WD 2007/ 111845 PCT/ US2007/ 006597 METHOD AND APPARATUS
FOR PROVI DI NG A ROLLI NG DOUBLE RESET TI M NG FOR GLOBAL

WO R@RAGES4EN | MAGE SENSORS FI ELD OF | NVENTI ON p@®QakP007/006597
The present invention relates generally to
sem conductor imagers. Mdre specifically, the present
invention relates to a novel tim ng nethodol ogy to
i nprove the performance of gl obal storage in inmgers.
BACKGROUND OF THE | NVENTI ON [ 0002] An imager, for
exanpl e, a CMOS inmager includes a focal plane array of
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charge in a doped region of the substrate. A readout
circuit is provided for each pixel and includes at
| east a source fol Figher OFMEVENTION and a row sel ect
transi stor for coupling the source foll ower

[()001]t d aﬁ%ie%géentt %\aerﬁﬁlnl‘fmt&;geﬂ@%a}ulyj tB%em]—é&\dgcﬁﬁlin@ &, More

typical'ly has a floating difruasion reglion, confiecte
specifically the pas@noinvehtion eelats tb alnovvltimingitetisddology CHaF6ve
generated by the photosensor is sent to the floating
the pegformgnrenf glehrloriorage imifargeTbncor porati ng gl obal
’ storage include a transistor for transferring charge
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transi stor .for transferring charge from the storage
node to the floating diffusion region (unless. the
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reset the photodiode. [0003] FIG 1 is_an illustration
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floating diffusion region, connected to the gate of the source follower transistor.
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)



110, and four transistors: a transfer transistor 115,
a reset transistor 120, a source follower transistor
wb2B)7/1amdsa row sel ect transistor 130. The pi xeCtTAB007/006597
accepts a TX control signal for controlling the
conductivity of the transfer transistor 115, a RST
control signal for controlling the conductivity of the
transi stor
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power potentlal VAAPIX | ess a voltage drop

140 dusisgeirgsetdeniodh reset transistor 120. This vol tage
drop can be avoided by boosting the reset signal. The
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to a colum line 235 (FIG 2) of an ina |ch
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can bl avo&%d% Ci:toos{ R tﬁehr%sgé 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
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off reset transistor 120, the TX control signal is
wesseviiesds This couples the floating diffusi orRCTAIR@/006597

110 to the photosensor 105. Charge flows through the

transfer transistor 115 and di m ni shes the vol tage at

the floating diffusion region 110 in accordance with
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for cargéspling bpémtibos of Gievimegengd he pi xel reset Vrst and
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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 eacrr 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



out puts of several pixels 100 in the selected row are

si mul taneously sanpled and held, and converted to
woi2go7riakssgal ues. The digital val ues are out put pCw/uSb@®?7/006597

digital WD 2007/111845 PCT/ US2007/ 006597 processing

circuit 220, which perforns i nmage processing on the

digital values to produce a digital imge. The
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a storage gate transistor 305 and associ ated storage
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for exanple, imagers including global storage, is the

Global Shyttar’epinelsa Priernd oedisedy skilhom e ayf woatk appreciatd thaTties
may be.caused, by surface generation of the dark
currefl{hy R or AR R RN aT B O R FOFAEs DT EE R Hereed
nodegg&@gﬁdsﬂ@@aqﬁ&g"current of the storage node of
gl obal storage pixels may be as nmuch as twenty tines

reater than the dark current experienced in a pinned
IOOUghothn%b', g5e grelemn epicqentergshwher aigsage notles aronted with,

for exF{engﬁ%{gl[eHaEQ s%‘lah?lgnegdgl\é\{netﬂhst(%lagg% thsetp%gasiaeg\%e %i‘ AR IinscmL.assed
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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charge (or snear charge) which is the conbination of

optical and electrical crosstalk to the storage node
woesaitiisag in a |l ow shutter efficiency (SE). Orce/ush@?7/006597

charge stored in the storage node is readout during

t he readout phase, dark current and snmear charge

begin to re-accunulate in the storage node prior to
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degrades the imge quality. The inmage quality is
especially degraded in low |ight conditions when the
frame rate @EE@UM@ EFCHRFINEN HAN nger
integration tine. BRI EF SUMVARY OF THE | NVENTI ON
[0012] The present invention provides a new timng
[0012] et Tbd paestna ppantibn provides A newpiimirgsmeHwdoard appraates
. of global storage techni ques. \Wen a storage node is
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reset a second tinme when the charge is transferred

prior thrchmaeteartsferaromghaphpipspoiprsddhe sigragrenadsiaaffegtbiebet
reset AR3LE ﬁlrrltenv%hen 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;



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0013] The foregoi ng

and ot her advantages and features of the invention
woi2bd7/11besone nore apparent fromthe detail ed PCT/US2007/006597

description of exenplary enbodi ments provided bel ow

with reference to the acconpanying draw ngs in which:

[0014] FIG 1 illustrates a conventional inager pixel;

WO 2007/.131845 PCT/ US2007/006597 , [ 0015] FI
[0015]) | uglocg:% styptep ﬁﬁg%‘ﬁgﬁﬁwlizz%a‘eﬂﬁégﬁﬁﬁlﬁ&&&é 117 of
FIG 1, [0016] FIG 3 is a schematic circuit diagram

[001é[?f | FROSY is Rl KREmhRE LD GiaBrfth QP Bhages Hikd] §hc1@8MICLsIobal
0017] FIG 4 is a timng diagram o% a charge readout

shuttepdetibe pi xel of FIG 3; [0018] FIG 5 is a
timng. di agram of a charge readout for the pixel of

FI G i.ncl udj ng,.a gl obal reset of the storage es;
100171 001§fG-r5| iga gnpg Gagram ﬂga eharge Leademt é%tfﬂa P g E@g 5
for a global storage using a rolling double reset of

0018N EXROM B %ﬁﬁmgqﬁ. b pf it PERIDGR Forl tAY §ldl O FIG. 3
[ 8?0020] FIIGa 7 1S a det af)l ed {flg'ran ng di a‘zgrram%?%)r t he

includiidg a glpbakbmstt dfthastoesgempldesy enbodi ment of the
present invention during pixel readout; [0021] FIG 8

s a detailed tim.ng diagrramfor the rolling shutter
1001 o FHt16 i Trplna R BT BRE B ot & PPLegiEe teing 2
rollifg W& Hi: Akt $0R2&lenfH1Gy SnbSdigndnk B A SHeadH: 3R Midah

i1lustrates a nethod for calculating shutter width

for an exenplary enbodi nent of the present invention;

[0020] 00 281G F iga detrilest minghdipeare fer the gellingirespt ahnio PxempRDy
.0ba Qr.age i nmager. i xel used with. a gl obal
embRRRL o eier MR on ke plREGeldd, 2 O 008 i

storage node; [0024] FIG 11 is a timng diagram of
[0021¢ har GEG.rsciadalstailedr tithgy diaftanm prrthe edlling shnittecrecsqfany
enbodi ment of the present invention using the FD
exemglyy gmbsdimggeof Mggupsenpinventigh; F| G 10 i ncl udi ng a
detailed timng diagram and
[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.



