METHOD AND APPARATUS PROVI DI NG A TWO- WAYSHARED STORAGE
GATE ON A FOUR- WAYSHARED PI XEL FI ELD OF THE | NVENTI ON

wQ 0@00275The present invention rel ates general | pCT/0S2006/033169
digital inmage sensors and in particular to a CMOS
pi xel cell array architecture having shared conponents
anong pi xel cells of the array. BACKGROUNDCF THE
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phot ogat e, phot oconductor or "a pho

accumrul ati ng phot o-generated charge in a specified
portion of a substpielp.OFsER INVENTION | has a charge
storage region, formed on or in the substrate, which

is connected to the gate of an output transistor that
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1xe;9ecﬂ %9 earrl east one el ectronic device such as a

P ransi s Por transferri ng charge fromthe

photosensor to the storage region and one device, also

typically a traackeiROUNIDOOF TeERINVANTIR St orage
region to a predeterm ned charge level prior to charge

transference. [0003] In a CMOS inmger, the active
el emrdf@02] oA GM§Sdshagee bilrﬂp’emtbudm & bheraf plane axap obpixel )ls,
phot o to charge conversi on; accunul ati on of i mage
Chem&rOé zeélf i g .ar@orcr%én%ar 5@@%‘5« aphqtegafephaipeonductor
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char ge hot o- char ge fied when It noves
whidhrie toririeeted to the gate of an output tran51stor 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;
(B) selection of a pixel for readout; and (6) output and amplification of a signal
representing pixel charge. Photo-charge may be amplified when it moves from the
initial charge accumulation region to the storage region. The charge at the storage

region is typically converted to a pixel output voltage by a source follower output



initial charge accumul ation region to the storage
region. The charge at the storage region is typically
w@ewveetset to a pixel output voltage by a sourPB€T/US2006/033169
foll ower outputtransistor. [0004] CMOS i magers of the
type di scussed above are generally 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
trangigtorg 326, 652, U.S. Patent no. 6,204,524 and U.'S.
Patent no. 6,333, 205, assigned to Mcron Technol ogy,
Inc., which are hereby incorporated by reference in
their entirety. [0005] Wth reference to FIGS. 1, 2

and Joood)i IMOSIRASEs\betHe thpé Histiisab@ aBoviedfte gONEFaly RM6wn as
a partial cross-sectional Vview and electrical circuit

discesshénfet exarmapleaindd.ByvRaténtonab, 14®660, UrtaPatest no. §3V6)36ENIDS.
i xel sensor cell 100. Wen incident light 187 strikes
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Patentipo. $,¥10266, 6. Ratphgio §8A662, Ush Srisait 5o 204524 and U.S, Patent
ct ron/ hol L.I'S e generated in the p-n junction
no. %#3%:%95 ﬁ’@?‘&‘g é@é?f%ﬁ%ﬁb@%@ ae.ehich arefisiiskiningorporated by
- Lation region 122 and p-type surface
rdhﬁg%%&ﬁ%%@%%ﬂﬂﬁf 2)). The generated el ectrons
(

phot o-charges) are collected in the n-type
accurfpdosy i ovith egeRAcdBF10E. 1, henaivdsenespecti¢lly ilfi@rate a

phot o- charges nove fromthe initial charge
top-dowumidvata partinkgdssrseti@thal viesv dnhdelectrigalairt-hiti sthematie @if an
110 via a transfer transistor 106. The charge at the
convengapal dguigransisipigd T} eI hpixelpensgoriaplliled YWnen dnpjdant dight 187
-to.,a pixel output voltage urce fol l.ower
strikgy ket orpRidirennos @%tﬁ%ﬂ%@ﬁf e Guliele dapre speted
i thi b . : )
i o P KR PR Rl AR A0 0008 ot e
accubfilitidebreglon3 2D QY- ¥ple sGFhée 14A&, 12B (MG, dB. TRE Yenerated electrons
approximately a fifty percent fill factor, neaning
(photmtlyarped) farefoliehted pn fel n-gglel achdBulasiontregivpz @22 ofrthe photosensor
converting light to charge carriers. As shown,
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 utiﬁzed in converting light to charge carriers. As shown,
only a small portion of the cell 100 comprises a photosensor 120, The remainder of the
pixel cell 100 includes isolation regions 102, shown as STI regions in a sﬁbstrate 101, the

floating diffusion region 110 coupled to a transfer transistor gate 106’ of the transfer



only a small portion of the cell 100 conprises a
phot osensor 120. The remai nder of the pixel cell 100
WO p@i7A2iss7 | sol ati on regi ons 102, shown as STl PEQUS2IL6/033169
in a substrate 101, the floating diffusion region 110
coupled to a transfer transistor gate 106" of the
transfertransi stor 106, and source/drain regions 115
for reset 107, urce foll r 108, and row,sele 10
trangipion 4 PO SOWie(TB TEBBE L 1T FRSEbLD7sgpprce tpHgwer By and row
o Mireover .. as the.total -pbXele ar ORy
seleqtd o wallBOR fving rebfiirk Uells By oo AR 08E MLRY6S: hine toral
pixell Efea%eﬁﬁmésxo HERRALARLe tPd&HRA kBN N BROReb inkrdabingly
phot osensors that utilize a m ninmum anmount of surface
impaft&a t6lcrdate highdend@fi eitephotobepbrslthytattilize amninhaupi agbdunt of
array for the nonphotosensitive conponents of the
surfpieraba ortol find mopr effiridet lapeute a8 dake pireltasayrior thewwrar eas.
0007] FIG 4 illustrates in electrical schematic form
photpsensifive companents qthy phekeetls kaprovidainsgaseddthatengasitive areas.
transi stor 130 and associ ated storage gate 130'.
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I ncrease the charge capacity of the pixeéels.
trangigdird 130rhavitigi@bragelgh®s aBE antaysdciatddideragn regions may be
anti-bl oom ng transistor 140 having an associ ated gate
desifebly uses for vamens purposgs, Dychep Rdvenfa sgmt@r ehtrigerease the charge

sat urat ed phot osensor 120. ver, when addi tjonal
capaciy 98 fherixes. WQ@%&\? 5?1§°@§qmaﬁﬁg}vggt3§ran1w-lalﬁam&}g
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pi xel cell, which includes storage transistors and/or
transgigor 130 aahonghti-bRoatisg attsivot Meas adted aothg pias cellvihd e

having an efficient |layout to permt a high fil

photogensor fill BRt@EAnSwiivaRIcoreased= | NVENTI ON [ 0009] The
present invention, in the various exenplary

enbo%&i%Tt i’ccordingly, 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 pixel cell array and methods of forming and operating the array having
multiple pixel cells that share pixel cell components. The shared pixel cell architecture
increases the fill factor, and in turn, the quantum efficiency of the pixels of the pixel cell

array. The common pixel cell components may be shared by a number of pixels in the



provi des a pixel cell array and nethods of form ng and

operating the array having nultiple pixel cells that
wahare2pixel cell conmponents. The shared pi xel P€CEUE2006/033169

architecture increases the fill factor, and in turn,

t he quantum efficiency of the pixels of the pixel cel

array. The common pi xel cell conponents nmay be shared

by nunbe f pixels in thearray, and .k nel ud
arrag ey e ETS AT Tomp ol Bet Biestutpea Yty g feadout of a
: Lgnal fromthe pixel cells. [0010]
sien e%%gﬁgkgﬁ%%%i ments of the invention also provide a
pi xel array conprising at |east two photosensors for
generfa0iolg Bsxbrupley embiod spents of the iapgitioadchldol rbtideansixel array
conmon storage gate electrically connected to the _
comphising sé st t3vof photesensdms dorcgraetpsingichargetin eesphosooappiied light,
into respective stor agai]yr egi ons foi1 sgbsequent .
and @, CRRH SIPEES BR ieadlycopectedripdhe @agtogensers fonsioringy
be shared nul tipl ixels. [10011] Exenpla
chargis SRR PRV Rk ik B refte stodpepeainl s B thloquent anster
: i3 I ; i at ed
o B e Al EPRER
response to applied |ight and a common anti - bl oom ng
gat e [80HGt Fixemblayy entbodirheads bbthelievepitiohadsensovislefagrixel array
providing an anti-bloom ng function. BRI EF DESCRI PTI ON
comprisingat PrRAMIGhJternsrs rereclagdeyBh Aespasidvenpitels fargsaerasing
of .the invention w.l | be better understood fromthe
chargg i1 B ipe R B NSt B EF FOPEROR A RO O8 R SGRE I

, C ovi i . i y _ ing
R L
of a conventional CMOS pixel cell; [0014] FIG 2 is a
Cross-sect i OBRIEMDESCRIPTION OFXEE DRAWINGSE! G 1,
taken along line 1-1'; [0015] FIG 3 is a circuit
di agram of the conventi onal CMOS pixel of FIGS. 1
[0012] 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:
[0013] FIG. 1is a top-down view of a conventional CMOS pixel cell;

[0014] FIG. 2 is a cross-sectional view of the pixel cell of FIG. 1, taken along
line 1-1’;
[0015] FIG. 3 is a circuit diagram of the conventional CMOS pixel of FIGS. 1

and 2;

[0016] FIG. 4 is a circuit diagram of a conventional CMQOS pixel which

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



and 2; [0016] FIG 4 is a circuit diagramof a

conventional CMOS pi xel which enpl oys storage and/ or
W@rAwisobm ng transistors with associ at ed gat BGT/SDAT933169

