WO 2006/ 124384 PCT/ US2006/ 017811 SPLIT TRUNK PI XEL LAYOQUT FI ELD OF THE

| N\VENTI ON [ 0001] The present invention relates generally to digital inmage
sensors and in particular to a pixel cell array architecture have a high
guant um ef Wocﬂoﬁ Ysg4 BACKGROUND OF THE | NVENTI ON [OOOZ]PJi//Béz%ﬁrde1¥s11a digital
| mager array i nc uges a focal plane array of pixel cells, eac one of the
cells including a photosensor, e.g., a photogate, photoconductor, or a

phot odi ode. In a CMOS i mager a readout circuit is connected to each pixel

cel | which typically incSBHEE TRIINK PEXRL LAV UBut put transistor. The
phot osensor converts photons to electrons which are typically transferred

to a storage node, e.g., a ' gﬁw gi on connected to the gate
of the source follower out pl%}{ﬁﬁgﬂ . @EQ e transfer device (e.g.,
transi stor) can be included for transferring charge fromthe photosensor to

the flqapopp di Tﬁé’gfdé’éhtriﬁﬂ:inﬁﬂn rdlikeffictetdIRto dsgifalirhdRABAsoREAdBint YPI cal Iy
have a transistor for resetting the storadge node to a predeterm ned charge
| evel partoulat o ¢ paeheclltarap afahitectare. havd hdighputurofeffidimcgour ce f ol | ower
transistor is gated as a pixel output signal by a row select transistor.

[ 0003] Exenplary CMOS i ' | [ | teps thereof, and
detail ed_ descriptions gﬁ%@bﬁ#l@pﬁg ﬁg‘gﬁﬂ;ﬁg) el enents of an
i maging circuit are described, for exanple, in US. Patent No. 6,140, 630,

US Pat . Ty - .
6. 326, gg@%. Bpiddly R ligi %}; %5‘5, Iggia?qgﬁ%&ﬂag?& et 0@%8%%1%% each

assi gnede bbthvl ccHoimcielityo photysensors ¢.gTheplatitsgitopoesconflueacor a0f t he for goi ng
patents are, hereby | porated by reference in their entirety. [[0004] Wth
r ef er e RR@EOdipde; &.a @R’ﬁﬁé ipageRA ireadopb el i§ enaece ty ﬁ?@%ﬁlécb Shidown and a

i ght PPl ks SRRt B AR Bl Pt T Bt el fitobe! cent
el ect r eméloedenspahich afd @palbetiaisfeet o a storage node, ¢.g., a floating diffusion ‘
region connected to the gate of the source follower output transistor. A charge transfer
device (e.g., transistor) can be included for transferring charge from the photosensor to the
floating diffusion region. In addition, such imager cells typically have a transistor for
resetting the storage node to a predetermined charge level prior to charge transference.
The output of the source follower transistor is gated as a pixel output signal by a row select

transistor,

[0003]  Exemplary CMOS imaging circuits, processing steps thereof, and detailed
descriptions of the functions of various CMOS elements of an imaging circuit are
described, for example, in U.S. Patent No. 6,140,630, U.S. Patent No. 6,376,868, U.S.
Patent No. 6,31.('),366, U.S. Patent No. 6,326,652, U.S. Patent No. 6,204,524, and U.S.
Patent No. 6,333,205, each assigned to Micron Technology, Inc. The disclosures of each

of the forgoing patents are hereby incorporated by reference in their entirety.

[0004] With reference to PIGS. 1 and 2, which respectively illustrate 2 top-down
and a cross-sectional view of a conventional CMOS pixel céll 100, when incident light 187
strikes the surface of a photodiode photoscnsor 120, electron/hole pairs are generated in
the p-n jund:ion of the photodiode photosensor 120 (represented at the boundary of n-

" accumulation region 122 and p+ surface layer 123). The generated electrons ( photo-
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the p-n junction of the photodi ode photosensor 120 (represented at the
boundary of n- accunul ation region 122 and p+ surface |ayer 123). The
generated el ectrons (photo 1 WD 2006/ 124384 PCT/ US2006/ 017811 charges) are

col | ected %ﬁmzﬁséype accurul ati on region 122 of the %%W?I 120. The
phot o- charges nove fromthe initial charge accunul ation region é 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

vol t agehdtyesd afecilie€ed i HRWREyPeraaighShion Agndlld oSthR photaBhdoy 100 MHE on a
colum output line 111 via a row select transistor 109. [0005] Conventi onal

