METHOD AND APPARATUS PROVI DI NG A TWO- WAY SHARED
STORAGE GATE ON A FOUR-WAY SHARED PI XEL FI ELD OF THE
wORMEN2ZTOB [ 0001] The present invention rel at eBCT/US2006/033790
generally to digital image sensors and in particul ar
to a CMOS pixel cell array architecture having shared
conponents anong pi xel cells of the array.
BACKGROUNDOF THE | NVENTI ON [ 0002] A CMOS i mager
circuit includes a focal plane array of pixel cells,
each one of the cells including a photosensor, for
exanpl e, a photogate, photoconductor or a photodi ode
for accunul ati ng photo-generated charge in a specified
portion.of a substrate. Each pixel cell has a charge
storage region, forned on or in the substrate, which
is connected to the gate of an output transistor that

METHO AN ARARIES PROSDINGIE 1508 1% e STORAGE
region. In ﬁ? 'W&TGU;&WA?’S&%M]B% ey
i ncl ude at [feast ©One el ecCironi c device such as a
transi stor for transferring charge fromthe

phot osensor to thgEIPOREHREasPENaGNONNe device, al so

typically a transistor, for resetting the storage
region to a predeterm ned charge level prior to charge

t r 000N eThe préfeal Hvertich fldies i ly tohdigital ini&ge sensors and
el ements of a pixel cell performthe functions of: (1)

in partiptilat ¢o atCMOBpixel celd uﬁraﬁi arohitédtirehavimgl shiared coinpomegts among
charge; (3) resetting the storage region to a known

pixel cedlsatf ¢he @ayt r ansfer of charge to the storage region;
(5) selection of a pixel for readout; and (6) out put

and anplification of a_signalrepresent ﬁéﬁp xel
char ge. Phot -BARIGROEYLHOFREIINGEN it moves

fromthe initial charge accunulation region to the

St %8‘8’23 rg%l(\)/lrbs irrp\gggrhg{'&elt Fntchwe% a oocra?gfane array of pixel cells,
each one of the cells including a photosensor, for example, a photogate, photoconductor
or a photodiode for accumulating photo-generated charge in a specified portion of a
substrate. Each pixel cell has a charge storage region, formed on or in the substrate,
which is connected to the gate of an output transistor that is part of a readout circuit.
The charge storage region may be constructed as a floating diffusion region. In some
imager circuits, each pixel may include at least one electronic device such as a transistor
for transferring charge from the photosensor to the storage region and one device, also
typically a transistor, for resetting the storage region to a predetermined charge level

prior to charge transference.

[0003] Ina CMOS imager, the active elements of a pixel cell perform the
functions of: (1) photon to charge conversion; (2) accumulation of image charge; (3)
resetting the storage region to a known state; (4) transfer of charge to the storage region;

(5) selection of a pixel for readout; and (6) output and amplification of a signal
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region is typically converted to a pixel output

vol tage by a source foll ower output transistor. [0004]
wahus/mmger s of the type di scussed above are gemaisaiobp33790

known as di scussed, for exanple, in U S. Patent no.

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

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

6, 204,524 and U.S. Patent no. 6, 333,205, assigned to

el Sl B8 PP T S o e TSR e
T i T
esion § BRLALT B U RS 5, SO SR Ot b

. Jncident |light 187 strikes the surface of a
trans1stc|%)1ﬂot osensor (photodi ode) 120, electron/hole pairs are
generated in the p-n junction of the photosensor

(represented at the boundary of n-type accumnul ation
region 122 and p-type surface layer 123 (FIG 2)). The

geenct] e CRIGS irhasers ((Thhé eypddisgassedadboveairegenerallynknown as
the n-type accunul ati on region 122 of the photosensor

discusséd Gor Ehemphe in LB aPgeat noMG140,630, ThS. Patient ab. 6,846,68, U.S.
accunul ation region 122 to a floating diffusion region
Patent riol @,310:866, {f.%Reftent no.£B8365452% UlDPatdhiene ta2@e524 andd).5. Patent
floating diffusion region 110 _is typically converted
no. 6,338,205, askgiedoiat Mikronolechgelagy, én@,ow%e@\ ats hesgly incorporated by
transistor 108 which is output on a colum output |ine
referencelin thieir entirely.sel ect transi stor 109. [0006]
Conventi onal CMOS i mager designs, such as that shown

TR G D OB BB D —
op-dor o e S B Pl 8 Ao o
conven S«g%:!_lll f?ﬁg rtxﬁai&%&t%‘ éltrI')1 gﬁﬁ]é eplgzgpse‘}ﬁgp EAIF 60.21RRGE ARSA&RNight 187
strikes the surface of a photosensor (photodiode)120, electron/hole pairs are generated
in the p-n junction of the photosensor (represented at the boundary of n-type
accumulation region 122 and p-type surface layer 123 (FIG. 2)). The generated electrons
(photo-charges) are collected in the n-type accumulation region 122 of the photosensor
120. The photo-charges move from the initial charge accumulation region 122 to a
floating diffusion region 110 via a transfer transistor 106. The charge at the floating
diffusion region 110 is typically converted to a pixel output voltage by a source
follower transistor 108 which is output on a column output line 111 via a row select

transistor 109.

[0006] Conventional CMOS imager designs, such as that shown in FIGs. 1-3
for pixel cell 100, provide only approximately a fifty percent fill factor, meaning only

half of the pixel cell 100 is utilized in converting light to charge carriers. As shown,



pi xel cell 100 includes isolation regions 102, shown
as STl regions in a substrate 101, the floating
wdaizbde7e regi on 110 coupled to a transfer traaSiUskas/033790

gate 106" of the transfer transistor 106, and
source/drain regions 115 for reset 107, source
foll ower 108, and row select 109 transistors having
respective gates 107', 108, and 109'. Moreover, as
the total pixel area continues to decrease (due to

only a smaall pedtien &f theyyell 180 cavprises & photessnagt 320.nPbe remairtder of the
create high sensitivity photosensors that utilize a

pixel cel} Hithingludasiselabipngagioasd 03 dwwn as STH regionsie a substrate 101, the
efficient |layouts on the pixel _ array for the

floating,difien segiont]lD«oup m#én_ékrtwsbﬁt%ga%éqéé of ghe transfer
wansisB e ol SSRGS Tk et i SO ehof] anc row
select 1@2%%3@%@@%@? gggsﬁo;ekggg'@gteg;%gﬂ%gg:,%f g.g SHe3vEr, 95 the total
pixel arga 2RRNEhEh o eied |l 616D FRUBRL s fhiringroasinely
import A4S R BASERSHE bR R AT W B Bifum amount of

