiibacoubile She TYsontEolsgRAl drqigecerted. This couples ¢
floating diffusion region 110 to the pixel power potential VAAPIX at node 140, and

resets the voltage at this floating diffusion region 110 to the pixel power potential
VAAPIX, less a voltage drop associated with reset transistor 120. This voltage drop
can be avoided by boosting the reset signal. The pixel 100 outputs a reset signal
(Vrst) at node 135. As will be explained in greater detail below in connection with
Fig. 2, node 135 is typically coupled to a column line 235 (FIG. 2) of an imager 200,

which supplies a constant current through the source follower amplifier 125.

[0006] While the transfer transistor 115 is off, the photosensor 105 is exposed to
- incident light and accumulates charge based on the level of the incident light during

a charge integration period. After the charge integration period and after the RST



i ncident |ight and accunul ates charge based on the
| evel of the incident |ight during a charge
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transi stor 120, the TX control signal is asserted.
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{0009] The column circuitry 215 is responsible for converting the pixel reset Vrst
and photo Vsig signals into digital values that can then be further processed in the
digital domain. In order to do this, the column circuitry 215 samples and holds the
reset Vrst and photo Vsig signals produced by eacil pixel. An analog pixel output
signal (Vpixel) is formed as the difference between the reset Vrst and photo Vsig
signals, i.e., Vpixel = Vrst - Vsig. The pixel output signal Vpixel is then converted
into a digital value. Imager 200 uses a column parallel architecture, in which the
outputs of several pixels 100 in the selected row are simultaneously sampled and

held, and converted to digital values. The digital values are output to the digital



signals, i.e., Vpixel = Vrst - Vsig. The pixel output

signal Vpixel is then converted into a digital val ue.
woOmagen1$80 uses a col umm paral | el architect ur eCTiu$2007/006597

whi ch the outputs of several pixels 100 in the

sel ected row are sinultaneously sanpled and held, and

converted to digital values. The digital values are

' CR & digit cessing circuit 220 which
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descri bed processi ng. [[0010] One way of providing a
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gate transi stor between the phot osensor 105 and
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In FIG 3, which ilTustrates a storage gate transistor
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t he phot osensor 310 and transfer

. .., Series between the )
is illupfzafed;ta Fl %zgl?mwhbﬁﬁ@t%sfa BPEABAGR (F ERSistor 3 andl apppciated
soraf LG SRS 51 80811308 800 U Br et PRESRRL e

transistoar3a5. Meenkrlgediaaryt 16!l ih aatdrogodid ipisdetiatd, Bangbilg@mode
at the expense of correlated doubl e sanpling. As

SN isinjot pegesgary dn pH|gdohal shatterdesigesohhel cBlR (Glpbal Fhartierastores the
. rikss wth "ER 3 obal Shutter” pixels, One of ordinary
imaged e e S 8 Rifnr it Bor ol Bt cohdoB Pue

sampliAy € Ak i tisted BBl @M RuvbAHOh BBJcrib¥® 8srdf1s@WebRd with “FD
st orage includi ng storage node pixel and shutter

Globa) Shutter'[ 9i84l8] Onepifcadingry gl ip feire woahd epprteciaszithah e
storage npdes.are used with, for exanple, i ers

curreRt RV ERIoTG PR AT S F8 PUYE YT f AlPbe] SetARedngatg storage

nodegﬁ@ﬂ§@§§gu@&qggg“of dark current. This may be caused
y surface generation of the dark current or dark

current resulting from process induced damage. The
[0011har kTseriedbh pre Pretemsnspagierasbuben stogrgstdes mon uepd with,

for exQh%f)%ﬁmgggrstfrelclaamnguglgbgtsstc;r\é\ggtiy thtei pr}gssen%{a oF Eu? increased
amount of dark current. This may be caused by surface generation of the dark
current or dark current resulting from process induced damage. The dark current of
the storage node of global storage pixels may be as much as twenty times greater
than the dark current experienced in a pinned photodiode used as a pixel
photosensor. A second problem encountered with global storage pixels is leakage
charge (or smear charge) which is the combination of optical and electrical crosstalk
to the storage. node resulting in a low shutter efficiency (SE). Once the charge stored
in the storage node is readout during the readout phase, dark current and smear
charge begin to re-accumulate in the storage node prior to the occurrence of the next

readout phase. The presence of dark current and leakage charge significantly
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than the dark current experienced in a pinned

phot odi ode used as a pi xel photosensor. A second
wonoiriam4encount ered wi th gl obal storage pixel 8CrAIS2007/006597

| eakage charge (or snear charge) which is the

conmbi nation of optical and electrical crosstalk to the

storage node resulting in a low shutter efficiency
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node prior to the occurrence of the next readout

phase. The presence of dark current and | eakage charge
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quality is especially degraded in low light conditions

when the frane rate is reduced to accommobdate a | onger
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function, the timng nethod ang apparatus al so help
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whereGN11g8; Siftarirbsetkveapd rRgiddief dhasgeofomatie floating diffusion node
charge transfer fromthe photosensor and the storage
prior taghargedraridferciromehg photosensor and the storage node is effectively

reset a second time when the charge is transferred from the floating diffusion node

to the column select output line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] 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:

[0014] FIG. 1 illustrates a conventional imager pixel;



reset a second tinme when the charge is transferred
fromthe floating diffusion node to the columm sel ect

woubputiigd4sne. BRI EF DESCRI PTI ON OF THE DRAW NGBCrA81i®J/006597
The foregoi ng and ot her advantages and features of the
invention will beconme nore apparent fromthe detail ed
descri pti on of exenplary enbodi nents provi ded bel ow

ence to the accorrpan ing drawi n whi ch:
I0015[1001£f<f usiates pdrpgerasiliping Hﬁgt%ﬁave?ﬂﬁ%@} 1pi xel ;

[0015] FIG 2 illustrates an imager utilizing the
[0014] TROEIG 1 X6l scﬁémEtl&uémt a30L6h oﬂn% 3 éanzel %aeae%at £18bal

Circuit diagram of inmager pixel mc% ing a gl obal
shuttehdétie¢; device; [0017] FIG 4 is a timng diagramof a

charge readout for the pixel of FIG 3; [0018] FIG 5

.S a m.n dj agr.am of char ge read ut. for xel
(00173 FF{ﬁE 4313% ‘5?@8’3“&%%81]‘“8 SRAdoyt 19 Heegmaags%
nodes; [0019] FIG 6 is a timng diagramof charge
{00183t Or 8% 5 Rh tﬁn&lgckhégra% Bf AB%arge kM oAt F the Pk OHPIE 3
reset of an exenplary embodi ment of the present
incluidingean globnl res@0d@he Bloigemhddesa detail ed ti m ng di agram
for the rolling reset of an exenplary enbodi ment of

nt i nvent.i on du ixel readout; ,[0021] .
roosshy ', BERER B 8Pt B et Saran Pop EihE! PRFfEayine 2
111@"&&1 86 arPExApIS SR TRber@find ;
o pr esekﬁrz'ltE r{sgvg‘ttﬁoxne%b 22] %ﬁé\ 9is erEﬁ?lem rllré %lﬁg)é\r am
which illustrates a net hod for calcul ating shutter

(00243 dt ﬁI(? 6’r18 arﬁeéaémpmaﬂ}g s frthe epllinggesst efanexemplary
ven Fl che 10 circuit
embg legeF‘am e%%lr@ n‘g\af‘]c%trmrg gnégll nacgog}r pi xel used with

a gl obal shutter functi on which does not utilize a

(00219 epaFHGE.&8 is atetgjedadeig didgivh fdrlthe rdiling shattét résetbf an

di agram of charge readout for the rolling reset of an
exemplary embodiment of the present invention;

[0022] FIG. 9 is a timing diagram which illustrates a method for calculating

shutter width for an exemplary embodiment of the present invention;

[0023] FIG. 10 is a schematic circuit diagram of an FD Global Storage imager
pixel used with a global shutter function which does not utilize a separate storage

node;

[0024] FIG. 11 is a timing diagram of charge readout for the rolling reset of an
exemplary embodiment of the present invention using the FD Global Storage imager

pixel of FIG. 10 including a detailed timing diagram; and

[0025] FIG. :12 illustrates a processing system incorporating the imager and the

rolling double reset timing of the present invention.



