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[ 0001] 'PHQZPJ(P@%EM i nvention relates generally to di gf) ensors and
in particular to a CMOS pixel cell array architecture having shared
conponents anong pixel cells of the array. BACKGROUND OF THE | NVENTI ON
[0002] A CMOS inmmger circuit includes a focal plane array of pixel cells,

each oneMETHOP ARD APPARATUSPROVIDINGS® TWO-WAY SIEXRED STORAGE
phot ogat e, " phot oconductor or a phot odi ode for accunul ating photo-generated

charge in a specifi ed GATE OMAJFOUR-WAYSSHARBD HIXER pi xel 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 const m@gw&wlﬂﬂ@mg diffusion region. In sone
| mager circuits, each plxel may include at |east one electronic device such

as a transi st Ofb LR e t he storage
regi on and one 80@ (':I%Je gntlﬁ yp| ca?l?{eggﬂ{' Si g‘ﬁgﬂl%‘gggrese T %g t he
storag

transfglrl ﬁ%iecaﬁr %?)Si §H&E%ma%ﬁaag%?5&ﬁléeﬁﬁls\1/‘gﬁe grﬁ ngﬂéf a &xel cel |

per f or pikedeellsfofed areqys of ., (1) photon to charge conversion; (2)
accurrul ati on of imge charge; (3) resetting the storage regi on to a known

oi xel for readout . and BASKORCINDARTHRSNVENGIONN of o signal
representing pixel charge. Photo-charge may be anplified when it noves from
the storage s A G PR Gk iihdbodh HRT phR oBRS of BTl g oy e
sour ce b @l b thO Wi Weiddifa pROGE 4R Tor rbahptS2 BB Hfotoconductor

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 tﬁe 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 reéon. 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] In a 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
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



transi stor. 10004] CMOS imagers of the type discussed above are generally
known as discussed, for exanple, in US. Patent no. 6,140,630, U S. Patent
no. 6, 37%@B87/025518. Patent no. 6,310,366, U S. Pat entPGIS2806838168652, 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. 10005] Wth reference to FIGS. 1, 2 and 3, which respectively
illustrate,a top-down view, a partial cross-sectional view and el ectri cal
circui t T8RH¥MRti ¢ of a conventional four transistor (4T) CMOS pixel sensor
cell 100. When incident light 187 strikes the surface of a photosensor
(phot odi ode) 120, electron/hole pairs are generated in the p-n junction of
t he photosensor (represented at the boundary of n-type accumul ation region

122 and p-type [6ooaf aCRIOSMRigessd? thetype ddlrussed soveaneg@ieedlycltrfi &0
(photo-charges) are collected in thé n-type accunul ation region 122 of the
phot osedisoussed, Z6r exahrely iroU. Phtaniges 6,484,630, UdhPatent nmi6i376,868; kbS.ge

accurrul ati on re%i on 122 to a floating diffusion reogi on 110 via a transfer

t ransi sPatentms 6,319,366 Ha3- Fatent ne. 9326 772 1U.5 &' atent ne.6s308,524 and UP. Patent s
typically converted to, a_pj xel_ out qut volt by .a source fol].ower
t%lgnsi sPérﬁ's%@éSWF%ﬁ‘qumﬁFfﬂﬂT °%¥E‘iﬁf“’a%§l? Ex%thep? énm°weé1%y row sel ect

transi S&?@é&%ﬂﬁ&?&% nventional CMOS i mager designs, such as that shown

in FIGs. or pIXEF ¢cell 100, provide only approximately a fifty percent
fill factor, nmeaning only half of the pixel cell 100 is utilized in

converting |igldoosP Whayefrérs kd HIGS, 1,A%ndMwhich respertivelp Mhistrafear ti on of the
cell 100 conprises a photosensor 120. The remai nder of the pixel cell 100
i ncl udewp-dmimyiewn aperfiad oss-SRtiondl view arsd edtrical girowit sdhamatisabst rat e 101, the
floating diffusion region 110-coupled to a transfer transistor gate 106 of

the tr af¥entignahfour drsnsigtoy 641 pixebeoserys 490, Whamincidest lighgg87and
source/ stri tiasnthre %grifgcrt]asof ]é:%:ioto%nsrole &?{otoldggde)%%lgcetrgr&!\&g \Iln\emrrs alrg nggggdr ow

in the p-njunction 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 imagér 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,
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 substrate 101, the
floating diffusion region 110-coupled to a transfer transistor gate 106’ of the transfer



sel ect 109 transistors having respective gates 107", 108, and 109

Mor eover tal pixel area continues to decre esi red
scal i ng) w@?oo&@&; s increasingly inportant to create ‘ﬁT@%ﬁ@@?&ﬁgu vity
phot osensors that utilize a m ninum anount of surface area or to find nore
efficient layouts on the pixel array for the non- photosensitive conponents
of the pixel cells to provide increased photosensitive areas. [0007] FIG 4
i |1 ust r afa@Siston 164, BAH sberdb/dSARh ePidnisCl 15 GirTesdt $O7 sdured follotver 188 dnd rdwb xel  cel |
having a storage transistor 130 and associ at ed storage gate 130'. Storage
transi stelect 108 Grahsistorschavirgy regpectod gated RI’, 1681 CaralSKIOC i Moredver, arfthgeotabgi ons may
be desirably used for various purposes, such as a frame shutter or to

i ncreas @melhereewamtgmes(tfaéweatsy (dﬁe tphles%dwaly\g),uhbwmes insmeasizighiel cells al so

may i ncl .ude an anti-hl oom ngﬂr nsi st or tﬂaw ng. an assom at ?d gate 140
to prevdMPORARtgsregtrdiigh saps Vb*ah ofqseRsqEs e%ee Pf120.

However , en additi.o ors [ goe tranS|stor 130

and/ or gH{Fcebqr% ?ﬁf-ﬂémp}g?fg. °€%§B %l%as};ﬁné DIy cell, the
hotose f there is a
oot 1o Phbloseisitve Bidnehi of | H?’E%f‘g%&é BN inCAR RS gs

anti-bloomng transistors with associ ated gates, V\/m | e having an efficient
| ayout to per nm[000%] hFIh 4fﬂlhétra%mh@1ectrﬁﬁil£ﬁexﬁéﬂd\ﬂéﬁi(a@< tradtsistof(ENTI ON [ 0009]
The present invention, in the various exenplary enbodi nents, provides a
pi xel c@itel mﬂlmwr@mstMHMI@r 1&@@1&33(&1@6%%@3@? igats 180 e Starags havi ng

t hat share cel | nponents. The shared pixel cell

glrjlcﬁl: !toleﬁagfl)é%lrﬁ Wgr}@gg'gsﬂqrﬁée Fateq ﬁpa‘%ﬁdtﬂsso f‘tﬂratgﬁlr?g‘mfsrf@alﬁg%mt um ef fici ency
e shar SERHYy Sied BEyAIGHS pulifees, B8] B S BT PRIsbt Bl i BEE 053180 ™

array, Y)f &{éﬁix*ﬂise R8N, f&@ﬂ%@@aﬂ&&nﬁaﬁﬂd&f@a@a‘iﬁmb%ﬁ% wi th the

r eadout signal fromthe
trans1stor 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
fransistors 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



[ 0010] Exenpl ary enbodi nents of the invention also provide a pixel array
conprising at |east two photosensors for generating charge in response to
appl i ed | PE0OTOZHG a common storage gate el ectrical | y FdARZ64816 t he

phot osensors for storing charges fromthe photosensors into respective
storage regions for subsequent transfer to a readout circuit. The readout
circuit maybe shared by nultiple pixels. [0011] Exenplary enbodi nents of the
i nventi ogrrgy SR BEBMhEBdEsdVeldt corbbidhts SRAIRE a8doeated witk #%d rehdSutRFAt 0OSensors
associated Wth réspective pixels for generating charge in response to

appl i ed siggdltfromn thedpigelieltsn anti - bl oomi ng gate electrically connected to the
phot osensors for providing an anti-bl oom ng function. BRI EF DESCRI PTI ON OF
THE DRAW NGS [00121) The foregoing and ot her aspects of the invention will be
better under st §¥80F r Bxemplaryfemboditnerys abthginventige alsp ppevidea pixel &Y nvent i on,

whi ch i i.ded . i i ith the, i d i . kN whi ch:
ooty o e RS sk FTE A bl G BB 0

| o - o) . aken al on
e 1 1800 SEPnaRah AR IR cohfieadt 53he Bstoresors 0 sdhingd 2“0 B P el
of FIGS. &\ﬂ@é&%&i\ﬂ{égﬂﬂo@seﬂo%k@o%%?@ctﬁ%&%éer@'éﬂémsegu&ﬁ%%{-onal CVOS

pi xel which® enpl oys storage and anti-bloontng transistors wth

associ at ®th @adas cirdul\OrRORAdAR eruit REF/HISRARE bY JadlfiPle idld, 7] PIGS5 is a

t op-down view of a portion of a pixel array constructed in accordance with
an exenpl ary enbodi nent of the invention, [0018] FIG 5A_is a top-down view
of a portion of [A91H) x%xerrmlawnwﬁmww@be invenfer alse presdden pixebarraskenpl ary
O it 5 Jommt s bR Soseh S8 Hhsoctafi With Seseddv pBibisfo? BTy Ut 7 &t 10

charge in response to applied light and a common anti-blooming gate electrically

connected to the photosensors for providing an anti-blooming function.
BRIEF DESCRIPTION OF THE DRAWINGS