surfaceg&'gé b 88 findll thBle Efldcht 2 PR thd iHQlear?és}g g%ri the non-

nti-bloom ng transistor’ 140 havirng an a ated gate
photosdriiivé BoRfRrRAts SRk GRx&RIIE ko PYrbVvidld ifcfdadéd Photosensitive areas.
sat urat ed phot osensor 120. However, when additi onal
transistors, such as a storage transistor 130 and/or
anti0o0TjooFi(Ggt iihshsite inreldcttical schaddrit foerm dhsixptiramedistor (6T)

cell, the photosensor fill factor in further
pixel cakbadagedstof pR0BinsAston 180 agtiassodiated steragedeade 1801 Gtorage
pi xel cell, which includes storage transistors and/or

transistgng 13bhavimgrjoragergites B anidtasseastngd stomageagegiens mayhe
. .having an efficient layout to permt a high fill
desirabjyyupest forprarigusIRgRes orclas 4 ef @ydojnanease the charge

capacitg ﬁg&m i %/ ,e nt égéll’tioin,n pitxréfce\:/l?sreillgg ?nae};( ﬁlré?lll&g dn anfi-blooming
transistor 140 having an associated gate 140" to prevent charge overflow from a charge
saturated photosensor 120. However, when additional transistors, such as a storage
transistor 130 and/or anti-blooming transistor 140 are added to the pixel cell, the

photosensor fill factor in further decreased.

[0008] Accordingly, there is a desire for a pixel cell, which includes storage
transistors and/or anti-blooming transistors with associated gates, while having an

efficient layout to permit a high fill factor.
BRIEF SUMMARY OF THE INVENTION

[0009] The present invention, in the various exemplary embodiments,
provides a method of operating a pixel array including the steps of activating a global

storage signal to store a photosensor charge in a first storage region of each pixel of the
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provides a nethod of operating a pixel array including
the steps of activating a global storage signal to
webter7@a2phot osensor charge in a first storagePCEFISW6/033790
of each pixel of thearray, activating a first reset
signal for the pixels in a first rowof the array to
reset a second storage region of- each pixel in the
first row, sanpling the reset second storage region
for the pixels of the first row, activating a third
array, pgtigating g fupt yeset sigralforshe pirelsirsa fiostromonf tie atrey to reset a
to reset a thjr?,storage regi on of each pixel in

Secon‘f‘ %%%é%%mov eachyppiel iy therfarst sew: sampliagdheragst second storage
segions 2 b M AE S Febiabncs WS ot slgrad oclndet in
seconcfef a4 3Ly 50l BE B b hcona ron,
samp RSB SRR, B Ror ol Fefpring e
photodeheh USRS LRS GRSt LORATIELIE) Brlel Weotumns o

Irst ro

the firfthRIdOSRBAA roW 3 IRe fk ltegge&g}.r%f Fé I ?&%nﬁi%ldggrj;é QiBrage

the pixels in the second row I rst set umes.
regionBRbEheESERIR TheNréantHec i '
8 and ot r[?gr aspects of the %&ﬁa&r&?ﬁ%gg gagﬁﬂéf@@bf‘gharge
from thin sevosidostdrdgeaegidrefroat tavpialsdntthe st #8§ ahdtirsP Setdf columns,
the invention, which is provided in connection with
and santplirgtherplotypsergod chat gwfrom thewhiehstof &8l fdeidn Gomd thépixels in
a top-down view of a conventional CMOS pixel cell;
the secppdrppv mndsfirst se¢ of cehursss.sect i onal vi ew of the pixel
cell of FIG 1, taken along line 1-1'; [0013] FIG 3
is acircuit _diagramof the conventional CMOS pixel of

FIGS. 1 andBRIEFAIEIERITHON QR THE DRAWINGSgr am of a
conventi onal CMOS pi xel which

[0010] The foregoing and other aspects of the invention will be better

understood from the following detailed description of the invention, which is provided

in connection with the accompanying drawings, in which:
[0011] FIG. 1 is a top-down view of a conventional CMOS pixel cell;

[0012] FIG. 2 is a cross-sectional view of the pixel cell of FIG. 1, taken along
line 1-1’;
[0013] FIG. 3 is a circuit diagram of the conventional CMOS pixel of FIGS. 1

and 2;

[0014] FIG. 41is a circuit diagram of a conventional CMOS pixel which

employs storage and/or anti-blooming transistors with associated gates;



enpl oys storage and/or anti-bloomng transistors with

associ ated gates;[0015] FIG5 is a top-down view of a
weaond7iar2ef a pi xel array constructed i n accor #amas2006/033790

with an exenpl ary enbodi nent of the invention; [0016]

FIG 5A is a schematic view of a portion of a pixel

array constructed in accordance with an exenpl ary

enbodi ment of the invention; [0017] FIG 6 is a timng

di a il rat]ng.an exenpl ary nethod of qperating .
a pi%(e ]arélg'is/é @&Q@G@Wé’dﬂeg})ﬁ@% gpﬁlﬁ% é’?| finixelasgay constructed in
. [ t of .the invention:;.[0018] FIG 7
accord?é@%%@%gp Ig‘g)lrl%ﬁﬁneﬁggd% (?r} G VN havi ng an
array of pixel cells constructed in accordance with
t he [oone3NtETEN 5A38% JcHOAAk R | Softicit i
di aggr?r%ﬁof a pr ocesgsclggg sfs‘{lé%%cgndpﬁ%%oz‘g&g%amg@wmcmd
in accordBfiéd Wakeah kRerd LRRGSH i i n.
DETAI LEDDESCRI PT? F(ﬂ‘\}lg'OF THE | Nr{t/ng?’ﬁ &W%dd? In the
foll owi ng detailed description, reference is nade to
t he [@035 NGy 6riga dinginigndia rMHHﬁstﬁ‘@lﬂﬂ%ﬁnF&éfn &fPflethod of
and show by way of illg[}gt ;gati on specific errbc?(}i i;gntes eao
operating apixei artey domstmicteshinngyrobdaniieatithahid exdfigfisry embodiment of
. enbodinments are described in sufficient detail "to
the invengione t hose skilled in the art to practice the
invention, and it is to be understood that other
enbodi nents _may be utilized, and that structural,

, | ogt@H8! Ail§- éive blackdiagramed @ GMOB imagerechiptheoting an array of
. arting fromthe spirit_and scope of the present
pixel C&ﬁﬁ%?ﬂ%fgﬁteérﬁéaiﬁ%a%%esw&h the ipyertderiiang st eps
descri bed is exenplary of enbodi nents of the
f steps i s not