FIG5 is a top-down view of a portion of a pixel array

constructed in accordance with an exenpl ary enbodi nment

of the invention; [0018] FIG 5Ais a top- dovvn vi ew of

a portlon of a pixel array constructed in accordance
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FI I I
sceqpgetps i B prab g Rt R PRy EEER Do o i n

accordance with the exenpl ary errbodl ment of the

| nvenio9d). I[I@OQ_Q]ls k tc?-d(?wi'l Yic Bl Ppritdnadaadndbrdy Chfidtructed

I mager chip having an array of piXxel cells constructed

in abdbr@@eerAaNse exdrhplatihembaiiareht oftheamenfiof21] FIG 8 is
a schematic diagram of a processing system enpl oying a
CMOS i mager _constructed in accordance with the
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theﬂg}@ggg and show by way of illustration specific

Wents in which the invention may be practiced.
These enbodi ments are described in sufficient detail

to enmbb@ tHICSR iskblotlediadgtarh béa @MOS timpgearchipcleavifgan array of
invention, and it is to be understood that other
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| ogi cal, and el ectrical changes may be made wi t hout
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DETAILED DESCRIPTION OF THE INVENTION

[0022] 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.



steps is not limted to that set forth herein and may
be changed as is known in the art, with the exception
W@R0030E3$7 necessarily occurring in a certain PCT/US2006/033169

order.[0023] The ternms "wafer" and "substrate/' as

used herein, are to be understood as including

silicon, epitaxial, silicon-on-insulator (SO) -or

sili - onsapphire, (SO5) techpal oy, do and undoped

sem A C AR St g e cE SRR e BreChs o weds o6

. e 41 S aaafers. or

et TRO eSS S e TRt R GOl on

PHIRCEESS) RANFIIEES, dop¥d RAY RmABEEd Srlcbr@tté:8, ArRf dher
quregﬁgns? junctgiég§ or nater?al | ayers in or over the
semirafduaeniteniaiest Brirthérat iwkerorefdrendeda ade.to hfwafer” or

addition, the sem conductor need not be silicon-based,
“substrate’ du ithe fodowingdesgriptionipreviogepreaessing steges man havg been

..gal lium arseni de or other sem conductors. [Q024] The
utiliple} ffompIsgpn, JGictiopp A8 mAEHAl layesa R iechife Sqrpiegndsictor

to a ot gel ement it cell containin ot @sensor
stralfyf o PORASHEH TF paliBicry B cer SRR AP R TaE Ted. but
coul@be®a8&d 61h SiBborbb@IYniuROEe PR ESAI Rhm! drdcEdd R IR 2

smal I nunber of “representative pixels are illustrated
semicOnfifi@ofsi gur es and descri pti on herein; however,

typically fabrication of a large plurality of |ike

pi xel s proceeds sinultaneously. Accordingly, the

4 e

fol | W34y dke sarmsd piredc or ppixehrells” asisgd brysiprefers tofa photo-
theinveﬁ]tion and | not to be taken asl_im't'n%. The
elemeng pntt ¢l copdatniiizeaphotPrnsAt Pt e eciaier TRags kit T BymaREng

al t y le ¥

pioBRBSIAE Gt e KTt S DB 3l A\l o
reprbdthftRie@ieds A8 iR Dirdhe &BUrARAH BesMPHNIRSARRow&er,

sonme stated reference point,” that is not exactly
typiglydhbdation ofx &g plupeliget dike pixals précels dimglkanheoudlgn

at least a portion of an object and sone reference
Accqsdingly teetollowing detatled deqgription i only exernplary ofthe invention and
is not to be taken as limiting. The scope of the present invention is defined only by the

appended claimes.

[0025] 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.

[0026] 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



or 180, the object is considered "angled," "at an

angle,” or "slanted" wth respect to the reference
w@eino275i0026] Now referring to the figures, WhEr/ES100&e33169

nuneral s designate like elements, FIG 5 illustrates a

top-down view of a portion of a pixel array

400constructed in and over a silicon substrate with a

i xel, layqut desi.gn i ccordance with enpl ar
condBiyi B AR VST » e PR BRE T ey eF AR deogrdance
.1.C d 0 : r
vt ey TSR L SRR O B2 AR Ul
depRiAs FB&id’ﬁfs At SBMpIAFPH afthy 200, TIRY pikEltirrayi 208 iscluddse
pi xel's involved in"the four-way readout sharing are
shartrgpsfasginéladadout pirotiobp faorixeld 1Thelfitels &xmlvetif. thd fir-way
shared conponents i nclude pixel signal readout -

readouhglningtage repeseatkddry phatpseagets #0606 MP6: Mhalchasd
within the area between a first pair of photosensors .
Comﬁm?ntﬂ%¥W%§§@éi$%H%‘éfccé’FR:P%‘ﬁF‘FS lpgaterheh 8 diBRy-gxtending
406 ich are adjacent .t he firs ai l
rranf o it i el B e b 40 05 g peppeena
secoﬁag:aﬁrd? gﬁ@f‘cﬂeﬁéo?@/l(ﬁh@é@ﬁhﬁﬁ a‘i’@&’rﬁa&tﬂ@ P8R said. TnAHERMN,
400, though not the sanme four photosensors as share a
optiGRaBt-bl@afidigicatdse8idl9, 434, 435eire badhsdlsadtace Ebsafoire,
four photosensors 401, 405, 407, 408 are shown as
photiesarisnrs in astagrddd, thongh hotdbasame frtrehvideniive posieme o cgmmon

404, 406, 506, 507 also share anti-bloom ng gate 419.
readpt ¢irgitto Jithyilysiraed memplrefous phatasersost €l 405, 407, 408 are
hotpsensors_as s in detaj he exe
shorfit BRI AR RAABATTOAR B Al RPR T aR. 4 sos, 507 also
- dﬂ%ﬂg es .4 gﬁﬁ% e
Shar‘ig\lgiliﬂlﬁg?dr ate %gﬁgﬁn% :;An\?fl?l ﬁor es ctfgsl 1\?‘? 8&%@&2%%%?%6402,
photétehsanthsahewslia detilWyl the ekditplaphabesEhs@tendth@itidGoming
not illustrated in FIG 4. [0027] It should be noted
gatedh&t ARtiblodringgatesti84,di3b yre dnsedatedis thef illastpitré bxamplayyith

RowooQ, Rowooi, ROWO02, As shown, the four-way readout
respgcmy,emll‘@tqsgnq%f 45 48 and gye shared with other photosensors which are not

illustrated in FIG. 4.

[0027] It should be noted that FIG. 5A depicts only three rows of a pixel
array, Rowooo, Rowon,, Rowor. As shown, the four-way readout sharing is for pixels in
Rowoo having photo sensors 405, 406 and for pixels in Rowoo: having photosensors 401,
404. In a similar manner, Rowo, having pixels with photosensors 402, 403, and Rowuos

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

[0028] 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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Rowooo havi ng photo sensors 405, 406 and for pixels in

Rowooi havi ng phot osensors 401, 404. In a simlar
woreon®2751ROVWD02, havi ng pi xel s with phot osensoPGT/URRN6/033169

403, and ROWO03 (not illustrated) would have pixels

sharing a readout circuit. [0028] Colum adjacent

pi xel s (e.g. photosensors 402, 401) share a common

. first st 409 f tori th ted .
diaggr P RRgRoT Thegpaiservery M i mey beeRtaheptmatie
' . 4. ' ) f

sl R0 Spfdond IR PR £ Aol Rt MRUEP prosened
embdHANGACHB PRt CRAIIrE e UON DD, A PROWRIIIR rbfiBnd | G 6

ti mng 8diagram expl ai ned bel ow. The photosensors 401,

402 may be any photosensitive structure for converting

| i ght[0@R9dt dnsecond stosbgectatetild i¢ phertd by haegesl) painoitoluma

_preferred enbodi nent, the photosensors, e.qg. 401, 402,
adjagend phREnserosHdd; 48 drlargs fopoihe Rhotasemiprs Qs 4Qfearg stosed

i iRLROGHE L0 ot e P Gt e
4 4 '
T S S b S
Phofok@isdB108A5(® <hifl IMrPdtsRAgE eRler4al hath Mirtrgﬁnegﬂi@@éﬂar%es stored
storage gate control signal SG Photosensors 405, 504
undethanéerobof grte dl sinaesgpetigafifth 4hd awirth stofgierepionpdtia, ¥15.

charges stored under control of 8ate 411 in respective
PhotosgnsarsAd, Z05sharen usiheerage gateds2 withdheiz respective charges

Phot 406, 505 sh f t t te 412
B N Y RN S TR
con R PSR SPLOY 1 B0 446 TR 0B ) ot

othe$#RE B8 SediAtcd WRRLESIraRisBRade $dt8ERr bAM pIteds @t NaNWEE
be required with separate Storage gates for each

portjunaif eadnafthe gAtes KoY 410,at1 parlR have sifle edgds 431 villieh gatpeeferably
409, 410, 411, 412 have side edges 431 which are

at arpgngileanthpla eqrnenwith gespeslrid the plhotesansers 401402 498 pEld: 4050406,

504, %5'58, vﬁgéﬁ 8rso%?cfe%rfcs>r a4 a%geri)%%torﬁg) ’ectéi‘r(g)n4 éregf 05r’ theA:' 8gc’>tosensors and,

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

413a, 414, 414a, 415, 4153, 416, 416a primafily comprise a doped region (n-type) located

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

[0030] As illustrated 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 shated, each

9



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

weorvgmeepsent |y, high fill factor. It shoul d be PCT/US2006/033169
understood that the storage regions 413, 413a, 414,
414a, 415, 415a, 416, 416a primarily conprise a doped
region (n-type) located under the respective storage

t 409, 410, 411, 412 | bstrate. [003Q
a5 olitin ot Ebcel STt R0 ERE SR cissh AR K35
; i st 4
coldiyT R0 B fABR 1, ACORMA RatBbded e 400 gisg shar the
tranfRef traARGoP B ASS TR Gardkd traRbtSA& B3t JANS Bfer gﬁalges from