[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. 4is a circuit diagram of a conventional CMOS pixel which

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



operating a pixel array constructed in accordance with the exenpl ary

enbodi menty, 007/62957i nvention; [0020] FIG 7 is a block diagramof a CMOS

i mger chip ‘havi'ng an array of pixel cells construct ed GIPS3e@3Yahce with
the invention; and [0021] FIG 8 is a schematic diagram of a processing
system enploying a CMOS i mager constructed in accordance with the invention
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [0022] In the foll ow ng detailed

descri pti on, ref[ﬁfl?PCFId!?isrﬁQﬁ-di‘olﬂrlntxH&NoFEngHb%rBfia&fﬁ?ég'égg%B&%tm%Hqﬁ forma

part hereof and show by way o ustration speci odi nents in which

the inve%&mww@wxmrlwdmbEMtemwivmﬁbﬁ; are described in
sufficient detail to enable those skilled in the art to practice the
invention, and it is to be understood that other enbodinments may be
utilized, and t @R8] sFIGi8As atop-Aewn wiew ofappriipe ef 3 pixal artaygegatsuted be nmde
Wi t hout departing fromthe spiri nd scope. of the present invention The
progresst%C?J‘fdaﬁ%o‘HglééPﬁﬁe‘%P g’sem E‘FF"O‘@JR?Q‘VEQQ%I ary of embodi nents of

the invention; however, the sequence of steps is not limted to that set

forth herein an iS5 dih Srak A E #ﬁ%f@é‘&) | exception
of steps necessggqi%b%ccjcég?érq?ng [ dlgté:‘rcertgﬁl‘@trrlétg‘rgt er. W%%@?%%Sl?

PCT/ US200férRidrel & Bixel 40a5dondttectb® i BecordBh @ witR fk x@ ¥ aifBodinkimtyged hereiry
are to be understood as including silicon, epitaxial, silicon-on-insulator
(SA ) or tiwiihventionpn- sapphire (SOS) technol ogy, doped and undoped

sem conductors, and other sem conductor structures. Furthernore, when
reference is magde to a "wafer"” or, "substrate' in the follow ng description,
previ ous procesgqo%] SEI@leSrﬁs@l°ﬂé@’égT§€é?fa équ Ragex PgFYﬁ‘SéﬁF‘HﬁXP?
junctiong [ ate s.in o er 1 b sem conductor structure

or foundg?ﬁefc))%us f??séj&gt:eflgirgﬁf%ﬂ?é‘c%WC %ﬁ‘ﬁ%?r\%%;gécgd not be silicon-based, but

coul d be based on silicon-germani um germanium gallium arsenide or other
[0021] FIG. 8 is a schematic diagram of a processing system employing a

CMOS imager constructed in accordance with the invention.
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.



sem conductors. [0024] The terns "pixel," or "pixel cell,"” as used herein,
refers t - elenent unit cell containing a phot associ at ed
transi st%’r‘?“ﬁ@&%g}gnverti ng photons to an el ectrical s@éﬁ@%@glﬁ%ﬁurposes of
illustration, a small nunber of representative pixels are illustrated in
the figures and description herein; however, typically fabrication of a

| arge plurality of |ike pixels proceeds sinultaneously. Accordingly, the
fol l ow ng det ai[pgad] dERCHetib i“@afer’Sardit sybsatap hausedteréifigare ybait i on and  i's
not to be taken as limting. The scope of the present invention is def| ned
onI y bymaastoamaehd:hrﬂmg gilicon, epitid@Al) silidoa-dreinsulatoa (S@R omsilitan-6n-" angl ed, " and
"slanted," as used herein are to be interpreted as neaning at any angl e,
with resqmdnm(&%ﬁéndqgve@peér@déﬁ@@p% qmlconclq{:gﬂrs,,ajl mbiterexact | y paral | el

or exactly, g%# endl cul ar ord| ngl en at, a E gji%r fjion of an object
and sonefg e’E‘B"IF’oW ILP eésf‘ﬁf"?g W 0% 900, or 180,

t he obje _ " wth
respect S{T%te g‘rﬁie%%gggg%&%bfl(ﬁﬁg?&@vé reﬁgesﬁ r?g y 4‘%e I gures, where
li ke ”Uﬁﬁﬁﬁé&o%ﬁﬁiﬂgﬁxﬁ bh&?ons,eéﬁﬂﬁ@ﬁﬁlzﬁrﬁno?dvbiﬂﬁtbr h8d S2fhibrid@Rod OWn Vi ew
of a portion of a prxel array 400 6 WO 2007/ 027517 PCT/ US2006/ 033169

const r ustr@dutebrdohdavion. B &dditier) theseagtonduetonnbdd Aotibiexstlicoh-dysud, bdesi gn i n
accordance wth exenplary enbodi nents of the present invention. FIG BA is
a ci r cureuldibe ased ongilponigermamiont, gemsanidim; gedliunansehideorptbezl array 400. The
pi xel array 400 includes a sharing of a pixel readout circuit by four

pi xel s. SePVEORFUCERTE. | nyol ved in the four-way readout sharing are represented
by photosensors 401, 404, 405, 406. The shared conponents include pixel

i gnal readout . | 450 wi t hi
The ar ea bet wol0AT  TeAns (ARGl Bl ot R ety el 1o MO 1°2 "ocond
pai 1 of IBhRhOSEPEN @nthiling @ GhvltsaRonitd AbaseR trahSistoRfof borvertd r- | N

addi ti on,
photons to an electrical signal. For purposes of illustration, a small number of

representative pixels are illustrated in the figures and description herein; 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.

”n u

[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



I

optional anti-bloom ng gates 418, 419, 434, 435 are each al so shared by four
phot osen i ryay 400, though not the sane four ph s share a
comon rigég%ﬂ{az@?{cuit. In the illustrated exanple, fgéflﬁgﬂiﬁﬁééﬁsors 401,
405, 407, 408 are shown as having a shared anti bl oom ng gate 418.

Phot osensors 404, 406, 506, 507 also share anti-bloom ng gate 419.

Anti-bl oom ng gates nay overlap associ ated photosensors as shown in detail
by the esadhicddindatiover 4 silicch substeatt ithnd pixbl layotitdgsignirt sccdddinedAnt i bl ooni ng
gates 434,435 are associated in the illustrated exanple with respective
phot os engith exeaqary4ftbodinents of thi presdntinvéntivnh FIG fifoisegincssdéagndinch ar e not
illustrated in FIG 4. (0027] It should be noted that FIG 5A depicts only
three r d@picng poysions of theexemplapspirslarrayARBmhepixebarray400dndydes & he f our - way

readout sharing i,s for, pixels .in Rowoo,having .phqgto, sepnsors 405, 406 and
for pixé& W&\Of%d\’/%?hrﬂ Q‘I%ERYO@BF\BB‘F .}Bg,plxegdﬁycﬁyeﬁi 0 ?ﬂqrﬁ'}’ayrranner,
Rowom Vi L xel ] 3 (not

11 st r APSRP Bt e Wphsboaf 9 SRBRRLR o0, A oS RNS, MERRESA) £ ot um

ad] acentcoiﬁgzsﬁérﬁs {ritldle [ﬁb&ﬂ’&igﬁﬂ%moﬁt é@&P&%ﬁs REALE oA atRERMextbhdiff St Or age
gate 409 for storing the generated photo-charges in respective frrst and
second siudkalge within thearehlibtwdaea first pair bbpliotoseasars 401 405 laed bétaegesa. Fi r st
storage gate 409 may be controlled by gl obal storage gate control signal SG

shown i second prir®f photosenisary 494 \A406 20 &2 AdjrzeribdT thed| Japddition; agr am

expl ai ned bel ow. . The photosensors 401, 402 y be any_ photosensitive
st r uct uPBtipra! aptitleaming gates 41 415 484 A5 ?ﬁ?teggb?lé‘?:ﬁl'%%gx t o- charges), and

[ d nbodi t t 4Q 402, hot odi od
Fegi one PrElbSEerR aBRs A0 eptehgict I SIS Bracfochuor B nce ol oal T o1 0
col,um_rafloRP GRAiPIAASARRAS AQp1d Qe SRASQRSSE A0, W02 4pabORENSOT S 403

404 are stored wunder contro at'e 410 in respective third and fourth

st or age sh@gh afhaviig a dA4rad antbblvoatng gate @18 IPhdtosensdrs 904; 406, 506, 150Talby t he
gl obal storage gate control signal SG
share anti-blooming gate 419. Anti-blooming gates may overlap associated

photosensors as shown in detail by the exemplary dotted lines beneath anti-blooming
gate 419. Anti-blooming gates 434, 435 are associated in the illustrated example with
respective photosensors 402, 403 and are 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, Rowomw, Rowun, Rowor. As shown, the four-way readout sharing is for pixels in
Rowoew having photo sensors 405, 406 and for pixels in Rowon having photosensors 401,
404. In a similar manner, Rowor, 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