[0025] FIG 12 illustrates a processing system

i ncorporating the imager and the rolling double reset
woi2nomig1sak t he present invention. W 2007/ 11184%/US2007/006597

PCT/ US2007/ 006597 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON [0026] In the follow ng detail ed

description, reference is made to the acconpanying

in-wni on PECARTRA RSB OR of PR Ra S, 7T 2

enbodi nents whereby the invention may be practiced.
These enbodi ments are described in sufficient detail
[00261 0 elmethledolidiping detkildd depcriptiomaefgrance ds mare ta e use

t he i.nvention s to be er st od .t hat ot he
accor TSR SRRy Bishes R P9Ecp tas TR Ut And iy hich is

showL'lQ)q) ‘ﬁ of ﬁﬂ&r@#x@ﬁ tx)'a'rxgﬁls eﬁhﬁ;ﬁ%@mts FeherdBy) éhe%v&“?d}%ﬁ be

materi al s ‘use be made w t Hout departi ng

practfcé@ MThbs: erﬁwdlh‘tened’lﬁeslé@cﬂﬁaedf intshéfiqiere slendil oranabie thnse
[0027] The term "substrate"” is to be understood as
skllledelft ¢he ardo makeahdruse ghe inygpen.altdsto b?cqlrnflﬂr#gog ithatsher

emboigies S o BRSO LSRR Foges o
well Asaatshges% Bl b £105a15 UBRL th &b O¥ade RABRD UL SR PRARRHIUEHGRe

roundation, and other sem’conductor structures.
spxrxtamﬂtécepmfmepmhmt imeh¢ivance is made to a "substrate”
in the follow ng description, previous process steps

[002752 %Feergg’en gtrﬁl;?l gs? t% geou.l{ ers og gs 3eridd Utn C'.L?@&S or

ase senlc

subst?JtEé‘EIcHIcﬁn? Gilil O NHRNOh- Lr{sﬁleﬂé!xddSUIPdSh silidif-on-sapphire (SOS),
sem conduc need not be silicon- based, but coul d be

doped asddxr@impsdlsmmmngammmle@rtﬁxgéhmmﬂ thOlg atppented by a base
arseni de, or other a_rvvn sem gonductor

ials.
serciqRURB1or ARy At RB1oF PRIt 6" 5 BRBT6: A SRRol rhen

refer %la llS GQRE 2L DB RratPNALRE RS BE R AT pRfvious process
ot osensor and transistors for processi ng an

steps eh@chawa:laden wiligedlio foromreagfiey, jlontignesd mareaidd kyesnin or on
sensed by the photoconversion devi agﬂ@g @F%l xel s
scl

the bﬁeﬁ%%tﬂiuﬁé?’é“‘%‘cgfré or fppdatione dn 3 Bycoqetuctor
need noyge g {h¥g? b&@&({(lﬁa %Tetngéi 5!.? SlfhE&.{] béﬁﬁﬁu{rp gzlalﬂégglﬁh,

e sa exanple only. It sho
galluiifi dﬁieﬁddho dr 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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that the invention may be used wi th other pixe
arrangenents. Al though the invention is described

woOen@imissst h reference to the architecture andpPCT/US2007/006597
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,
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present Invention is defined only by ‘the appended
[0029] FIG 3 is another enbodi nent of
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phot osensors 310 to the storage node 315 for all of
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ti Phot osensor reset ate 320 is used to
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uansiswcspmasilu&emlmttﬁahﬁswreml shutter pixel circuit 300
of FIG 3. PDrst 320 is globally pul sed on to reset
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all of the photosensors 310 of the pixel array are

is accem#efeérm@énomewg H10 ok Shpcrircehasrast gV age shisrrsgate 805 is
globaﬂg{ ul%1 NeShA Srg%%ﬁcusl{l L&A dgfqgiéﬁgtoggesorr]sggl%s c%feﬂlie pixel

arges orage no
array’ ¥ tlYisfePditB tHe1[‘ eddpbfidh e RAABY hod BRI hRUhe tAces are
y g 8

charge stored in the storage node
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 storage 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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315 effectively resets the storage node. As shown by
FIG 4, the storage node is only reset during the
woeattouis4s Consequent |y, the storage nodes of treTmiSz@i7/006597
array are reset row by row during readout resulting
inarolling reset 405. Dark current and | eakage (or
snear) current affect the storage node at all tines
V\’het({‘ r.a charge is stored in the storage node or .
curreRpIn %gk%&?q%r %t eppipximptely thesapeReBrrel @seis3Qrin the
. [ hxel i ' re .
pixel 3Ry, Bh 3% RefeRR00 o0 PpLIE teadof Blthg (R Fipen Frappe- Ve
is highpied e tdtcalibl@lkiag tidYe (tBhdWRich fife EabheS VRIS is low).
approxi mately equal, the affects of dark WO
2007/111845 PCT/ US2007/ 006597 current and | eakage
[0031E yr r Bkt Sdf @ tinppe Shiagramerip ehnsgeeard onblor shecpixektirauii 300 of
00,10 _the kxel array. tsN is dependept .on both the
FIG. TaShicind FEiol ¥ et B (% iaree rpdrve mratieu e gRp Ean e
accurhiRtaéeintthe ghowséﬁiﬂdrg 814 bﬂ@\e(ﬁikﬂ%r%,eﬁntﬁ@ox%rtﬁg@hé%& fre
is low. [00311 FIG 5 is a'timng diagramof a charge
transfep@ddathd assotih@edpitmeigeaiodesiB15, 300f die stbiage nddenslsh thg
. .a global reset of the storage nodes. During the'tine
pixel aiay gesregplavith aarlabrlstwaes Rode eespriiito Jbkeapkal stogagsf node
' , ef.ore char are .
reset 0 o B e b B Rl G 0 5 B0 omg e