425, and phot osensors 406, 505 share a transfer gat

chard@Gtordge tegRik 4834)a144 1o winraas Aogting diéfusioanegien 421a.
transi stor gates 423, 424, 425, 426 have si de edges
432 preferably at an angle and at a corner with

r es pe@P31 o Fhgtasensors #ll, fhdoneisherea foatingidiffusigozegion or
404, . 4Q5, 6,.504,.505. ]t should be noted . that the i
readoid Hufah Ratstsirotiey giinted cppBodiinsit 930w AR Rits having

i t r i ; . . 0 .
phoEIURGLTRA, 4 kel i BORGAL AR SRR U1 604 D g
phofds€hsops 4050408 Bhas 226AY fIBRALOSERERS eSOk 420 2The i S Roating

share storage gate 409, also share the transfer
diffasiansegsdred2hn U123 elethtcally @osfeted toangiagbdier gathesby

423, 424 transfer charges from charge storage regions
condyictiye trpgeer 2 dopedersginsrinfthesulistigtedi Thefkriating déifision #egians 421a,

0031] Photo sors 401, 402 do n hare a flgating
21X Py AP GRAPBYDORT P CEA LB REdER M rares Pt the
' : ' t . | acent . pi S Vi ng
chasgh SRR BTI B et R R R RSN el o
Caph@ran9 21 0P8 VaaWhiRdhd &RilasBd @03 k. 408, 5 405
share a second floating diffusion region 421b. The two
shows a#tirdfoatiripf diffl1sion tegiow 830 whidh,is 42itbd by eowladpicentcal | y
connected to one another, either by conductive trace
photgpengorsfiRdtiBe dhtrtegiontiheonngbiet ta prothehBodtingadiffugion region, in
di ffusi on regi ans la, ,421b nmay al so optionally be
the sagiggpanper @%%&lﬁ%‘fﬁa ranfiéé%'?/ﬁeé%n%%crt%s to increase
the
[0032] 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 charges generated by the photosensors 401, 404, 405, 406 following an
integration period into the associated storage region 413a, 414a, 415a, 416a, where they

can be stored and read out.

[0033] 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
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charge storage capacity of the connected floating

di ffusion regions 421a, 421b. Capacitor 429 is also
w@ouwphet$1t o Vaa- pi x and i ncreases dynam ¢ rangeCT/B51806/633169

al so shows a third floating diffusion region 430 which

is shared by row adj acent photosensors 402, 403. This

region is connected to another floating diffusion

region, in the sa manner that regions 42la and 421b

thatds engleshwatreepedt Bl asgesiateckpltosensoradfl R AU3 440, 405, 406,
so8 48k ik 1R RTRed B SR o, o

; f _ .
e ) e A 08 55002300 SLLRBPRERLE DAy mopc

to thbSIITNG 18R vRaH PEEMBhssotidled pHiloseiBts 405)@04 5Xh that gate
exanpl e, the storage gates 409, 410, 411, 412 "t ransfer

410 dvelapk angeper eght-hiretcdiyert dfphobmtnse 160 asd 40 LippdOdft-hand
405, 406 followng an integration period into the
corngt ebpheipsamser 418a anilarly, eachiafzhe trandfar trandstor gatend23, 424, 425,
where {hey can be stqred and read out. [0033 _
426 hasanes ﬁ&y?? RARES R wish Tesgef iorthe st brag e width
t 09, 4 d transf.er transistor gates
W of e helipnsgid fog, S uchina P el nEs ¢ PERRE fiablastonia
photb3EAk3E. TRis ?zgieﬁ'gd \éh%l@d LESREGY ah@ phBRsbnds %9%%%5, Slgtgg gates 409,

phot osenso 401, 402, 403, 404, “405, 4060,

410, uhBt412,340B, 474} £2504F d[RPS far aveffielent RGoanofahe ghtes 409, 410, 411,
associ at ed phot osensor. For exanple, the edges 431 of

412, 4P 424, dRAgROgmtinpad G the deakhgovnd biglpeirfogmehemofatie pixels in
respect to the length L and the width Wof the )
array 43¢ gﬂa\déaﬂ% this seRRgR Rt d3also benedigiahin Mavingaing tha 1l factor
. i_ght - d t 4
ot s AT BB ORRL o GRSl L PRSP o e
504, Sps1 wm.bl%aﬁﬁlgggat@m@ LBN3L U3 bAMS '@heﬁ?mﬁh@ao&%ﬁlg
42 3 s simlarly

4, 425, 426 has“an edge 432 that |
trangibtar asb Mavielsldargsdeddest dig. 14182, la@HGldd dvedlaf atcothadiod bl adbbciated

of the photosensors 403, 404 such that the gate

photegenspugsg- 40%or ner of an associ at ed

[0034] 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’ to a
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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phot osensor. This preferred angl ed geonetry and
phot osensor overlap of the gates 409, 410, 411, 412,
W@ 2®;7/02347 425, 426 allows for an efficient | apomUSwhH6/033169
the gates 409, 410, 411, 412, 423, 424, 425, 426, to
i nprove the | eakage and | ag performance of the pixels
in array 400. In addition, this arrangenent is also

T
T

may%eﬂih%&%%r&ﬁbﬁﬁoﬂ@é’gﬁoﬁ%ted edges, e.g. 418a, and
al so overlap a corner of an associ ated phot osensor,

e.g. 407. [0034] The shared pixel readout structure

wi | | [A085] bdhkdouhweny deaed pbetirealonet lapoet descrlpesi lsdrein
.. having a gate 436 is utilized for resetting charges at
illusgrabiveliithap a dsfarainef colusar-pdigeentiixels ayvingtsbeeiivephgtosensors

b. .-To one, si.de of the reset .gate 436 is a.
105,40, 0 reaedhiit PelgbiPIS Aars RVGA BAEPE TTPeF bea AR nEeTS
.\ O . Y

101 SPB O30 AR Lol LAY H9 E8BHOML s coumn ot
line BYP! PEAE)ACAAR butptR dine 48Pis ohBFnd BEdatslen Bc@PUMIRE with this

foll ower transistor 426' having a gat'e 426 connected

exerhplatshembodiatdant Jorleddry siten colagirootsa gikdlarrag 20D, Aardcly two
row sel ect transistor 427' having a gate 427 which _
colugut-adjagens pixelsae 8si06hE01ovidlhe seanentindly seasd entofthe pameputput line
transi.stor 426' .to,a readput col line, 1solation
420, ] fagieresBestiva sigmalscsgd £o b seraraielisemipletenebield ip grder to
maitf o Ak 0T R ob B Bt oo, BRI RY gl irctc 05
(FIGJ-%?QB b1 cRLIGH BoRirhR Tink 221 ARBcthp R ERIRABI SndBlo sets of
404, 405, 406 from one anot her. ‘Anyknown isol ation
capdciai3EBALESS. Budich @B deterthines tvhether tledintemiipadigroal fionetheh
isolation (STl), maybe used to formisol ation regions
colugding 420 3bpultlge todhe fipg getsh sarasitprsasy or Haksgend sgf ofit

descriped herein
capacﬁors 635’. pract?ce, 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.

[0036] FIG. 6 is a timing diagram illustrating an exemplary operation of the
array 400 illustrated in FIGs. 5 and 5A, It should be noted that the transfer transistor
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illustratively has a first pair of colum-adjacent

pi xel s having respective photosensors 405, 406 and a
w@emonerspai r of col utm adj acent pi xel s havi ng PCT/US2006/033169

respective photosensors 401, 404 sharing one set of

readout circuitry, e.g. trunk 450 leading to a colum

output line 420 . Thus, a colum output |line 420 is

gategtatreix o, EB V! eep=aisrinspiseey (F FaPeref dpyrol signal

for tﬁg %d%%sfr lexsl’%iglﬁikelt c%?ut%uﬁ% #} e %gljag aBh! F\Q\Jt }ﬁe%l, SR ovgied 'i% lgt%et% to

sequen y rea ont o e sane ou

desibhitE 18w Qunfid “Ahed o tﬁ@éﬁ@f&d}w 9t Shidbe nBRAGhAOHEfiming
parately sanpled and held in order to maintain

diagh®@enl STPIG I Eeptasbhigontyosnd dyenipilase! waayr difﬁgneﬂ&fhg thagpueuand
hold circuit 635 (FIG 5) is connected to a col umm

depictadenZ20s. Srasiddghpnd sdwer gperatipng 3éhemnes mayp be emplayed.
capacitors 637, 638. Switch 636 determ nes whether the

R IR M ST e o AR
P BB 35 s P BSAE 6 RRC BB ot

ﬂuoﬁ?ﬁ@l@é &Bﬁge ?ﬁl%g B edif feldpbativRcRAESRgIOM. BVERIxample, charge
srgnal s, eset signal Vst after the common floating

frontlphbtosdredr 40d5 aand@irad tel@dingesegion i 3d yhirge foas photosensor
transi stor , e.g. 436', and a photosensor signal Vsi g

402 jsrirragteenediy siomagegregiondd dmfiazgedgonyphetqsensas $8a tdranséerged to
401, during.an integration period. A difference signa

storagegieglonid . chargedrom hatpsgysod P4 @rtéﬁwfeaedatﬁﬁrqrﬁg%%egmfil‘lar

charllcgl(e) E} o%?fﬁ%tgise)ﬁghf 40§Li§ éraflsfglsria& tc%%t@%a?g% ?‘%ﬁl&} %T%aé ?ﬁﬁgg &ro%]:

_ I'ngl ng pixelr: h-pgair of
phofcRBaot LOY 3 taRéferied t8 %r&g‘%%%%ﬁsﬂé&, CH&%eQﬁﬁﬁ%hBﬂfser%Br 504 is

the pair a signal Vrst and at another capacitor of the
trangfaired do StogHipelredioh ¢154, and aharge frovphetobeisnr Bl iaansferred to

pixels. [0036] FIG 6 is a timng diagramillustrating
storage regiomdiiléa.y operation of the array 400 illustrated in