[ LeN; t he. .
| P EIC PR S hhemid SR o T oeseinE Sy smPleying a
is ' : ith t ti f st

CMOS i 80 Un PO itbbeortinhlle Wifh BESROERAER" 0000T The
terns "wafer" and "substrate," as used herein, are to

be - DETAILED DESCRIPTION OF THE INVENTION

[0020] In the following detailed description, reference is made to the
accompanying drawings, which form a part hereof and show by way of illustration
specific embodiments in which the invention may be practiced. These embodiments
are described in sufficient detail to enable those skilled in the art to practice the
invention, and it is to be understood that other embodiments may be utilized, and that
structural, logical, and electrical changes may be made without departing from the
spirit and scope of the present invention. The progression of processing steps
described is exemplary of embodiments of the invention; however, the sequence of
steps is not limited to that set forth herein and may be changed as is known in the art,

with the exception of steps necessarily occurring in a certain order.



understood as including silicon, epitaxial,

silicon-on-insulator (SO) or silicon-onsapphire (SOS)
woeattetagy, doped and undoped sem conduct ors, PaNAIS2006/033790

ot her sem conductor structures. Furthernore, when

reference is made to a "wafer” or "substrate" in the

foll ow ng description, previous processing steps may

have been utilized to formregions, junctions, or

T ] L e S S TP e o e
el NGl Soed, not be sipcon.ased bt coul g be
e e TR
semicol 8 LNl 1) B AR 0% A o
bt S U015 58 s s ORI Bbb iy By
wised iy UG AR AEOF LA BADELSh b, R g smiconducior

structuR$ SLESuTARHE I &d diHbh AHRAU4EiYondGEk Hebd nbt bk @ﬁicofn-based, but
follow ng detailed description is only exenplary o

could beltased \Windiliepn-getmbhiiff gdrtnftubd @Mligs drsshidenst othBe

scope of the present invention is defined only by the
semicoadnpeioded cl ai ns. [0023] The terns "at an angle,"”

"angled," and "slanted,” as used herein are to be

interpreted as neani nig at any angle, with respect to

son@022ht Ehe terdnas épixel, hor fipixel hell,” ias used hexeiny kefers to a photo-

gar allel or exactly perpendicular. Accordingly, when )
elemengunjtcelcontaiping aphetosensenired assovipted hransistersdior gonverting

oi nt et, to form_an angle thah is not 0, 90Q, or_180

photonf faap ericalsiganls iFoe pegposss g abustragen, smal nambey of
represen%ellt?vnet Sgcelsvgrteqn&gt%gt%ﬁtinttlgle }i?;%rerzse;r?ci %lgg&l;?g&? i‘a'erein; however,
typically fabrication of a large plurality of like pixels proceeds simultaneously.
Accordingly, the following detailed description is only exemplary of the invention and
is not to be taken as limiting. The scope of the present invention is defined only by the

appended claims.

[0023] The terms “at an angle,” “angled,” and “slanted,” as used herein are
to be interpreted as meaning at any angle, with respect to some stated reference point,
that is not exactly parallel or exactly perpendicular. Accordingly, when at least a
portion of an object and some reference point meet to form an angle that is not 0°, 90°,
or 180° the object is considered “angled,” “at an angle,” or “slanted” with respect to the

reference point.

[0024] Now referring to the figures, where like numerals designate like

elements, FIG. 5 illustrates a top-down view of a portion of a pixel array 400



[0024] Now referring to the figures, where like

nunmeral s designate |like elenents, FIG 5 illustrates a
woamtemmsvi ew of a portion of a pixel array PCT/US2006/033790

400constructed in and over a silicon substrate with a

pi xel layout design in accordance wth exenplary

enbodi nents of the present invention. FIG 5Ais a

circuit diagramdepicting portions of the exenplary

cmss e STl 16Dy it M5 oo
i g P o] M S0 g g
cepiciHHoRPBPHAEDSE) i Bt 290 ph RMBMY 00 e

sharingﬁ%flﬁ‘b&e'i B RRRRRBIMRA IR é{)ﬂrc]éﬁ.t TRAIPix&lb ihelived 8A$RE four-way

405 and between “a se d pair “of photosensors

douf Maridh® GreVRipiBseiited )i pHtcstbierlsord 401, 404,5405)206.. The shared
rea Ouaddirtnié‘%n,r ogt:ri%nal ggti - bl oom ng gates 418, 419, 434,

compofidtsdhdudaPixéll signreadoutorhponerms ddcsted o slincardy-eatending
400, though not the same four photosensors as share a

trunk 450vaRhim hedrgh betweer & firstrpdihef phbtesensamsd0?x40fpare] between a
four photosensors 401, 405, 407, 408 are shown as .
secondpmii ofjphotisemsts 404 406 whithraye gatjacent & thrhfirsd pairs dnsaaddition,
404, 406, 506, 507 also share anti-bloom ng gate 419.
optionaariti-blosoninggajes 455, #a9, 43deABnprerarbcalae shared by four
phot osensors as shown in detail_ by the exenpl ar
photosensarein priayA00ethaatgh nek theispmeniong Pémtesenfg?s as share a common
Anti - bl gomi ng, gates, 434, 435 are, associ ated_i '
readout Firgyity & e Bluskigted Gramplce gﬂ&?k@@sﬁﬂﬁ%é@ﬁs‘g}% Uip 408 are
403 and arge shared,w th. ot her otpsensor chnaar
shown gg g, & SaeEL i bRQming £4i6 438 TRETGRONDE T H0f eRe 507 also
that, FI G 5A deni cis..onl v t. i . Y,
share oL oEh g FAuF BRSSPk S5ns Ry sl dsboie,
e e
Ola neft glbar th8 Anighentbdl xkhsnple with
gote 4140 o Blhorh b S BTaOTE e HMAR s it ukh ol vi
respective photosensors 402, 403 and are shared with other photosensors which are not

illustrated in FIG. 4.

[0025] It éhould be noted that FIG. 5A depicts only three rows of a pixel
array, Rowon, Rowoo, Rowez. As shown, the four-way readout sharing is for pixels in
Rowaooo having photo sensors 405, 406 and for pixels in Rowon having photosensors 401,
404. In a similar manner, Rowae, having pixels with pho’gosensors 402, 403, and Rowuoos

(not illustrated) would have pixels sharing a readout circuit.