CMOS i phgter-chdegsis grave feue theiitidh ghargh snenminfatih@egionfl@e toiaditating diffusivo,

rovide a imately,.a fift cept fill factor, i .ng onl L f of the
Per) ! S Gl 08 i ante? manicste D06 THE pfaae o4 Be ERAgnf AREoR £ o ALG o,
only a | . | : .20 (e.qg.,
pho%/odi %ge;%rc%}t'rcgE%?ﬁgfé:?‘égtfp%?kéltak?%gﬁ%@&fc}:?@l?og@cr%%ﬁ%ﬁ?@?Ss,gf!lat i (()n ?egi ons

102, skobweq@st$ butpiegimansolumnaowpinsinedtld viDd row kededtltaatisiog 108l f f usi on regi on
110 coupled to a transfer gate 106" of the transfer transistor 106, and

sour ce/ i.p. regLons 115 f eset 1Q7, source foll ower, and row sel ect
109 tra?f&i%ggl)r sgbﬂ%‘(ﬁnﬁanﬂég%féﬁ %ﬁ@gqsgés,f@?h as %881}0%31]@ 1 for preeh e
convent. ' . Q:ﬁn’ﬁ  ha BT ldhower and
row se%lg? @’%ﬁé&é%@ﬁbgﬁg‘gy%w%icﬁgeﬁgﬁé&i’oé ar%aﬁgﬂ gneéﬁ %%J}llgledgut ively,
shari ngs delivaced/ drcanvertifglight roldiargndrrieeq UAY shagns bgly f smedinporion béide area for

each pixel cell 100. As desired scaling of pixels continues to decrease the
pi xel ' §cll 19@cemprises aphatosprsosd2Bies., mh@m@cargifyc rerpaindenef the pieksstle hi gh

It hWhi t ) .t he tili L Ni { f ,
o1 0Nl sOTERR P fonk P 2attpvpaf ST Bl ThT SRR 10, B BaRi T oy by
non- phekMaRMTefiodq 10VHRPREDS: BinskhRatB 186! oftfk krahsFeOfalast:01 06TBAME ai N

relatively large areas Tor the photosensors. [0006] In addition,
convenspeeldreingegigas hbdiéor, resstd 87 asoutdedalldwry 185 fnd o seleqyil@A trapgigrorshave a

LMt ed AR UL e Ave GRAL 96771057480 1097 ! the cRERibRUDE AL b0 1adun] SACTED. 3
each of the reset, source follower and row select transistor gates 107°, 108" and 109’ are
aligned consecutively, sharing source /drain regions 115 and requiring significant surface
area for cach pixel cell 100. As desired scaling of pixels continﬁcs to decrease the pixel’s
100 total area, it becomes increasingly important to create high sensitivity photosensors
that utilize a minimum amount of surface area, or to find more efficient pixel cell layouts to
minimize the area required by non-photosensitive ‘componcnts of the pixel cell in order to

maintain relatively large areas for the photosensors.

{0006] In addition, conventional storage nodes, such as floating diffusion region
110, have a limited amount of charge storage capacity. Once this capacity is reached, a
pixel cell becomes less efficient. Once the charge storage capacity is exceeded, an
undesirable phenomenon, known as “blooming” occurs, whereby the “over-capacity”
charges escape to undesirable parts of the pixel cell 100 or to adjacent pixel cells. One
suggested solution for dealing with this limited charge storage capacity is to add 2 capacitor
which is connected to the floating diffusion region 110. The capacitor is used to store the
additiorial over-capacity charges so the charges do not flow to other arcas of the cell or

ﬁdjaccnt cells. The problem with this solution, however, is that the additional capacitor
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pi xel cell beconmes less efficient. Once the charge storage capacity is
exceeded, an undesirabl e phenonenon, known as "bl oom ng" occurs, whereby
the "over-capacity" charges escape to undesirable parts of the pixel cell

100 or to ‘ggj@ﬁg?}ss‘pi xel cells. One suggested sol uti opd@fs 6RAL7sHY W th

this limt ge storage capacity is to add a capacitor which is
connected to the floating diffusion region 110. The capacitor is.used to
store the additional over-capacity charges so the charges do not flowto

ot her aledupQpaddia thekdll @hat cAMl dEeMkise BE ied thliBcrRisethe ibf theldlil’s sol uti on,
however, is that the additional capacitor 2 W 2006/ 124384 PCT/ US2006/ 017811

t akes (hoteransr therdhy doetehsinghthe posentinl 6H fastoni foetisoived edlistand averaagwyt he si ze