FIGs. 5 and 5A. It should be noted that the transfer

tr anS['b&;S?r Subsequently, for row Rowon 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 Rowau, 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,

Rowo: this same sequence of steps is repeated, turning the appropriate row select (RS)
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12gate signal lines TX ODD, TX EVEN, respectively

represent the transfer control signal for the odd or
we@n/opisxel colums in the array 400. Further, PCTRUS2006(133169

is used to designate row number "xxx" of the array

400. It should be noted that the timng diagram of

FIG 6 represents only one exenplary way of operating

t he ru e depicted in.kElGs nd 5 ngd .ot her
597, et Bieebi e o e iyt B (788 St BB e Sieond row
Rowid gjr 48 o@@h ?es%@ﬁ%ﬁeﬂlon.?d SR ife I3 289 1£R¢ @(ig]lg:ﬁtion of the
endi ng a photoseHsor iIntegration period and charges
floatit @MfAlstonRBIASBO IS FovdkAaihd @ B6iRictedd dalting \dithudib®region of
storage gates into their respective storage regions.
Rowka, whiich isexatrshben in FHE.GA. f Thistiplephoweverpthed Isel signal is high,
transferred to storage region 413a, charge from

causiippthesignabto brostored ip papsef 8apasior of rAIIHgd herdhe row palect and
char from ensor. 403 is transferred to storage
SmnPEﬁW@ﬁ“&é&%mggi&g&fpééﬁﬁﬁﬁ%?%g@ Q¥r 404 is transferred
to storage region 414a, charge from photosensor 405 is
tr angh@io] e NP St MALSigrBITREVEREs 1rHad E8hibh oD act
photggeﬁgor 406 i's traﬁ%#erréd to storage rggioﬁc4T§S#w
everCdifE t4refor pRakieme Bars 420 thwid ddjaRef WS CHOg&i06raden the
regi on 415a, and charge from photosensor 505 is
stordgeamed €rdaede thusstapstegredribgiugh thd Gansfpi0@88istor 424’ into a floating

_..Subsequently, for row Rowooi of the array 400 .
ditfusing weionelp et seiisbiior dwichazmys geperatad yeplitpscgaered03 in the

e SRR S BORSEE ot S BBk 55 S R e
B

trandRQ9L 127’ AvitH dhealgndl ROW, epdessipld fgl hold diRaR 635 amgh £ high SHS
~is read out onto colum line 420 and is sanpled and
signdlgb dample the fivstgbwe dfnécis tione vthile dpaki_selsigral is 1688vhioh selects
sanmpl e and hold circujt 635 by sanpl e and hol d reset _
the capgitor sef4R8 thypmghywitsh 636.gAap rmﬁ? Hhephajpsenporaé signal Vsig

is stodrg& oh'The %sig capacitor of capacitor set 628. Capacitor set 638 now holds the

reset signal Vrst and the photosensor signal Vsig corresponding to photosensor 404.
For Rowu, 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 Rowoe into the Vsig
capacitor of capacitor set 627. The row select and sample and hold signals ROW and

SHS return again to low.

[0040] 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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whet her the signal on colum |ine 420 should go to the
first set of capacitors 637 or the second set of
w@apao21ser s 638. For Rowooi, In_sel is | ow cone@DUK1006033169
storage of the reset signal into the reset signal
capacitor of capacitor set 638 (FIG 5A). Then, for a
next row, Rowoo this sanme sequence of steps is
.repeated, turning.the propriate. row select (RS,
stV T e L o 38 CoUTM LS TP et e P habiggepeated
0 , . ¢
it SEBhe AP A Bhe i R LMLk 8RB )
untitQPRU1 hrefd olihor bh@abik&lan dirk 480.0R shed MR 1h3Rrdi6¥d that these
ROWO02, and a connect'ed floating diffusion region of
opeRGYRAIItepataire bxensplant ordowd the irleGition s inTol way limited to the
however, the In_sel signal is high, causing the signal

methesl plresd artaperation aselesaribedgwedinor of pair 637. Then,
the row sel ect and sanple and hold signals RONand SHS

o cuPodl 8% R R i ot RS nE el 1 B, 410

¢ , . . ¢ .
435 {GENG B pLBAS BhNIp IR R dehulh, THE g0 OF B BSoming
trankib@Rsdre bpefhtd b P e@ird] BRnhlsdnd iR HDREGS 5AY tdH@dhit theh@ount
a floating diffusion region 421a and simlarly for the
of clehge ghichge aeuatidated pypoaegsenikding pUatdsénsotshe.gnddot 4040401, 405,
ROW02 by turning "on" transfer transistor gate 424.
during richarggantreiasion pesiogi Xbf aphlpaginggan aranasqbe usedaga global
onto, the.cqglu line 420 by activating the row sel ect
rese{gaéﬁgql%etgbqwegﬁt{qygqg@dsi gnal RON and sanpl e and
hold circuit 635 with a high SHS signal to sanple the
fir St[omFV- FIQ! SsHo%rsS0MRIO indB e 6 ihRuifith #3d BP8tidrSmb P We
whi ch selects the capacitor set 638 through swtch
empbBed vAshifi pheddatl 603 eTihOMoBERsQer 60¥is Dpafadd Msh gorttgol circuit
stored on the Vsig capacitor of capacitor set 628.
630, Gpeciontrolsatdreggiatoderh 617 $2% fra selesting Hiegpairopiate ramdnd

t he phqot osensor signal Vsig corresponding to
colugpiriss Serdirelaeaiontol ong uitH3g alsBIcoyap Ry ghd rolumn

drivc\e/rsciilg:u.iéy A s‘%dth(;gé'I tthe}rf %BS@tdr?x%né b/gltfﬁls %% i <9rfiver.t9av¥lsistors 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 con,trolled 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
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sel ect (ROWN and sanple and hold signals (SHS). From

floating diffusion region 430, a signal is generated
whypoogoeasee fol | ower transistor gate 526, thr oupdil/Us2406/033169

sel ect transistor 537 and onto the columm |ine 420.

During this readout, however, the In_sel signal is

returned to high to store the photosensor signal Vsig

e el S v
VSR AL sh D085k T O fben

anal6@td@Fgitalcdhve¥y, Utilizing the alter nat ive transfer
transistor gate signal TXJDDD to 14activate transfer

transi stor gates in odd colums of the array. The

met hddﬂll% FEpddllastratas ahirsaging peoressof-basebsytstepa? 00, bdr

rows (e.g. Rowooi and ROWO02, ROWO03 and ROWO04, etca
examjple;al camegwsger%r‘/éhﬁb genegally egppHsesiR enial pmﬁesamawt (CPU)

705, 84l 4P e S g e Ao ane s rnepel (5 egice 710
over oS Lﬁlg]eg“ﬁg g?s?elﬁ b@? 8%5 W&a'hqgg% cge%?%laéﬂb Wndtructed in

accolddnie8 Wi e dRHHOBIRAI BEHHRAARSHMiOR dbscribel heddif, Iﬂ\lger 6@6 also

(FIG 5), and assorted anti bloom ng transistors.
compahistaiwiththedlRU B0Dovermgis Vis n"ﬁhepm‘csssar-baseﬂ@yabﬁwm)also
control signals on lines HDR (FIG 5A) to limt the
inclughes gandosn acreg emany GAM 72 @udﬂmu@hldwremabbmmrygm

e e

600 ﬂ'@?g g&n?@ga %ﬁ*}:‘? &?c?‘cggso?{ashgh EQ a%‘ﬁj | r%p ¥ mgg%]%%o@és's
mlcrbrﬁx%césﬁﬁﬁ RELHOSr WakolemeRBlP%eFhedlohhl dindlb Xfbe ﬁ%é@aﬁc@%r ona
i mager 600 is operated by a control circult
diffefe3 chiphtheh theoproresser. addr ess decoders 615, 625 for
sel ecting the appropriate row and

[0044] 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.

[0045] The invention further includes a method of forming a pixel array of
the embodiments illustrated in FIGs. 5-8. The method comprises the steps of forming a

first photosensor for generating charge in response to applied light, forming a second -
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colum Ilines for pixel readout. Control circuit 630
al so controls the row and colum driver circuitry 610,
wWG2®78z75sthat t hey apply driving voltages to t heECTHUR2006/033169
transi stors of the selected row and colum I|ines. As
not ed, the pixel output signals include a pixel reset
signal Vrst read out of a floating diffusion region,
e.g. 42la, 421b, after, it is reset by the reset . ]
phofgsghsor fergengraiing ghasgs inrespoase toppplieddight, apgifemming a first and
read out of .the floating diffusion region after
secql Ty oE BRI SE PR gSamnen b1AEAEFae ek ThsBr sy cgnected to
, ' .0l. |
the fifs# 954 Séco%é&o sBHids ﬁ)tr%foqﬂfg Jht%g%eq?ﬁrﬁ%é fi t\a/{g(l‘i 89@6118

storage gat or each pixel5 st an _ _
phofds8Rdrs irﬁfe@;ta&@i% st ab sbdrdsAomkLE shathd bt fdi decinb
and are subtracted by a differential anplifier 640, to
phofirsenkoream aidifwndjatérdl signal Vrst - Vsig representing
t he anmobunt of |ight inpinging on the pixels. This
difference signal is digitized by_an anal gg-to-digital
conv efOP‘éfr 6Us Profrsses agdideriggs gescaibed @Em liluaﬁr@teﬂvé%retred
n.image processor .650 to for digjt [ e t put .
methfitd SREGEROP RGNt Pty eBat S B i At mishBefy clidtpove
£ f ' ' . .
o R o R DB G degrures
and ddf-hetaged dfahe ptegadd indditiohl TRGLEver dt Birddt #@enddd @at the present
| differential analog to digital converter. [0043] Flg
invegtiph lbestricilydsniter tothg abgvepdecsbeband bettatedsndmdifents. For