[0026] Column adjacent pixels (e.g. photosensors 402, 401) share a common
first storage gate 409 for storing the generated photo-charges in respective first and
second storage regions 413, 413a prior to a readout of the charges. First storage gate 409

may be controlled by global storage gate control signal SG shown in the FIG. 6 timing
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(not illustrated) woul d have pixels sharing a readout

circuit. [0026] Colum adjacent pixels (e.qg.
wohaizogensors 402, 401) share a conmon first sSPOTAFE006/033790

gate 409 for storing the generated photo-charges in

respective first and second storage regions 413, 413a

prior to a readout of the charges. First storage gate

409 may be controlled by global storage gate contro

diagrant LR bR TAS phG fosBheprs 290, AR AL AT BBiRERGve
- strocturl 0L R0l B RIS b e SRRSO prtereed
embodigﬁg\?,o . otbg&sewef)g[s. ggg%@z afe hogﬂgodéQ ioREE

e regions. A seton torage gate 410
is shared by a second pair of colum adjacent

PhPoEBANSASEcHtBstoféde %ﬂéaﬂgﬁs Enaredtthea b paE@f olumn
403, 404 are stored under control of ‘gate 410 in

adjacent phpessehyerst408/ 404arChirgerfromstherpigtosergoes 403} 104 add dlared
Storage gate 410 may al so controlled by the gl obal

under cohtrohoé gatet 410dnrespdctivieghiid B fdRhrth skeageregidns 414 @l da.
share a third storage gate 411 with their respective

Storagegade §@ nmstyoalsd comiteled biytthelglalial gtorage gaté comzeheignahbG.
fifth and a sixth storage regions 415a, 415. .

Photosepisorsodin 584 shawe tiod siorage gaterddlwithdheiragepepiive chapges stored
with their respective charges stqr@\d in a seyenth ang

under cgntrel ghgatetidringespacyivefiith and a sixid storagegegienp 4152, 415.

B T T e
s S SR AL e o
ot W e gL IR s e
otherwiggge Q\Eﬁﬁﬁ'ﬁﬁ NY{th Se 4:9%1%e 40%a e4g§ces %acﬁ%ﬁ‘motﬁ?@hsaﬁp Nt least a

, I'C opes $ a col

provi or a ger photo ection

portion ¥ eacth OF tﬁehg?]t@? 269SA0S21 E 429 have QRS 431 whi@harkeipreferably

factor. It oul d 'be understood that the storage

at an ang®IhRAat 41drndl@th rédfdect4d 4Re pRbRoseAdSB 4041602, 4062404, 405, 406,
primarily conprise a doped region (n-type) |ocated

504, 505, which provides for a larger photon collection area for the photosensors and,

consequently, high fill factor. It should be understood that the storage regions 413,

413a, 414, 414a, 415, 415a, 416, 416a primarily comprise a doped region (n-type) located

under the respective storage gates 409, 410, 411, 412 in the substrate.

[0028] Asillustrated in FIGs. 5 and 5A, photosensors 401, 402 also share a
transfer transistor gate 423, photosensors 403, 404 share a transfer transistor gate 424,
and photosensors 405, 504 share a transfer gate 425, and photosensors 406, 505 share a
transfer gate 426. At least a portion of each of the transfer transistor gates 423, 424, 425,
426 have side edges 432 preferably at an angle and at a corner with respect to each of
the photosensors 401, 402, 403, 404, 405, 406, 504, 505. It should be noted that the

transfer transistor gates 423, 424, 425, 426 of this embodiment are being shared, each
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under the respective storage gates 409, 410, 411, 412
in the substrate. [0028] As illustrated in FIGs. 5 and
wobAp7phoesensors 401, 402 al so share a transf eCT/US2006/033790

transi stor gate 423, photosensors 403, 404 share a
transfer transistor gate 424, and photosensors 405,

504 share a transfer gate 425, and photosensors 406,

505 share a transfer gate 426. At |east a portion of

each of the transfer transistor _gates 423, 424, 425,

among #we dolvmngidjecend pirels Bpayap 0P o B0y example, asghevanin BIG. 5,
a corner with respect to eachég%méhe phot osensors 401

column.ashaceng photesensarssilla 662, which storagsgatefiifealsgsbare the
transter FaRsiP T GRS ALEIRE HEDSI NS HRN GRIEs 33 R charges from
charge SEHARF oAl BuLFl S S Plo e e b R G 25

402, which share storage gate 409, also share the

S AR P A ol b B AL ion o
resdouf SRR {89 B LOBAEAGR, oG ) LORLeR, il having

photos%lasg)hggt?i,%él‘%#gf‘él‘? :ﬁ‘i’& ﬂ&&ir%dﬂfus’i&@g%lf)n@ﬂé dhH-two row adjacent

int ustrat ed enmbodi me two row

photoséfioRs 208, 406*Bhafe A3t AOARS BIFFRSiSn 48dion 2 bS MHeetwdd floating
first floating diffusion region 421la and two row

diffusicﬂﬂfeg@@m 4Phpuose ArOElecially 40fnetted ¢o aneeawither, kither by
di ff'usi on region 421b. The two floating diffusion

conductiegitexte ot2ildopd® fdgiandn ¢hesubstratk] Fhedlvatinigediffusianeegions 421a,
anot her, either by conductive trace or a doped region
421b may aldoeoptidisalhabe cotpledftb eatipagitdi #2Qwihdeh sernyies e inkrease the
421b may al so optionally be coupled to a capacitor 429
charge siiorage capacity Qfd?\'e sonegsted flnatingdifasiqroregiant 4pk 210
_of the connected floating diffusion regiops 421a,
Capacitpy #89 izalsaconpleditmVpa-pix 3pd dBERSRERP LXNAFRLE [3NgeafdG: 5 also

snows  DSES TS o 200 458 S BB,
photos AL B R RRE0R o i P BBl tgion regon, n

the same manner that regions 421a and 421b are connected.

[0030] The use of storage gates 409, 410, 411, 412 in association with storage
regions 413a, 414a, 415a, 416a provides for a frame shutter and/or additional storage for
photosensor charge storage for the pixels which share a readout circuit which include
photosensors 401, 404, 405, 406. For example, the storage gates 409, 410, 411, 412
transfer the chargeé generated by the photosensors 401, 404, 405, 406 following an
integration period into the associated storage region 413a, 414a, 4153, 416a, where they

can be stored and read out.