Thus,Meféle@haigeriagansfedrd f2dih eath bhthe fHot@enddrt 8Y0 af @elfiR@t
with a global storage node reset 505. The gl obal

array & thesgjeragesedes dzef the pixal ames. y stirags nodescrh effectively
transfer transistors 325 on at,.the sanme ti . _ Thus, .
reset | OROE S opP PR Hhsagy St B Ao ofReo1s of e pise

array he tcﬁ&x?%§ BfStraddleRbd t e oting BF18¥n k8ibRS36 LAk @?gow as

nodes 5 of the pixel array, the storage nodes a
descrigpfi @bbveehy illustisged bpacentaeisas ofithel tatsed FiRGrdgas] ke

tored in the ra odes, 315 of the_pixel array,
R L o e R e e P R
resets{o?%@&o?%%@ A, Br EQ?WII?&, LRESSIEPE S 1B Ylg tééf &FIG44.a nd

| ustrated by a conpafison of the ts
Redudng tliweamglobael tiise tiadearge estoredah S orapgHddedediices the
reduced anount of tinme between the two resets of the
affe“%%&%(&é“ﬁr@&é ang gpeag gisent ony hyptesed chages Idgallpghe glednal
- i - f oL t
sorads ALY oy ARG IR ATUHEL Bl e e crge
from thiefptet Ssefiford 318 16 tHd Rbilagd RAIESBH, ALHILSHAtean FIE. 5, a

stored charges. ldeally, the gl obal
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.



storage node reset 505 occurs imediately prior to the
gl obal transfer of the charge fromthe photosensors
wBk07a1g4be storage nodes 315. As illustrated PPOTRISEH07/006597
5, a disadvantage of using both a gl obal storage node
reset 505 and the rolling reset 405 to reset the
storage nodes, is that the tines for which the charges
re red in th storage, nodes (ts varies row by
[032f ﬁlégﬁ 1@&%?%5‘%%% q%ﬁhe@qf,tor@ﬁ% hgri hEopALT eSS
r ' Lxel aci at.ed.
operdtkfl i PR SPRERLE MR M SR B 5105 B e
of thd piéBertiAv&GRidnS /A i0ueElated, 118n S FALEYS dtelfSasthe kiRage nodes
pi xel s associated wth row 2, which is | ess than the
315 of thegpikelNircuith 30t ¢frack hawgee efedivvtewseiwhemr tenslea ransistor

325 is%gg%sch% 8}4{}: ?%;(agls’;ﬁggg%%%om tg ggor\é%%{)h’ﬁeoﬁﬁs t@\{l\ls)ferred from the
storaé% hoied 3B G5 %nk pgat'iﬂ%gﬁ}gds%n 2 ﬁ@%OS gg 3%? %xg&gé%y%%r%%1ment,

orage operatiron using a relling ere

the glabeIdtoRIZe R0k rEbeBROEXIRRhRA)IN TGOS iifi®VHich 8AcH dfethe storage
present invention. As illustrated, rolling reset 405
nodeg3Hwsrerssetipgios tto slagiéerrgade 805 Bibg plilseHeonp isweplased avith &

. 300 of each row are. effectivel set when transfer
rolting e 55 b0 4 P 5Ol BBy et f Brreuinhe SEBRLBis
storagdRodds®18%fe RREEHIEIoithe FIMAPHRREEHof the ThiRE acSh@LBAE] in

node 315 to the floating diffusion region 0. Inthis
each ekibephatosensdre 81 Orehthe pitdlarglyabahe shorgegedes G5 pedetpixel

5?5 ilJustrated in FIG 5, in ich each of the .
arrays {3 pdgisionnbirdiingsiils soragsaroqs iegtts Phedhrereroidhe wlling

. . I .

s 2 800 QUL G 0y SPGB i caco

the sterugeirslet BaterBed ophedritidentioflageo8aRe fows SStated diffsfintly,
prior to the global transfer of the charge accunul ated
the usepf the eolling shideryigert§8a and the mlbingreseh#0fogethenfthay t o
. St orage des 315 of i xel r . kn
comblyiii SRORARRE g el ch R e Bl B ekl s

“rollif@aBubRWEsedf) fefidt frOlslni="tgh: =3 kb Sho R SR FIC QDS JificeSdieh of
that the anpbunt of tine that the charge is stored in

these ¢igees age idartisals ponergly ideriEgalj dejeffentsiof fire darkirmarany or leakage
I dentj.cal  across the, rows. ated differentl .t he
e R AR e S L ST
elimih£6&! THO 501119'? ehid@dr rbbdt@05 eedhk RRh k&NAE aftbetheQbhddift for a
shutter reset and the rolling reset are referred to as
givengow. 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



"rolling double reset") result in tsN1L = tsN2= tSNn as

shown in FIG 6. Since each of these tines are
wodestite®mb, or nearly identical, the effects oPctrhms2007/006597

dark current or | eakage charge should be the same for

each row, in other words, the imge shading is

elimnated. The rolling shutter reset 605 occurs at a

set_time after the readout for a .giyen.row., _This tine
resetting flogsing,ditfusionyregign AP0 £ pRRASTEPHEL FOlfeR, ki fcharge on the

(VI Kk [ Lti.onal Ly, t LITe .
foatifs BRI Kl oo RALLRTE, 1ol 06 ofIER D0Biuek LiRistor 340,
hich 1 tF-8E1EE] 8 vehdRETRI Rlbsél@idat ahgﬂédﬁ arhpRka@Ehold
VVICcharge. [0033] FIG 7 issgﬂéetéfﬁe tin?ng giagran1for
circuitdyewhetd a pglse és sampBSrdfhadd cirewidryploarasebreaddithSiiR)of
: the present invention during pixel readout. Vvéh )
repregead Hine Wherr s reget yoliage festated 2 sfoPI8@nd fold capacitor
indicate a specific row or a connected portion of
[0034] " 2NEh&LRSRord st R GR35 id BEhffstctRA (BIbaBAR WiBhsion
signal s pulsed, turning on the row sel ect
regioh B3MBY sluding3db iraRefee pateteansissdr®253 The icharge ioefthy fibaringd
__on, thereq¥_ WD 2007/111845 PCT/ US2007/ 006597 .
diffusier eagiomash isGRPHIAY telthergrde shsouses oHowsy tiagsigtor 340, which is

t er ni ned_val '
e SRR e TS BB PR sl PR
circuiti§! foPPBlel bib ARS8 St WHEh puMb BEIS ik Sppli@n SR @A IS Sindicate

vol tage and subsequently sanpl ed by sanple and hold
signalsitp drantsisiors dirdrage wsgsUfos storingsthapeset andlighl dgedlvaliesapd

for reset readoyt. (SHR resents a.tine n,1.h
may GeGEPRGEIY TG TS “BEBY AP oh L BRI o 2ha A g 1o 7 HESG gate
may GAPAHd B a ne;éa@igg HireChah BFinSS Ok 8 GranBfed bPRIRDAHG &L Sharge
Is then transferred to floating diffusion region. 330

in thephdtosemsog3ntotthapwhage watesd16r egrtivdy biRmg thed @ pate genot
on the floating diffusion region 330 is applied to

requitqeefog RractisieshG ceemplTy STRACPER IS H Presan’ IR i s
translated to a voltage and subsequently sanpl ed and

[oo3sel drrey s38ABE&I1RA %Rk Hiadrh it he/rdlBig SHutR)r r&de8BOY of the
readout when pulse SHS is applied. SHR and SHS

storagamiddrad 16 ingicgrrdrsce withraareesiplary enthadizment efsbe present

) storing. a ight..si.gnal val ues and be. .