for exanple a _camera_ system which generally conprises
exargpleeplithotighdhe Epeatiay is dipquspebeyly it referencefe pixel arrays having
ni cr opr.ocessor,. that co njcates.wth an jnput/outpu
o 4TPIF R DL 5 b UEP G D B Hiar gy sl tpoer
. o . . . :
Bt e LS B AT o PR BE Rl ing scope of the
inved€i8A! AEEidIRIIG) dhy hoagRatiGRDTRIUGA preddt L@ Bireseeblb bf the
the CPU 705 over bus 715. The processor-based system
presg00inabstion thet crve withindthe spittess! stepooithé RAMwIRE 0laimsshould

can_i ncl ude renovabl e nenory 725,
be considered part of the present invention:
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such as flash nmenory, which al so communi cate with CPU
705 over the bus 715. Imager 600 may be conbined with
w@2@rozessor, such as a CPU, digital signal prPCEES®NG/033169

or mcroprocessor, with or without nmenory storage on a

single integrated circuit or on a different chip than

the processor. [0044] The invention further includes a

nmet hod of operating a pixel array of the enbodi nents

illustrated in FIGs. 5-8C1#HMSvet hod conprises the

steps of generating charge in response to applied

light,in.a.fi ' '

r capdPhil P ghlbt ai) REFHARt BEAHBERL LFIMAR e of the
UnitsSd Qfkddds.charge fromthe first and second photosensors

I'n respective first and second storage regions with a

first and second storage transistor having a conmon

fli. r A kel magy cgatpeisirgspect i vel y connected to the first

and second phot osensors. The first and second

phot osensors are col um adj acent. [0045] The invention

f ur t hed Hrsidphptesensorfer Serding '%'g'ras nge fo appl l%ﬁglt;

t he enbodi nents illustrated in FIGs. 5-8. The net hod

conpri . fior

gener ap e R EFABRRAS fof Bl B SRR RO Al

fq[gn't;rbglda second 16phot osensor for generating charge

in Tesponse to applied light, and formng a first and

second storage transistor having a comon first

st or age fiysitandrsespret stoxage yragsistos g@é@\gtaocmon firsttstaapge gate

second phot osensoys foy storjng charge from%he firs

arf@srResHBY cpmREnss Shal}%%%‘e%@ Pb@f%‘?ffsgfs hatosing sharge

LA ARl S 355806 208 G5EREGRS AT

deggihped above illustrate preferred nethods and
typrcal devices of nmany that could be used and
produced. The above

wherein said first and second photosensors are column adjacent.

2. The pixel array of claim 1, further comprising:

a first and second transfer transistor having a common first transfer gate
for respectively transferring said generated charges from said respective first and
second storage regions to respective first and second floating diffusion

regions; and

a first and second readout circuit for receiving said generated charges

from said respective first and second floating diffusion regions.

3. The pixel array of claim 2, wherein said common first storage gate and said
common first transfer gate are located at a corner of each of said first and second

photosensois.
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description and drawings illustrate enbodi nents, which

achi eve the objects, features, and advantages of the
w@e@3meisiT nventi on. However, it is not intendelPlCT/081006/033169

the present invention be strictly limted to the

above-described and illustrated enbodi nents. For

exanpl e, al though the invention is discussed only with

reference I s. having a 4-pi xel sharing of
a‘fre Sé?txei?’irf%m’fd %Y%?ﬂr&g‘tm@&arl ng of storage
and transfer gates, other nulti-pixel sharing arrays
are al sk

i nventi on. ?%?giﬁlfpigéﬁgh%%g%e?%? |B O%fse H}%}l}) hr?d light;

presently unforeseeable; of the present |nvent| on t hat

come wid thid stdregspinsistorhahing apecodil stdragé gate Qvhdted to said
cl ai ns shoul d be consi dered part of the present

i nihingt phvtosenaTifog $Bring aharge fronasaid thisd phetesersdr thes third

to be protected by Letters Patent of the United States

i sStorpge Fegiotel arr ay conprising: a first photosensor

for generati ng charge in response to applied Iight' a

second ponse

o applTagefRaRbft Ll u SRS A ol

transi stor havrng a common first storage gate

15es pEhé pisel yrrooohediey fidh&adoshprisiigd: and second
photosensors for storing charge fromsaid first and
second phot osensors in respective first and second

st or agé@ thisditignsfer ﬁﬁléﬁ‘ﬂ%fph having afspeond tzansfergatmigr transferring

EPS% geer%?agg & e l 7 rmﬁﬁa t?ét%ﬁ;ggrtage %egu-)rl{] & sa1<i( Flrst E)arlt?ng

diffusion region.
6. - The pixel array of claim 5, further comprising;
a fourth photosensor for generating charge in response to applied light;

a fourth storage transistor having a third storage gate connected to said
fourth photosensor for storing charge from said fourth photosensor in a fourth

storage region; and

a fourth transfer transistor having a third transfer gate for transferring
said generated charges from said fourth storage region to a third floating

diffusion region, wherein
said first and fourth photosensors are column adjacent,

said first and third floating diffusion regions are electrically

connected, and

19



a first and second transfer transistor having a comon
first transfer gate for respectively transferring said
w@eoenztsed charges from said respective first BEMUS2006/033169
second storage regions to respective first and second

floating diffusion regions; and a first and second
readout circuit for receiving said generated charges
tlve first.and econd

i £ T e Rei frsceaant crctiprereil Srid penaptost dirifihrom said first

n ;Storage gate and said common
fi rgﬁﬁrggfﬁggngﬁwﬁ?sgo%freﬁ Scated at a corner of each of
said first and second phot osensors. 184. The pi xel

&1 1 ayh@pixel A&} & cldit &, hefh&UoRiprEing: a third

phot osensor for generating charge in response to
applied light; a third storage transistor having a

second agiftir plygospaser foo gererating clmrgairrespinsd to applied hght
phot osensor for storing charge fromsaid third.

Fimst ” ait ipPa® prdpbee Reoe ebHolitaes e ol
DI 6l bt oIS Lo BOTR] LUk Y ihstorage

trans fansi stor Ravi Seco anster gate
tﬁ@gQﬁe&king said generated charges fromsaid third
storage region to said first floating diffusion

region. 6. The pixel array of claimb5, further

conpr i sififg trmstfemratrhispmhaammrﬂ‘dra@@@am fontrapsferrie

in response to applied ht; a fourth storagg' )
t rsaiskgestted sharaes faomwmddg%h ierrspe rgeion te sRiddhird dlopng

dl&usmn reglon,

wherein said third and fifth photosensors are column adjacent.

8.  The pixel array of claim 7, wherein said first, third, fourth, and fifth

photosensors share said first readout circuit.
9.  The pixel array of claim 7, further comprising:
a first control signal line,

wherein said first, second, third, and fourth storage gates are connected to

said control signal line.
10.  The pixel array of claim 9, further comprising:
a second control signal line; and

a third control signal line,
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fourth photosensor for storing charge fromsaid fourth
phot osensor in a fourth storage region; and a fourth

W e@n®2mI7 t ransi stor having a third transfer getEUS2006/033169
for.transferring said generated charges from said
fourth storage region to a third floating diffusion
region, wherein said first and fourth photosensors are
colum adjacent, said first and third floating-
di ffusion regions are electrically connected, and
19said first readout circuit receives said generated

charges fro Al ¢S g“‘i(zer{"é’:‘iia};%ﬁv{},d floating diffusion

regi ons. 7. e pixelZarray 'of claim®6, further
conprising: a fifth photosensor for generating charge

in response to afapd seednd c@tiol sigrial Iihdrissoanaged to said transfer
transi stor having a fourth storage gate connected to
said fifth photigergates for evesnumbarpdededinyss fandm sai d
fifth photosensor in a fifth storage region; and a

a f.ourth transfer

gate for transt Y Al LSeroSRBITESs Errargld tpiBRFGS
gate for transf id
fifth st .eq] ' ' ' di ffusi
regi on,  wher et Sl Rt FhBDT ot s Sare

col um adjacent. 8. The pixel array of claim?7,

mher Bhapsa@l drdyt dfsdaint 10, i ther @uphisingtsainle Bnd hold circuit for
phot osensors share said first readout circuit. 9. The

storipg raesehveliageahdanaiupd vdliage from spadnfirstsindgecond readout circuits.

12.  The pixel array of claim 11, further comprising a first antiblooming transistor
having a first antiblooming gate for limiting the amount of charge which is accumulated

by said first photosensor.
13.  The pixel array of claim 12, further comprising:

a second antiblooming transistor for limiting the amount of charge which

is accumulated by said fourth photosensor,

wherein said first and second antiblooming transistors share said first

antiblooming gate.
14.  Animager comprising:
an array of pixels, said array of pixels comprising;
a first photosensor for generating charge in response to applied light;

a second photosensor for generating charge in response to applied

light; and
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a first control signal line, wherein said first,
second, third, and fourth storage gates are connected

wa eogaeirontrol signal |ine. 10. The pixel arPeyU8f006/033169
claim9, further conprising: a second control signal
line; and a third control signal line, 20wherein for a
given array row, said second control signal Iine IS

connected to said { ransfer transistor gates

even- n@rigetr B! seeprrhterags fransisiqr hawings %%WF‘PB |ﬁr§,t. stprage gate

o Ry St hve et BEE AL sos P R Pral ey et ol isPine ghrse
fuﬁ&ﬁ%ﬁl&%ﬁﬂ@é&%fgﬁ%& oft i r %Begn% Hidhd Ee?.‘bnd storage

storing a reset vo ge a an out'put vo tage
sagegloﬁ-l»srst and second readout circuits. 12. The pi xel
array of claim1l, further conprising a first

anti bl oomi ng transistor having a first anti bl oom ng
gat e f orhdreimispidrfiyst drel secondphofosatsarspae aplusin adjacent.
accunmul ated by sal d first photosensor. 13. The pi xel

ﬁ;ra of cl a| ZL#B ﬂer co .ising: a second
ti %Hﬁ?&?@ i3 14 gt 'Fro‘ionfll? M$'ng the anmount of
charge which |s accunul ated by said fourth

phot 0S@NEEF andMAES R Bars@bSrdrsfsbdr I%R‘/%g?@ ESMfhon ﬁr transfer &ate

anti bloomng transistors share said Tirst antl oom n
gdoLrespdctively trarR@eting @I desibia@d charges from said respective first and

second storage regions to respective first and second floating diffusion

regions; and

a first and second readout circuit for receiving said generated charges

from said respective first and second floating diffusion regions.