[0031] Preferably, as shown in FIG. 5, each of the storage gates 409, 410,
411, 412 and transfer transistor gates 423, 424, 425, 426 have at least a portion thereof



the sane manner that regions 42l1a and 421b are
connected. [0030] The use of storage gates 409, 410,
Wwa2007/04128i n associ ation with storage regi ons 2BAaS2006/033790

414a, 415a, 416a provides for a frame shutter and/or
addi ti onal storage for photosensor charge storage for
the pixels which share a readout circuit which include
phot osensors 401, 404, 405, 406. For exanple, the

that is aigiédi@@tlﬂ@tspéctétaﬁheﬁ B8sodidtéd phiblosersoss 401,402, 408404105, 406,
generated by the photosensors 401, 404, 405, 406

504, 505 9 thavieach gatei ovtespata comperdgion o ao askeciatedqaietogensor. For
storage region 413a, 414a, 415a, 416a, where they Caﬁh

examplahstedges43hof thenstorage g4to @30 prashownaas Being slagieshiifthrespect
FIG 5, each of the storage gates 409, 410, 411 %%ﬁ

to the lengthilr and the widénWi ef te agsediateqophotesensors 403,/4K suchdhat gate

1410 overlopsieaPRRSGAGH UREH BHNEE 06 RUSIaSeRGRT Lbatt s 4P Rl hand
e k5 S0, E03,50, 1 S SO UL 3, SOt s
s SEET B STLIBR R o BPAE PR pe i
o SRS S TR 3l At
photos%?sf%r? g‘ﬂfsyaﬁreg%@ga g#l%?w{% gﬁ}gﬁé&?ra?\?f }?ﬂéto_@,%d}%g? ﬁ%e gates 409,

er transistor gat

h et dadtt Ta§ofi BF Haf dates 409, 410, 411,
410, 41@%2%%%@@?@%%%@?@%%@% e Ty Rt O e gates 409,

412, 428 aduhe>s @8,%"1%??62/&4:9@ lekB8e atidlaf priforhear@etof the pixels in

dveriaps a cor f an associ at ed phot osensor. This

array 400 efread @dion) ghi ArgepeBiant inaldobieakficiab romeaximitiag the fill factor
the gates 409, 410, 411, 412, 423, 424, 425, 426

of arrayaM)@,\MZ iaximizieg the axatoflthy phibtofensors 44 4824108, 404 @305, 406,
411, 412, 423, 424, 425, 426, to inprove the |eakage |

504, 508:nThe agtifdoboting igatescf18; 19, ¥d4e435 ofthgraptiongd entirplooming
addition, this arrangenent is also beneficial in .

transistoas alspziave slanded iediges cg.oH18ar and plsp oNRslan:g corner Af s pgsociated
the area of the photosensors 401, 402, 403, 404, 405,

photosem®r, e.g. 407.

[0032] The shared pixel readout structure will now be further described.
One reset transistor having a gate 436 is utilized for resetting charges at the
interconnected floating diffusion regions 421a, 421b. To one side of the reset gate 436 is
a source/drain region 425 that is capable of receiving a supply voltage Vaa-pix. The
remaining readout components on the readout trunk 450 shared among photosensors
401, 404, 405, 406 include a source follower transistor 426’ having a gate 426 connected
to the floating diffusion regions 421a, 421b, and a row select transistor 427" having a
gate 427 which selectively gates the output of the source follower transistor 426’ toa
readout column line. Isolation regions 433 in the substrate are utilized to isolate the

active areas on the trunk 450 from the photosensors, and to also isolate the individual
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504, 505. The anti-bloom ng gates 418, 419, 434, 435

of the optional anti-bloomng transistors al so have
wehemoen2edges, e.g. 418a, and al so overl ap a eOTWSR006/033790

an associ ated photosensor, e.g. 407. [0032] The shared

pi xel readout structure will now be further descri bed.

One reset transistor having a gate 436 is utilized for

resetting charges at the interconnected floating

chargedécfc{xﬁﬁ.ggﬂf)é ?QQIB% of é;\gtos%g&&s 4] h&)&g éﬁ?ﬂf({@froﬁh&né Eﬁgﬁ'\er. Any

a-sourc rain regio I'S Capa

knowrPfsoI eSHR'PJldl ?Cﬂe Yafed it sﬁﬁ@grﬁ%ﬁgﬁﬁhon (STI),

r eadout COﬁpO ents on rea OUt trun

may b@UBad & AR sladrbretidns 488, 405, 406 include a source
fol l ower transistor 426" having a gate 426 connected

to the floating diffusion regions 421a, 421b, and a
r ow[8033¢ c tTHer fonsivedp shdk2d pikelieagoat Gaiotit 42gcribed herein
sel ectively gates the output of the source follower
illustrativaly has arfirs®pair o calursndwljncent pinels having despeetiveophotosensors
regions 433 in the substrate are utilized to isolate
405, 406hend @tseeend pairsofaolwima adjacdnt 480els haningeespective photosensors
hot osensors, and to al so isolate the individual charge
401, Cﬁcﬂé@mga@neawt@ gemt@rqymyo%n@unk 450 1eadipg, togowlumn output
406_from one anot her . known i sol ati on techni que,
line 420, cTThyes ﬁgc%wwtpw hﬂe Otl%oglryaqurefequogamq with this

e G e
cotumfE R ceRE Bk 078 WD biBedudial treonBRbe aipe output tine
20, i theif FROpBB B AR e @aféf?segi P b BRI Belifirorder to
ma1ntaiic§tr{\1%nflrrgtgr?g‘g%ﬁluﬁbﬁ‘¥§g g{é’ priﬁl erag r4?g}< Erémﬁp%la t%gg'tl{k?dtc‘i’rcﬁlt 635

(FIG. %?@cdﬁlé&@d’ td'£ 66D Yine 420 AREVARPFSeddWrtch BB and two sets of
exenpl ary enbodi nent, for every other colum of

a3 8o ol ey iaon
columnlinpui20Ishoeld go to the first set of capacitors 637 or the second set of
capacitors 638. In practice, each pixel, as represented by a respective photosensor and
the associated readout circuit, produces two output signals, a reset signal Vrst after the
common floating diffusion region 421a, 421b is reset by the rest transistor , e.g. 436’, and
a photosensor signal Vsig produced by charges accumulated in a photosensor, e.g. 401,
during an integration period. A difference signal Vrst -~ Vsig is produced by
differential amplifier 640 for each pixel. Vrst— Vsig represents the amount of light
impinging on a pixel. Accordingly, each pair of capacitors 637 and 638 receives at one

capacitor of the pair a signal Vrst and at another capacitor of the pair a signal Vsig, for

one of two column adjacent pixels.