invenfipfe ARICrlE Rolfor fiopal g P BT S0P AR T G ATy bportion

of tranfi0Ms ik ElFed rdnli@c® BRLEIINERYoREe Rb@SRE el TASshown, while
negative direction to inprove transfer of the

reset fransistor 382t ihsedgen, transfer transistor 325 is also biased on to transfer

the charge on storage node 315 to the floating diffusion region and 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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in the photosensor 310 to the storage node 315.
Negatively biasing the SG gate is not required for
wonreaetiles4ng t he exenpl ary enbodi ment of the presents2007/006597

invention. [0035] FIG 8 is a detailed timng diagram

for the rolling shutter reset 605 of the storage node
315 in accordance wth an exenpl ary enbodi nent of the
present invention. In FIG 8, RST, TX and SG al

storagenttideadwrirg thpeocllingresean 408 and ovinecthe dtqyegd node isgéset during

transistors in a shared architecture for rolling

the rolling shyutes seret & obs ngtratrdnfiomyif eial tp éls"etmterl%?ﬁ@ﬂst’%‘r“
Fram%f‘?ahdzls 2\ @%}S@%f %Qe ti e rast{r%;VglL&%Sl'o% qlf\saf?‘\?&e{n 1

rans charge on or ag de 315
embolAntRE tshul PBlLDE] @ tta‘trrsL&rrvrtegmenam dIr%ﬁﬁddaVi@hYML@ﬁ@t
t he storage nodes 315 of a row of pixel circuits. As
equals HovimiepefibGwigen Fren®GVghidés lvay, tsdreisttha sioae qinﬁfeaance between

negative direction to inprove transfer of th
the beginning|cAthePdratige qfihe piyteese Qt?rmsi entlbther?éart of the

t d 315
followsmgrfra%e\ nol de &rxf is tNS gi%t\el Xi?éeyer{) %%W& eﬁtﬂ’%@ ff‘f\e

Q
requi practi dinment

‘transff trtahﬁs%rr Sﬁ& e Fﬁhé@ RilnheOBE the Qﬂé’t@er ,J,:At@an@ trisﬁ roisithetifig
di agramwhich illustrates an exenpl ary nmethod' for

differema¢echdtwieemthet t8he fiicen thehfind] reset jh thetriolng maéwtano the time

th h th 8
whends Pagsou TSI Kot PR aBS IR KU b (R gi=ne
assocfa?é@k1tﬁ%r%‘i’ b&hS A& ﬁB%QH@ tlmhéﬁ fxraﬁfﬁee‘iralﬁj&fs'lw Also

l1ng shutter reset 605 | ustrafed, tFrane
asﬂhmﬁa&ﬁuaﬂqﬂo9UheﬁhhﬁﬂmperIOd mhen Frane_valld i's high
pl us the tine Frame Valid is low In an exenplary

: rrb hut t
0037 VprEggRrapIqpotd eheh P Bedb dime of 16 m g frapesoeo) at

an mtteglﬁlrémueg Hel6d B Bwith ARhRREL Ste WG clirrédinf Yabo é/s I(a& 55
low, tSGFV is the time diffeérence between the

degrebeglrenngnglebénct ) ehwptnctwte leabagyf oft Qw@E\é/hut*t@r(%"étseuam

til th sta of th f ol franme
efficieygp) the (o) 00s FERTRB LT HET Far s "DE VB R B3P se
descr%b'eﬁ%q@’f[(;tpﬁ calch[zﬁ@@fagfolfo%ns' stor and the pulse tine
of the shutter gate and tRSTn-Fv is the tine
di fference between the time fromthe final reset in
[0038} he TParldignpl FdQBauk 200 tR@0e i me when the frane-valid
goes |low. As described and illustrated in FIG 9, the

(0039} Lﬁqr%éﬁ&%ﬁ@%?gﬁféggw&béﬁﬁ ~Bkanking is equal to

lidis low Also

[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¢

12



as illustrated in FIG 9, tSN=tFrane-tShutter. (0037]

For exanple, for a sensor wwth a readout tinme of 16 ns
wO@7ines¥es/ sec), at an integration tinme of 1@OTMS2007/006597

with a shutter gate dark current of 2000 e/s (at 55

degrees Centigrade) and a shutter gate | eakage of

0. 05V/  ux*sec (95% shutter efficiency) the total dark

[ d t.e. ith [, 0 mi
ro0el JeF st B o SRR AR et o5 Thgle Fobafent
mten%{ge-qyag{@igﬁu;_oo m x 2000 = 200e [0039] | DKShot
Noi se = (Dark signal)1l2 = (200)1/2 = 14e [0040]
SGLeakage = (0. OleO_Oxl0.0n)/CG = 7143e where CG = 70
[004501V/ eAambowhghe ighof themokkingi dopbleregefuathintgored @is inan
DO PR G PR BT R 4SBT Ao TR Sk BRBTPBaR Sk priesnt
N I .as. f : i . =16
shot eSS B ER sk B Bayg et  EBE gt Bng d0ulTe foce
ﬁmmggaaumes the 2Rrk QB4 Adik8 QQSE%TU&ZQQZ 10961 Yvel h@%ﬁé& the
GLeakage = (0.05x100x16rn)/ =1142e ere CG =7

2000 ¢fydarlaparrene |ight intensity is equal to 100 | ux.
[ 0045] As shown the use of the rolling double reset

im results in.an. inpf.ovene % r.eduction for
0056} % 100 e PR BABRENY e P TR lan

pixel 08é$ i8Sl BAY SRAKS HuRRidnWwERHIstREs dalrBe LieakatRtinghe
use of rolling double reset timng results the dark

diffusgiom nede anél sloen ppbetiling mgpplaegse starage masdy. i Whbh @ glehadkhutter is
spite the 2000 e/ ark curr . 1,0046] . FI 10 is
used, S Bhrke TRy Bart SPAGPATIOT H101pr HEuimedags ode
1030 foh RO th@bi%:él cins e 1008 br ﬁh@i?&%;@"ﬁd%@éﬁ@ Afde! Photosensor
whi ch stores charge in the floating diffusion node

reset gHoks)@ase N0 isitised waresetshephatoserstond e Trodsfer Whnsistar 1025
transfgl ohal shutter is wused, the charge transfers fromall

Fotheean Egps thecpltptessneorel P s thedioatiner GiEfpsioniggion 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
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1030 for all of the pixel circuits 1000 of the pixe

array at the sane tine. Photosensor reset (PDrst)
woave/1ife is used to reset the photosensor 1020T/US2007/006597

Transfer transistor 1025 transfers charge fromthe

phot osensor 1010 to the floating diffusion region

1030. In pixel circuit 1000, the transfer of charge

fromfloating diffusion node 1030 to the c

|
node grpeffnf eprineow of thesrolling slyaitsy reses d1 10 isigech F%agttﬁggmount of