16.  The imager of claim 15, wherein said common first storage gate and said
l
common first transfer gate are located at a corner of each of said first and second

photosensors.
17.  The imager of claim 15, further comprising:
a third photosensor for generating charge in response to applied light;

a third storage transistor having a second storage gate connected to said
third photosensor for storing charge from said third photosensor in a third

storage region,
wherein said first and third photosensors are row adjacent.

18.  The imager of claim 17, further comprising:
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an array of pixels, said array of pixels conprising: a
first photosensor for generating charge in response to
wa@ppiozmsit i ght; a second phot osensor for generBCT/N§R006/033169
charge in response to applied light; and 21a first and

second storage transistor having a common first
storage gate respectively connected to said first and

second photosensors for storing charge fromsaid first
and secoldrdirashs disgsistor hﬁvmg%e@nc{/%am%f?%&at%ﬁa g toREng
st or.age regi,ons erein.gaid first and, second .
oS8 SR e et P Bt ahieeR RO S S Bt fogpins
Cl&ﬁ@sf’oﬁ'reéfrﬂﬁt her conprising: a first and second
transfer transistor having a common first transfer

gate for respectively transferring said generated

thar ges imagenos alatinsspedet s@nprisifg: and second storage
regions to respective first and second fl oating

di ffusion regions; and a first and second readout

ci r cui ta oyrthpbeirsensey fergeaerpbingcharge in respgase forappliedilight;
respective first and second floating diffusion

regions, .1 The imager of claim.l wher ei n_sai .
comon 1 oheh L Gp REFedayind s Bl olREI R sedflefed to said
£ T RS h AR R 16 AtQﬁﬁ%’ EthrBL FBnfRNiA furt pRASEREr £ Burth
first :ﬁnd sec%nd phot o ensr rs. 17. Tﬁg iIr)rager no§r§c\ aﬁ&rﬁ
15stofage téy@on;c@dpr i sing: a third photosensor for

generating charge in response to applied light; a

third storage transistor having a second storage gate
connectadgurth tepmpfgr transistor having a third transfer gate for transferring

said generated charges from said fourth storage region to a third floating

diffusion region, wherein
said first and fourth photosensors are column adjacent,

said first and third floating diffusion regions are electrically

connected, and

said first readout circuit receives said generated charges from said first

and third floating diffusion regions.
20.  The imager of claim 19, further comprising:
a fifth photosensor for generating charge in response to applied light;

a fifth storage transistor having a fourth storage gate connected to said
fifth photosensor for storing charge from said fifth photosensor in a fifth storage

region; and
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third photosensor for storing charge fromsaid third
phot osensor in a third storage region, wherein said
wo poog2Amnd t hi rd phot osensors are row adj acent PCT/BS20061€33169

i mger of claim17, further conprising: 22a third
transfer transistor having a second transfer gate for
transferring said generated charges fromsaid third
storage region to said first floating diffusion
r egi ona fifth trameferi tramgistordiavisiged foutid, transfarigate for transferring
conprising: _a fourth phot osensor for, generatjng _charge
i rﬁalfdeg%tﬁﬁgéd chargppiromsaid fa@a storagedgicR tQ 9@35558 floating
tnfgﬁLstor.having a third storage gate connected to
sa g 8uF 4 %Bhot osensor for storing charge from said
fourth photosensor in a fourth storage region; and a
fourth JH288 181 thiraWekSie! pHvdensoRd a&@bdlan&mr@?b%ﬁi _
gate for transferring saldpgenerated charges fromsaid
fourth storage region to a third floating diffusion
2legi Bhe indper of clagal@) Whersin saildfirst third, foshomehiifths are
colum adjacent, said first and third floating

photgperporsisharersaifl dissreadeutetie®ity i cal |y connected, and said
first readout circuit receives said generated charges

0 ald fir and. t-hj | oat i di f fusi on regions.
%. %lrﬂq%ﬁgfélg g?’a{?d r%ﬂ%é{m}%%‘ 3r conprising: a

fifth photosensor for generating charge in response to
appl i ed flrbtddhtrol signal line,

e2)

wherein said first, second, third, and fourth storage gates are connected to

said control signal line.
23.  The imager of claim 22, further comprising:
a second control signal line; and
a third control signal line,
wherein for a given array row,

said second control signal line is connected to said transfer

transistor gates for even-numbered columns, and

said third control signal line is connected to transfer

transistor gates for odd-numbered columns.

24.  The imager of claim 23, further comprising a sample and hold circuit for

storing a reset voltage and an output voltage from said first and second readout circuits.
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a fifth storage transistor having a fourth storage

gate connected to said fifth photosensor for storing
webarge7sitom said fifth photosensor in a fifthPGL/USAYE033169

region; and 23a fifth transfer transistor having a

fourth transfer gate for transferring said generated

charges fromsaid fifth storage region to said-third

floatjng diffusjon_region, wherein saidt rd .and
At SHB?%}‘%@EE]SFE 24 tariey W%?&éz'ﬁﬁt angi °°¥HB8 fﬁ%ﬁaé‘ior

of claim wher ej thir
hawrsﬁ%ﬁarorr@%%c’érrns edtedpE Pittg SR el Wiitpgf pfeomutared
by s 2 firdt ;. of claim 20, further conprising: a

I'rst ontro signal line, wherein said first, second,

third, and fourth storage gates are connected to sald

ZEONt Mhk inbgpnak clalmes, fddtherldenpriggger of cl aim 22,

further conprising: a second control signal |ine; and

a third control srgnal line, wherein for a given array

row, sdi Wbl mmgérar@rsmréw limiing the agpnaé peeharge which
said transfer tra ates for even-nunbered

cof G {? bé/'aqi""bc{]ftS t&'tflr@g?ﬁapﬁﬂ signal lineis

connected to transfer transistor gates for

odd- nunpeLed sal fdPsnd %@ona_ Qﬁhlblﬁ@:grﬁ{cg Q&ns%t@fs@hg% said first

further conprising a sanple and hold circuit for
antiblooming gate. -

27. A processing system comprising:
a processor; and
an imager comprising an array of pixels, said array of pixels comprising;
a first photosensor for generating charge in response to applied light;

a second photosensor for generating charge in response to applied

light; and

a first and second storage transistor having a common first storage gate
respectively connected to said first and second photosensors for storing charge
from said first and second photosensors in respective first and second storage

regions,
wherein said first and second photosensors are column adjacent.

28.  The processing system of claim 27, further comprising:

25



storing a reset voltage and an output voltage from
said first and second readout circuits. 2425. The
w0 pagee7sof cl ai m 24, further conprising a firSPCT/US2006/033169
anti bl oom ng transistor having a first antibl oom ng
gate for Iimting the anount of charge which is
accunul ated by said first photosensor. 26. The i mager
of claim 25, further conprising: a second ant] bl oom ng

transi stidst augt sacpnd fransfer ensigieor raving a comamge fief Eansfer gate
accunul ated. by said fourth photosensor, wherein said,

e PR el AR AT PR SRR o ORS 78 SBHgeep S irst and
F L 4e3bn @k RledORbAOI R S8 rsh aR ESAE MR Bl Fllon

conpri sing:® a processor; and an | mager conprising an
arfed¥or@farlti Xel s, said array of pixels conprising: a

first photosensor for generating charge in response to
applied light; a second photosensor for generating

char ge a fixrst ashenemd teadaepiptifait for wpeeivirgrrichgdrierated ghatges
second storage transistor having a _common first
stisprgaidyespeciizg fet and seepnd dloating diffusiorsigiprei r st and
second phot osensors for storing charge fromsaid first

c ar ge |
29 TREBRL-EA0 GREATO oluld SHACELINE Lhban A0H oRS6N Whe

stor age n sal rst an

and PQORBRSOAS BARIED A RreaACLA e coffer oFREIPSQBRPRIPInd
system of claim 27, further conprising: 25a first and

secoséphbtbsétisnsf er transistor having a common first
transfer gate
30.  The processing system of claim 28, further comprising:

a third photosensor for generating charge in response to applied light;

a third storage transistor having a second storage gate connected to said
third photosensor for storing charge from said third photosensor in a third

storage region,
wherein said first and third photosensors are row adjacent.
31.  The processing system of claim 30, further comprising:

a third transfer transistor having a second transfer gate for transferring
said generated charges from said third storage region to said first floating

diffusion region.
32.  The processing system of claim 31, further comprising:

a fourth photosensor for generating charge in response to applied light;
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for respectively transferring said generated charges
fromsaid respective first and second storage regions

wao ooresperti ve first and second floating diffuRCDOS2006/033169
regions; and a first and second readout circuit for
recei ving said generated charges from said respective
first and second floating diffusion regions, 29. The
processi ng system of claim 28, wherein said conmon