of the cell's photosensor, thereby decreasing the potential fill factor for
t he pi xe | s and overall array. [000/]. Accardingl there iis a need and
desire ft)q(ﬁ)?]rmr Cg?‘%fl@l)@ﬁ{lcrﬁ f%(ae%{ccgeﬁ"%aﬁlﬁi%r5?%%6%8{?%@“?%??% an

| pr oV QleHidekturé Bt Mas AN EGOXDEL HlcRIrABE RARASiokipe &ﬁcﬁ% SUMVARY OF THE
| NVENTI ON [ 0008) The present invention, as illustrated’in the various

exenpl ary enbodi nent s, rovides a pixel cell array architecture having
mul tiple pixel cells ark W’IARE'FIDP{THE&NWEW&QN | ayout and sharing
common pi xel cell conponents. The pixel cell and array architecture

i ncrease fi factor, and in turn he.,quant um ef fici ency,of the pixel
ol | ar T8 e T B oo, s s B VAP BeBinily EAE ¥ entsy o

pi xel GRbtifed NpikBiEcell AR YrchROGufBAVIgGhiiEe)] cdls o8 BN it bahkar e
associ g:'?ed \CM t?’u thg reagout of a g&l‘ddr%g%] ?rczﬁ%?he Spiﬂ%g?&gel I? The split

t runk |pagedlayonasndstovingeommanapizélaci compengttor Thnpixal cellsed army ansi st or

7ol | ondPeni P P i ol e R e SPUT gy R AAPe PRFLRAL,  Each
exerml A o BB e P L R e
i ncl udesrag, atthmeylidchalksteragatpohtma thagredisidcimedwithebe endandofa sigmbt gat e
For from the pixel cells, The split trunk layout may provide a transfer transistor and a reset

transistor, separated by a floating diffusion region, on one trunk, and a source follower

transistor and row select transistor on a separate trunk. Each trunk has a respective active

device area.

{0009] In accordance with exemplary embodiments of the invention, the pixel cell
architecture includes a shared transfer gate floating diffusion region and a reset gate for
multiple pixels, located on a first trunk, which is separated from a shared row select and
source follower transistor on a second trunk. In yet other exemplary émbodimcnts, the

source follower transistor gate is part of a bottom electrode for a capacitor.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010]  The foregoing and other aspects of the invention will be better understood
from the following detailed description of the invention, which is provided in connection

with the accompanying drawings, in which:

- [0011]  FIG. 1is a top-down view of a conventional CMOS pixel cell;



mul tiple pixels, located on a first trunk, which is separated froma shared
row sel ect and source follower transistor on a second trunk. In yet other
exenpl ary enbodi nents, the source follower transistor gate is part of a

bottom el e iRy a capacitor. BRI EF DESCRI PTI ON OF [ 0010]
Wdﬂﬁ’é?lg 24 bg@%@%%

The foregoing and ot her aspects of the invention wll under st ood
fromthe follow ng detail ed description of the invention, which is provided
in connection wth the acconpanying drawi ngs, in which: [0011l]] FIG 1 is a
t op- down[00i12}v of FEGCD isviettbiseseadionaMiSy off xisd pigdicell of BIG A0k 1Rl 1-

PCTI US2006/ 017811 [0012] FIG 2 is a cross-sectional view of the pixel cell
of FIGL31, taken al ong line 1 1'. - [0013] FIG 3 is a top-down view of a
portion of a CMOS pixel cell array constructed in accordance with an

exenpl ar odi t e iV i en: o iLrcuit di agram of
thenrlgort[?bc?;I f the 'eig“frﬁ)‘f"gf yd"%} ﬁ%{“’?@ PLtg"?‘rlciﬂy"‘ E@xsﬂédfﬁ“@["&g’s; [0015?j FIG
5 is acshafiletdl mgicasidehcewidViibekduay eatbopiman dfghavehtiey: of pixel cells

constructed in accordance with the invention; and [0016] FIG 6is a
schemati ¢ di agram of a processing system enpl ogying a CMOS i nmager
const r uck®¥d4i n aBler 4 isrcdramitdizgraa of theepartion of BETacrPDESCRIclBIIEN OF THE

I I\I\/EI\FFIS%OO%%% é,n the followi ng detail ed description, reference is nade to
the acc¢ H§/ ““drawi ngs, which forma part hereof and show by way of
illustration specific enbodinments in which the invention may be practiced.