. di.ffusion de ;1030. Pi xel, . cifcuit i udes
time asigp PR it st a5 g ol et b e BEE55
read ARG ideAMEAT Bk BArl IdRRCT RhroskAe rolr808talediBierdrkly, ShPuse of

timng diagram of charge readout for the rolling reset

the radfingshutestenstal 10 @nd dd rotlivig whet HOS pogshert (thewmnbination of

using the FD d obal Storage inmager %£ixel of FIG 10.
the roling shutierirgses @nd the relligs ressbarerebmrestioasa ‘Felipgedouble
Joatjng diffusion ode 10 he pi.xel.gircuit
reset RO el P are TR B T ey SeCere{itof Feb HblS o

identicaP B8 he4: ) idkddieal Brdiilct®bfARe BREk &liettRNE KBl ChBGeisRould
the floatlng di ffusi on node 1030 is transferred to

be thé¢ frene fdrieamh oosy pint othenw ofdis Gmagdhshadihg isajinsimatede 'Thegoling
1110 ensures that each %f he floatin% di ffusion
shutteryeset 1133 0care af e setips pHer the TerleHIBhA B Y EA%  er t he

A GNP IFRATHLOF e g PRl b ARG gt f isfie

to redifcelth€efféot£bf ddrkayrrelnh addtidkagéichddge. ti m ng of the
storage WO 2007/111845 PCT/ US2007/ 006597 node resets

of each row of t rolljin er reset 1110 i s such
10015f o, Sihec st T +iNa fod RSbh TPRISFGA FResErcsindt per
connéc‘:t‘écg altqﬂ)gz.séf Is&(ﬁ%?ﬁ g%h&%ﬁe%rcﬂ%dr&%, e Al doh B9 signal is

rea i dentica nearly 1dentical across th

pulsedOWaningf @t ek 10 $edece iialnyistar645ISEhotharghenrtivd flbagng

. shutter reset 1110 and the rolling reset 1105 tgﬁethen
diffugipm gegionPItie irprlied to theepats Pl favgs fatiovesr tragsistor g0 piiich

o s ar SRk 88 o LR ko o] AU o
circuitdy: foSiph&e sigaaireafiofih@hen pulte SHB & apiptied! Resdt trabkistor 1035 is

~nearly identical, the effects of the dark current or
briefly duknegeore Haargly ssetiing flopdingriiffygion regiond§8f tq srredetermined

oo % e RS SREEBA " BB Ol B
sourcdeG8MANEr frRisiftof i VRN WHIM 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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Additionally, the length of tinme between resets of the

storage node tsNis mnimzed to reduce the effects
wofhoararnksssur rent and | eakage charge. [0048] St ipCir/US2007/006597

referring to FIG 11, RS1, and RST1, indicate a

specific row or a connected portion. of transistors

in a shared architecture. The RS1 control signal is

uls turni ng on the row sel ect transistor 1045. The
[00495 har Egjolr? Sﬁ“ﬂ@fsgmsm 1780, 35ypiced PERFepg Suttemomgdified to include
. ' J f..soukrce LI LSt or
o s 82 3000 B BTEE RIS AR SS Ura yoer
havirSt8Be@UeRElilk thareledirdahd el e Rinsr @l RedNWilRIA being
circuitry for '‘pixel signal readout when pulse SHS is
limitingpbudda stemicoukdanslusie arcotrG8fer systepn,icafrieya systemdsanner,
thereby resetting f]loating diffusion_ region 1030 to a
mactine Yisfaal YeRiste naysiAtigge VideA #hengsyE v SR ey piegarpiRy focus
i f . . 0 . ¢
syoufl At RIct SO0 ARG, LBl 81 874 sPlpags e
systelrs, @ vol tage and subsequently sanpled by sanple and
hold circuitry, where a pulse in sanple and hol d

circuitry for reset readout (SHR) represents a tine
[005Q)h e nSy ey BO8: oy eraraple & @mars pestegnseeraherarHes engral

. o . . o | . _
procE R P I TEPAD oS s iR iaeb? ae Bl S il

inpugbeghet e1/0) dedicy ol 5ager a Tae 12innge o dédiee 1losatiéang
diffusion region 1030 is applied to the gate of source
commighicatgs with HestRY d210 agrche s 83200 Thesupterald als includes

| t d I J d h
randgAcEiE PR R Fioedng AR P R RBR A BBt 1130y such
as flabRmdRSBL WIBAHANS cdmbiRhictERIGSRBR (P1R13 10 MO L E220.

reset voltage is stored on a sanple and hol d

The iowgacg tdevice 1240 1RA8OF¢ ddrhBided PG WP2O@EIGVEEDASs  OPYIligital
) |G 12 shows system 1200, a typical processor system

SIENABE FFEY PO HEP RSO R N Hheh HEOHEReReTY stisegt of Aengle

integhdt¥& E&Egﬂ or SRS EHSRM S Warl ﬁxegﬁl‘ég@lﬁ@l y of a system

aving digital circurts that c ncl ude i mage
sensor devices. Wthout being limting, such a system

[0051¢ oul dhe devigeedescrberpaitave iysratentypigatatexicsy of many that could

scanher chi.ne visian, vehicl avi gatj on, vigde
R R T R W A T TR
achiel/b A6KEbje &Y S OresTRAd Qv ARLESIf A SIBLAThvARINE ! HoRSver, it is
ot her i'mage based
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 the following claims

should be considered part of the present invention.
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systenms. [0050] System 1200, for exanple a canera
system generally conprises a central processing unit
wOGCh)1118430, such as a m croprocessor, that PCT/US2007/006597
conmuni cates with an input/output (I/0O device 1215
over a bus 1220. | nmagi ng device 1205 al so
communi cates with the CPU 1210 over the bus 1220. The
system 1200 al so includes random access nenory (RAM
1225, -and can incl ude r &feVa8* e- renory 1230, such as
f Wasdt isrelaingd asnhé e ndldesired mmmpoaeaedby hetthes FaRint b2 i
~over the bus 1220. The inmagi ng device 1205 may be
Unitedgitptepéss with a processor, such as a CPU, digital
si gnal processor, or mcroprocessor, with or wthout
menoy y a
e B A S
pixel @itk DEbtabaiser, ial firgsitomige réyiphantl adrusrakstonfgeregiyn, said
that could be used. The above description and,
array i piveigseing Icosfigianed asmipddiatign psrowihanchcolutiisespid meghod
opjects, features, and advantages of the present
COmPIEnt i on. However, it is not intended that the
present invention be strictly limted to the
abovgcgadniihg dhands ir daidiphemkatoesybodi nents.  Any
nmodi fications, though presently unforeseeable, of the
present invention that come within the sgirit and

scop8sipg afiat yolingigsatodesat sard RGTPIREE &eTgHS PHET iy

trms%?ﬁ#‘%%éﬁ%?? 6(8%62@ %9&&%}5%%%%%3; i \s/\Dc I22|0r7n/9 é ' ;2 ’ ﬁ ew and

desired to be protected by Letters Patent of the
Uni t globsiintesesfesring said anatrholdtast clopgesdtém gaishplatpsepsors