exenpl ary enbodi nent of the present invention using
the FD d obal Storage i mager pixel of FIG 10
woneludisag a detailed timng diagram and [ 002BCTRISEH07/006597
12 illustrates a processing systemincorporating the
i mager and the rolling double reset timng of the
present invention. DETAI LEDDESCRI PTI ON OF THE | NVENTI ON

ot or enc PR TS IR RS R SRR i o

are a part of the specification, and in which is shown
by way of illustration, various enbodi nents whereby
[00261 he Mherrolilmm@e@etmeqod@cnpneu refrarﬁm:e ipmgdaitet s are

descri bed in suf& %rent det ﬁ% aple t hpse .l ed
accor RS FIWIg S RISARE » GEE Thihe PRraE Fa, Aol e i ¢
showkmngﬁwgf ap glu%&@fmx? LAgou rg‘g%l g?\@llt\t% We@?tﬂétdﬂ/ém m@Pbe

ructural, 'l ogical, ectrical changes, as

practitll] TASseCAPGEMenks &rbeieﬁaﬂﬁdl ialsaffised depdltomabeddose
w t hout departing fromthe spirit and scope of the
skilleg rim hnart ito weakre 2o usF doiriventient Iérisﬁoﬂseur}sctqr@tped that qtber

e A B 1 BB S PR e,
well & Aﬂaﬁg@s £Nhe RRBHLS Wb Dhay BORRM EhJHARPEMing from the

sem conduct or s, eprtaxral Iayers of silicon supported
spiritydascbps of ﬂerpremml irctentiohoundat i on, and ot her
seniconductor structures FurthernDre when reference
to a "substr e .ption,
[0027b)r evi %&erﬁt GLBEEats ésp§ 5%/ 80%gseﬁeq%mr“% tge‘ga'f%{so Yorm
subst{-zﬁgé LR Audih BEHHR i - cmitr@maabr {senps 1851hébrpén@5p;rtttaa (SOS),
base sem conductor structure or foundati on.
dopedd.ddtur@hpedlsems@mduomdﬂ epirxipblagers@f sibigon rsupp@rﬁerb:s adase

but could based,on silicon-germani um
sermi I i QST S PSP R L ST LB, G GEerinote, when
refereﬂﬁte & i'n%ldé to b 00 kralPeinttRE B %kg!desErGHtRIrS pt&idus process

to-element unit cell containing a photoc snver si on
steps dﬁay Ggvdseephatlizedns Mnmmgumus,mmcsbm gr heterjal Byessinmg on

an electrjcal signal fromelectromagneti ¢ radiation
the basg FeBHCBY AR HOFHE SHSHINAFy pE@IHoythe semicondrictor

need not be silicon-based, but could be based on silicon-germanium, germanium,

gallium arsenide, or other known semiconductor materials.

[0028] The term “pixel” refers to a photo-element unit cell containing a
photoconversion device or photosensor and transistors for processing an electrical
signal from electromagnetic radiation sensed by the photoconversion device. The
pixels discussed herein are illustrated and described as inventive modifications to six
transistor (6T) pixel circuits for the sake of example only. It should be understood
that the invention may be used with other pixel arrangements. 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 pixels in an

array of an imager device. In addition, although the invention is described below
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pi xel s di scussed herein are illustrated and descri bed

as inventive nodifications to six transistor (6T)
woizs@l11es4scuits for the sake of exanple only. PCTAISEM7M06597

be understood that the invention may be used with

ot her pixel arrangenents. Although the invention is

described herein with reference to the architecture

with Fienf 4. FOR Paadin e g enian kot rPRjaR gl iePs.
foHodvﬁxéangglﬁécﬁae&;1pﬁBn'1&@9&%&%@ \ﬂo(f € bé PIRATL b 'lﬁ’ﬁtmglsgﬁ&u ghd

vention s descri belowm th reference®t

the sédye%fith@gfisent iR@emtioteidtdefifed a5l the applehiiea blairhﬁ y.
The foll owing detailed description is, therefore, not

be taken in a Ilmtlngt sense, and t he scope of the
l0029|br esElft- %lﬁe\@ﬁ%ﬁebﬁm@dw e mmﬂfulsyltﬁﬂ%ha}slagﬁd’éabal

shutt%l'. aéﬁ{er%%gez??g \}lg kl%d 1?6 %}oct'nﬁ%et tg g% g??losglflsg? gﬁ)g E%Lhe

s:tora'gé nd&&d13. owlea '&5§I615a1 @H@ft&eis sem thé @ha& @Eﬁ&@ﬁéS@&oMl to
he storage node 315. Wen a gl ‘obal utter is used,

phottbdees@h 8Q &o theatefage swfle 31h fir Iaﬂmf@he)ggﬁls@rcsuts B00 tabtktemaxel
sto e node 315 for all |xe%RC|rc its 300 of

f
arraytal’ié %EE? e RPOLPSPRY TEsRHd g {Df‘% APRGL RS & *9585
phot%f RB%‘-@lOg %&s@&%éﬁsl%gg%t@m{ ?&QEh& € IR #I%Sﬁg e riotd 315

ansfer transistor transters charge fromt

to thsfledtageditdbnibpidnB30hen pheatiragt 800 thestiramnfengichargdIom
“In pixel circuit 300, the transfer of charge from

storage awégélfn@dée flosting diffiesion pgiomgBrifatisslFresasythastaage

node%&éeﬁt SOCIII nuCl ez%lssc% %126 de { ?&%sﬁeg I?rs na gt%{g%%é sog}c)é%ollc?vlvércw t

transfs%ﬂﬂ‘ﬁ%hdﬁb%@l&&@fan&é@;r@@ﬂ row sel ect transu stor 345.
[0030] FIG 4 is a timng diagram of the gl obal

utter pixel circuit 300 of FIG 3. PDRST 320 is
[003%| obEI@ +* 15 g i gsHagrg oftbe sithal st grixed fcfcw(s 30habFie. 3.

PDRS‘[I §2%Sis gg)g)aﬁ%?mﬁ cq{ RBe&¢ Thoe osién&r%ti@ 5% @%Rfi?s( l{a%stﬁg voltage

Ing an 1 ntegration

drop aewsmﬂxea;bleﬁoa;dmsphfﬁssusgaé 8120, fﬂﬁnﬁé; ah Iﬁ&e@raxlah tBhé @), charge
When shutter gate 305 is globally pul sed on, the
is accelﬁwlg@dae aletasgheqr 318 offhe wek qaréam H¥hew shatserssate 80506

globatlfé]r (;)rLHseXde on fug af%fa% tt{ﬁallﬁllgg 3fth£ Egé)tosgl Toks gf()' ofthe pixel

age nad ce'the charge
array are transferred to their respective storage nodes 315. Once the charges are

stored in the storage nodes 315, the charges for each storage node 315 are read out
row by row in a rolling readout. Reading out the charge stored in the storage node
315 effectively resets the storagé node. Asshown by FIG. 4, the storage node is only
reset during the readout. Consequently, the storage nodes of the pixel array are
reset row by row during readout resulting in a rolling reset 405. Dark current and
leakage. (or smear) current affect the storage node at all times whether a charge is
stored in the storage node or not. As shown by FIG. 4, the time between resets of the
storage nodes in pixel circuit 300 are approximately equal (tsn1 = tsn2= tsnn) across the

rows of the pixel array. Since the tsn's are approximately equal, the affects of dark
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stored in the storage nodes 315, the charges for each

storage node 315 are read out row by rowin a rolling

woeattouis4s Readi ng out the charge stored in theprermsa@e/ 006597

node 315 effectively resets the storage node. As shown
by FIG 4, the storage node is only reset during the
readout. Consequently, the storage nodes of the pixel
row by row during readout resulting i

arra e reset
curres}l gnif [eRkepq QRN A5 2P PRPATEIGHY WRSaEIedOT Biehgaeip00 in the
pixel \%\i}ﬁ?r . ‘féiéﬁxﬁdeﬁi bRBh ﬁ &% dré}xc%v.?tqgng ﬁﬂg rifle wharé E:rame Vahd