These enfopdsirent FIG! & iieblotk dRgraioSCMOS$ &higer dBipdavingQntRabof pixbios e
skilled In the art to practice the invention, and it is to be understood
t hat ot<hdy coagtvaetcdimeccordapcowithithe inyertionsaadt hat structural, |ogical, and
el ectrical changes

[0016] FIG. 6 is a schematic diagram of a processing system employing a CMOS

imager constructed in accordance with the invention.
DETAILED DESCRIPTION OF THE INVENTION

[0017] In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof and show by way of illustration specific cmbodiments
in which the invention may be practiced. These embodiments are described in sufficient
detail to ¢nable 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
prbgrcssion 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.

[0018)] The terms “wafer” and “substrate,” as used herein, are to be understood as
including silicon, epitaxial, silicon-on-insulator (SOI} or silicon-on-sapphire (SOS)
technology, doped and un&opcd semiconductors, and other semiconductor structures.
Purthermore, when reference is made to a “wafer” or “substrate” in the following

~ description, previous processing steps may have been utilized to form regions, junctions, or

material layers in or over the base semiconductor structure or foundation. In addition, the



may be made wi thout departing fromthe spirit and scope of the present

I nvention. The progression of processing steps described is exenplary of
enbodi mrents of the invention; however, the sequence of steps is not |limted
to that se rein and may be changed as is kno | , Wth

t he except }wc(){nﬁgélﬂé@gps necessarily occurring in a cert\é\t?%bg?zébe]ﬁ?ql%%OlB] The
terms "wafer" and "substrate,” as used herein, are to be understood as
including silicon, epitaxial, silicon-on-insulator (SO) or

si | i coremitosdnbi need(feDe silicoabasdd) bt caldpbe baved onileadgeaniaanduct ors, and
ot her sem conductor structures. Furthernore, when reference is nade to a
"waf er 'geynaniva gulliumeanrsenjde greothey semigonguctgesscri pti on, previ ous processing
steps may have been utilized to formregions, junctions, or material |ayers

in or ov eb em dugt ructuyre or n ion _.ln.addition, the
4 WO 200@;%%3384%%652%8@7 Oa%,gﬁiﬁérgiﬁeﬂhl‘cgggaou%{) Ic%%r?t'.(l)nee cﬁg'_tlmk)g]@i l'i con- based,
but coubdtifingaphbtdRthsel bhd o dRAhMFOrs FOREJHVEHINE pliRbhd toBnddi&@itiatle Or

ot her sem conduct ors. ,}0019] The term "pixel," as used herein, refers to a

phot o- elgmak niforynirposcedf illusteationi, ripnesertativeopind sakbore dastribed;duiververd ther ansi st or s
for convert.,n hqQt ans, to .an el ectri cal si gnal.. For rposes of

11 ust abtersnt b Siedit Spifd hsivingdle colpinatice DRl dagver, ¢ he

i nvent Imofc&zoglwtthé ?Jllo%ﬁ{i% gﬁaﬂwaésugﬁdﬁs REYVid 6 tREn HERLRIGY &bl ﬁg&omonent

parts. Accordingly, the oW ng ailed description is not to be taken in
a i m tthagcopens ehe prasknt idventcn pelefiicd bely by eébeagpendyénkinon i s defined only by
t he appended clains. [0020] The terns "at an angle," "angled," and

"sl ant ed, " her ei, to.he i et ed "ng. at e,
wthrosheD o dctbaRed Fupey chpecBo it -SeRe Ty et bodiekee 9 ¥par al | el
or exaGhiYpRRUNE ﬁf@a.ﬁi'ﬂ?aart anf AL Ahifd lfc\fpcc‘é"ﬂ?%rﬁc RQECHB‘%S%JCC g?in?,bd‘lﬁqg ngfld sore

reference point neet o forman angle that 1s not O, , 180, the object

i s conxhdiyrpasillebogixactly pérpendiculan gleeotdingly, weant pettionidf an wbgpeaid t o t he
reference point. [0021] Turning to the Figures, where |ike nunerals
r epr es e refeeense paishmeet tp farmsan angle that is not 0°, 90°, or 180°, the object is

considered “angled,” “at an angle,” or “slanted” with respect to the reference point.

[0021] Turning to the Figures, where like numerals represent like elements, a first
embodiment of the invention will now be described in connection with FIGS. 3 and 4.
FIG. 3 is a top-down view of a substrate having a layout in accordance with a first

- embodiment of the invention. FIG. 4 shows the electrical circuit for the FIG. 3

embodiment.