) pi xel s of an | e sensor,. each pixel having a
t°“ﬁﬁﬁﬂPﬁ§§ﬁ§6$sa%ﬂ%%?@?“??&?@ﬁﬂaregion and a second

storage region, said array of pixels being configured

as atrphsreingd %hi@hcd ONElaBAL RO d4ITRSM ssidi fikshabRRd regions to
conprising: accunul ating charges in said photosensors;
respective ones of said second storage 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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using a first rolling reset to reset said first
storage regions prior to transferring charges to said
wohi2n@t118848r age regi ons; globally transferring erds2007/006597

accumul ated charges from sai d photosensors to
respective ones of said first storage regions;
transferring said accunul ated charges fromsaid first
storage regions to respective ones of said second
st oragesfereigigeai] aesuhilated charges seced th said Ifirstgromesfeinid f
said first storage regions, said first rolling reset

first storAES BSOSO SATPELBY S PR ofesaict secprd §IOFRGRYTeBIPTE a0 | i ng

doubl t . di t ot i di [
e SRS e SRR I RLIEE IR0 1

wherein said rolling double reset includes: resetting
a fitrahsfe@iMghid addntilaet dhogeagored ¢h said sacdrid siw df sued
prior to said transfer of sald accunmul ated charges
first sfqrage segiongthoeepastivo pues of said spcpid storageregiens Eld'égi ons;
resetting a second row,of said first.storage regions a
effectivehitese{iHhg FecRT e BT BPRArQrar S8I EaPRT AEEORLI AT
charges from sai d photosensors to said first storage

. T egi aNFhe MADOK ditd B hhebith/aS24)5é4 306Bdtween said first
transferring said accunul ated charges stored in said

reset of sagd firgwowf ofsaidififst storagst isginges andgrishagcend resghebeaid rst

nes, of said second,storage regions,and effectivel
row of seigh Fieh ORPEdEBE® 15 PO T < A} G aR e ing Betgeer
said H:801Q8Sf Adond AR Sk SLiliFIGk stédaGe Q%Hﬁyéngﬂ 64l d GRadriiefeset for
stored In said-second row of said first storage
said seegjidfisw tof said Sipaictonage oegisnof sai d second storage
regions and effectively resetting a second tine said

second, row o aid second storage.regions. 0. The.
e e G R T R SR
pixel Babhgldr ShodifR@lstRhgsabeicd ishit ark HoOhixeBIAirgl dotlfigured as a
-storgge regions and said second reset of said first
pluralignofofovssardl ddlusins st agthadeepropssing: appr oxi mat el y
equal to an el apsed tine between

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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said first reset of a second row of said first storage

regi ons and said second reset for said second row of
wealal/fiigsst storage regions. 4. A nethod of opeCcausSP@7/006597

an array of pixels of an inmage sensor, each pixe

havi ng an associ ated storage device, said array of

pi xel s being configured as a plurality of rows and

col ums,_ said _nethod conprising: accunul ati ng charges
in sHrAERHBI IS Fomsarhecpnd raw i s3id assoristed starase

devic?ss lsooatlc i?e?c%gg rggvogfaaggpc? %\\3/\;1 glggtgrféé) raifggsfi(;r{ F’etggcgen&%g%egfjgalg resetting

esge ng a secpn \ SOC!
for a 862%h8 &8nd id BeddridSfowt biRsocibte@REI8ES HOG LS sﬂgu | at ed

charges froma first and a second Tow of sa
phot osensors to said first row of associ ated storage
devi radingelutthe sbarges residiog in Hesiedtingetitfusiongggions.
devi ces respectively; transferring charges fromsaid
firs f ' i,ated stor . Lces to. a.
et TS aEbEaRRTSTREE, N GhAR s HF KL ARl e
reset 6f 84 HrstabW 6@RE&L hdsBBiatddtord g8 86O#Es Ahd'Bai@ 3kbi{d febdt of
row of associ ated storage devices; WD 2007/111845
said fRETYAYER0EIA 68EGIted stomapsfdaviden ds afraogesattlyomushiaan
- second row of sald associated storage_deyvices to. a
elapsd SR D oI dirstiearal AR Y FF SRAGRSIAPB Arase
deviced 55854 8bYol £RELLdAid JeRbndrSif P B dlds IR i5BY drc® @Qﬁces.
row of associ ated storage devices; and readi ng out the
charges residing in the floating diffusion regions. 5.
The 396@@&@& afIredlweing Wieeatfeicts ofdlack aprent on achirgewbead in
said first .r Sgl of said first row of said associated
a storgge Pade Fn gl i e sl BRPIRRE. of - sard 11 1ot
row of said associated storage devices is
- applisx bimsire  pRelivadnsbOradst trohafs LaksbLiaRdRItWRGSx8ab deset
first reset of said second row of said associated
aphofgsgpggje devi ces and sai d second reset of said second
row of said associated storage devices. 6. A nethod of

r edu&éeﬂ%&lﬁzngg tR iIQE%iQ?i{)hf%té‘s!éf\é&E‘t on a charge

stored in t orage node a pi xel of an imge

sensor conpri sing:
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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first biasing a photosensor reset transistor
associated with a pixel to reset a photosensor;
weaccwmmkssi ng a charge in said photosensor; seeomas2007/006597
biasing a transfer transistor to performng a rolling
shutter reset to dissipate a dark current charge on a
st orage node associated with said photosensor; third
a shutter gate transistor to transfer said

bi asi n ] [
chard eighea%mﬁsl ofidamyy vehgrainghe tiaebriyeen saighsegond reset of
. tora n wfourth biasin aid tr t.r ansi st.
satd FhAPREA0 08 1l QUL BLAT AR SBLACLANTLEL LRGSR e
captuk@istppr&airlatdly dhhAIts iaQfint BEHiON vARE IHEARCV/EME Ylow minus a
resetting said 'storage node for a second tine; and
time dliffetdncbibasierg the beginaéigect the pahwitihe of g slohttérthgete gadl d time
charge stored in said floating diffusion region is

until p gkt of the foliyyingdrame yalidmweyy 44 fgrsEse petweenmpulse
. et hod .of, ¢l ai.m wher ei h i i )
e G BBl s HOEE it O B n TR i giterence

betwé@SLimelraialadinkl s thedsllihp et iithhs 8 dRAvherRIE
capture is approxinmately equal to a tine period when