her "a ge I's SFors he Storage’ no
is highApaisd v cdiibianidng tinge (ftirmewheﬁ\m@prahees &taBidqé 1otvh)e
storage nodes in plxel circuit 300 are apprOX|nater
(tsNi = tsNn) across the rows of the pixe
lOOSllar r aEIG 8iihe ém%lﬁé diagyam efraecfwgm wadaat o yhepael cirquite300 of
LS of ,darkcurr current . are
FIG. SiokfiEhie SR Rt S FPen FRERT TPt FesaBe Shrsgpare
accurﬁul’é@d ﬁrthéﬁhoﬁo%%é&s g@@@ﬁ@@'}:‘m&'&rg tlthttmoxreecﬁg QHirghi IR
(the tinme when Frane_Valid i's high) and the vertlg
transfetmditd tige sdspeiafed steraghendendl ko thetbiageir®dboBd5 of the
[0031] FIG 5 is _a timng diagramof a charge reéadout
pixel pgpy pEresetagith @ g e‘ealtstcsreee apdereeet 5 H&wﬁ@b@ stprageonede
S Q ime har es
reset Gt o PR YA B DR B b 25 oo R e
Thus, Meférg chhigle ib afaamenteaefr@ha:aae 8f afeqaﬂoi@aﬁ&% B0l of relpigel
associ at ed storage nodes 315, all of the storage nodes
array $q thegftoxage ngrdge Blaef the pixed arresfetﬁlewtqrhgengd@me effecivale
eset 50 | obal e node re
reser. (I S8 RELREed Mardi 8 o if e MeieRe i afttung piet
array,Ofe @hatlgl6 a RARNIEFBA td MESHoREYAiFuSBAYES0h 830
raytréns?%%rgd fromeach of t%e %ﬁ%tosensggg glong?b ﬁg“”m
descripes @bowe.r Ay iltupttatel By ercagganisde of 8kIsnafof FHES.[ arel 5, the

rra the s e.nqQdes are effectively reset. Once
globaf o e o PaE 08 FAPHES Iarul eEgAmP i of HEeiebr agbhe two
h :
s R R gl AR U
Redudayg tiomarasudesiimbelte abageis s@«Sretlllh tisd statad rdylededuces the

Tgarlson of the tsNS of FIGS. 4 and 5, theﬁﬂlobal
affect o, FhEURSREARd SEIean oy TeRiqH thedtorrd chargee dldeabyithe global

oo TR0 B R e B BARPE B s
from the photosensors 310 to the storage nodes 315. As illustrated in FIG. 5, a
disadvantage of using both a global storage node reset 505 and the rolling reset 405
to reset the storage nodes, is that the times for which the charges are stored in the
storage nodes (tsn) varies row by row. For example, the time tsn, the time charge is
stored in the storage nodes of the pixels associated with row 1, is less than the time
tsnz which is the time charge is stored in the storage nodes of the pixels associated
with row 2, which is less than the time tsnn, the time charge is stored in the storage

nodes of the pixels associated with row n.



Reduci ng the anmpbunt of linme the charge is stored in
the storage node reduces the affects of dark current
wend7srens current on the stored charges. | dealtyustivenosso7
gl obal storage node reset 505 occurs immediately prior
to the global transfer of the charge fromthe
phot osensors 310 to the storage nodes 315. As
il ted in FIG . 5, a disadvanta of using both a
(0032} SHc. Sollyspies besmngat cbevgeamas% Eorraoglpbﬂlgs%?@gét
. n e ne :
operdl eyt €58k BB DA AR LB i
of the hrePint\uavdrRfon QW iMstred, ﬁﬂmngz@apm, odchifs dsi tAB storAke nodes
the tinme charge is stored in the storage nodes of the
315 opthegpizelaswoits Akef aach howeme &ffeitivelemwset When tiaesfer ransistor
.ts ich,is the time charge is storted in the storage
325 injonlexs 08 or EhprhagpeStgELEY 1RE SPTARE ROY B 25 tapRredgfrom the
stora% 85dd 5@3‘ 'tottﬂg ﬂéi\t’iﬁ%éﬁlﬂ?%n Fe3ort 330 16 I@ﬂt{s ggcaﬁ\%l%&%mdi&ent,
e storage nodes e pil Xel's associ ate row n
the globRst@agkncde Bedet bomilliairegdtiRFIG 51iA gviath 6@ fahe storage
storage for a global storage operation using a rolling
nodegi@ifbiveraresettprion tasheiteragate 304 béing pudsedmpl targplaced with a

oAl 2. 158 BB N A S A B

storagdRodisXAb afd bl 115038 O EIRAE Hah ¥t &1 Bie ChhGetdc@intilated in
reset when transfer transistor 325 is pul sed on and

each ohthe phatgensire Bedlof thetpieel stmyag ehasidengeitodies 315 of the pixel

transferred fromthe storage npde 315 to_the floating

array y iq pdditigr. &@g*rwgﬁdhe PTG %ch%(’éﬁT:fF gf sABripyeEi ¢fdhg roling
- I i)l LR

sl O R U B Bl 0 AL LA Lo

the stpragemoades sidbhigtal gahearBOhlebbicAlhcposSRErans. Statedafiffatedy,
with a rolling shutter reset 605. The roIIingufhutter
the ugeafdhe prlling shuitersreset £05 and fhoFolling reebAQRfoeabraéthg15

combfich i he Rl GE A RuIe.AL0R LOASTEL: ol LR hardS

ccunmu each o 0Sensors
“rollifg ¥olbRITEaY” {@silh g 51161 Bge thReeshadh iwFId.Ie Pheedach of
array. In addition, the timng of the storage node
these tigagstage ifendigalr oy nepslyoidentieals ie|stiegts o the dsrkresrent gpkakage
1S, S that the amount of tinme that fhe charge.is.
charge B he G sae 5o TR Rorb Pk sl b Pl TG
elimif@ad! Yhé 88ihj SRht@GEOSF06 BEcU9WB a s&tt tBhe dfted feqbaMdt¥or a
given row. This time is approximately equal to the vertical blanking (VBlank) time.
Additionally, the length of time between resets of the storage node tsn is minimized

to reduce the effects of dark current and leakage charge.

[0033] FIG. 7 is a detailed timing diagram for the rolling reset 405 of an
exemplary embodiment of the present invention during pixel readout. With respect
to FIG. 7, RS1, RST1, TX1 and SG1 all indicate a specific row or a connected portion
of transistors in a shared architecture. The RS1 control signél is pulsed, turning on

the row select transistor 345. Reset transistor 335 is briefly turned on, thereby

10



the use of the rolling shutter reset 605 and the

rolling reset 405 together (the conbination of the
woabdimgashut ter reset and the rolling reset aPeT/US2007/006597

referred to as a "rolling double reset”) result in

tsNi = tsNn as shown in FIG 6. Since each of these

tines are identical, or nearly identical, the effects

G A U o B S o
ﬂoatmag csig%dsnc} 1 1€ a?ql BB-Ehg ﬁéB 1eci f9, e ht%%%% & soﬁ?&%llé&gr &%ﬁggt‘gr §&0,

rea a given row.

whicH isParlsfatéP R ¥l e&iﬁaﬁwg Sdudr@lylatmpled by sahpld atkhold
(VBl ank) tinme. Additionally, e length of tine

circuitrgt where a2 pale n @émphsarsltlmlégecmwefw saqef radpnf (RHERd t 0

: reduce the_effects of dark current and leﬁ5%5$ char

represendna fime whery thesresetltage ispteteri i HARER d gapacto
rolling reset 405 of an exenplary enbodi ment of the

[0034f I €SN rgh B0 iPBrotile it ¥ & t}kﬁft‘fia‘i’t'éferre\ﬁ’tb M dagap eeffusion
o FIG ~7, RSI, RSTI, TXI and Sd al i ndi cate a

regios PBE b indrnimyon transfeo gmlectaeﬂmpm*r%o fI‘hefchanga i thie flogting
a shared architecture. The RSI control signal is
diffusien %On %%ﬂ lﬁuaﬂ?@héﬁ te fie g% bEER 1P HieS FrePgiptos 40, which is

SI st9
trand?ﬁer ebay‘F%s i “?’?éoqéjteﬁﬂg é]%% é/uds%%&?ﬂgg? rrgpslca a?d hold
c1rcu1ﬁry%€ Slelbipas fé@h&@g‘ﬁheﬁr ﬁﬁls@ BEISgE applidd1 ESHIR @At M indicate
fu3|on region 330 is lied to the gate of source

sugnafsdb [toameistars drediase vped3iD St izdthe ireset padh Highi gnal yalies and

oL SRR EATRGEH DRI 2l g

may l;c%laéé?ﬁﬁta ﬁé;coaa@l% ideSHiR) td BRA5BTE MabisRr b MR awamuui\@d charge
reset voltage is stored on a sanple and hol d

in thecpipaosdnsor 3100034¢ sOhagegedetdif e Wegntiselp bingingheSGEgBeiisnot
then transferred to floatln di ffusjon region 330 by

requitagh for BEASITNE RS SHERPHEY SARHBFSt YN PESSTHEVERI e on
the floating diffusion region 330 is applied to the

oo35pat erref. 839K LTk rRigIdi ﬂsﬂosuwromx()% shMtieg Rede$ 605 of the
[ ?ransl ated to a voltage ag;g subsequently sanpl ed and

storagrehet 43l 5samoterdance mthdtncﬂxpmmlarwnﬁbﬂdlwnm p gm@lent
invenfiRf AATICdE i X8 FARLFERO S SCRETAANEY g 6 vl Portion
of trafili®ok N 4 BRarb & 8FthiRBRré FRRb1R RN Ab#E s dAs shown, while
reset transistor 335 is biased on, transfer transistor .325 is also biased on to transfer
the charge on storage node 315 to the floating diffusion region aﬁd effectively reset
the storage nodes 315 of a row of pixel circuits. As shown in FIG. 8 the SG gate may
be biased in a negative direction to improve transfer of the accumulated charge in
the photosensor 310 to the storage node 315. Negatively biasing the SG gate is not

required for practicing the exemplary embodiment of the present invention.