[0022] In FIGS. 3 and 4, two row adjacent pixels 400, 420 form a portion of an

- exemplary pixel array. The dotted line designated as 460 represents a common shared pixel
structure, which is shared by two pixels 400, 420, cach formed by the common structure
460 and one of the photosensors, ¢.g. photodiodes, 401 and 403, respectively. The
common shared architecture illustrated in 460 includes a split trunk pixel design. A first of
the split trunks 451 has a respective active device region and is designated by a pair of
transfer transistors respectively associated with cach of the photosensors 401 and 403 and

" having respective transfer transistor gates 405a, 405b. The first split trunk 451 also hasa
common floating diffusior region 410, a gate 407 of a reset transistor 470, and a

source/drain region 406, also associated with the reset transistor 470, which in practice is
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enbodi nrent of the invention will now be described in connection with FIGS. 3
and 4. FIG 3 is a top-down view of a substrate having a | ayout in
accordance with a first enbodi nent of the invention. FIG 4 shows the

el ectrical §|2 o%Hh[SsJ or the FIG 3 enbodinent. [0022] Iperfdsesesosand 4, two
row adj acen ']{m xel's 400, 420 forma portion of an exenplary pixel array.

The dotted |ine designated as 460 represents a common shared pi xel

structure, which is shared by two pi xels 400, 420, each formed by the common
st r uct womnectdiDicansirpplyevaitagt fuesighated 4@ FHG! 3 25 ¥, g Tiodthdi poieion of@ic and 403,
respectively. The compn shared architecture jllustrated in 460 includes a
split tPifikunk 423, wach alpo has & repRactiyg activp areapinrlndes 3 spugceysirain gegian #3dnect i ve
active | 110 ' i ghat ' er transistors
FespecthBicFIE EE R RBRY Holab ST i BpSeR oAl banflear HG3B L 103 ana

havi ng se@geLdtain/ Rgldudisy, Qrgatd €38fos h Rbwlele@Sraifetdr aA3RothEhofrid Afrais Pl i t
trunk 451 also has a comon floating diffusion rigl on 410, a gate 407 of a

reset tegiostS6ovhidy rmandokims ourpue fatrthe sharedpisels 408, 420.s0 associated with
the reset transistor 470, which in practice is 5 WD 2006/ 124384

U o 0233 b iR ECnheRe 2P & i B€435 SHUANAEL oS ° S
I especitneistas id A Hcdectidiel408eofa c&;?%ltéfe,/rﬂé ather ElRe-&d: Ji83Phich gonnect able to

the supply voltage V'-pix, a source |l ower transistor gate 432, a :
sour ce/dgsignated egft08. 44 sonductrrt4d3848 shdvar ingFliCo W asdnterdonnecting the doatingd  anot her

source/ drain reaqi 436 whi ch for C m_ out put for the shared pixels
200, asHESGueioh A1t fak st widiode el it B ol G R 0 452 o

the soufiggubRlsh rml?géaﬁﬁé £ bRfied SOt £lakohARAE: HB& 1ohe Sutgpaci tor,
the other electrode o ich 1s designated as 408" . A conductor 438 is

shown iaf thd SEbsGatas comtvetardid8eotulddsd beiniploatatad thdugh wpparnlayeegi on 410 and
tor 409. Al though

the gate el ectrode 432 .qf the _source foll'ower transi
shown i‘?F‘FﬂL@“@ lewels, v@a&r 46 el iaerrdp the it Angddimosalbreegrcondyder ¢4 ¢ he
sur f a6 jiystrated as interconnecting the electrode 408” of the capacitor 408 with the

source/drain region 430, which is in turn connected to the supply voltage V,, ;..

[0024] FIG. 3 illustrates two pixels 400, 420 sharing common structure embraced
by the dotted linc 460. Each pixel has a respective photosensor associated therewith 401,
403. Thus, one pixel 400 is formed by the photosensor 401 and common structure 460,
and the other pixel 420 is formed by the photosensor 403 and the common structure 460.

An isolation region 412 isolates the two adjacent photosensors 401, 403.

[0025] The pﬁcl architcctures depicted in the embodiment illustrated in FIGS. 3, 4

~ are replicated many times in a pixel array both horizontally and vertically. The advantage
of a split trunk architecture for the pixel is greater flexibility in the placement of the
transistor structures required for operation of the pixels. In addition, because pixels share
storage and readout architecture, it is not necessary to have a separate storage and readout
architecture for cach [:;ixcl, thereby permitting either a more dense pixel structure or a
greater area for the photosensors 401, 403. In the illustrated embodiments, the first of the
split trunk 451 active device regions is lopa&d in the area partially between and just above
the photosensors 401, 403. The second trunk 452 active region is located between the



of the substrate, conductor 438 could al so be inplenmented through upper
| ayer netallization |evels, which are well known in the art. An additional
buried conductor 441 is illustrated as interconnecting the el ectrode 408"

of the capacit 408 with the source/drain region 430pcMhissddebsin turn
connect ed "?@2 0%2‘@ pply voltage V,,-pix [0024] FIG 3 i ICI ustrates two pixels