first stfonshstojagetranmstenhayingnthird stprage sptegosnasted fn said
are |l ocated at carner of each of.said first and

o el miessudet SorapcharRe By Itk R Psgigtin 2 fourth
claim Jfurther conprising: a third photosensor for
ge%g?aég%&g’h%‘rgge in response to applied light; a

third storage transistor having a second storage gate

connect@ui thdlsfer tiahsictopheting ankied tfadsfes patkifogiraidgiag
fromsaid third photosensor in a third storagé region,

whesid genesatied charges frandsaichfoudthgitaiags espsan & athard fhoating
adj acent. 31. The processing system of claim 30,

f udiffsiongegipni whetgin a third transfer transistor having
a second transfer gate for transferring said generated

charges_f said third. stor r egi id first
f1oati ﬁﬁl‘%@} ﬁ%cli %’rﬁl r&‘e%}?%%s.egﬁg g‘ﬁ@%@ﬁ@éﬁ%%ﬁg system
of claim31l, further conprising: a fourth photosensor

for gengidtisnshdhardBodtihpBERANS EegiéhsaRe bieetichilght ;
26a fourth storage transistor having a third storage
gatemearndentded to said fourth photosensor for storing
charge fromsaid fourth photosensor in a fourth

said first readout circuit receives said generated charges from said first

and third floating diffusion regions.
33. The processing system of claim 32, further comprising:
a fifth photosensor for generating charge in response to applied light;

a fifth storage transistor having a fourth storage gate connected to said
fifth photosensor for storing charge from said fifth photosensor in a fifth storage

region; and

a fifth transfer transistor having a fourth transfer gate for transferring
said generated charges from said fifth storage region to said third floating

diffusion region,
wherein said third and fifth photosensors are column adjacent.

34, The processing system of claim 33, wherein said first, third, fourth, and fifth

photosensors share said first readout circuit.
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storage region; and a fourth transfer transistor

having a third transfer gate for transferring said
w@eoenztsed charges fromsaid fourth storage repiDOS1006/683169

third floating diffusion region, wherein said first

and fourth photosensors are col unm adjacent, said

first and third floating diffusion regions are

el ectrically connected, and said first readout circuit

8B c eiThe precepuing eystenavédlainh 83, Jughercomprising:f i r st and

third floating diffusion regions. 33. The processing

systemof claim32, further conprising: a fifth
phot os Fc%lfr‘r)]lﬁlﬁﬂ%]rlgfer ng charge in response to
applied light; a fifth storage transistor having a

fourth 5t QLR08i PRLE s&%ﬂ?ﬁgﬁg ah@ f(ﬁﬂﬂgstt)fefgrfe i%?%eﬁ are connected to

phot osensor for storing C e fromsaid

pheti@saisdlkignal Bnd.i fth storage region; and a fifth
transfer transistor having a fourth transfer gate for
transferring said generated charges fromsaid fifth
8. or dbe pregsing sxstesaioficlaim 8% fetthendompribinig: usi on
region, wherein said third and fifth photosensors are
colum adjacent. 34. The processing system of claim
33, mhearsé{“ﬁ‘cg‘éqn&r“?ﬂ%?ﬂ“teﬁ?’?cg, fourth, and fifth

phot osensors share said first readout circuit. 2735.
The prQagsaibareysaiemnLal, claim33, further conprising:
a first control signal |ine,

wherein for a given array row,

said second control signal line is connected to said transfer

transistor gates for even-numbered columns, and

said third control signal line is connected to transfer

transistor gates for odd-numbered columns.

37.  The processing system of claim 36, further comprising a sample and hold
circuit for storing a reset voltage and an output voltage from said first and second

readout circuits.

38.  The processing system of claim 37, further comprising a first antiblooming
transistor having a first antiblooming gate for limiting the amount of charge which is

accumulated by said first photosensor.
39.  The processing system of claim 38, further comprising:

a second antiblooming transistor for limiting the amount of charge which

is accurnulated by said fourth photosensor,
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wherein said first, second, third, and fourth storage

gates are connected to said control signal |ine. 36.
wab@7peseessi ng system of claim 35, further coP@F/US1006033169

a second control signal line; and a third contro

signal line, wherein for a given array row, said

second control signal line is connected to said

transfer transjstor gates %or‘evenjnunbe[ed cglunns )

and s dhTRR BB secpd antiplpamingransifiers sarespid first

trangfer transistor gates for odd-nunbered col ums.

3770 %P%ﬁﬂ%@@%%ing system of claim 36, further
conprising a sanple and hold circuit for storing a
deset yeloads og@&hiﬁ _a?}&eﬁ Yhray Qbﬁ@ﬁ@in% HRETL 8P4 g first
and second readout Circuits.” 38. The processing system
of claim37, further conprising a first anti bl oom ng
t r ansi geoerating chayga if iasponsarid applhahiighd iy afiestfphotosensor;
[imting the anmount of charge which is accunul ated by
said first photosensor. 39. The processi ng system of
cl ai m EENeTRHRE FRFTRE GHISEPNss o aBp B aeeIdori ng
tr cﬁg%%x%,fq{ limting the anount of charge which is

Ul a edm%y said fourth photosensor, 28wherein said
first and second anti bl oom ng transistors share said
first apdridy GargeT8oA AR firdlandselBiFRbtOerRBR IR dIPEctRve first
pi xel array conprising the steps of:

and second storage regions with a first and second storage transistor having a

common first storage gate respectively connected to said first and second

photosensors,
wherein said first and second photosensors are column adjacent.
41.  The method of claim 40, further comprising the steps of:

respectively transferring said generated charges from said respective first
and second storage regions to respective first and second floating diffusion
regions with a first and second transfer transistor having a common first transfer

gate; and

receiving said generated charges from said respective first and second

floating diffusion regions in a first and second readout circuit.

42,  The method of claim 41, wherein said common first storage gate and said
common first transfer gate are located at a corner of each of said first and second

photosensors.

43.  The method of claim 41, further comprising the steps of:
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generating charge in response to applied light in a
first photosensor; generating charge in response to
wa@ppiozmsit i ght in a second photosensor; and stPCT/NH2006/033169

charge fromsaid first and second photosensors in
respective first and second storage regions with a

first and second storage transistor having a conmon

first storage gate respectively connected to said

first sgrRNesBEGANAEACINEePNBes 19 apphed Hpht i thirdphofosgnepr;

second photosensors are colum adj acent. 41. The

met hod qf .claim4 further, conprising .t S fro .
s poctorifs e epm i Bt P Bls M o (R TIiBR fsjon ina
Sa . . .
ol B G PP el Pihind
Wiphoﬁséﬂsbﬁlt and second transfer transistor having a
cormon first transfer gate; and receiving said
generated charges from said respective first and
second Whexgin sedd first fod tlind phefoemnsoisirerdw adjacemd
second readout circuit. 42. The nethod of claim4l, -

ereiln sajid.c on fi.r storage gate and said conmon
iirsﬁﬁFﬁaﬁbP%P?QQP%4QEE3$%6£F&H%EI-a corner of each of
said first and second photosensors. 43. The nethod of
claim %}ms?&fﬁg%ﬁid(g%ﬂgfa'teﬂ &ﬁréé@?rcﬁﬁ 6418 tRird storage region to said
29generating charge in response to applied light Th a
t hiirsl fiphidhOaEnsivn regioarnvitiga dtint gendferarsaiteh Havirigh second
phot osensor in a third storage region in a thir
st temgfer gatansi st or havi ng a second storage gate
connected to said third

45,  The method of claim 44, further comprising the steps of:
generating charge in response to applied light in a fourth photosensor;

storing charge from said fourth photosensor in a fourth storage region in a
fourth storage transistor having a third storage gate connected to said fourth

photosensor;

transferring said generated charges from said fourth storage region to a
third floating diffusion region with a fourth transfer transistor having a third

transfer gate; and

receiving said generated charges from said first and third floating

diffusion regions in said first readout circuit, wherein
said first and fourth photosensors are column adjacent, and

said first and third floating diffusion regions are electrically connected.
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phot osensor, wherein said first and third photosensors
are row adj acent. 44. The nethod of claim43, further
w@owpiosing: transferring said generated char geGI/i82906/033169

said third storage region to said first floating
diffusion region wth a third transfer transistor

havi.ng a second transfer gate. 45. The nethod of claim
44, further conprising the steps of: generating charge

#6 r @hpanshod of dpinh #% dutthgidomprising the stefps pfiot osensor ;
storing charge fromsaid fourth photosensor in a

fourth storage region in a fourt .,0r age ansi st or
havi ng SENeratig chpatgedysesponse t@@ﬁ’ﬁg‘ﬁ‘ibﬂﬁ‘i asf%fhap Jgpensor
phot osensor; transferring said generated charges from

sai d fpsgéﬁﬁ%gﬁaqgg%g{l{]&g& ggﬁ&)gﬁ%séAEOE 1 EAALIdee region in a

di ffusi'onregio transfer transisto
hagfh gto@%g&er&s’siétbﬂmaifiﬁg a Sk ) st@de EERAMhEGeB @I id fifth
generated charges fromsaid first and third floating
di phoes@ior;@gidons in said first readout circuit,
wherein said first and fourth photosensors are col um

adj acent, and said first and third floating diffusion
r egi onstraséeraing seid; geartajed-Gianerstram sad 46th e'gm@gﬁé@&a%to said

of .¢cl arm 45, further .co I Sk, the steps of: .

ge M EoRine PN e PR ARGty geciiet Falps PhRving:2 fourth
fi sensor; storing charge fromsaid fifth
ph%%%ssfglh %‘?’ inafifth storage region in a fifth

storage transistor having a fourth storage gate
connectwHereth sidd thifd &rdhfifth photosensors are column adjacent.