framd-valid gved fosv.is | ow minus a tine difference between
t he beginning of the pulse tine of a shutter gate and

a ti until ,a.start. of the fol.lowina frane wvali
i nu etPrkog R FePlle, ko iRt BB oot o

said dtérAB8 h8le hA@BSIUTeSnERetDbf RIdSROfgER0AE iAcRibidRlacRl €
plus a tine difference between atine froma final

rows pésgpixel arrajre rol ling readout to a tine when a frane
valid goes low 8. The nethod of claim®6, wherein the

ti ne9blef‘1t§%gtﬂohgﬁ cfa%lg vggerreﬁ?%'d Bine ﬁ'é%\gelg ték?cif Lgo(i'ﬁng ol of

ar_ld sal second reset sal storage no
said StGREE BHEOhnAEROSSd sEOWE rodet af fid %lora%é Ayde 8.apphéximately

met hod of claim8 wherein said tine between the
equalrtg|th¢ figerassegiatedl 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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said storage node and the said second reset of said
storage node is approximately equal to the tine
wezseeitggssd wWith vertical blanking. 10, A net hedTfuseoo7/006597
reduci ng the el apsed tinme between a rolling shutter
reset of a storage node and a reset during a rolling
readout of the sanme storage node conpri sing:
accumrul ati ng charges in a nunber of rows of
phot treesfemisg sad abcuhulatddichapdestfose ssidrstorags deviabeth
W th _a storage node, resetting the storage nodes
associated dpatiag 4 %O%I%F?rﬁm\dcﬁﬁeéﬁv%}}iir%?e“mﬁ)%é§éﬁ§‘?ﬂ%h\“§r5md
rd_Of the transf.er | at ed
storafly ShEls 4o 0B i bl S, i G Bl hadit i cor s 1o
sai d associ ated storage nodes; transferrl ng said
accuraddatg ductherchesseb resdingiia tHd fictingaliffasionabgions.
phot osensors to sai d assocl ated storage devices; WO
2007/ 111845 PCT/ US2007/ 006597 ransferring sai d
accubhl Themethed gfedaim Yinfurther @FlBgHb@’é devi ces to
associ ated floating diffusion regions and effectively
resetdsbAthg Qbr e%l%@&@ga§sb£§§tea%@h a SEQIRNS wWIENIGES
associated with said first row of photosensors; and
photaseashm dowalfirdtiengchar ges residing in the floating
di ffusi on regions. 11. The nethod of claim 10,

furt nclu esettj st o e devices
assoUAYEH T FRRCLEERIY Shlrge JeR e SFREFESHLB Y or
secon doivf §E sdidl PhotdsbR&VH &S 4dsD8atehaloaan Hm&el&atégl&ﬁr%ge
devi ces asSociated with said second row of said
resettpilg)fcasaeensm@ titne sagbgiorageattvidep atsonigtedi With shiviseregd ong of
., an resetting for a second tinme said storage devices
Samé%%%?ﬁ“ﬁ?@d with said second row of said photosensors.
12. The nmethod of claim 11l wherein an el apsed tine

bet weenT@htthdd St claidth GRbbi® 8 ORGsELERHeMWe ] sa‘-fauﬁsisc
storage devices associated with said first row of
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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phot osensors i s approximately equal to an el apsed tine
between said first and said second resetting of said
webtor7agessdevi ces associ ated with said second r @eT@s2007/006597
phot osensors. 13. A nethod of operating an array of
pi xel s of an inmage sensor, each pixel having an
associ ated storage device, said array of pixels being
configured as a plurality of rows and colums, said
met hSEeRBSIPT & serpndtingp stidsierage Qﬁﬁlﬁﬁ%‘?sé’f"e‘atgg’ﬁﬁ%ﬂ@ gd first
row Jf#)%(@l?lgﬁ&oasxeqqﬁﬂé PherSAld .mﬁ{é&hsché BmeSb A APerRbh S8R first
of sai d pixel's;°transféerring charges from storage
reset 8RY k&8ss EDEdsat RApprdimatdly bsdstdr@\WcBIss rowX of shd &ray.
floating diffusion regions and resulting in a first
reset of said storage devices associated wth said
fi r st4rHwingl agfaydps use inprigmging devise peir) Risebura006597
Cornr{aset_ting for a second tine said storage devices
PASdWi ated with said first row of pixels with a
rolling shutter reset wherein the tinme period between
sai da plurality sEsedtosn€osdbigareatity eleggé dusing an integration
_approximately constant across rows of the array. I4. A
periogj xel array for use in an inmaging device, said pixel
array conprising: a plurality of photosensors for
gene [ : :
o1 ur AP F Al Wel R bl S (iR R Bufh o
transfef AREips FAym @aBEpQUK e phbseddoansf er charge from a
respecti ve photosensor; a plurality of storage nodes,

each nopde, . coupled to respective shutter transistor
and %Bﬁfr?bfm%%ggf‘aag&eﬁ AT FUIRITE T REPSPRORephutter

transi%ﬁz%@ﬁl‘a_téo}‘tﬁgg% tQ)fst icﬂar t%r@slfér"ré’d Ht)rrpy %s?ﬁgtﬂv%ocfr% ofRaid

[urality transter gates, each transfer gate
plurationéf jghwteskrisorst r ansfer a charge during a rolling
readout from a respective storage node including a

reset of
a pPurality 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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the respective storage node; a plurality of floating
di ffusion regions, each floating diffusion region
woamwTaaisasd to one of said plurality of transfepcgaise®7/006597

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 accunul ated at the floating

di f f Usi Dite pBEI ARay af\daifie 30 $/Hefdin fler fimerperigpdafréml the Rglling

shutter reset of the plurality of storage nodes such
shutterpgseteaf¢he phunrliyeofstnregt sodesstotthpreset whirharsurs dyring the

. of the c e.from the respective photosensor. WO .
rolling B3 18 46 PIOFRUASGHTBBRRUE 1 BoneIE Rt Ferg f said
Pb@ﬂ%h%%n]l4 wherein the time period fromthe rolling

shutter reset of the plurality of storage nodes to the
reset which occurs during the rolling readout of the
pl ur &.i Aypirdl astayringembic®ni with arvongober fogese gsan kmaging