Phot osensors 405, 504 share a third storage gate 411 with their respective
charges stor nder control of gate 411 in respectiv | a sixth
st orage %@?@%ﬁ”ﬁl@a, 415. Photosensors 406, 505 shargcﬁbé%)gﬁj@a%gtorage

gate 412 with their respective charges stored in a seventh and an eighth

storage regions 416a, 416. The shared storage gate configuration reduces
t he nunber of storage gate control signal lines that would otherw se be

requi r ediygrati expRatedR1cH. OTRgShA6deisors 201, 20T Map be hstosensiivel east a
portion o?greagﬁpof t he gates 409, 410, 411, 41523 hg‘\?ﬁépsi de edges 431 which

are pr efstuetoke/for atnventimplighe photbratinta eleotrens (photo-chasges); tnd in @ preferpat osensor s
401, 402, 403, 404, 405, 406, 504,505, which provides for a larger photon
col | ect iembodimentf the phatoserisorsoe &niBr 42aa78 photadipdeagians.y, high fill factor.
It should be understood that the storage regions 413, 413a, 414, 414a, 415,

415a, 416, 416a jmarily ¢ ri se a ed region (n- e). located under the
respective st or%@éé%ﬁ“&g ,faﬁié'f‘teﬂqgs _aerglq’rX ﬂﬁ?éo%ﬁzg{'%fa(io&m?m%] As

il lustr ' dsRA 49 N a transfer
transi S%gﬁ%@gﬁ%%soﬁﬁéb%%h%?@w 4%ﬁstﬁ%§wéo azga?a%g e?ﬁﬁ\dansi stor gate
424,  aRghdphenBoLosaitS 4TH0R redpRéiivelthire afd fouaistfagl dégortb2fid, AAnsl phot osensors
406, 505 share a transfer gate 426. At |least a portion of each of the

t r ansf eiStdragengats £ rmapaiss cdiithlled By thelglobal sidtagdigate cantrhd sigrigh8G.432 preferably
at an angle and at a coner with respect to each of the photosensors

401, 402 Fhotosasara9s, 5dshaes thiyd storagegatedid with heiragspestive ehaegesstaapd f er
transi stor, gates. 423,424 425, 426 of this e di ment, ar ei shared, each
8 W0 2007 EHPE R pspta SspaRpase Tog BRITAAIHAIE pixel s i n
array 4 EQ E?g%gpé , SfQRE@H ' I . ggq?ﬁgi @fse ot osensors
401, 402, of T Ch shar é’gss?%?aage gaféé)pazé&gtea‘ﬁgg“gﬁ%r e e r(gltﬁrséégr transi stor
gat e 423torddd 4 detBpth@hdah@iHits 5OFagd dbA6ns'ABa, 4184 Thé SHaséEstorapaaRs from
charge storage regions 413a, 414a to a comon floating diffusion region 421
a. [ 003tinfRhodttereredoces tHOhumber afetarage gatacantm] signaltlineg) thcht foukd on regi on or
readout circuit. Rather, in the illustrated enbodi nent, two row adj acent
pi xel s (@therwipe be required with separate storage gates for each photosensor. Atleasta

portion of each of the gates 409, 410, 411, 412 have side edges 431 which are preferably

at an angle and at a corner with respect to the photosensors 401, 402, 403, 404, 405, 406,

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, 4144, 415, 415a, 416, 416a primafﬂy 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 shared, each



phot osensors 401, 404 share a first floating diffusion region 421a and two
row adj acent hot osensors 405, 406 share a second fl oat| | l on region
421b. ThéV%WBVéHti ng diffusion regions 421la, 421b géé%?&@%?@ﬁl |y
connected to one another, either by conductive trace or a doped region in

the substrate. The floating diffusion regions 421 a, 421b may al so
optionally be coupled to a capacitor 429 which serves to increase the

charge wr@gwoqemadja@htp&@lsmm?eam Fot eadnhyple, Mishbwai®FIC.&gi ons 421 a,
421b. Capacitor 429 is also coupled to Vaa-pi X and increases dynam c range.
FIG 5 abkenn adjasent phdtbsensors 40k #02) gvidel shasé storage gatert0830soshardthes shared by
row adj acent photosensors 402, 403. This region is connected to anot her

f | oat i ndrasisfef transistor gaje 428. The trankfer transistomgates 428hd trazgfep dhargesifiomnd 421b
are connected. [00321 The use of storage gat ecsr 409, 410, 411, 412 in

associ atcheigesiarigesesionyelda, Hdn i commen tloating diffission regign 4gtavi des for a
frame shutter and/or additional storage for photosensor charge storage for
t he pi xel s whi a b LUl ' | ; . sors 401,
404, 405, 406. g@‘r’ﬁzxgﬁ%@%@?ﬁ%@t‘@?é‘é@%ﬁ%8985@%4%12%%@@9 transfer
the chargfudeR&lif ifethdYinitheillkbehed eRbedind twotth adﬁ&ﬁnt ésﬁ%gw ng an

I ntegration period into the associ ated storage regi on 413a, 414a, 415a,
416a, Wphotostiiseys 401404 3haretadirsicfcakiclg déffubion fegionCR 33 indPtved fova blljgcends shown in
FIG 5, each of the storage gates 409, 410, 411, 412 and transfer

transi stphotogensers 4353106 share aspendfipting diffusion| region 421pofhe o flosdingof 9 WO
2007/ 027517 . PCT/ US20061033169 . that_is an Iéad wWth respect to their

associ a eg i 48tz 421y are glggtricallyxonnegted tppme angther, eifhar bsos so t hat each

gate overl . corner .reaion of an _a | afae ho nsor. For xanpl e,
Phe edocundBivB R B el 8ol in 43 B8RS CHERAMRE BRI LR 2R
respect 4oiimhlalsh opabhhlly b%Qngl'E& td'h @%&%@9%&&&9& t@%ﬁ‘&eé&@?@sensor s 403,
404 such that” gate® 410 overlaps an upper right-hand corner of photosensor
404 and chixgs predgel capicityai the coanedtedflofiigidiffasionregddid. 4285, uplitar | y, each of the
transfer transistor gates 423, 424, 425,

Capacitor 429 is also coupled to Vaa-pix and increases dynamic range. FIG. 5 also

shows a third floating diffusion region 430 which is shared by row adjacent

photosensors 402, 403. This region is connected to another floating diffusion region, in

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

[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



426 has an edge 432 that is simlarly slanted with respect to the length L
and the width Wof the photosensors 403,404 such that erlaps a
comer of %R2WLEB%t ed phot osensor. This preferred anﬁ#gﬁsgﬂgﬁgg&y and

phot osensor overlap of the gates 409, 410, 411, 412, 423, 424, 425,426
allows for an efficient |layout of the gates 409, 410, 411, 412, 423, 424,
425, 426, to inprove the | eakage and | ag perfornmance of the pixels in array
400. In kL ol NH&PRRb il el 403, ks 4bng the fill
fact or oé a%@%%@,éﬁcﬁxi MZiIr)lcgjlhtt%ﬁ 'gfrbgg%gﬁﬂ%’emgho?o%%@?fg%m, 402,
403, 404044905 so A eactbiifle ollaps d B&meniegiod cfafiaBehcitddphotdsinsek] For 434, 435 of
the optional anti bloomng transistors also have slanted edges, e.g. 418a,
and al sexampld, 8 algeosiroftlie siorags gate dHl & shpwnhre being clanted with 4&pect[ 0034] The
shared pi xel readout structure will now be further described. One reset

transi stte ﬂmerﬂangt?ldu andthe éVidf@'?Ni of ther asseciated pbetOﬁ%etsﬁS&gloéﬁadg%@t gate t Pe )

i i ' i i 421a, 421b. T l

LE‘SZII ngﬁlﬁﬁi‘a nsﬁ‘%%lpggu%@%%;ﬁ%e? SEPhelosersor 404 anl anippap jebi-ha ?eﬁeidtvi ng a
r ok 4S8R SF RO B 40kt Sima PR Y gl R OIBRARRES 4P bl 8a8 SN0

f ol | owergyb hansh Sdgeraad it id\aniingy ﬂaﬂl@&%viﬂ’?ﬁsgﬁf@ﬁk?&gﬂﬁ P ahli8hd WRARKI NG

di ffusion regions 421a, 421b, and a row sel transistor 427having a gate
427 whi T of eegshidtosehyore 203 404 dieh Gt ithif gavé ovditaps aom@r bbart essbdiated ansi st or
426' to a readout colum line. Isolation regions 433 in the substrate are
ut i | i zegphotosensoraThistpeferred angled geammeatrivand photosensdr ovedlap phHinetgates 409,

phot osensors, and to also isolate the individual 2, WO 2007/ 027517

PCT/ US2d88/43 3348023474 5. ballawe & sveifigigntdatous of thegatssdA341¢ 4b1. 404, 405,

406 fro n t her ny. _kno I spl atl t echni que, jnacluding but not
i tea A8 B B8 s P Eiie e A led BERSE s of FE P <ol at 1 on
regions -4ob.0ﬂ§a'aﬂdig&€tﬁi9%- %&P&%‘&B&?&E&i@iﬁ%&ﬁu REEndeR6 | bed
herein 1l1VYustratively has a t1rst pair of columm-adjacent pixels having
r espect iof rrain @00) b¢ MsXirhizing the area of the photosensors 401, 402, 403, 404, 405, 406,

504, 505. The anti-blooming gates 418, 419, 434, 435 of the optional anti;bloomjng

nC

transistors also have slanted edges, e.g. 418a, and also overlap a corner of an associated

photosensor, e.g. 407.