[0034] FIG. 6 is a timing diagram illustrating an exemplary operation of the
array 400 illustrated in FIGs. 5 and 5A. 1t should be noted that the transfer transistor
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420, and their respective signals need to be
separately sanpled and held in order to nmaintain
waoanirrmrms esol uti on for the pixel array 400. Seaplus2@ed33790
hold circuit 635 (FIG 5) is connected to a columm
line 420 and conprises switch 636 and two sets of
capacitors 637, 638. Switch 636 determ nes whet her the
incom ng signal fromthe columm |ine 420 should go to
gate sigrl# linet TX_DDOTXC BVEN @55 e&ﬁ%:l)ﬁ Eeﬁﬂé@eﬁﬁ@@f’cw&r &@ntrol signal
' capacitors 638. In practlce each pi xel
for the bddrersemrinepixbycdunesiache uma@mmwr, aRdwfx:hé isused to
associ ated readout circuit, produces two out put
designategoat Bumber €xrx” of thesdrray 400.afttshouidbe oobed that! tha tinming
di ffusion region 421a, 421b is reset by the rest
diagramrofdGs 6aepresents onig®ne exethplaphvryseoperagng the smctg:re
produced by charges accunul ated in a photosensor
depictegon Flgss Pragrda3A iandeathex operapienabechemes mﬂmhm,fepbyg 2
Vrst - Vsig is produced by differential anmplifier 640

BB P e SRS DSBS
S el e o o
coug 88l Vil Yo SO R, 5 amely o
o PEERD ) PG  15 BEAR 10 0

402 is thdrfaBSired b ?@rﬁ 8h 415 %r%&f@gph%ﬁ 403 is t sferred to

respective ent the t control si gna

storagetﬂé?l&d a1 rchﬁl@é‘fr@hi(ﬁho%éﬂmmfis HaRsiay td’thQ}rage region 414a,
ther, "Rowxxx" is used to designate row nunb

charge fPof ] Iﬂftoédin@oﬁwsiis tHabferrbd 36 @t&dgb eegloheﬂstah@ﬁargb €rom
tim ng diagramof FIG 6 represents only one exenpl ary
photosevesprd6ap eraatfented trestotageategion 4k, chaxge finofr Fhotosensut 504 is
5A and ot her operational schenes may be enpl oyed.
transfe{@d&é]st@axgbarégm(ﬁlég,ealghthamgerfwmﬂ plsotgeensopGOSds transfedred to
to high ending a photosensor ‘i ntegration period and
storagegrgiqje4l4a.-om al | phot osensors are transferred

[0036] Subsequently, for row Rowoo of the array 400 containing
photosensors 401, 404, a row select gate 427 is activated by asserting a row select signal
(ROW) high. A reset of the common floating diffusion region 421a, 421b is performed
by activating reset gate 436 of reset transistor 436 with reset signal Reset. A signal Vrst
representing the reset condition is read out onto column line 420 and is sampled and
held on the Vrst capacitor of capacitor pair 638 in sample and hold circuit 635 by
sample and hold reset signal SHR. The In_sel signal controls switch 636 to determine
whether the signal on column line 420 should go to the first set of capacitors 637 or the
second set of capacitors 638. For Rowun, In_sel is low controlling storage of the reset
signal into the reset signal capacitor of capacitor set 638 (FIG. 5A). Then, for a next row,

Rowoz this same sequence of steps is repeated, turning the appropriate row select (RS)
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through the storage gates into their respective

storage regions. In this exanple, charge from
wohot7agensor 401 is transferred to storage regPomU$1®a/033790

charge from photosensor 402 is transferred to storage

regi on 413, charge from photosensor 403 is transferred

to storage region 414, charge from phot osensor 404 is

transferred to storage regi on 414a, charge from

537, rebalARGREH SamaNovsRRRgE rod reset CHIOruBReE igh doioh send row
Romed B8 e B o SRR v of e
S T e e .

i ni .. 1404, | .
o 8 AR i I ot
i TR Sy L] 45,50t
sampl&éﬁ&h@ﬁﬁsighafs%@vv hh@THS QLA RO1W L N reset signal

Reset. A Signal Wrst representing the reset condition
is read out onto colum line 420 and is sanpled and

hel (007 t NexV/ & tradsfes eignal TX EVEN G ﬁﬁhea%'higﬁ,stoi dttivate the
sanpl e and hold circuit 635 by sanple and hold Treset

even calugnatrafber titmsistor getes 824 iratwo adjdcehsrowk.t Chabad dtéred in the
det ermi ne whether the signal on colum |ine 420 should

storageprendidhard thust tramsfewred thpagih thestrélsfen trahbistaretnihto a floating
... .set of capacitors 638. For Rowooi, In_sel is |ow
diffusieroregien 42he andsimijarlyffor Hee chewges generated by photesensere403 in the
T?‘%)ﬁnal capaci tor, of capacitor set 638 égl G 5A). Then,
next roppRowon bytturping ‘Roidoensier transistorsgaie dateNekt,Soe Bowos, a pixel
repeat.ed,. turnin he appropriate row, select (RS)537,
voltage SBBa! (mais ¢34 59 the, releRmIie MAbyoFdvs g thy sRRpelect
.Sl s.high for ond row ROW02 to.read out . .
transis(Br 337 &1 igtia) RABS B0 st ie apclireiorcgiena s wih a high suis
. e f  the f t.] di ff.usji.on regi on 430 for .
signat 3800 ¥ kot 05 10834 BB At 58 S0 pich st
i j i I . This tine, : .
the cap%ol%%rt 6@? ﬁ@ﬁdﬁi‘sﬁﬁ@? g%\’QTAF’;é %Fg‘ﬂu? fhie pll?otosensor 404 signal Vsig
is stored on the Vsig capacitor of capacitor set 628. Capacitor set 638 now holds the
reset signal Vrst and the photosensor signal Vsig corresponding to photosensor 404.
For Rowa, a pixel voltage signal Vsg is now read out repeating the pulsing of row
select (ROW) and sample and hold signals (SHS). From floating diffusion region 430, a
signal is generated by source follower transistor gate 526, through row select transistor
537 and onto the column line 420. During this readout, however, the In_sel signal is
returned to high to store the photosensor signal Vsig from Rowo: into the Vsig
capacitor of capacitor set 627. The row select and sample and hold signals ROW and

SHS return again to low.