400, 420 sharing common structure enbraced by the dotted |Iine 460. Each

pi xel has a respective photosensor associated therewith 401, 403. Thus, one
pi xel 404 paig of pixeRd.00y 420 ang Ao bdjacins sucodd paiaiof pxel{Rot showi)] Eiding60, and
the other pixel 420 is forned by the photosensor 403 and the conmon

st r uct @beveshe pixchpair é@@ﬂﬂ%ﬂﬁ@i- én 412 isolates the two adj acent

phot osensors 401, 403. [0025] The pixel architectures depicted in the

ool enfok}) s Alohi ooty SSEUERBARE N ALTER bug Pl <

ar chi FQ&hbeﬁ%aft@sr 4053405k €F1G.B) igapdddewith kaapeddicd the/phototdigoil4aecapnt of the
transi stor structures required for operation of the pixels. In addition,

becaus Fopiexeshpleshigh ecfersnen tyelGirdd sidessefwach girte H0BrctQbeare shows anbringiecessar y
o o Rt B ST L AR R, T
phot osep3o w&j@l@d‘?%mét@ Sftfie inlah St fafds Ql@lﬁ,rm AIRRAsSor 40 @Hit:i'cﬁtsltag[rd?ft the

split trunk 451 actTve deévice regions is located in the area partially

bet wee rof timdtrgnsfer gateo e adiditior s asdablayout4dOdlso BOB:ficiEhim mexonding therfkl 452

active region.is, |located between the 6 2006/ 12438 CT/ US2006/ Q17811
first jator ?ﬁ‘thf)%f gcfﬁa:dzy, maxiglLRg) d'%frfr%i’d?vfg@‘é Hgo?é@&ﬁﬂiBgi '%5%% SRl not
shown), residing above the pixel pair 400, 420 in FIGS. 3, [0026] In the

exenpl ar phoahpodi BB Abteldlih UsddrBiRE AR invihtibLARE sBarbQEbinBBnditd fkhd he
transfer gates 405a, 405b (PIG 3) 1s angled wth respect to the

phot os ewsq@ixe] déis arciBangelan aeplitrpink, desighhdafiakd bgnceve devide@egifps sfitles of each
he-vi v ot A5hetos oBRY mre et atieenGbF oAl connebied vis s condictor 0 | - 2

438 which may be formed as a buried conductor close to the surface of a substrate on

which the pixels are formed or in a wiring layer above the surface of the pixel array 450,

and it may electrically connect the source follower gate 432 to the floating diffusion region

410. Any suitable conductive material may be used to form the interconnect layer 417. It

should be understood that other split trunk layouts are alse within the scope of the

- invention, as the invention is not limited to the layout shown in the FIG. 3 exemplary

embodiment.

[0028]  In addition, in accordance with the split trunk pixel architecture, the source
follower gate 432 area may be increased, which reduces the ﬁxcd-pattcrﬁ noise of the pixel
cells 400, 420 without decreasing the fill factor, The illustrated embodiment also permits
the gate 432 to act as one clectrode 408” of a shared capacitor 465, which is electrically
connected between the floating diffusion region 410 and supply voltage V,, . Shared
capacitor 465 can be used to increase the charge storage capacity of the floating diffusion
region 410 and the quantum efficiency of the pixels 400, 420, and the dual use of the
source follower transistor 409 gate 432 as capacitor clectrode 408” maximizes the

capacitor 465 area while minimizing loss of photosensor area.



403. This angl ed geonetry of the transfer gates 405a, 405b allows for an
efficient layout of the transfer gate. In addition, this angled |layout is
al so beneficial in mximzing the fill factor of the pixel cells, by

maxi m zi ngwidndiR&s0f the photosensor 401, 403 for eacPcpPyXfbeoibfl927] As
noted in accordance with the invention, the shared conponents 1Jor the two

pi xel cells are arranged in a split trunk design, defined. by acti.ve-.device
regions of the two trunks 451, 452. The two active regions are electrically

connect e )@y a [ ' fian ' canduct or
@%oézsgur f ggg%u Q'pixef HPucties B84 HEK be faﬁﬂc% %Mftht?glrsﬁg