[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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405, 406 and a second pair of columm adjacent pixels having respective

phot osensQr s 404 sharing one set of readout circyitr runk 450
| eadi ng t‘glroafo?:@(%ﬂﬂ output line 420. Thus, a colum 03’{%{}{52?0%{93312&20 is only
necessary, in accordance with this exenplary enbodi ment, for every other
colum of a pixel array 400. As such, two colum-adjacent pixels, e.g. 405,
401 wll be sequentially read onto the sane output line 420, and their
respect i dtargd Ao@inGlationdegiond st phopBron 4015408405406 o nd ahother. defiy to
mai nt ai n maxi num resol ution for the pixel array 400. Sanple and hold circuit
635 ( Flkhoviy) isblation tethniged, indudingdutinot lirhited tb2babew treonipisoktion §5WI),.ch 636 and
two sets of capacitors 637, 638. Switch 636 determ nes whether the incom ng

si gnal fmayrbe Heed todpumisolation ragionsA3dul d go to the first set of capacitors
637 or the second set of capacitors 638. In practice, each pixel, as

represented by ctive phot osensor and . .t h soci ated.readout circuit,
produces two oufbﬂéﬁss 81‘1%",”% . %"’g‘iw‘g{ﬁﬁg?ut\}?%%%tgg?cg@e?ﬁgm%ommn floating
di ffusio ' . ' : § i 436', and
2 phot oo maRERhAl K st ihbof GRS o PRI g reGRElIe Photolrlre Ccensor

e. g. 401405, 408" drtDa %oh@?ﬁﬁbﬁ&dlﬁﬂm&ﬂfab&ﬂipb&lﬁhivﬁﬁg‘ RBPEtivE PRolosefisdis - Vsig is
produced by differential anplifier 640 for each pixel. Vist - Vsig

r epr esendtd, 404esharimgione seft of regthidut dnmpitnyge.g gk 460Jeadihg towcdumniogtput each pair
of capacjtors 637 and 638 receives at one capacitor of thekﬁai r a signal

Vr st andling428nditwera eoligapiontput dine 42(is galynegessarynty acoandgnesrwith time of two
gg L%E{%%&%ﬁ%ﬁﬁ?%gg%g@%@ﬁ A apitpl ey 4O Abuch, iy 2 P "
. .1 ; i 7 A .
ISDC$' ;J USZO%%@%%@BQR 3’5 %S?Stﬁg%dg’rsj‘(ﬁr‘%ﬁe%’% %%‘%%EH¥WR‘%§/§%§€§ %%Ihyer epresent

t he trangheind el répestie Mgnald rited td15e Srfély S4RPleRand hefPinWFas tbn the array
400. Further, "Row=" is used to designate row nunber "xxx" of the array 400.

|t shoul maineain stagiintiinaesdlitort forthegpixe angy 400. Gantpl€andholdmiresit 683 only one

exenplary way of operating the structure
(¥'IG. 53/ is connected to a column line 420 and comprises switch 636 and two sets of

capacitors 637, 638. Switch 636 determines whether the incoming signal from the
column line 420 should 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.

[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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depicted in FIGs. 5 and 5A and ot her operational schenes may be enpl oyed.

[0037] dobal storage gate control signal SGis turned to hi@h ending a
phot osenswpzlo?ﬁ/%&?létion period and charges from al |l phSPEE@‘@ﬁ 8014} o

transferred through the storage gates into their respective storage
regions. In this exanple, charge from photosensor 401 is transferred to
storage region 413a, charge from photosensor 402 is transferred to storage

region iShANERs TKAODP) PX ORI Hesflilvél§ réprasttit tHel tBehste? cotbsllsRAAL r €gi on
414, chgéageem rom photosensor 404 i1s trans?eré ed to storage region 414a,

char ge ffopthedild Grsewas pixeliébiumas inthaafray Hell Furthet,0Rogex! Baisedtet 15a, charge
from photosensor 406 is transferred to storage region 416a, charge from
phot os endesigna@romsnumberr{xfodT ofdble amays4Qhk &wmbkgﬁw&)mptﬂd that thetimisigar ge from

phot osensor 505 is transferred to storage region 416a. [0038] Subsequently,
for row Hegiam efFGherepresspis.only ensrxampiasy Wapmgpagréﬁgsme turgo4, a row
select gate 427 i ti ed. by assertin row sel.ect signal (ROWN high A
reset o@ﬁtﬂﬂ%ﬂ%ﬁﬁ@ﬁ%ﬁ%ﬁﬁﬁ@daﬁf%‘?%w ﬂﬁ%ﬁ‘eﬁﬂay&ee B%fd? perforned by
activating reset gate 436 of reset transistor 436 with reset signal Reset. A

signal Vrst remjpSHentiobdl sidigd Sat€torftfIl Sighhl®G fstufRAG [y £ol um |ine
420 and is sanp egﬂanr% hesl dg%ngé?:%he0 Vr st IgI(‘:dzlipacitor ofoc pac:a?o%r pair 638 in

sanpl e aplbtbsehsordntegtition pefiodynd eleiipdsfrandll phbtbsersded arei@nsferr&tiE. . The I n
sel signal controls switch 636 to determ ne whether the signal on colum
| i ne 42Chsdugh the glorage gates iritp tletir reepective stapageiregions. d8 thisexarhple, datgend set of
capacitors 638. For Rowooi, In sel is |low _controlling storage of the reset
si gnal ifFe® Phetosersos d0Lsis Gransferradh i storsge meionblia; dureefzomphgiosenser 5aA) . Then,
for a next .row . RowoO2 this sane.sequence of steps | S .repeated, turning the
appropri‘@?és ?Wf?é‘fdg@tsg?r re %ffg‘%'ﬁegfﬁ’%ﬁ?°*ﬁ&efﬁ%§®d%ﬁ‘8%§i%@ Y537 reset
(Reset) %ﬂ% g)hg A @anfﬂé&@@ ' d06n #a5€C0Nd 1OW
Rowao?2 ts(‘i_))oo’lrfé %1 outﬁgp‘%%g t srli‘1 narJr ont %)mgﬁg col um Fc?sntgfa%gé ﬁor}[ﬁa reset
condi t i aihagie fedift phbloséisorgnsds tratisferned tagorape feglbr 4152 Rbsge fraind a connect ed
floating diffusion region of

photosensor 406 is transferred to storage region 416a, charge from photosensor 504 is

transferred to storage region 415a, and charge from photosensor 505 is transferred to

storage region 416a.

[0038] 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 Roweo, 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,
Rowon this same sequence of steps is repeated, turning the appropriate row select (RS)
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Rowao3, which is not shown in FIG 5A. This tinme, however, the In_sel signal
I's high, _causing the signal to be stored in a reset c Ifor of pair 637.
Then, thewptm’@é%é?:t and sanple and hold signals Ra/vgﬁﬁﬁ]léé-@w%tlf??n to | ow.
[0039] Next, a transfer signal TX EVEN is turned to high, to activate the

even columm transfer transistor gates 424 in two adjacent rows. -Charges
stored in the storage area 414a are thus transferred through the transfer

transi st53y, réget (Réset) 336 ahlGampleginddiold rsbt(BHRY gighals higtofona decdondirbwr | y for the
charges generated by photosensor 403 in the next row Rowo2 by turning "on"
t r ansf erRdwosits reaidant g agset sigrial ohtdthe colomnitineci3) fora yesetebndiviohoéthe si gnal Vsi g
is read onto the colum Iine 420 by activating the row sel ect transistor

427" wi tflpating diffupion region438 fer Koyl andameprmesrted Hpating diffgsiongegion of hi gh SHS
signal to sanple the first.r hi.s.i s _dgne whil he.ln sel . signal is |ow
whi ch sé@@egmfchésﬁ%tﬁhew&%?x@é@“ww S e o stepal i hiRbadout ¢ he
phot ose 4 ' Vs N . RV pPAaci aci tor
Cet 020, 0aing s SR bestbe 3 pie LGRS o DR NS) OTRAPRE b selly £

phot ose 1&&%@61&@@%@%@@:@%%%@ osensor 404. For Rowoo2, a

pi xel voltage signal "Vag i s now read out repeating the pulsing of row

sel ect (RON and sanple and hold signals (SHS). Fromfloating diffusion

regi on 430, a [Kd3plalNexs, afearefen sizdabliX FMEN is thuleddobigh, tearsivatedhe gat e 526,

t hrough row sel ect transistor 537 and onto the columm |ine 420. During this
r eadout ,evRoaRlyamn transfer tignsistor gatgnda4 indwo adijagentaawe.oChazgns storedin the t he

phot osensor signal, K Vsig from Ro 2 intq the Vsi ca ,tar capaci tor
Set 627 SIORREE PR LR Bt i EERRIEHEN BvoiEh i EhReles AP S AT 1o 2898 REL Uy
again tqy; | d | | sly for
I e L L LR S TN
gate Si gt rofd Rodhd by &zﬂi%gy*@m@&&m&ﬁ%%td??ﬂe@@ Rfax) fot FoWon 26 piiL €
transfer transistor ‘gates in odd colums of the array. The nethod is
r epeat edroltage sighal Vsgipuweattentd thie ehrhn fine #20ly actiwvatifgthe. roRseleof and Rowoo2,
Rowoos and Rowooa, etc.)