47.  The method of claim 46, wherein further comprising the step of sharing said

first readout circuit among said first, third, fourth, and fifth photosensors.
48.  The method of claim 46, further comprising the step of:

controlling said first, second, third, and fourth storage gates with a control

signal line.

49.  The method of claim 48, wherein for a given array row, transfer transistor
gates for even-numbered columns are activated simultaneously and transfer transistor

gates for odd-numbered columns are activated simultaneously.

50. The method of claim 49, further comprising the step of storing a reset
voltage and an output voltage from said first and second readout circuits in a sample

and hold circuit.
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phot osensor; and transferring said generated charges

fromsaid fifth storage region to said third floating
waledo7agison region with a fifth transfer transi BEDUS2006/033169

having a fourth transfer gate, wherein said third and

fifth photosensors are colum adjacent. 47. The nethod

of claim46, wherein further conprising the step of

sharing said first readout circuit anong said first,

$hi r Thefathodof daign 50, fetthestrompsisingdhs stepdf limitingrgherasrount of

of ¢l aim 46,

.ai} further conprising the step.of: . .
chargg wtigh 1Siaﬁan§‘alia&ﬁ$w %aeé) Hirst PHAWSCRSAT W&ﬁil it euiblopming
st orage._ gates w a control signal line. 49. The
tranﬁ@&oﬁggvlggacfﬁgﬁﬂt&)g@%&ggfeh for a given array row,

" transfer transistor gates for even-nunbered col ums

§0.€ ahknVahEdoSiaM 5 BReANS] i ABSlePloft r ansi st or
gates for odd-nunbered col unm$ are acti vat ed

si mul taneously. 50. The nethod of clai.m 49, further
conpr i dimigingliee stnepnodf chixgei wigjclaisrassanuladéd by eaid fiolidin
output voltage fromsaid first and second readout

ci Pletpsenspiwithagaems avidploening éfapgigior,. 3151. The

met hod of claim50, further conprising the step of

[0 SIMAL o0 oEBRA AR Sl BpASSHIUL s e

t
said fi rsef osensor "W oom

t r 8IS Rin I@yg'ng a first antibloom ng gate. 52. The
met hod of gl alm51, further conprising the step of:

[imting the anmount of charge which is accunul ated by
5hi d Afmethod gf lohtsg agixel withh campeisingdhasiepihbioom ng
transi stor,

forming a first photosensor for generating charge in response to

applied light;

forming a second photosensor for generating charge in response to

applied light; and

forming a first and second storage transistor having a common first
storage gate respectively connected to said first and second photosensors for
storing charge from said first and second photosensors in respective first and

second storage regions,
wherein said first and second photosensors are column adjacent.
54.  The method of claim 53, further comprising the steps of:

forming a first and second transfer transistor having a common first

transfer gate for respectively transferring said generated charges from said
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wherein said first and second anti bl oom ng transistors
share said first antibloom ng gate. 53. A nethod of

wo eoomiozr§ia pi xel array conprising the steps of PCT/U820061033169
a first photosensor for generating charge in response
to applied light; form ng a second photosensor for
generating charge in response to applied light; and
formng a first and second storage transi stor havi ng a .
coraspectivierfirst atdreaersl gatage regipesioireanegtive it and gecopd floating
said first and second photosensors for storing charge
f r diffusigraregionsian¥hd second phot osensors in respective
first and second storage regions, wherein said first

e LS Sty s

met hod _ er conprising the steps of:
fo Eﬁﬁﬁﬁgsnﬁ?fn' daitt re@PeLive ERRGnt sadmiieioatihg dsffedion rdggotisng

a co Irst transfer gate for respectively
transferring said generated charges from said ]
82r esfreahethed bf claim ahdvkereinrsdidstommage firggiayage gate and said

respective first and. second floating gi f_égsi on
commagyi Brst transfer e mrenf@r@e@ at & porgapoleach afsaid figy gnd second

circuit for receiving said generated charges fromsaid
PhofQsepEsi ve first and second floating diffusion
regi ons. 55. The nmethod of claim54, wherein said

&g o thEGbd OF ChAe @4,%§tﬁela&ﬁ|n1§ﬁ§iﬁg gy dti rst

transfer gate are fornmed at a corner of "each of said
first and second photosensors. ,
forming a third photosensor for generating charge in response to

applied light;

forming a third storage transistor having a second storage gate connected
to said third photosensor for storing charge from said third photosensor in a

third storage region,
wherein said first and third photosensors are row adjacent.
57.  The method of claim 56, further comprising the step of:

forming a third transfer transistor having a second transfer gate for
transferring said generated charges from said third storage region to said first

floating diffusion region.
58. The method of claim 57, further comprising the steps of:

forming a fourth photosensor for generating charge in response to

applied light;
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56. The nethod of claimb54, further conprising the
steps of: formng a third photosensor for generating

W@ b@rgz7sih response to applied light; form ng BCT/052006/033169
storage transistor having a second storage gate
connected to said third photosensor for storing charge
fromsaid third photosensor in a third storage region,

wherein said first and third photosensaors are row
adj acerformisg a fppethstarpgritransigppiawnga thitd stersge gate connected

conprising.the ste f: farmng a,third,trapnsfer .

¢ Prel Chobfey s R Qo g Pt PR BT PRbtosensor in
transkerring. sai nerat ed charges fromsaid third

st 8?5%%“&56?5%%%%% d first floating diffusion

region. 58. The nethod of claimb57, further conprising
the st gpfmpig a folfthithgsir hausibior phdhgaghidrrahefer gate for
generating charge in response to applied light;

3 3framsfemigrgaafdogarietated draxges frwrarssﬂddgurthismag\egregiqrhtpradhird
storage %%ée_ connected to said fourth photosensor for
st Beathy pigB T¢giom ERETEINf ourt h phot osensor in a
fourth storage region; and formng a fourth transfer

transi st oy .. havi thir e
transf eSraJrC{ frllrgqyEl éﬁ?gmg%‘ W}Oggsé%’&%ﬁ%eg%ogg@%‘%gagéwd fourth

storage region to a third floating diffusion region,

wher ei nsafBfifbt bnd SlirdshtingUlitfisiph edgasenaoekcalcallgol um
adj acent, said first and third floating diffusion

r egpiroestedyancel ectrical ly

said first readout circuit receives said generated charges from said first

and third floating diffusion regions.
59. The method of claim 58, further comprising the steps of:

forming a fifth photosensor for generating charge in response to

applied light;

forming a fifth storage transistor having a fourth storage gate connected to
said fifth photosensor for storing charge from said fifth photosensor in a fifth

storage region; and

forming a fifth transfer transistor having a fourth transfer gate for
transferring said generated charges from said fifth storage region to said third

floating diffusion region,

wherein said third and fifth photosensors are column adjacent.
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connected, and said first readout circuit receives
sai d generated charges fromsaid first and third
w0 b@an2sg7 di f f usi on regi ons. 59. The net hod of PCI/E52906/033169
58, further conprising the steps of: formng a fifth
phot osensor for generating charge in response to
applied light; formng a fifth storage transistor
having a fourth storage gate connected to said fifth
Shot dbemeshod of clairnd, neheseinsall 15 hisdifeithiang fifth
hot osensor i.n.a fifith storage region; and formng a
phofosensers § %?%5f¥$5 oMt CHhving a fourth transfer

gate for transferring said generated charges fromsaid

i ft i j i ' di f f usi on
éie'gi ?#?mvﬁg%%ag%?%’%ﬁﬁtﬁ%%ﬁﬁﬁ%s%%\Eg tsggensors are
col umm adj acent. 3460. The nethod of claim59, wherein

sai d fifoshingtdfifstcorft@liighal g fifth photosensors
share said first readout circuit. 61. The nmet hod of

‘claim59, further conprising the steps of: formng a
first coheres) said Grekiseqande thivsh @pdiferudiplgragergates aseeqmmgcted to

t hi r.&l, %ndl foua“_h storage gates are connected to said
cofft's SPUEY g M he. 62. The nethod of clai m 61,

further conprising the steps of: formng a second
&Nt F[fP.le ln?éggmbf dhiBe61, AU HRBi thBlstdsepnt r ol

si gna

forming a second control signal line; and
forming a third control signal line,
wherein for a given array row,

said second control signal line is connected to said transfer

transistor gates for even-numbered columns, and

said third control signal line is connected to transfer

transistor gates for odd-numbered columns.

63.  The method of claim 62, further comprising the step of forming a sample and
hold circuit for storing a reset voltage and an output voltage from said first and second

readout circuits.

64. The method of claim 63, further comprising the step of forming a first
antiblooming transistor having a first antiblooming gate for limiting the amount of

‘charge which is accumulated by said first photosensor.

65. The method of claim 64, further comprising the step of:
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wherein for a given array row, said second contro

signal line is connected to said transfer transistor
w@210282150T even- nunbered col unms, and sai d t hi PCI/US2006/033169
control signal line is connected to transfer

transi stor gates for odd-nunbered colums. 63. The

nmet hod of claim62, further conprising the step of
formng a sanple and hold circuit for storing a reset
vol t agdormihgaseoondantibledmingdransisterdar imitingthegmpunt of

second readout circuits. 64. Th t hod of claim 63,
f uthergs Whishs a%quﬁgﬂmé%g@éﬁ few‘ﬁaﬁfwsw& i st
“anti bl oom ng transistor having a first antibl oom ng

gate fqry limti | j id first
ecamul el Dol s STBHE e BLICBARORAHELY drive cald
ofmﬁﬂﬁ5gﬁéa,gghyrther conprising the step of: 35form ng
a second antl bl oom ng transistor for limting the

amount of charge which is accunul ated by said fourth
phot osensor, wherein said first and second

anti bloom ng transistors share said first antibloom ng
gate. 36
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