[0036] FIG. 9 is a timing diagram which illustrates an exemplary method for

calculating tswaser which is the time interval from when the charge is read from the
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may be external to the pixel circuit 300.
Additionally, as shown in FIG 7 the SG gate may be
wbizasadis4e a negative direction to inprove trarefas2@/006597
the accunul ated charge in the photosensor 310 to the
storage node 315. Negatively biasing the SG gate is
not required for practicing the exenplary enbodi nent
of the present invention. [0035] FIG 8 is a detailed
storagel mideglwirggthanoHing rebe 406 bhi wheshthie storagesede 808sepfluring
t he storage node 315 in accordance intI#an exenpl arg/
the rolljpgsutes resst 69heApHlsaated; Frerig eaiR" t thetiege pered whepy

a G all, I [ . speci,fi¢.
rram 3G DPNPURSARRC YR 00 T STOBERAEY
embolRthéhi Bt faregas; BAGRANESE-trASHIROWIN M &R12tB8 vsLank
transistor 335 is bhiased on, transfer transistor 325
equals thealisw periad echesnFriame Vahid fislow, ies-re tsthg éimend ifferarag between

node 315 to the floating diffusion regtl_ on and
the beginnipgof he pylae ime ¢ dhe slyrtiggsaip pret thetime pngl thejtagt of the
ixel cirgujts. hown .. t e
follovfii et R s (WD R el ol T B B B

‘transfel BraA6iSioNdhA RdpaRa kG bMht BRuRBOL06 8RS 66311 thetiee
st orage node 31}&2). Negatively biasing the SG gate is

differgute atrpgen et tiroe fromathd final geseh én theanPingpaderfoditheime

whenghe Al ARG For IPHG 3 Reier e aRddr =izt s o B e
associ‘\;au?]e!cPWit@lt JebGcal Bl R MRGER foShE Bend B FARRY Valid I16W. Also

en the charge is tead fromthestorage node during
as illushatadoinl FIGQY, rtesetamdBhe.and when the storage node is
reset during the rolling shutter reset 605. As
. jllustrated, rame is e | to.the.ti er| when
0037k 5 F0r Gaple, FE Treop R & feaoprF i PEAESIAPY 4R g =
an inteBraAonaNREB BmS AR MRt ter §88 WakieEburre®t QY00 efs (£ 55
tVBL. ANkK-tsG Fv-t tx-sc-+tRsin-Fv. In this equation,

degreky/BeAfiradgliada sivetten gate [rekagriofhehV/Epdsas (Ya%bisbutter
. low ts -Fv i,s.the ti di fferenge between the, .
efficiqggy) i L BT HENH R CETEEETE FHRSe U el fing ae
describf ih'FIB, Mf3lchlcuidi€d 8¢ Aifowaf the following frame valid,
trx-sc 1s the tinme difference between the pul se tine
of the transfer transistor and the pulse tine of the

[0038k hut Park signad =4/8 m RIPPAFYFes the time difference
between the tine fromthe final reset in the rolling

[0039] €20R3k Qi B ik Tonal) = (200)12 = 14e

[0040] SGlLeakage = (0.05x100x100m)/CG = 7143e where CG =70 uV/e and the light

intensity is equal to 100 lux.

[0041] The total dark signal and shutter gate leakage with rolling double reset

timing as described in FIG. 6 is calculated as follows:
[0042] Dark signal = 16 m x 2000 = 32e

[0043]  IDKshotnoise = (Dark signal)2 = (32)12 = 5¢
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when the frame_valid goes |ow. As described and

illustrated in FIG 9, the tine associated with
woeandviaadssbl anking is equal to the tine when PCT/US2007/006597

frame_valid is low Also a s illustrated in FIG 9,

[0037] For exanple, for a sensor with a readout tine

of 16 ms (60 franes/sec), at an integration tine of

ooss} 30 St AL Sa3 G B b el

inten8ity isGqPaMd 106188Cc (95% shutter efficiency) the total
dark signal and shutter gate | eakage with nornal

timng as described in FIG 4 is calcul ated as
[0045] ol | AwshoWwD0B8]1sdaf the spllingldoublOfkseh tinBRO@ sl LD
) 0039] | DKshot, Noi s Dark signal) 1/2 = (200) 1/2 =
mpr%%@ffﬁ@i@ﬁ%gedwct.lorﬁ(r&?@s%P@wmﬁfﬁ% /Cféad&“s?lﬂ?ﬂ’o"é dfep@rent

= / { ' i Lty ls. e .t 0
shor o 8 4R S B T Lt Bt B e e
timink@akagahwidab E@rbhihodasiE Beit@3@ht hi Ahagigdbie 18RS geshidihe
In FIG 6 is calculated as foll ows: [0042%i Dar k si gnal
2000 efs g@rlrwar@®00 = 32e [0043] | DKkot o Park signal) 1 2 =
(32)"* = 5e[0044] SG.eakage = (0.05xl 00xlI 6m/CG =

142 r = 70wVl d_the || intensity.is
0056} o1 AT 60 Fhrriaf AEEteRlf e Y GBS i eer
pixel 8éd With led)lbhﬁskﬁﬁfe@%ﬁdti&i%hifcﬁ%kﬂrteéicl{e&gém idAvagent

of 84% reduction for total dark signal, 64% reduction
diffugion gadk and doen hoshidlizerrojeparatn dtodge nethy When ajgiobal shutter is

utter qate. | eaka The use of .raolling double reset

wsedt 1 e Sneiee® PG LPRO Lot Far: | CRAY HofRe et iy agode
1030 @k af JISEE pleblifeliRVigho GEaRI fifellhfyZ2R e &/rte AHK Photosensor

current. [0046] FIG 10 is a schefmatic circuit diagram
reset (D) dabB W20hahissst wrzepe therphetospisoe [L0LE ebansfehtransistor 1025

| ohal shutter function which stores c e in the

transf%rsog}qrata from the photosensor 1010 to the ﬁoahsng Qi?g;gion region 1030. In
pixel circuit 1000, the transfer of charge from floating diffusion node 1030 to the
column output line 1050 effectively resets the floating diffusion node 1030. Pixel
circuit 1000 also includes reset transistor 1035, source follower transistor 1040 and

row select transistor 1045,

[0047] FIG. 11 is a timing diagram of charge readout for the rolling reset of an
exemplary embodiment of the present invention using the FD Global Storage imager
pixel of FIG. 10. As illustrated, rolling reset 1105 occurs as the floating diffusion
node 1030 of the pixel circuits 1000 of each row are effectively reset when row select
transistor 1045 is pulsed on and the charge stored in the floating diffusion node 1030
is transferred to the column output line 1050. The rolling shutter reset 1110 ensures
that each of the floating diffusion nodes 1030 are reset prior to the global transfer the
charge accumulated in each of the photosensors 1010 of the pixel array to the

floating diffusion nodes 1030 of the pixel array. In addition, the timing of the storage