transistor 427" with the signal ROW, and sample and hold circuit 635 with a high SHS

signal to sample the first row. This is done while the In_sel signal is low which selects

the capacitor set 638 through switch 636. As a readout the photosensor 404 signal Vsig

is stored on the Vsig capacitor of capacitor set 628. Capacitor set 638 now holds the

Teset 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 Rowo 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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until signals are read out for each pixel in array 400. It should be
understood that these operational steps are exenplaéy onl and the

i nventi P 2%878%5 o way linited to the method of rea W%ﬁ@f”ﬁﬂ‘%n as

described herein. [0041) FIGs. 5 and 5A also illustrate anti bl oom ng gates,
e.g. 418, 434, 419, 435 (FIG 5), and assorted antibl oom ng transi stors.
The gates of the antibloomng transistors are operated by control signals

on | i n%ﬁ%&&k@q}éﬁh& ﬁat’eé # 8dd AP the afthy.CTRE SRV Repedtedccunul at ed
by correspondi ng phot osensors, e.g. 406, 404, 401, 405, during a charge

i nt egr & thiysefj@drice for ehtiepain bf fiwealkRowwi andRowe RowkeandRelvaseta.) gl obal

reset gate to begin the integration period. [00421 FIG 7 shows a CMOS

i mager uAilsigmalssre céadt s forreacimpixehinraepy 460. & showdd b understaedghatdhesear ray 605.
The CMOS imager 600 is operated by a control circuit 630 ich controls
addr eseperationad tepsas exemplary pnlyandcthe ipyepfien isipmegravaiitedite thed  col um

| i nes for, pj xel eadout.. Control, ci,ycuit 630 al so controls the row and
col unnmeél?angFe#PfaP"trP(;%i@es%‘é‘t? T¢at they apply driving voltages to the
drive, transistors of the selected row and colum lines. As noted, the

pi xel output gdeaqp! ﬁds??M@A%ls@ﬁ]ﬁ%ﬁatéﬁﬁﬁlooﬂiﬁgght_ewefé. 41€ad4,qys, of a
floating diffusion region, e.g. 42l1la, 421b, aft It I's reset by the reset

t ransi 435(FIGIB) addRisteted atiRofiignahnsitog, Thigates bftheantblouinirgf t he floating
di ffusion region after photo-generated char%es are transferred there by a

t r ansf gansjstoxs aré oparated by sonigel sigrglsom lines (HE. 54 te linip thegpmayate. For each
pi xel, the Vrst and Vsig sjgnals are,sani?l ed by the sa e and hold circuit

I
635 an@f dhassestibich isaceymplated byysorrespnding,PhotRpAnsPrsce-&- 86, 4040 8uce a
di ff t.ial Si L Vrst - Vsi . f h f light, inpingi
on t neapiEn ghardhteethiinperiell T SRAFBNAG Ehel By I Nce® b 4 pflAbY (L 01 2
arrT . Canl e .
50 1 et gafero bERh dh Blegrdfibh Beakl. L D08 3 AP, hg and | mge pr ocessi g can

14 WO 2007/ 027517 PCTI1JS2006/ 033169 be located on or off the imager chip.
I n sone arraniideint HQ fiehalvd 4 EMOB insdges 6@ialwhicls the-invention may be -

employed within pixel array 605. The CMOS imager 600 is operated by a control circuit
630, which controls address decoders 615, 625 for selecting the appropriate row and
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 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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Vsig can be anplified as a differential signal and directly digitized by a
.differential _analog to digital converter. [0043] FIG ' es an

I magi ng pW(?czé’%Q}?S-lﬂased system 70D, for exanple a car‘rgf“i‘%ﬁ@%l i ch
generally conprises a central processing unit (CPU) 705, such as a

m croprocessor, that comunicates with an input/output (1/0O device 710
over a bus 715. The system 700 al so i ncludes an i nagi ng device 600

const r Uchetdedted oR 6f 6ff di iefight EHip.t esopiEafirgBitefitsthe differdrtMbaEhalVrgiescr i bed
herein. I mger 600 also comunicates with the CPU 705 over bus 715. The
pr ocessoYsifamebe amplified a00differential sigrial ded directodipitized by andifferenti{l RAM) 720,
and can include renovabl e nenory 725, such as flash nenory, which al so
communi cartadogiiotdigiGPcom@stepver t he bus 715. | mager 600 may be combined with
a processor, such as a CPU, digital signal processor, or mcroprocessor,

Wi th or wthout Iy S age, on_a si.ngle integrated cirgeyid or on a
different chip {(ﬁgﬂotlﬁg %ﬁg‘@g’g@%?‘_“ﬁ‘%ﬂg}’mﬁﬁ?"f' %ﬁtsyﬁtﬁmf@ﬂ’[ Br includes a
nmet hod o ' | r : ' lads in FIGs.
55, The aHRE St Byl Aok AhlgBlecafty b B BT AR D RIERED T o
appl i ed ¢059hchial a@nitiopPdceNop RMQBERUNIBRBSK AR bA hfltAugsut (1/0) HEEROTRE T O
applied light in a second photosensor, and storing charge fromthe first
and secoswir plbas 035 Mlersystem 700 afse dhdlwdesfanristagingdiesize 600 caishuetgd iti egi ons wi th
a first and second storage transi stor having a common first storage gate

r espect i acevilapeswith thapmbodimeptsiof therinvertionasiesnibed herain.climages 600mleo f i r st and
second phetceenser e, €8 VIR, a9, 2560 ] 00151 e Lovem gp further
in FlGs 'mgl%lﬁes ;Eﬁﬁoﬁ%}cpegg mcég{sggg K@éﬁp bhe aﬁ{‘l I%g@ i:ﬁuﬁ#{a Ogolgme;ﬂorrg tohot osensor

for generating charge inr 0 app ormng a sécond 15 WO

2007/ 027ty laEﬁIAhlﬁ&%ﬁ/ Whidtddso RARhERIeAR gﬁtﬁ CPUYBH BV &lthe Bus B! IRakdt I €SPONSE

to applied light, and form ng a first an
600 may be combined with a processor, such as a CPU, digital signal processor, or

microprocessor, with or without memory storage on a single integrated circuit or on a

different chip than the processor.

[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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second storage transistor having a common first storage gate respectively
connected to the first and second photosensors for stqrl cg fromthe
first andWQQB%WHﬂHﬂotosensors in respective first and 835%&“‘@%3§be
regions. The first and second photosensors are columm adjacent. [0046] The
processes and devi ces descri bed above illustrate preferred nethods and
typi cal devices of many that could be used and produced. The above

descri ptﬁ@ﬁ%ﬁg&g@%ﬁﬁgﬁ& Sﬂloe%gaﬁgﬁé&u%rw,ﬂ&fdﬂfoﬁﬁm first Qi ODJ ects,

features, _ e present vent1on. However, It Is not
i nt endedsekbiid stbfifge RFaRSISIF hatifly 8 Rbi@ibrErsEitbiagt bitelrbdpetifbly corineted to
above-described and illustrated enbodi nents. "For exanpl e, although the

i nvent i otheifistcind Gecmelcplmitdsgnsuirs for swlieg ehage fronpthedirstamdasgeoridavi ng  a 4- pi xel
sharing of a readout circuit and a two-pixel sharing of storage and transfer
gates, oplipsensorsin pispedtive fisstiand seqond ptoragaregions The Gnstient sesom@ wit hin t he
scope of the invention. Additionally, any nodifications, though presently

unf or es cRRAPENSYS argRlUBR adidginti nyention that come within the spirit and

scope of the follow ng clains should be considered part of the present

i nvention. 16 Cto’bhéis“rﬂe M%%dqeg%fg%%&%&?ﬁméﬂﬂmyaﬁr f}m{iosensor for

generating charge’i'n res%onse to ap a second.’phot osensor for

gener at | gtHoHS ARk typical BSREEE niddy & OB Be 1888 and prédiice@Nthe gsved st or age
transi stors having a structurally common first sftorage gate respectively

connect edestrdptiai shd drastingritiustextoexibpdintentsz whinhsachieve thet abjectsgfeataegge from
said first and second photosensors in respective first and second storage

r egi ons; angkasivantages efithe prasenfdnyendions Howeven i is nefintended that thecprsedt f i r st

t fer, gate f . C1L | t ferri ' t ed f

sai o r ocpaenfanpa el Bifed Kbl oo Erim e B B et FoBhEmpiC W o1 anc
second féxgﬂﬁﬂé' Qltﬂbtfléﬂﬁi'e venfifh B Hiscussed only with reference to pixel arrays having

a 4-pixel sharing of a readout circuit and a two-pixel sharing of storage and transfer