,rows of said pixel array. 16. A pixel array in
devicgqiai RAfel BHARICPRPAISEWAt rol | er for use in an i magi ng

devi ce, said pixel array conprising: a plurality of

phot Q$aRSREBof HotdSR8ER! bP fertd wdwgé BYriAR an integration
integration period; a plurality of shutter

periotly ansi stors, each shutter transistor configured to
transfer charge froma respective photosensor; a

lural ity of d d led t.
PeopettrbBLatitaR? SePdRER FI G R b Bt

transfeR 08l AN BEpREVE pABIRAREPECt i Ve one of said
plurality of photosensors; a plurality of transfer

gates, each transfer %ate configured to transfer a
char g@leralibnef Aorask MoAgs: cadipede satiedta aEgsResNReshutter

trans%‘oqra@\%eco%%%réc{]&l ﬁgien&aggef dkerred 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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reset of the respective storage node; a plurality of
floating diffusion regions, each floating diffusion
woegi7anisssonnected to one of said plurality of pCrAass0e006597
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 accunul ated at the floating

resetoptiqreitlhn trensfien af thervhiargsifepro dhe resPreiveddiftPiprretnch

erforma global transfer. of accumyl at har ges
el iy o b Bt e SR P B of AR PE% array
and S8 FbBW %ﬂu%tgr REEL OF N Birst b 0P Baid Pkdl Qkrah /a8 8bpRiithhRRly
plurali Ty of storage nodes such that each storage node

equal S0 aV\ElapeeY tinkIi4w e BT G261 Gé4cd 06 5 9Fcordamet ofwaid pidedbarray
the transfer of the charge fromthe respective
and pid rellingsbrtignesahelsaidsesand reyoé geidtiing BEAween sai d
first reset of a first row of said pixel array and
sai d 4,0l 4.i r .of said first row of said
pixeﬁﬁaf%ggg?éﬁg%g$%§V%§ﬁ%F€£gequaI to an el apsed tine
between said first reset of a second row of said pixe
arr aya piaaessegiaghdr ol 1 i ng shutter reset of said second
row of said pixel array. 17. An imaging system
conpri sing: rocessar. and an i i,ng _devi,ce .
conp ﬁnslmw%% 85??5?’.18? G eapsargaaru%f{}@g%d? cg)o%IglF% ¥ said
procdBsRE RaRPimagiff; del FBIbAGridRY: c€ conprising: a plurality
of photosensors for generating charge during an
integration period; a plurality of shutter ) i
t r angi RiUsRIEY of pbrtoshuoreforgenpsiiag shatgs e indegmton
.transferring charge froma respective photosensor; a
pen%ﬁUrality of storage nodes, each node coupled to a
respective shutter transistor and configured to store
char geplut-aintgfof shedebyarsist@spachishattengandistontahnected to and

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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plurality of photosensors; a plurality of transfer
gates, each transfer gate connected to and configured
woaodviamsfer charge during a rolling readout fPOmMUS2007/006597

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 fromsaid transfer gates; a readout
ci r cua cordmmiles foregknetatiey timfdgosignalgtadpdrfersn amolingishntten
ouf put ~ char accunul ated at the fl|loating diffusion

reset aPEPLuIaE SRAEP 68 Tiotea ek thesisada SIToBODB%Ss regpt prior to

I f] i ' s t f
the AN 0 i P AT B R 5 0, Do

nodes such that each storage node is reset prior to
t he tr8ar@edmaging hestahaf grithriemiidieinrths it pattod from the
.photosensor. 18. The inmaging systemof claim 16

rolling shafter nept of ithephealiydisraage Redesito the ragetswhicheccurs

cun kP Rt b SRR BBEE o B

plurality of storage nodes is consistent. 19. An

| magi Ty AppALEihgSpparas séRgiisiap: array of pixels of an
i mage sensor, each pixel having an associ ated storage

device, said array of pixels being%cpnfigured as a.
pl ur 7 ¥FA6PE PIFRE Of 38 Lmage §FRTST casht Rixs} havdng apjaswqdiated

. : i it ' ' .
cord AL B Ot BRI G 8 Sl o
coludlgist ces of said pixels; each of said pixels further

including circuitry for transferring charges from

storage, devices gssocigted with a first row of pixels

Lo fID5EP ﬁalgil’f‘%‘ S g GIEHE Y iBE GPTFiRT g P Haed
charb€SRbrfnctBldhsSIIAGR HRU 16 SoPRRAALE e Wil piRaL

%irstnpéOM/of bfxels; gﬁd a controller for r §ett|ng

for a second tine said storage devices

each of said pixels further including circuitry for transferring chaiges

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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associated with said first row of pixels with a
rolling shutter reset wherein the tine period between
weaba/figsst reset and said second reset is PCT/US2007/006597

approxi mately constant across rows of the array. 20.

A net hod of operating an array of pixels of an inmage

sensor, each pixel having a photosensor, a floating

di ffusion node, and a colum output |line, said_ array

of pi%BNS 2Rl Hesefuesases said fhating|Giitysign npgdegsrHpgto

I ' . C ri.sing;..accumul ati ng charges

a3 rasg 14 B0ng AR ket 55

PCT/ US2007/ 006597 wusing a first rolling reset to

r esetglobally tranefermgp sHifl fauairptlataiemrges foomtsaid photosensors

transtferring charges to said floating diffusion nodes;
to regpedtiviel gnes o4 Aeifidlqating diffisionaedesilaaded charges from

sai d photosensors to respective ones of said floating

T U3 RS ARG RS ST SR AREMIY Ak GG on noctes

char ges om usi on noaes

to rdsPERAEldré8 o0 BSE @luBiaiott S 14ES résHll@nk irl 4 BRSnA QEMINEirBkt of
in a second rolling reset of said first floating

saiddirbf fledtg didtemn waled, faid Grstrollingmgsat endtsaigirgeesad plling
secopd rol li reset resulting in a rolling double

resef gespitingyiy a GEPHRE *61etcl ai m 20 wherein said rol ling
doubl e reset includes: resetting a first row of said

f1 oat 3MorKl fktifd OOF dAHEZ0 Whbidis baitlirBRing/dAibld fesetSatkides:
transfer of said accumul ated charges fromsaid
phot osensors to said floating diffusion nodes;

r eset 1ePHENG alEsbrRy P6epigfloasing diffasien ngdes 3 fitR tigpe prior to
: flr ' i ' ' .
st 158 kbR Lk L L AOSLB L 381 oing
diftddi@ahbdggs; di ffusi on nodes; transferring said
accumrmul ated charges stored in said first row of said

floating diffusion nodes to respective onegs of said
col u n’i’T‘S%fH‘ﬁli‘tseF?‘h‘é oW ﬁ’g said ﬂoating d(i fusion noges a Erst ?ime 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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effectively resetting a second tinme said first row of
said floating diffusion nodes; and transferring said
weesumisased charges stored in said second rowpa/us200d/006597
floating diffusion nodes to respective ones of said
colum output lines and effectively resetting a
second tinme said second row of said floating diffusion
nodes. 22. The nmethod of claim?21 wherein an el apsed
betwiebneaitl dirsvreset sd iadefdridstow pesd floatisgdiffusiorshodesaref said
said floating diffusion nodes and said second reset of
secordrefet for said Sn‘*é‘%’“%@‘@&f epigl floating §UHIH9 8PEeS- nodes i s
approxi mately equal to an el apsed tine WO
2007/ 111845 PCT/ US2007/ 006597 between 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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