13



di ffusi on node and does not utilize a separate storage

node. Wien a gl obal shutter is used, the charge
wonersfiesss from all phot osensors 1010 to the flpo@USR@7/006597

di ffusi on node 1030 for all of the pixel circuits 1000

of the pixel array at the sanme tinme. Photosensor reset

(PDRST) gate 1020 is used to reset the photosensor

1010. Transfer transistor 1025 transfers. char
node rcwetsp#@a@‘%meﬁ thegepdling shuyttermpeps d il HyisgHek L&a}td e ﬁ@@rlahof

. 1030. 10 h
tme ettt RAEES offie<i ot g e G050 o Haulle %R
readdult E‘seidlgé&l %ﬁ' h8&ly YRIntichBsebss thB 8ok, O%Eéwdﬂfeiéﬂig} Bk use of

node 1030. Pixel” circuit 1000 al so includes resét
the rdlliagsiustterrredd 3510 swdi tleerolling xeser 1105 aogrtben(the Gutfibiantion of
row sel ect transistor 1045. [0047] FIG 11 is a timng
the rqihla@'ﬁl&rﬁteafre@qsangé ¢ eellipgresebpra eEeTre 19 355 reling %qul%

ar odi nent of the e
reset BN R D A SUOT AL RGO P et st ftare
1denticlai lé§ h&mﬂienheaﬂ R0 ffR604f thd BRrOGGYER c&Se%ge thaatisAguld
fusi on’ node 1030 of the pi xel circuits 1000 of "each

be thee s:amaim cath eowj nedther eoeds, ihege simdisg isediminetads i Btegolling
1045 is 8u|sed on and the charge staored in. the
shutteq 7sget 1140 greurg af pretivne 'ars%“e rSad U EY BEFEE W 1 he

A, o8 REky 4 e B iafer Bt L o RBA TG o &8 Flmimized

to redhR3h&Efedt€ Sl arRldudfent and mkgg@bmr transfer the charge
accunul ated in each of the photosensors 1010 of the

i xel array.to t fl n usi,on nodes. 1030 of
roossf | 5 S tarSthimecto Pl L din F9 RSThaniR e it oW Of
connédt@d ?Qﬁﬂ)‘ﬁd& dE38kSrs &b a%ﬁ%drﬁm%ctﬁl@e ﬁ@lwl%n%l‘glgﬁél is

reset 1110 is such that the anmpbunt of tine between the
pulsedphiriniigy @htHetrow sedse trannididr1648f The tharge vaskd fldangg

. therollin yeadqut is identical or nearly i dentica
diffugier segion h@30 iswppliet & the &t PEIRITET {pllopyes Hposistir 104@ which

s oo U VP AR Ll 9 el 350

circuiftfok Pexel SighkN@adeseivharn @uls@f%{S Ediplp(heas Raset talnkistug 1035 is
doubl e reset' &}result in tsNi_ = tsNn as shown in Fl G

briefly furrgidrare thereby fsetthsioatingeditfpion rggioni 1080 to @pr%&rrnyncd
volta%%ef}éeegl%aﬁg%?g ?heefl Gt Sdﬁlfusgo%ereglac{nkm%wmr ael%he% to tﬁe gate

source follower transistor 1040, which is translated to a voltage and subsequently
sampled by sample and hold circuitry, where a pulée in sample and hold circuitry
for reset readout (SHR) represents a time when the reset voltage is stored on a
sample and hold capacitor. Reset transistor 1035 is briefly turned on, thereby
resetting floating diffusion region 1030 to a predetermined voltage. The charge on
the floating diffusion region 1030 is applied to the gate of source follower transistor
1040, which is translated to a voltage and subsequently sampled by sample and hold
circuitry, where a pulse in sample and hold circuitry for reset readout (SHR)

represents a time when the reset voltage is stored on a sample and hold capacitor.
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b e the sanme for each row, in other words, inage
shading is elimnated. The rolling shutter reset 1110
woaeoewwa1ss a set tine after the readout for a BCYAI$2007/006597
row. Additionally, the length of tinme between resets
of the storage node tsNis mnimzed to reduce the
ef fects of dark current and | eakage charge. [0048]
till refe to FIG 11, RSI, and RSTlI, indicate a
[0042, pecFF? RHsRY SO wwaépmc&ﬁﬁoaﬁmﬁwéffeﬂdsto ipclude
. The t
an m?a@ﬁ%‘%&%aé‘ﬁ%ﬁ Jr¢fd Hi8ntiod Tﬁ %ﬂ tl?éa)é] ie Sexgqu%ki 1 ﬁ;’ s¥ﬁtem

turning on the Pow Sere i STO
havucg@f 1 @xacdlts&hstl @atd ﬁﬁ,hihefﬁrkb%b QBndo? ieOted. ORAiH UL being
applled to the gate of source follower transistor
limitit@48yctwin syﬁhemsouhdandlude adofrpuEensylsteayaagreda system, scanner,
subsequent#ﬁ npl ed and hel d by sanpl e and hol d
maching gisiqry yehisle Iﬁ%ﬂtwg G4 PRaBRIGHE YSANRFepisa™ gutp fagus
syste?ﬁ Blefretgackge %entt rrg {1&%(:&(8‘(3%( te%n b‘fs'v@él ¥s Serk Bg—g ?@based
er eby res |dg rng Pusion region
symgaﬁedeternlned voltage. The charge on the floating
diffusion region 1030 is applied to the gate of source
| ower transistor 1040, which is trans|lated to a

I005‘1Jo| t §§@eah¥?09d8§@eﬁmﬂkﬁﬁaga%ﬁ@aersyg%qﬂbéc%arw afcentral

T I L R

input/6s@iut (IPOY dgeicd B215tked bAB 12005 dflgtnnaekibo1 Tb5 also
capacitor. Reset transistor 1035 is briefly turned on,
commh@we@y wigls et CIRg lﬂlqurrﬁge biis 1329} Jiersyefieon! 2003sotincludes

t d vol.t h t t
rand Gt SRS KYE L8, N o Pl oy Syl SR o et
as flaER I QMEFy, WA AISS @csm&%@aafmlmhb %:Pttj m@ Al @lhé Qu@mo

voltage and subsequently sanpl ed by sanpl e and
The i 1ma|gmg tevice WBSrmeaabpadrsbinied veidnp lpeocensbrhaidh acswr@ElUt digital
. 4 reset readout éSHR) represents a tinme when the
SIENa PERIESIAY) PG PRIOSEHPRAY ‘8?10%1“’ APF BCHY Rtrgee on a single

mteg&ﬁ@@‘aﬂ:&{t 'OL‘ ggé%ﬂngegk ?I‘Exé éﬁ%}gwlﬁ r{ﬁ%é& &&0. 1200, a typi cal

processor stem no de an i magi ng devi ce
1205 of the invention. The system 1200 i s exenpl ary of
(00514 sydhedewaes descdberd alzdvedilngtate sypinaltdeyingb df maoly thiat could

be use{Io e SRR de ek taend Tronpife droule enbenimerts ¥heram
achie%€ #&bjects, 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 modifications, though presently unforeseeable, of the
present invention that come within the spirit and scope of thé following claims

should be considered part of the present invention.
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machi ne vi sion, vehicle navigation, video phone,
surveill ance system auto focus system star tracker
weysi7ams4snt i on detecti on system as well as oPO®nUS2007/006597
i mage based systens. [0050] System 1200, for exanple a
canmera system generally conprises a centra
processing unit (CPU) 1210, such as a m croprocessor,
that comunicates with an input/output (1/0O device
1215 over a bus 1220. | Bt MP devi ce 1205 al so
cOvinatis clatresd wd hdw tahe deBlced 810 pragectedby betersIR0ent i the
system 1200 al so i ncludes random access nenory (RAM
Unitedftates isd can i ncl ude renovabl e menory 1230, such as
flash nenory, which also communi cate with the CPU 1210
overqth
conblne &ﬁﬁﬁé roc sor, Qp&ﬂgaéggggéﬁgg ?8¥ngead1
pixel Bh@it@a PHAGSSBOF, a ft STORIZOREFIOR DA, sevbridhstoragal refiont said
menory storage on a single integrated circuit or on a
arraydif pheaiebeing lsppfigingd asiaelpradite sborws arobe s esadd pegleasd
descri bed above illustrate typical devices of nmany
oMY coul d be used. The above description and draw ngs
iIlustrate enbodi ments, which achieve the objects,
f eat yécesnulafifly aligss BoeSd phofobenspegsent i nventi on.
However, it is not intended that the present invention
be strlctl limted to the above-described and

i |1 ussingRdYsEIRbRg FRsat'e. reﬁg?axﬁlﬂﬁs? FtRLABR RRiont HBH{:]W
transﬁgﬁﬁg Qf\l\%ieypct %&8%?&%%&5 151rée present invention that