[0038] This exemplary method is performed simultaneously for every other

column in a row, utilizing the alternative transfer transistor gate signal TX_ODD to
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causing the signal to be stored in a reset capacitor
of pair 637. Then, the row select and sanple and hold
weieTaks2ROW and SHS return to | ow. [0037] NexPCTAIS2006/033790
transfer signal TX EVENis turned to high, to activate
the even columm transfer transistor gates 424 in two
adj acent rows. Charges stored in the storage area 414a
are thus transferred through the transfer transistor
activaté_Zt‘lflafnsf«sﬁ'tt@azﬁ’si:ﬁtb@Elaté?agndidcdC elufiths SFaheRrfdl RO fhethod is repeated
simlarly for the charges generated by photosensor 4503
in this sequerneefox adtopaiROFROR sl{. gl RoMH GridIROwhe, RSK&E and Rowoo, etc.)
transi stor gate 424. Next, for Rowooi, a pixel voltage
until siginglsetire Yead ous foreathopikel infwrapt00mItishoald!BO ubierstood that these
activating the row select transistor 427° with the
operatiginghsliepravg exerdplayindy carndl thel inventioniis ir686 wayt Brrdted to the
hi gh SHS signal to sanple the first row This is done
meﬂwd\ﬁ? readaid qperaiden 8k glesdribed hergimhi ch sel ect's the
capaci tor set 638 through switch 636. As a readout the

R P et e ST e kg 184, 41,
435 (FIc bl ] RoRA Ay o FacBRtsP- 1 B CHDRSURblGbming
syl B89 SR PSR A B e o
o s 4 S BT AR T B8 g on, 5
cuing e BB BRI Sl I [ gl

reset gdtR t6 Pleghi Eitdintégrafishferri.t 0 high to store the
phot oseénsor sighal Vsig from ROWO02 into the Vsig
capacitor of capacitor set 627. The row sel ect and
saniiD40lanEIG A shoiwgadlBIOBMMags 680Snwhiththa@dvéhtiéh may be
| ow. [0038] This exenplary nethod is performed
employsidmyithimpbued byrafyci05e Bt/ CMB® imagbri600 isropreratd, by a control circuit
utilizing the alternative transfer transistor gate
630, whitly sentrole adolyesndecadexs 615, 62A<br selectimg il apppiriste row and

odd columms of the array. The nethod is repeated
column lines for pixel readout. Control circuit 630 also controls the row and column

driver circuitry 610, 620 so that they apply driving voltages to the drive transistors of
the selected row and column lines. As noted, the pixel output signals include a pixel
reset signal Vrst read out of a floating diffusion region, e.g. 421a, 421b, after it is reset
by the reset transistor and a pixel image signal Vsig, which is read out of the floating
diffusion region after photo-generated charges are transferred there by a transfer gate
from a storage region controlled by a storage gate. For each pixel, the Vrst and Vsig
signals are sampled by the sample and hold circuit 635 and are subtracted by a
differential amplifier 640, to produce a differential signal Vrst — Vsig representing the
amount of light impinging on the pixels. This difference signal is digitized by an
analog-to-digital converter 645. The digitized pixel signals are fed to an image

processor 650 to form a digital image output. The digitizing and image processing can

14



in this sequence for each pair of rows (e.g. Rowooi
and Rowoo., ROWO03 and ROMOM etc.) until signals are
woeed/@usf or each pixel in array 400. |t shoubPdThis2006/033790
understood that these operational steps are exenplary
only, and the invention is in no way limted to the
nmet hod of readout operation as described herein.
[0039] FIGs. 5 and 5A also illustrate anti bl oonm ng
: : 4 nd.assori ed.
be locH8 Bhox o iy Friapd g I sofid pkqrslmgHy (0 difiSRRkaF Signal Vit -
Vsig caibé Bhislih ' ‘ r ; -
B e DT i oLyt PiaF B ORE Uty DRI  ciffprential
analogcfoatigitalboréfertdr, accunul at ed by correspondi ng
phot osensors, e.g. 406, 404, 401, 405, during a charge
integration period. The antibloom ng gate may al so be
uselD044] a FIGoB4llusteatet agdirmagling pegicdséiBaded 8Gtarhi70, for
eriod. [0040] FIG 7 shows a i mager 600 in which
exampice camesm sy stamayhibh genptailyecbmptibesa pénteal priocaysif anit (CPU)
The CMOS i mager 600 is operated by a control circurt
705, sugh@s amiaRptoressot, shatdwmemsnicatesiwith @1 mpuiAsutbat (I/0) device 710
el ecting the appropriate row and colum |ines for
over a B ilS+ Igaéwﬁte B Rlso influglgs endBmging devinet606 onstrected in
river circuitry 610, 620 so that the

drowan&}&&lungg [ ] . ) hey
accordgneg i ergbodirperfs of the invengion describad ihereins Intagen 600 also
| ect ed. | i . ted, th i xel
commiiediGs Sith Shie CHR B Beont 705, Tlaa Brogmiprabaselayshamdo also
inctoc Yo orf abb 83 5h Rl PR 8820 sRclte Bhuabfy Bomory 725
' [ ig, ' i S. d . e flgatin
such a Aty o e e et RN ZhdPyet B b715. tmager
r r r :
S0 mal1SERE IR AR S 018 5 1S AL Gy oo o
opk bl i PR S MR LSRR it o n o
different dHiprthah ithé pas@iskdt.er 640, to produce a differenti al
signal Vrst - Vsig representing the

[0042] The invention further includes a method of operating a pixel array
of the embodiments illustrated in FIGs. 5-8. The method comprises the steps of
generating charge in response to applied light in a first photosensor, generating charge
in response to applied light in a second photosensor, and storing charge from the first
and second photosensors in respective first and second storage regions with a first and
second storage transistor having a common first storage gate respectively connected to
the first and second photosensors. The first and second photosensors are column

adjacent.

[0043] The processes and devices described above illustrate preferred
methods and typical devices of many that could be used and produced. The above

description and drawings illustrate embodiments, which achieve the objects, features,
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amount of |ight inpinging on the pixels. This

difference signal is digitized by an anal og-to-digital
woanvantes 645. The digitized pixel signals arectas2a06/033790

an i mage processor 650 to forma digital inmage output.