gates, other multi-pixel sharing arrays are also intended to be within the scope of the
invention. Additionally, any modifications, though presently unforeseeable, of the
present invention that come within the spirit and scope of the following claims should

be considered part of the present invention.
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wherein said first and second photosensors are colum adjacent. 2. The pi xel
array of claim1, further conprising: first and second readout circuits for
receiving said generated charges from said respective first and second
floating diffusion regions. 3. The pixel array of claim2, wherein said
common first storage gate and said common first transfer gate are | ocated
at a coner of each of said first an¢grLgspgsnd phot osensors. 4. The pi xel
array of claim?2, further conprising: a third photosensor for generating
charge in response to applied light; and a third storage transistor having
a second storage gtﬁté connected to said third photosensor for storing
charge fromsai dAt ¥ &"ﬁKS?IBBIé?‘}g%‘r inathird storage region, wherein said
first and third Qh_ﬁttgﬁ&ew@rt@fgeﬂe@wx@dmafge@ﬁ_res?ensm@aﬂneqlngaf;ray of claim
4, further conprising: a third transfer transistor having a second transfer
gate for transfeap¢aegd photdsengenfer genstatingahatgs in responsgitelapMieddightor age regi on

to said first flgating diffusion 17.reqi,on. 6. The.pixel array of claimb5,
further conprisi ﬁrgsi a%(pﬁe(?ﬂ?i ﬂo gfrggSéﬁg%thayl&g agsgﬁgttuéatlﬁ/ncarrgﬂ%ﬁ Iés}(i n response
to applied ktbgigt gatedespettiviely SdrReate®td Jagfitsb At seddyd phbtesehstrs thrst or age gate
connected to s_aig fourth photosensor for storing charge fromsaid fourth
phot osensor storngcliasgs from sgrddiraandrseeindrphotosensers inxespactiveddirstand t r ansi st or
having a third 4ransfer. atgrb({or transferring said generated charges from
sai d fourthS€PY %taréag%eg@%ﬁ’ a third floating diffusion region, wherein
said first and f g it RREAPEARER tFAnSAEBr VIR &PhA6E st traAdfer gdté fr  and
third floating diffusion regions are electrically connected, and said first
readout ci rregpectively drapsferring sdidgeneratadeaharges frgossaid reapestivel fitstasd and t hird
floating

second storage regions to respective first and second floating diffusion regions,

wherein said first and second photosensors are column adjacent.

2. The pixel array of claim 1, further comprising;:
first and second readout circuits 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 photosensors.

4, The pixel array of claim 2, further comprising:
a third photosensor for generating charge in response to applied light; and
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.

5. The pixel array of claim 4, 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
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diffusion regions. 7. The pixel array of claim®6, further conprising: 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 fromsaid fifth photosensor in a fifth
storage region; and a fifth transfer transistor having a fourth transfer
gate for tr@gﬁ&ﬁrring said generated charges fromsaid fifth storage region
to said third floating diffusion region, wherein said third and fifth

phot osensors are colum adjacent. 8. The pixel array of claim7, wherein

sai d first,6thirgpﬁfougth qﬂg.fiéqﬂv hot osensors share said first readout
circuit. 9.°The pirX&*C ?F@&oo am ki chﬁ?Pﬁ@g‘conprising: a first control
signal line, whepgbiisahdlodehsctifor SeNiflg cﬁz{}%éﬂ}reé’ﬁlﬁsé R dpplied g age gat es
are connected to said control signal line, 10. The pixel array of claim?,
further conpri si adourthgorage rensistornvinga thirid gtensgel gateconaactedita said d cont r ol
signal |ine erein for .a given.arr row, .saj,d.second .control signal |ine
s Connect oo PTG hepsPE A Bine bt st o FRB R ARy ool rms.
and sai d t hisfophge@dib@landi gnal line is connected to transfer transistor gates

for odd-nunbered colums. 11. The ﬁixel array of claim10, further
conprising a sanplfeurtindanséar drapsistorhaving @ thirsk tranisfeg gatefessteansfestingispid and an

t put | t f id . first d d . LG its. 12. Th i xel
arr oy of ol SPTeraed SheBisfeom SR P SRR re o it PO oeP s ot or
havi ng a {1 kegior Wit STl Akt A8 R ot d¥kiidoR it BEtuAMMceR sEOBEGE whi ch i 5

accunul ated by said first photosensor.
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.

7. The pixel array of claim 6, 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.

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:
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13. The pixel array of claim 12, fu ther conprising: a second anti bl oom ng
transistor for limting the anount of charge which is accumul ated by said
fourth photo sensor, wherein said first and second anti bl oom ng transistors
share said first antibloomng gate. 14. An imager conprising: an array of
pi xel s, said array of pixels conprising: a first photosensor for generating

charge in responsgsebéhdddtrobsghdl iak;and second photosensor for generating
charge in response to applied light; first and second storage transistors

havi ng a st ruct urathird centrehsignal ling, wheretry foge gijeenarmagspwcsaid/sgcondonnect ed to

said first and second.phot osensors f.ar storing, char fromsaid first and
second phot ORHETER AT BepBRerawd s drniiet i G Siias EFE BRI, and
first and seeffhs! ARl Ehird'BREHISHEHP 1iRG141 Bin Gt T HARs fet &&isisrté?a&fser gate
for respectively transferring said generated charges from sai d respective
first and dJecodidnemberedjeolumps.ons to respective first and second floating
di ffusion regions, wherein said first and second photosensors are col um
adj acent. 19 15. The imager of claim 14, further conprising: first and

second readoyt CiTHeliked afrdy of €6k Y0, TartR& InpeisREAlafpfd @dIRN Lifqip sai d
respective first ‘and second floating diffusion regions. 16. The inmager of

cl ai m 15, wfer pmngaresetcwitapnarntd ansquitputooliage emsaidiitstamidgecandrraagdout i r st
transfer gate are located at a conmer of each of said first and second

phot osensor TS The i mager of claim 15, further conprising: a third

phot osensor for generating charge in response to applied light; and a third
storage transistor having a second storage gate connected to said third
phot osensor 12or Skhemixel aranefiedaim binfurhet compriging ladirstsantiblponiing a t hird
storage 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;

first and second storage transistors having a structurally 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; and

first and second transfer transistors 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,

wherein said first and second photosensors are column adjacent.
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region, wherein said first and third photosensors are row adj acent. 18. The
i mger of claim17, further conprising: 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. 19. The

i mager of claim 18, further conprising: 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 sai d fadrt h Thadmnases e elaim A4 fuFther QOMPrising: age regi on; and a fourth
transfer transis hayln hi r I fer. . i sai d

855 BB R reb b SRR o8 A Gid Bl iR

generated charges . ( . ge're i ng

di ffusion gsi@irepectivieeirsd andsacohdifidatihg aiffhsiopuegibnyhot osensors are col um
adj acent, said first and third floating diffusion regions are electrically
connected, and said first readout circuit receives said generated charges

fromsaid figst d.third.floatin di ffusi on regi .20 20 T i mger of
claim 10, 1 Py hed T SRR OF HBTR A5 herinsuid s BlnGEBisr BprasE R 2ot i8cir e i n
response t ocafilonditst thanbfer gate hid lobatéd & A@endriofesdhsdfahid eyt 40 sdcdrur t h
storage gate connected to said fifth photosensor for storing charge from
said fifth phefosssersor in a fifth storage region; and a fifth transfer
transi stor having a fourth transfer gate for transferring said generated

charges fromsaid fifth storage region to said third floating diffusion

regi on, whenein Jaksmagderofciang 15] futtherodaipespipsor s are col umm adj acent. 21.
The i mager of claim 20, wherein said first, third, fourth, and fifth

phot osensors shagdhishplptosensar forgamenating icharge in response to applied light; and

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:
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.

19.  The imager of claim 18, 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 said first
readout circuit receives said generated charges from said first and third floating

diffusion regions.
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22. The imager of claim 20, further conprising: a first control signal |ine,
wherein said first, second, third, and fourth storage gates are connected to
said control signal line. 23. The inager of claim 22, further conprising:

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-nunbered colums, and said third control
signal line is connected to transfer transistor gates for odd-nunbered

col umrms. 2420.TheThertmgager of claina i 9 fagherfecgmphisingconpri si ng a sanpl e and hol d

circuit for stori eset _vaol tage.and an .out put volt fromsaid first
and second yeadoﬁﬁ%gﬁpﬁ)ﬁmsgf ¥°§§?n‘%ﬂtglg %ﬁb%erln5?$8p%ﬁtﬂ1a§ﬁ1,%flﬂﬁ1¥’her conpri si ng
a first antibl oogiifg stdragttrfisRior hBvink AGo@tH étbialge BhveicBhRRPedNE saidtfEtH or
limting the amount of charge which I's accunulated by said first

phot osensor phatgsepgor fahsgsoringgeargeofrom| saidrfifis phdtosensngrin o difjdr steraggregions econd
anti bl oom n transistor for limting the anount of charge which is
accumul at ed said fourth photosensor, wherein said first and second

anti bl oom ng tr apgihtahsfe PaisBicrdiadinila Hhirth Aahd Y SOTTOR GrafdeRingddid A
processing system conprising: a processor; and an inmmger conprising an
array of pi gelestedehagesifrony said fifthystorageregionite said thirdifleatingdiffesierosensor f or

generating charge,in.response t pplied |ight; second phot osensor for
generating Eeipdherein sl ﬁ“ﬁ‘?&“f‘%@&&"ﬁé&“ﬁ"f%ﬂ? 0 umaéiﬂacgﬂtg second st orage
transi stors having a structurally common first storage gate respectively

connected to said first and second photosensors for
21. The imager of claim 20, wherein said first, third, fourth, and fifth

photosensors share said first readout circuit.