Irit scope of the foll ow ng
clalns shoul d be conS|dered part of the present
i nveglobalty @laAbﬂe/EﬁNw saidjascurhalatrstichesgesdvpra s ddplsdtpsegisons
_ be rotect Letters Patent of the United States
to msP%‘:t‘forﬁs 15 OISR S A% an array of pixels of an

i mge sensor, each pixel having a photosensor, a first

St or ggRsfEAH PMhidAEcEnSREA thaSdBIfAgR shiddireNstofitlededbhsiho
of pixels being configured as a plurality of rows and

respecloveiomss, of saiddsagendh stprage regions resulting in a second rolling reset of

said first storage regions, said first rolling reset and said second rolling reset

resulting in a rolling double reset, and
reading out the charges residing in said second storage regions.
2. The method of claim 1 wherein said rolling double reset includes:

resetting a first row of said first storage regions a first time prior to said
transfer of said accumulated charges from said photosensors to said first storage

regions;

resetting a second row of said first storage regions a first time prior to
said transfer of said accumulated charges from said photosensors to said first

storage regions;
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conprising: accunul ating charges in said photosensors;
using a first rolling reset to reset said first
woehosragesssegi ons prior to transferring chargespto/said/ 006597

first storage regions; globally transferring said
accunmul ated charges from sai d photosensors to
respective ones of said first storage regions;
transferring said accunul ated charges fromsaid first
st oragesferegigeai] icunadpedtchares ssedin swd dirstaooncf said
storage regions resulting in a second rolling reset of

first stpzpge Fagians BIreTREgEve epesfsaidgcand 510885 EBI R RNdes et

and sai d. second [1ing, eset resulitj ina rolljing
ettectfialy e Frb ond Ame A AR FowiR 3o oebid el b "0
said second storage regions. 2. The nethod of claim1l
wher @hmsferirg datd hécdignudawhl dar@satoredth suldSecarebrivt biighid
a first row of said first storage regions a first tine
first spurhge regiomstiodespestise enewdf seid spcand SATRER BEiUHATges
fromsaid photosensors.to sai,d first.storage, regions:
effectpieDOEHEER SEOUPATIRAN GFCaR IoN P LT OPag B Bl RO
first time prior to said transfer of said accunul.ated
. chargeshé HRMEBHIARPL OSRAGIAS dipseditiné bétweenlsaidpiet
regions;transferring said accunul ated charges stored
reset phsagd figstfronsef sashfitst stozage egiops apdeaityiecendirenes of gpid first
respective ones of said seco storage. regions.an
row ofF Pl SPyPRSER T RO dtel St PP BPg fefyreen
said 5 fsSESNL SEIIAPSE sAAdib AOSEERESiBEs 534 ChiaGetuRd Rb&dor
charges.stored-in said second row of said first
said setaidagew loégiid igsttstorags pegivnye ones of said second
storage regions and effectively resetting a second

time, said secopd row of said second storage regions
3. The RYRBUCLIPERIPRRD ARG LT an° oTLpEs g o
pixel RELWGeM £8bdatelis8rage device, said array of pixels being configured as a

plurality of rows and columns, said method comprising:
accumulating charges in said photosensors;
resetting a first row of said associated storage devices for a first time;
resetting a second row of said associated storage devices for a first time;

transferring accumulated charges from a first and a second row of said
photosensors to said first row of associated storage devices and a second row of

associated storage devices respectively;

transferring charges from said first row of said associated storage
devices to a first row of associated floating diffusion regions effectively resetting

for a second time said first row of associated storage devices;
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reset of said first row of said first storage regions

and said second reset of said first row of said first
wetor7agesssegi ons i s approxi mately equal to an ecapsed7/006597

time between said first reset of a second row of said

first storage regions and said second reset for said

second row of said first storage regions. 4. A nethod

of operating n array of pixels of an jimage sensor,
eac htrpRsierringchargesfromsaisesesond ray &f syid asacqieted stazpge

. ay_of pixel i R nf i.gur. a luralit.y of :
devicBl LB sRnl BBt BT el el Ll sersiyrs
for a §408h8%8nd $hid BbGrNRLOSLRSisted s&R8EL HOG &, hhg St row of

sai d associ ated storage devices for a first tinme;
resetting a second row of said associated storage
devi readingeutdhe ichanges residing im thef Reatingrliffusiomregions
charges froma first and a second row of said

Phot @sRsMcini@ Pkt hifishe hOW 1o AR386L BLALHAIARE,

devi CeS™ an secona row or assocl orage devi ces

reset bESHIE Gt BIYof dal BRSLERTdANGaBa U Red HrtiSaisbedrd Rbetr AW
of said associated storage devices to a first row of

said firsboor af sadd fabwaidted st dgeubivires isgp pRsinedttboeguakioan

: resetting for g second tine said first rqQw of . ,
elapséd 81 bATHAe8 FAe! Eval SRRt BT OF AT Qsited plgrpse

device@hil 40 WEALWOH oS8 RSP IR 10E gaiataglg&%gd QUGS ddAces.

a second row of associated floating diffusion reglons
effectively resetting for a second tinme said second
r ow of Agvethodafeddytiog thrceffpets afalark guwdentenlk nhangaistarha in

char ges esidkn in the floating.diffusion regions. 5.

2 storfRE AT ALAPHEL BF 20 HPES AT S ehipsed i me bet ween
said first reset of said first row of said associ ated
st or geblieitigtephatddersat cbseeRMiIstoLsRbiafedSitH af pikéllto reset
row of said associated storage devices is :

a pholgssneti matel y equal to an el apsed time between said
first reset of said second row of said associated

storggﬁnq§%5§§§cﬁ. SRkAdSEoeEnigSet of said second

row of sai soci dat ed storage devi ces.
second biasing a transfer transistor to performing a rolling shutter reset
to dissipate a dark current charge on a storage node associated with said

photosensor;

third biasing a shutter gate transistor to transfer said charge

accumulated on said photosensor to said storage node;

fourth biasing said transfer transistor to transfer said charge stored in
said storage node to a floating diffusion region and effectively resetting said

storage node for a second time; and

fifth biasing a row select transistor such that said charge stored in said

floating diffusion region is read out.
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6. A nethod of reducing the effects of dark current on

a charge stored in a storage node of a pixel of an
womaga1ssassor conprising: first biasing a phot eeEUSe007/006597

reset transistor associated with a pixel to reset a

phot osensor; accumul ating a charge in said

phot osensor; second biasing a transfer transistor to

performng a rolling shutter reset to dissipate a_dark

cur renthemgthnd ofiflaimse, orheseintha fimagleeiviesn sad secpnd st of
. . phot osensor ; .t hi bi as;| hutter r '
seid PRPRERF b4 ioini 38! el DB FoaR U En PR Binage
captub& RLpPeHaatdl) e§ahido A tHha Berif@ dhen IaufeN VRIiA S RSy Stk a
transfer transistor to transfer said charge stored in
time didfecerst bebgeenibd beginning dfche ipatpedirhé vfa enuttegiasaancd time
effectively resetting said storage node for a second
until ajstaat offhe feliqwingiirame nelihoigys & Bmeditferess petvorendelise
. that said charge or [ ' t] i.ffusi
tie (SR IR AR bR g SahisP el = iRk Berence

betwddd€a tim@BrdIRLWRRAN r&RE # the 68INHe FeARIut b addhéwieAage
node and the rolling reset og said storage node for a

frames wbEé guenlow.mage capture is approxi mately equal to a
time period when Frame_Valid is low mnus a tine

di fference between.t eqgi.nni of. the | se.time aof
he rnata q'Sf &1%1%? wtf'negem rt]ht{] glglesbtetgvrv exg ﬁ-xetrﬁ(lehng Tes&of

a shutter e %N i me unti

said stSHabO@WbAE ahdl 3R S¢AdredbiBfSail dtbie otk 8 EEEILRTWRRAB
a pulse tinme of a transfer transistor and a pul se tine

rows of apbghatregr gate plus a tine difference between a
time froma final reset in the rolling readout to a

[ f P l. T .
ol o g ApHBTE AR S FORE e i oot BN TR, (i hqret o

said siédafe BHAE AQE OS] adnaaksht se600dtdragehodd isspipdoximately

storage node is consistent across
equal to the time associated with vertical blanking.