dose to ¢ of a“substrate on which the pi are dor in a
wi ri ng keopar mathmde of trensdstof Abscarfonttbdomm el traniseots ddlescribathértinimyhe
el ectrically connect the source foll ovveré&at e 432 to the floating diffusion

regi on cmbediedsplit siunk pixed layauwilbusmatedin Fle 31 Thaphetosgasass £01.1400 R e

i 417 oul : : i k
| ayout SRREN &) YR phblosc Rt RO 3k AR oL RIS s o
l'i mi t ed(photd-Beark@&Y O a phet¥ied Embbéinfeh thepRotordlsafs 016408 didhbed [ 0028] In

addition, in accordance with the split trunk pixel architecture, the source
f ol | owePhafadiedq sziemse howexer pdiey moy dssemneddsipbhtagatnsc8chotthy divdeacdrpat t ern

noi se of_ the pixel cells, 400, 4 W, ut decreasgin h 11l factor, The

i |l ust r%{}oégtréﬁ‘ﬂB%F?Pé%_JﬁQS CB@?{&& m@’h_htgm wfﬁn%Zﬂ%gﬁéﬁf%ﬁgorw Bl ectrode
408" of jsQlafibiR B fbrC APABLARED Phistos bAEMO1S 463 BRYTHGRAd BormRAPABES Grhubet ween the
floating diffusion region 410 and supply voltage V',Pl,. Shared capacitor
465 cantrbechlisdatiano( ST E regams dr hay oter geceptabledgpdatiap@chtiguo nay o bk asdd. ng

di f fusi region 410 and the quantum effi ci ency of the pixels_ 400, 420, and
t he dualltf§&SOFIoRHES @@Yf%’lol%ﬁ/\%ﬁgpﬁf it ?‘BTF gl 4583 ROLEIes 8kthe apaci t or

el ectr oge 408" e ' i ' i | oss of
phot os e%ggl;&()%rlé%.g% %Séﬁ%%ﬁﬁwg%ﬁﬁégg%%ﬁ%@fh t ?8%? éi Ibgh ar ed
pi xel s4@3ehdfesiséafhgonk piayl fbemfaothes Annetedubetd, atepublnmethiodwof net hods of
transistor fabrication to formthe transistors ﬂ? descri bed herein in the
orming conductors 438, 441 may include the formation of burted interconnection near a

surface of the substrate or metallization wiring in layers above the substrate. If a capacitor

465 is desired, an clectrode 408 of this capacitor may be formed, in accordance with a

preferred embodiment of the invention, as a gate 432 of a source follower transistor.

Capacitor 465, which can be shared among pixel cells, may be alternatively be formed in

other locations, for example, it may be formed over a common floating diffusion region

410,

[0030] FIG. 5 illustrates a block diagram of an exemplary CMOS imager 300 having

a pixel array 200 formed of pixel cells constructed in accordance with a split trunk
embodiment described above. Pixel array 200 comprises a plurality of pixels arranged in a
predetermined number of columns and rows (not shown). Attached to the array 200 is
signal processing circuitry, as described herein, The pixels of each row in array 200 can be
simultaneously operated, and the pixcls of each column are selectively output by respective
column select lines. A plurality of row and column lines are provided for the entire array
200, The row lines are selectively activated by a row driver 210 in response to row address
decoder 220. The column select lines are sclectively activated by a columa driver 260 in

| response to column address decoder 270. Thus, a row and column address is provided for

cach pixel.



enbodied split trunk pixel layouts illustrated in FIG 3. The photosensors
401, 403 can be forned as any suitable photosensitive structure for
converting light photons into electrons (photo-charges). In a preferred
errbodimant‘JH %&ﬁgggg}osensors 401, 403 are pinned phot g@iragedsetisONS,
however, t 2 y“be fornmed as photogates, Schottky di odes, or as another
phot o- sensi ng device conpatible with the invention.-Mtheds-fer--formng an

i solation region 412 between photosensors 401, 403 may include formation of
a shal | oypodirencyresoMass i@:’ihg(nsﬂ'ﬂ)() isTcfpldtaPéd bﬁ&c&ﬂﬁin%_taﬁﬂrcoﬁ%%&@ﬁﬂ 20, sol ation
techni que may al so be used. ~ These i'solati'on techni ques may al so be enpl oyed
t 0 i solwhieh scntrole addess roodére 220,037 foe seltatingktbe 4Firopd&2 rowamdaeokinamot her

f i sal at i .acti f th t 401, 403, d, f
| Sol at 115 A KEAOPF o RS RIS SR0AE0 CaNov orbepd B PRI BES of
or m g QRS O1%0436h o Iy Y PBLIIIE vblick 0 B AR BlncBlid B

I nterconnect’i on ‘near a su rate or met I'zation wiring in
| ayer s shoted robeansidadimatiaes. | Theopicd pakintosignAq which gpialleihcluds agixett r ode
408" of this capacitor may be formed, in accordance with a _preferred
enbodi nigsat signak (V)i trkemes opixelpntputpdice thesfoaging Aiffuipnceesian $hisreset, andi st or .