22.  The imager of claim 20, further comprising: a first control signal line,
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.

25.  The imager of claim 24, further comprising a first antiblooming transistor
having a first antiblooming gate for limiting the amount of charge which is

accumulated by said first photosensor.
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storing charge fromsaid first and second photosensors in respective first
and second storage regions; and first and second transfer transistors
having a conmon first transfer gate for respectively transferring said
generated charges fromsaid respective first and second storage regions to
respective first and second floating diffusion regions, wherein said first
and second photosensors are colum adjacent. 28. The processing system of
claim 27, further conprising: first and second readout circuits for

recei ving sabd gdheiraagal of blaimgyas, furthen comipatisings p sedond anfiblpemirgnd second

floating diffusion_.regi.ons., 29. The processing system cl ai 8, wherein
sai d commn“@P?lgPrg’Fggrﬁtj%g ﬂ‘@é‘f%’uﬁm}f &g ‘%Bﬁlir%r?c%"/‘f’?‘élﬁtegﬁ’é(ﬁ%‘aetj&ééte are
| ocated at ap&EeRs: %ex"cﬁ?&i&ﬁrs\f %&%JcbﬁéSntimniﬁgmgﬁstﬁﬂ%%esﬁﬁpﬁét 30. The

processing systemof claim 28, further conprisin third photosensor for
gener at i ng ah@blgeming gagsponse to applied light; and 22 a third storage
transi stor having a second storage gate connected to said third photosensor
for storing charge fromsaid third photosensor in a third storage region,

wherein sai g-firgt Fall ensors are row adj acent. 31. The
AR S b e G

processi ng systemo conprising: a third transfer
transi st or havi ng processoorhdt r ansfer gate for transferring said generated
charges fromsaid third stor.age region_ to saigd first floating. diffusion

regi on. 32. The BRYBRSSICAYPEsIAg apaay of Rixels:$p1d aray o PIXelLSAMETISING: a fourth

phot osensor for Q%ﬁ??&o@&sﬁpﬁﬁg‘é‘nér&ir{ge&ﬁpéﬁﬁ gés?gﬁ%g‘éitagﬂ‘iéd g, a fourth

st orage transistor ing a third storage ga tosaid fourth
phot osensor for atsesondgphotoserger for genesating dhargetih rgshotsesemppliedilighs f ourt h
storage region; %nd : .
rst and second storage transistors having a structurally 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; and

first and second transfer transistors 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,

wherein said first and second photosensors are colunm adjacent.

28.  The processing system of claim 27, further comprising: first and second
readout circuits for receiving said generated charges from said respective first and

second floating diffusion regions.
29.  The processing system of claim 28, 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.

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

a third photosensor for generating charge in response to applied light; and
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a fourth transfer transistor having a third transfer gate for transferring
said generated charges fromsaid fourth storage region to a third floating
diffusion region, wherein said first and fourth photosensors are colum
adj acent, said first and third floating diffusion regions are electrically
connected, and said first readout circuit receives said generated charges
fromsaid first ' L ol ' LS -Qr ocessi ng
systemof claim g?qrci gl}!r){agee% con%{}%gllr%lg%;egé*(f%tnﬁgg ot gg%rﬁéggeéi-[ g?lagenerati ng
charge in r dspgphwesensod fiplstarthgl dhaie;fromn fdid thirdsphotasgasor imadiist werapavi ng a
fourth storage gate connected tqQ.said fifth photosensor for storing charge
from said fFeEion M%{%@@%FSWPAQUMWWS%SBF%%TQ%Q I8¢f0t and a fifth transfer
transi stor having a fourth transfer gate for transferring said generated
charges fromsaid fifth storage region to said third floating diffusion
regi on, wheBei n Fhe grochssing sysemf offddim@B0 fintensanprising col uim adj acent. 34.
The processing systemof claim33, wherein said first, third, fourth, and
23 fifth phot osehdtrdtranster dransistar having a pesqnd transfergats for transferring sidocessi ng

system of Cg@r;e?dt fchafsrgéggér?gﬁ s@ﬁ:ﬁ?gi &gﬂégé ¥e%é§r{th%&itd(‘1ﬂ§'ttﬁ&'tingﬁifﬁ&%n | i ne,

wher ei n sai S storage gates are connected

to said contegidn.signal |line. 36. The processing system of claim35, further
conprising: 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 tragif er TLE%ES%%I%F}S gttgltél cﬁﬁ&ﬁvggghrep% 8 .colums, and said third

control signal line'is to tran nsistor gates for

odd- nunber ed col afissth ghotoséhser forqeasating clsygd mmesponsd @i appBéd lighty t her
conprising a sanple and hold <circuit for, storing a reset voltage and an
output vol tage f#&HEERFaES ragsisiorhayinghind 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 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
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readout circuits. 38. The processing systemof claim37, further conprising
a first antibloom ng transistor having a first anti bl oom ng gate for
limting the amount of charge which is accunulated by said first

phot osensor. 39. The processing systemof claim 38, further conprising: a
second antibloomng transistor for limting the anount of charge which is

accumnul at gdﬁﬁﬂph%g&s&g%&g sﬁﬁ%ﬁsr?%i%?{eiréﬂﬂ?rei n said first and second

anti bl oom ng transistors share sa Irst antibloom ng gate. 40. A nethod
of operating a pixel array conprising the steps of: generating charge in

response to_applied light in a first phofosensor; . .generating charge in
response to3§ppl TRgp1op ’cngiSMStﬁmé)JGE’H& 38k BrEpRriSing @ F?tn"@ngﬁlar ge fromsaid

first and Sﬁ%%ﬁ‘i'in@, SIRLEQ st Elecbﬁ&ﬁﬁi‘r‘&,ialﬁﬁ f&dr&?&oﬁgg 5&@&8@%&6&F ge regions
with first afid second storage transi’stors having a structurally common
first storapsaghdontrobspeatlineel y connected to said first and second

phot osensors; and respectively transferring said generated charges fromsaid

respective first and second storage regions to respective first and second
floating ditgusi j i r t] i . nsf er

transi stor siéiavi ﬁge%{Oggg%%gﬁy%&hfiﬁggﬁé#u\é@%%{ ,m\?#grag&?\oqlsﬂ%oh& Irst and
second phot sigeead $ine;sandracthird coritrol atgnalclémy, whéibin fona giveintaedyedwedaad m 40, furt her
conprising the steps_of receiving said generated charges from said
respective ecpad conve! sigediime iy PREstRY torfard transkeT trapsistoR BatPhior &¥ffsct i ve first

and second heafal cilifill!hg said third ABPLIRA 18 if btnRidd 1o hiREE! N Sai d common

first storage gate and sai comon first transfer gate are [ocated at a
corner of emasistdr gatdsdorf oddstunabetledsendtamns. phot osensors. 43. The met hod of
claim4l, further conprising the steps o :

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 accumulated by
said fourth photosensor, wherein said first and second antiblooming transistors

share said first antiblooming gate.

40. A method of operating a pixel array comprising 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;
storing charge from said first and second photosensors in respective first

and second storage regions with first and second storage transistors having a
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generating charge in response to applied light in a third photo sensor; and
storing charge fromsaid third photosensor in a third storage region in a
third storage transistor having a second storage gate connected to said
third photosensor, wherein said first and third photosensors are row

adj acent. 44. The nethod of claim43, further conprising: transferring said

generated ehgdiafly boRMoAYSt dthiclandé REAEEVERGoRbdd B3N frbialy 1| 0ati ng

diffusion region with a third tfansfer tranSistor having a second transfer
gate. 45. Thecon#phatdsamsors] @idm 44, further conprising the steps of:

generating charge in responsg to applied ljght in a fourth photosensor;
storing charge fFSRFLYP q@ﬁﬁﬂ?ﬂ?@f&?’@%ﬁ&%% G r???ﬁ’é(ﬁéﬁ?tegi onin a
fourth stor agesdchAdStbRige rediohs tB FesPedtiVe" %ﬁré&ﬁdggwfaﬁ @ifRfned to said
fourth phot ossensor; ’;‘? t?égnsfer?s?ﬁg gaﬁﬁa ger?er ate crﬁ%r ges fromsaid fourth

st or age r egregorsovith resprctide fitst abd segonld frinsférdransisgirolmvwng hcanmonifirst t r ansf er
transi stor havi nrg athir .ransfe a and receivi ng sai, d eq"enerat ed

d t te,;
charges fr offPRslFrcefs, retm,said TSt and seap Rbotasensers pEsFolvmBR AACtn said fir st

readout circuit, wherein said first and fourth photosensors are colum
adj acent, and said first and third floating diffusion regions are
el ectrical | ¢1. cofheatettibd of@laimi4®, frethencbmypristhgthmstePs of:urt her conpri sing the

steps of generating, char in response to applied light in a fifth
phot osensor; st BPIE T grerat _ eafﬁomqagbq%?%s Band 6@ fth st orage
region in agehfidd difmtioh ?%or{sriﬁ“ﬂt%?é&% fﬁ?é’:‘éhﬂge&)nh%hfdbﬁt StQitgge gate connected
to said fifth ot osensor; and transferring said generated charges from
said fifth storage region to said third floating diffusion region with a
fFifth tr ansi@r t [l'ﬁg Isnle%t}o rofré a\1lxlnrllq, \%hfer%}jnr sta?d 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:
generating charge in response to applied light in a third photosensor; and
storing charge from said third photosensor in a third storage region in a
third storage transistor having a second storage gate connected to said third

photosensor, wherein said first and third photosensors are row adjacent.