10. A method for reducing the elapsed time between a rolling shutter
reset of a storage node and a reset during a rolling readout of the same storage

node comprising:

accumulating charges in a number of rows of photosensors, each of said

photosensors associated with a storage node;

resetting the storage nodes associated with a first row of said
photosensors for a first time prior to the transfer of accumulated charges from said

first row of said photosensors to said associated storage nodes;

transferring said accumulated charges from said first row of said

photosensors to said associated storage devices;
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rows of a pixel array. 9. The nmethod of claim38
wherein said tine between the rolling reset of said
wetor7agesssode and the said second reset of sai BCFUSRAYD6597

node i s approximately equal to the tine associated

with vertical blanking. 10. A nmethod for reducing the

el apsed tine between a rolling shutter reset of a

storage node and a reset during a rolling readout of

t he sansfesing said acouesulatedahaggesdrom saidmtdrage dgvickatages

in-a_nunber of rows of photosensors, each of said. )
assocm%%@? Heating Fiffusianraeignsgng effecivaly grssiitnaiss @;serebiiresaid

t hg storage. es.;assqci at ed w th Lrst row of said
storaf 8o B A5 AR S A B ta bt Mansr o of

accunmul ated charges fromsaid first row of said

phot esespoat the chatgds acsidiap ah Gtk Ad0iggHIfANdATegions.
transferring said accunul ated charges fromsaid first
row of said photosensors to said associ ated storage
devi &%s%?%‘?%ﬁﬁﬁ@%é@@ﬁb?&ﬁﬁ@% charges from

sai d storage devices to associated floating diffusion

regi g Rptefdze alel il Xssh8aRUIW RN als8for@ SAEQNGid | e

sai d storage devices associated with said first row of
photgreosa@s émsofisst il r eadi ng out the charges residing in

the floating diffusion regions. 11. The nethod of

claim 10, further including: resetting sto e.devjces

oo Brarler i PR Bim Sardse euioe ot Sbeusihetk:
secor@ fow 8 sdidl PRotdsbRIvYE & £dsD8laehaIERA: Wi @miSR LISt LoRpe

devi ces asSociated with said seconé row of said
resetting fayseresond tine sagb sgoragesttvides assonigtadi With shioinsecend omnsg of

., and resetting for a second tinme said storage devices

said B"3PEd with said second row of said photosensors.

12. The method of claim 11 wherein an elapsed time between said first
and said second resetting of said storage devices associated with said first row of
photosensors is approximately equal to an elapsed time between said first and said
second resetting of said storage devices associated with said second row of

photosensors.

13. A method of operating an array of pixels of an image sensor, each
-pixel having an associated storage device, said array of pixels being configured as a

plurality of rows and columns, said method comprising;:

transferring accumulated charges from photosensors of said pixels to

storage devices of said pixels;

transferring charges from storage devices associated with a first row of
pixels to floating diffusion regions and resulting in a first reset of said storage

devices associated with said first row of pixels;
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12. The nmethod of claim 11 wherein an el apsed tine
between said first and said second resetting of said
webtor7agessdevi ces associated with said first rowCcwfus2007/006597
phot osensors i s approximately equal to an el apsed tine
between said first and said second resetting of said
st orage devi ces associated with said second row of
phot osensors. 13. A nethod of operating an array of
pi x eTeseHNBART A ferpRddine s7id sifase PRWSES %awlﬁtﬁdewfh said first
row o@iﬁfeﬁé Ahd 15&181;5‘ ut?e%‘ék%?e% wx}se%iﬂ tRé Eﬁ%’le @érf&i E&ee g‘laird%st
configured as plural Tty of Fows an ol umms, sa
reset BRd Bad et tesbig :ap%fcﬂ{iﬁlfaﬁﬁlf bkt AR CIIBE 2bRE of B gesy.
from phot osensors of said pixels to storage devi ces of
saidkfixeLs; transferring charges from storage devices
assot4 ab ddxsliarrayHof psein aromaging dgwere spisl pixgbar sy
Cornd{'f-fusion regions and resulting in a first reset of
p§§FEQStorage devi ces associated with said first row of
pi xel s;resetting for a second tinme said storage
devig Pﬁu@ﬁﬁ;ﬁ)@ﬂ' pHR6sensbi (6agehelatirgt clizrge aliripipeel ifiteprdtion
~arolling shutter reset wherein the tinme period
perioget ween said first reset and said second reset is
approxi mately constant across rows of the array. 14. A
oi xe Do , ey i oo xel
B oy PRaR: U sleidct UREH LB i Iei SRR B o
transf€ BRA @t iffign @haggrtide phogsamsornt egrati on period; a
plurality of shutter transistors, each shutter

transi stor. configured to transfer charge froma
respd eftfreféfypﬁﬁ%f%@gﬁ ggres: gag ‘Eﬁ’iﬁ ?Wlfﬁ tq B RGE olwdter
t & RnBRs bR PafRSPAEEYE HBH § RspbEARSIR Hsai
Huw%ngggonf?d rggiﬁhtstorg chargertrans#&rréggéromé%é%and
pluraligs@fgqsiidtyergas; of said plurality of photosensors;
a plurality of transfer gates, each transfer gate configured to transfer a

charge during a rolling readout from a respective storage node including a reset of

the respective storage node;

a plurality of floating diffusion regions, each ﬂoéting diffusion region
connected to one of said plurality of transfer gates for receiving charge from

respective storage nodes;

a plurality of readout circuits, each readout circuit connected to a
respective floating diffusion regions to output charge accumulated at the floating

diffusion region; and

means for performing a rolling shutter reset of the plurality of storage
nodes such that each storage node is reset prior to the transfer of the charge from

the respective photosensor.
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a plurality of transfer gates, each transfer gale
configured to transfer a charge during a rolling
woeeadiouis4fr om a respecti ve storage node i ncl udpom/ua2007/006597
reset of the respective storage node; a plurality of
floating diffusion regions, each floating diffusion
regi on connected to one of said plurality of transfer
gates for receiving charge fromrespective storage
nodess. %@bﬂéﬁéﬂr?yoﬂélaimwmrah tigeuti tne, peei@dfr s atlo wblling
circuit connected to a respective floating diffusion
shuttergseiras the pbualipt of sterege nedeatmiharesat whidhecsoduring the
. diffusio egjon:. and neans for, performng a yollin .
rollinggked i S hSBlugriny R SiaTaranedss 1o P P e o dhe rety e said
pb“ﬂBP%& each storage node is reset prior to the transfer
0 he charge fromthe respective photosensor.15. The
pi xel array of claim 14 wherein the tine period from
t he t®| Aipigelsintaytisrcomdsmdtionf withe qohtnoliet foy usé irsanimgging
.hodes to_the reset which occurs during the rolling
deVlCFeséé%th%fi“P}ﬁt‘éo’aPﬁ’rSH}gi:t y of storage nodes is
consi stent across the rows of said pixel array. 16.
AP X g lo h@alifY of PhStO8EsBA! fof RerfirhthnAcleRBé HA LG anf iAfegdSifon
in an i magi'ng devi ce, said pixel array conprising: a
perioglurality of photosensors for generating charge during
an integration period; a plurality of shutter
transi st or. ch shutter transi,stor .confiqured to
tr and LR pERED S B lory BT BB sFO B B PR Rt o
transfilr Ghlgel Yo Bifa 1858 B9€ photiRsnsRach node coupled to a
respective shutter transistor and configured to store
charge transferred froma respective one of said
pl ur a|pih[1r)ahgf oqu!q@xtag‘g é\ﬁéé@gach node coupled to a respective shutter

transistor and configured to store charge transferred from a respective one of said

plurality of photosensors;

a plurality of transfer gates, each transfer gate configured to transfer a
charge during a rolling readout from a respective storage node including a first

reset of the respective storage node;

a plurality of floating diffusion regions, each floating diffusion region
connected to one of said plurality of transfer gates for receiving charge from

respective storage nodes;

a plurality of readout circuits, each readout circuit connected to a
respective floating diffusion regions to output charge accumulated at the floating

diffusion region; and

said controller configured to perform a global transfer of accumulated
charges residing in said plurality of photosensors and configured to perform a