The digitizing and i mage processing canbe | ocated on

or off the imager chip. In sone arrangenents the

differential signal Vrst - Vsig can be anplified as a

and ad Hirith Lol thal preséfidhvanion!! Fefvdverdit i ﬁbtzﬁﬁfxg%eﬂ‘]theglt&e present

différential” analog to digital converter.

inventidh b lstsétlplinfitedto thedbdge RIc6E56Q hn8INASr# §AbE@fnents. For
for exanple a camera system which generally conprises
example, altdmdugh theioventiongs disciisse@RAly #0ith réfeebn@Stofpixel arrays having
m croprocessor, that comunicates with an input/outpu¥
a 4-pixel sh@ingof acead 0t dverit and aswikpixel Braring of stotd@e ahdaransfer
i ncl udes an imagi ng device 600 constructed in
gates, othergnulirpéxelisharingarmyseae absotinteridadio bewsthindhe scope of the
) .described herein. Inager 600 al so conmunicates with
inventigme Adritignallyy\asy mdlig‘mgons'hiémp@bmsmtl)b unéeresgegbdenof the
700 al so i ncl udes random access nenory (RAM 720, and
present dgyention that come valne thespirif angsscopg off the fallewing claims should
nory, Which al so conmuni cate with CPU 705 over the
be constg%gee}%@_rt ?%é?reé‘mf RSB -conbi ned with a processor,
such as a CPU, digital signal processor, or
m croprocessor, with or wthout nenory storage on a
single integrated circuit or on a different chip than
the processor. [0042] The invention further includes a
nmet hod of operating a pixel array of the enbodi nents
illustrated in FIGs. 5-8. The nmethod conprises the
steps of generating charge in response to applied
light in a first photosensor, generating charge in
response to applied light in a second photosensor, and
storing charge fromthe first and second phot osensors
in respective first and second storage regions with a
first and second storage transistor having a conmon
first storage gate respectively connected to
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the first and second photosensors. The first and
second phot osensors are col umm adj acent. [0043] The
woror@ezes and devi ces descri bed above il | ustr 8C®US2006/033790
preferred nmethods and typical devices of many that
could be used and produced. The above description and
drawi ngs il lustrate enbodi nents, which achieve the
obj ects, features, and advantages of the present
i nvention. However, it (%, i ntended that the
present invention be strictly limted to the
above-described and illustrated enbodi nents. For
et s claintddaghewhand degrid RIbé Pr&eé&d&%@e@&'sﬂ”d&ﬁfbf the
reference to pixel arrays having a 4-pixel” sharing of
United Statesisdout circuit and a two-pi xel sharing of storage
and transfer gates, other nulti-pixel sharing arrays
are also intended to be within the scope of the
1. Aveethesh of ppenatingreapixg] azay compprfisingtthestepstdfough
presently unforeseeable of the present invention that
cone thrur1t irit and scope of the foll ow ng
cl aidfiVakBgIas Bba AEAgesigrlfarstorsta phetgsensairtharge in a first
t|nvent|on éi? gB.Vq is, clainmed as new and desired to
S'PEBh Rl ¥ Py AL ©f5IdR%rakt of the United States

is: 1. A nethod of operating a pixel array conprising
e AR AR E PR B0 1053051 S0 b Gy o
reégt aes%‘EB als ﬁé@“reéﬁr%f%%ﬁﬁx %sgi?fﬁ r8uh ! ISt reset

si gnal or t sina row % o array to
reset a second storage region of each pixel in said

fir shoiglmg ﬁﬂﬂbéé’t‘ge&ﬁkﬂstb?% e{‘ﬁ%ﬁ 76k fHOPIRER Jf%ﬁid?grst row;

for the plxels of said first activating at
reset signal for the pixels in a second row of said

ar r aytivating achird febétrsigndldoadee pR@IOh Hiecdndrdw ¥ebaidarray
sai d second row,
to reset a third storage region of each pixel in said second row;

sampling said reset third storage region for the pixels of said second row;

transferring said photosensor charge from said first storage region of each
pixel in a first set of columns of said first and second rows of said array
respectively to said second and third storage regions for the pixels in said first

and second rows;

sampling said photosensor charge from said second storage region from

said pixels in said first row and first set of columns; and

sampling said photosensor charge from said third storage region from

said pixels in said second row and first set of columns.
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sanpling said reset third storage region for the

woO 27xel788 of said second row, transferring saiBCT/US2006/033790
phot osensor charge fromsaid first storage region of
each pixel in a first set of colums of said first and
second rows of said array respectively to said second
and third storage regions for the pixels in said first
and second rows; sanpling sai d phot osensor charge from
S rggion fromsaid pixels in said

2 f??g ?%%3gﬁﬁiﬁﬁfgﬁh rgpnggm] gbegﬁﬁééghpling said
phot osensor charge fromsaid third storage region from

sai %ﬁﬁs’f@hﬁ%éﬁﬁ@ﬂﬁg@@é&ﬁcl aé’z%eaf? féa!i i rSi&dtofq iz r.e§1on of each

col ums. 2 urt er conp
pik&lanyd @RonAlset bf aslabAld bf i &irst d@ilpééb‘éﬁasx%vs‘?@ﬁ{a@& array

from said first storage region of each pixel In a
re§ERivelB 3 sdifl seedndvbfd Phirdaiterdgeregiotidos ﬂf@ﬁﬁcel%a@cﬂ first

said array respectively to said second and third
anslt secend roegi ons for the pixels in said first and

second rows; sanpling said photosensor charge from

said second storage region fromsaid pixels in said

fi r samplingsaidfphatosesor ghaxgs fromssaid secerabptorage segion from

phot osensor charge fromsaid third storage region from
saghpixels inesadd ifisskeavg and dstiset@f cahtmngrand set  of

col ums, wherein said first and second sets of coI ums

are aIt rnatlg colums. 3. The nethed of claim?2

t

wherSémp 0y epi r&wtewssaﬁﬁhwfg@ fzamsaid shird skeragg region from
ora regi.on co or.i har efromsald
safth BheRCin G S RlR REG skt Sor AemigRd i 1 Oo
sanpl i ng capaC|tors
wherein said first and second sets of columns are alternating columns.

3.  The method of claim 2, wherein said step of sampling said reset second

storage region comprises:

storing charge from said reset second storage region in a first pair of

sampling capacitors.

4. The method of claim 3, wherein said step of sampling said reset third storage

region comprises:

storing charge from said reset third storage region in a second pair of

sampling capacitors.

5. The method of claim 4, wherein said step of sampling said photosensor

charge from said second storage region comprises:

storing said photosensor charge from said second storage region in said

first pair of sampling capacitors.
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4. The method of claim3, wherein said step of

sanpling said reset third storage regi on conpri ses:
wetaar7iag28harge from said reset third storage PeEGIUSZN06/M33790

a second pair of sanpling capacitors. 5. The nethod of

claim4, wherein said step of sanpling said

phot osensor charge from said second storage region

conprises: storing said photosensor charge fromsaid

second stor g elonl aldeI‘St a|r .of s
Scaptts Bl whwebresaid pieR PESSEBR BN Bhnbensor
cl ai erein said step of sanpling said
chargeéﬁ%@ogaéﬂ]g%lfd gT ?@8&@?‘6&%? rd storage region
conprises: storing said photosensor charge fromsaid

third sf‘ gr%sggﬁdr&%t%eﬂs%r AL SR hiAhird¥to SR el th in said

capaci
second pair of sampling capacitors.
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