44.  The method of claim 43, further comprising: transferring said generated
charges from said third storage region to said first floating diffusion region with a

third transfer transistor having a second transfer gate.

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;
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transfer gate, wherein said third and fifth photosensors are col umm

adj acent. 47. The nethod of claim46, wherein further conprising the step
of sharing said first readout circuit anong said first, third, fourth, and
fifth photosensors. 48. The nmethod of claim46, further conprising the step
of controlling said first, second, third, and fourth storage gates with a

control signal |jffferfifle séﬁ@%eﬁ'@?it@&’%é?ﬁescﬂ&h @ﬁlﬂ%ufﬂ@ﬁéﬁgé‘récg%n@zﬁ' ven array
row, transfer transistor gates even- nunmbered col urms are acti vated

si mul t aneouthlirg floating dﬁf\sfoarreglbnm&n%sﬁourthgansfsr tiapsistod davingiaghiedd col uims are
activated 5| mul taneou y. 50. The method of claim49, further conprising the
step of sto i“h“’&ﬂr& vol tage and an out put voltage fromsaid first and

second readout Cifercéi"éirfg%aidrgeﬁera&%rﬂﬂh&eéﬂgm%idjﬁﬁt Arfthird RGtiRg diffli§Rn et hod of
claim 50, further conprising the step of limting the anount of charge

whi ch i s acxegiomb at said fiyst salddutfcnncmt phrreioseiddust andifburth photesensanarebl oomi ng
transi st or Vi n a first a bl o The.net ho aim 51,
further  conPitah fgem St TR AJenea isioRAEIGR Eodeguctiy ch s

accunul at edcdivestad.d fourth phot osensor wth a second antibloom ng
transi stor, wherein said first and second anti bl oom ng transistors share
said first antibl oom ng gate. 53. A nethod of form ng a pixel array

conpri sing orm i rst photao ensor [ or generating charge
in responseﬁ t%&mé OdI0 %lmqgoﬁf#‘?fgc 3‘1’2‘@ ensor for generating
charge in res pongé?lel;a@in &sh rekﬂxgmz to ziﬁﬂh@ll ﬁghtflhraﬁﬁlﬁﬂ%t&%ﬁ@?d storage

transi stors having a s ur al common first storage gate respectively
connected to sai sioﬁmgdtarmﬁiomesmdrﬁﬁlpp’rMmmmsﬁﬂhrstorsgememgmharge from

said first gﬁﬁi st%?acg% rt]rceia.n Qt(())% Rav?r?gs %(1) %our{h storggsé3 ga(%ct: Icc\)/n%egtle(ri ?o salc? gﬂ’h
photosensor; and
transferring said generated charges from said fifth storage region to said
third floating diffusion region with a fifth transfer transistor having a fourth

transfer gate, wherein said third and fifth 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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second storage regions; and formng first and second transfer transistors
having a common first transfer gate for respectively transferring said
generated charges fromsaid respective first and second storage regions to
respective first and second floating diffusion regions, wherein said first
and second phot osensors are columm adjacent. 54. The method of claim53,
further comgylsi e iithodldidigth-sof AlBefCorhbristle dodicb o mtlieaout i reul ts
for receiving said generate charges fromsaid respective first and second
fl oating di funosmtaf chage eihsch i5 Sccufthdated b eald difrst phatosersdr witharfesstn sai d conmon
first storagee:tipqate. and said co n fir.sit transfer gate are forned at a
corner of e pYming;transistor havingia Szt gptiblopmmeRsors. 27 56. The nethod of
claimb54, further conprising the steps of: formng a third photosensor for
generating charge in response to applied light; and formng a third storage
transi st or B2avi nThanstgodrid chinrsd gfurthat eonmprisiegthe dteptodi: 1smitohgtthe r d phot osensor
for storing charg rom said third photosensor .in a third, stora regi on,
wher ei n sai TPRRTC ?rgeeﬂﬁlawsaww@eﬁﬁwgd it ptosapsos avith s $90Mrne. et hod
of cl aim56 LS : hi; j sfer

transi stor ﬁlétwé\%ﬁg@ggg%ht r}gég%? (g?d?ét&%n ?%?Jog?%ﬂgf %P?@n%ﬁgfasfﬁggener at ed
char ges fr oshasasald fimst aotildloommgegateegi on to said first floating diffusion
region. 58. The nmethod of claim57, further conprising the steps of formng
a fourth photosensor for generating charge in response to applied |[|ight;

formng a f@k‘”“A%Qt‘h@@Gf%)‘iﬁﬂ?éé igglggﬁd icgglpﬂ?%lgiﬂgé;?tgésq;@ge gate connected to

sai d fourth phot osensor r storing rgef fourth photosensor in a
fourth forming a first photosensor for generating charge in response to applied
light;
forming a second photosensor for generating charge in response to applied
light;

forming first and second storage transistors having a structurally 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; and

forming first and second transfer transistors 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, wherein said first and second photosensors are column adjacent.

54.  The method of claim 53, further comprising the step of:
forming first and second readout circuits for receiving said generated

charges from said respective first and second floating diffusion regions.
55.  The method of claim 54, wherein said common first storage gate and said

common first transfer gate are formed at a corner of each of said first and second

photosensors.

27



storage region; and formng a fourth transfer transistor having a third
transfer gate for transferring said generated charges fromsaid 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 said first readout
circuit receives said generated charges fromsaid first and third floating
di ffusion regions. 59. The nethod of claim58, further conprising the steps
of : form ng5a fi Theimegtodiod skatrmdr, fustheeamprising e steps o8 i n response to

applied light; form.n .fiftB}ﬁ storage transi,stor. having .a fourth storage
gate connected t orgxéx?%a %lrldtlwo 8?885315%8?“3&65C}?f%erlflﬁaspé?ﬂ%rtaép? said fifth
phot osensor Jipi; and i ft h storage region; and forming a fifth transfer

transi stor having a fourth transfer gate for transferring said 28 generated

charges from sai thrming hthendstergge trangistor having aisdcandi statage gaie corgieetied f usi on
region, wherein sai.d.third apd fifth photosensors .are, col unm adjacent. 60.
The. et hod roet B paatstgiaf BF ook dnfiy SRR pRT Pl BrBisRenor AR

phot 0sensor stofpa &sisi iveheldin Sdid HieR AR thifd pHotd $ensérd arefd®r a'l?édéﬁd of claim 59,
further conprising the steps of: formng a first control signal I|ine,

wherein said first, second, third, and fourth storage gates are connected
to said control signal, line .62 The nmethod.of.claim.61, further conprising
the steps o%’J}' fo_ih’?ﬁ’&hﬁ’dsoz_gm%éoﬁ‘f&l&co&@ﬁgfgtlhfeﬁ%,)o nd formng a third
control signal | fiiingeiditFanERf transiitdreiavag Psecobirarsfdr Gatesgeond cont r ol
signal line is connected to said transfer transistor gates for even-

number ed cotransferTing said ganerated chargesoiem shidghigh stiorage megionstossgithiest ed t o
transfer thaqsi S(fiﬂ:i:l' at esofor odd- nunbered colums. 63. The nethod of claim
62, further 8‘6% H fq%nstep of form ng a sanple

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

forming a fourth photosensor for generating charge in response to applied
light;

forming 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

forming 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 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
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and hold circuit for storing a reset voltage and an output voltage fromsaid
first and second readout circuits. 64. The nethod of claim63, finther
conprising the step of formng a first antibloomng transistor having a
first antibloomng gate for limting the anount of charge which is

accunul ated by said first photosensor. 65. The nethod of claim 64, further

conpri si n@%ﬁ:h&ﬁteﬂtcﬁﬁrg% frbfy Jal fiftiRstoRIge Rekiomfot datdl tARAITRGtIAG difukTphor f or
limting the amount of charge which is accunulated by said fourth

phot osens degionsehaein seidi third and fifth photosanserd asedlwnp ediaeqits r ansi stors  share
said first antibloom ng gate. 29

60. The method of claim 59, wherein said first, third, fourth, and fifth

photosensors share said first readout circuit.

61.  The method of claim 59, further comprising the steps of: forming a first
control signal line, wherein said first, second, third, and fourth storage gates are

connected to said control signal line.

62.  The method of claim 61, further comprising the steps of:

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 colunms.

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: forming 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.
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