rolling shutter reset of the plurality of storage nodes such that each storage node is
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a plurality of transfer gates, each transfer gate
configured to transfer a charge during a rolling
woeashouissfr om a respecti ve storage node i ncl udipQm/us2007/006597
first reset of the respective storage node; a
plurality of floating diffusion regions, each floating
di ffusion region connected to one of said plurality of
transfer gates for receiving charge fromrespective
resetinrdg dhe bramsfer of Blehatgetfyompthe spetitvedihataiansor angkh
readouf circuit, .connected. to a respegt.i | oatin
whefgiy £ Blagied Binhioe ot guv reren s e rag ottt Ri bl oy
and £4i@R01iRG sALEEN RO o GO Rt ARGt 84k ifélréirlra?h& &pproximatel
configured to pertorma global transfer of accumnul ate
equat baag elpsed tiig i tiveers sdid fipstuesdt iof y sedorphotostsasd piehadtay
cqnfi?yred to performa rolling shutter reset of the
and paid rellingshotter respbefesaitbersand gew of aidl RIXR Eor age node
isreset prior to the transfer of the charge fromthe
respect iye. r . rein an el apsed tine
betmgghjggFgggﬁggﬁggggggng%ggfirst row of said pixe
array and said rolling shutter reset of said first row
of saijpkopesset; amdr ay i s approxi mately equal to an
el apsed tinme between said first reset of a second row
of sai d _pixel .array and said rolligl %hgét LSy of
sai d %8¢ § 9615¢ CTRPHSBE) arﬁaryr%\ﬁx 7 COHAT agi hg
proce¥sdt S L ARYih S dRYice 2oRpPERSSOr ; and an i magi ng device
conprising an array of pixels coupled to said
processor, said inmaging device conprising: a plurality
of pHorlvstiy®f PhpiseyrefostgeRegratingcYarag fItiRg ghintegration
i ntegration period; a plurality of shutter
?%ansi stors, each shutter transistor connected to and
transferring charge froma respective photosensor;
a plurality of shutter transistors, each shutter transistor connected to and

peri

transferring charge from a respective photosensor;

a plurality of storage nodes, each node coupled to a respective shutter
transistor and configured to store charge transferred by a respective one of said

plurality of photosensors;

a plurality' of transfer gates, each transfer gate connected to and
configured to transfer charge during a rolling readout from a respective storage

node including a reset of the respective storage node;

a floating diffusion region connected to said plurality of transfer gates

for receiving charge from said transfer gates;

a readout circuit connected to said floating diffusion region to output

charge accumulated at the floating diffusion region; and
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a plurality of storage nodes, each node coupled to a

respective shutter transistor and configured to store
wohargaidssansferred by a respective one of sai BCT/US2007/006597

plurality of photosensors; a plurality of transfer

gates, each transfer gate connected to and confi gured

to transfer charge during a rolling readout froma

respective storage node including a reset of the

r es pextanimller fvrgpmerasiteg timirfg sgndlanty pkrfdms b oollingghotter

connected to said plurality of transfer gates for

resef %\mtlwgh%%fﬁarasﬁmdggw thahrech Pt aB R0 IS esR piftor to
the (Fhlsitl df HODRGEE 2ok &eS%'sgeJt{vggﬁgagFgngf usion region to
ateda a e

out put charge®accunul oating diffusion
region; anda controller for generating timng signals
t 0 peld diheisnagbhd systerslofitlagnh 16egetreiafthe Hengpariad frox thie
Storage nodes such that each storage node is_reset
rollipg shutteryeseiof theypbralityst staragenedeydo therpsetwhich occurs

e LB e e s

shutter reset of the plurality of storage nodes to the

r eset19MAL magiadappdittif gorhpasihgl | i ng readout of the
plurality of storage nodes Is consistent. 19. An

I magi ng apparatus conprising: an array of pixels of an
i mag ISR PE P‘é‘ﬁ’él?fﬁw’é‘lagﬁ &°RY eath peebhrdng angencinied

i . . el . .

oror A& AL Dbl LG LonRELR SLAIGF G 5 en

coluhigt udi ng circuitry for transferring accunul at ed
charges from photosensors of said pixels to storage

devi ces off s,ai d pixels;, each of fsai d gj xels further

i ncl (ECRG! s1A ARLs indeding CRRYERPT Fgn ﬁ%rfrgge%ccrwﬁqﬂed
charBt R BAEIAUARSAT AN BB Wil deictl of Ot Yixdil el S

?o flg\g{)i ng ég\l ?f usi on I?“egﬁgons reggu tlﬁngolin a(HfDi(rst

reset of said storage devices associated with said

f i r steach of said pixels further including circuitry for transferring charges
from storage devices associated with a first row of pixels to floating diffusion
regions resulting in a first reset of said storage devices associated with said first

row of pixels; and

a controller for resetting for a second time said storage devices
associated with said first row of pixels with a rolling shutter reset wherein the time
period between said first reset and said second reset is approximately constant

across rows of the array.

20. A method of operating an array of pixels of an image sensor, each pixel
having a photosensor, a floating diffusion node, and a column output line, said
array of pixels being configured as a plurality of rows and columns, said method

comprising:

accumulating charges in said photosensors;
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row of pixels; and a controller for resetting for a

second tinme said storage devices associated with said
woOi2net1118asy of pixels with a rolling shutter re®etr/us2007/006597

wherein the tinme period between said first reset and

said second reset is approxi mtely constant across

rows of the array. 20. A nethod of operating an array

of pixels of an_image sensor, each pixel havin

a
phot d4¥n& 8 firstrofingateseigfoarset saidipaipasifasan aog%% BiFier to
trangéé%%g{w:w%gs S 'igﬂ%érﬁ%d@& | xeldc,es,bel ng configured as

y~ Of " T OWs Mo Sai d met hod

conpri sing: accunul ating charges in said photosensors;
usi ngglabilly &tansfetingighid @s@imtilatdded el gaairomishithphdrgsensors
di ffusion nodes prior to transferring charges to said

to respeetiviernnediof faidi fgmtinedié&fslsign@@dﬁ;ynﬁr ansferring said
accumul ated charges from sai d phot osensors to
respective ones.of sai | oatin ( ffusi des: . \
{r ancrarfPritEdi G e lole e o Fsh sl e hodes

to rdspe@ivethedick bakdll QMunA SREpli1ide8 RRAIAY Br HERBNATroBiREGeset of
colum output lines resulting in a second rolling

saidrfgsefloayingsdiffisforymades) sadd fing roilihgusied And gdidssecerxd plling
firsf,rqllin .reset._and said second rolling reset
resef gesytineng 4 ¥IANG 8PYPISgebubl e reset. 21. The method of

clai m 20 wherein said rolling double reset includes:

r eset 41, NthAmbtHdd of @NPE0 Skebih baldtrbhgdi difbisieas: inoREss:
afirst time prior to said transfer of said
accunul ated charges from sai d photosensqrs to sai

) N0t 0 0 said
f | oat TeReftaBf frst Ery rberid floadiag diffigion nedesmtirst sigpegprior to
sal dfl 14N ' ' ] ' i OF .
st A RS0 P LR IS B Wi
diffydient as@nsors to said floating di ffusi on nodes;
resetting a second row of said floating diffusion nodes a first time prior

to said transfer of said accumulated charges from said photosensors to said floating

diffusion nodes;

transferring said accumulated charges stored in said first row of said
floating diffusion nodes to respective ones of said column output lines and
effectively resetting a second time said first row of said floating diffusion nodes;

and

transferring said accumulated charges stored in said second row of said
floating diffusion nodes to respective ones of said column output lines and

effectively resetting a second time said second row of said floating diffusion nodes.

22. The method of claim 21 wherein an elapsed time between said first
reset of said first row of said floating diffusion nodes and said second reset of said

first row of said floating diffusion nodes is approximately equal to an elapsed time
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transferring said accunul ated charges stored in said
first row of said floating diffusion nodes to
woespaaigsse ones of said col um output |ines ardT/US2007/006597
effectively resetting a second tinme said first row of
said floating diffusion nodes; and transferring said
accunul ated charges stored in said second row of said
floating diffusion nodes to respective ones of said
betweenh said fiystireset of ksesoraiwbve bf exid Flvatiyg dEbeion ngdes aebeond
time said second row of said floating diffusion nodes.
second resthfor seidiRsaonst raw of said flogHeg 6i ﬁlsaw BPd#sed tine
between said first reset of said first row of said
floating diffusion nodes and said second reset of said
first row of said floating diffusion nodes is
approxi mately equal to an el apsed tinebetween said
first reset of a second row of said floating diffusion
nodes and said second reset for said second row of
said floating diffusion nodes.
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