Capaci t or, 465, whic be shared anon | xel,cells, may be alternatively
o 1 or gy Al Foeh RErEay ghoBibatepBuifid fibe BhofBimet sl ommon

f1 0at i NG Gkl UBMsTRTEEB 4400y thO B3Rtk GsisRorid05Ug @iy & sdthgls kndli agr am of
an exenpl ary | mager 300 having a pixel array 200 forned of pixel cells
const r unald dirguit 365 essdeinicd witht theaobhn tirive Uk  Aatifberontin signele ey + 5@3 isabove.

Pi xel arr 200 caonpri.ses 3g..pl ity of. pi xels.arranged in a, .predeterm ned
number BPobsr SR ChtieRe 26 fontst pafh St A Gl By Ll gna
Pr 0ces Sighafdd- fitoiolt coFeldG S5 AISCNETRL thalddIg-Bigiedl Gt r&2srs duplidsn array
200 can be | mul ttaneously operated, and the pixels of each col are

sel ect i theldygitin¢pitkelzygrmaspantimuge prootsson2&etvhich formmemd dutphtamaligitay of row
and colum lines are provided for the entire array 200. The row lines are
sel ect i N8 activated by a row driver 210 in response to row address

decoder 220. The columm select lines are selectively activated by a colum

driver 268033]  FIG. 6 shows a processor system 308, which includes an imager 300

constructed in accordance with an embodiment of the invention. The processor system
308 may be part of a digital camera or other imaging system. The imager 300 may receive
control or other data from system 308. System 308 includes a processor 302 having a
central processing unit (CPU) for image processing, or other image handling operations.
The processor 302 communicates with various devices over a bus 304. Some of the devices
connected to the bus 304 provide communication into and out of the system 308; an
input/output (I/0) device 306 and an imaging device, i.e., imager 300, arc such

- communication devices. Other devices connected to the bus 304 provide memory, for

instance, a random access memory (RAM) 310 or a removable memory 315.

[0033]  The processes and devices described above illustrate preferred methods and
typical devices of many that could be used and produced. The above dcscriptién and
drawings illustrate cmﬁodimcnts, which achieve the objects, features, and advantages of the -
present invention. However, it is not intended that the present invention be strictly limited
to the above-described and illustrated embodiments. Por example, although the invention

is discussed only with reference to pixel arrays having a 2-pixel sharing of component parts

9



response to col um address decoder 270. Thus, a row and colum address is
provided for each pixel. 8 WD 2006/ 124384 PCTI US2006/ 017811 [0031] The
CMOS i mager 300 is operated by the timng and control circuit 250, which
control s addre ecoders 220, 270 for selecting the appregidgdesinow and
col um IWH%gmgg?gﬁixel readout. The control circuit 250 also controls the
row and colum driver circuitry 210, 260 such that -these- apply-drisvieng
voltages to the drive transistors of the selected row and columm lines. The
pi xel  cgliydin SbighR Rijacehit gﬂer&y&h&ahhm-pifa |sh'sﬂf_ﬁlggae.rﬂiy¥ Gle aldoBfifinded @B (Vrs, ),
t aken as a pi xel outéut aiter the floating diffusion region 410 is reset,
and a pithil the vegpe ofi the alventjon,)and tthkeplit ek desigya npy dedmplomedraccbtith mny he

phot osensor are gated, to . the floating diffusion regiopn 410 by e transfer
transi sPBf searag, édagwa%xp 3Ry SO thoygR Preseh wepoz@sc@ifwﬁ ed with
t he col I | . i enflal.si 1 1:S ), | d by
differ eHﬁE%E\q ‘%%%Fﬁ??%%ﬁﬁwwggﬁ%&%%ﬁﬁﬁw ?%/Or‘%lﬁ%ida Ss?{gﬁ)na E;cles

di gi ti zeshshieredaparaopitRpré@ntingbdtan, converter 275 (ADC). The

anal og-to-digital converter 275 supplies the digitized pixel signals to an
i mge processor 280 which forns and outputs a digital imge. [0032] FIG 6
shows a processor system 308, which includes an imager 300 constructed in
accordance with an enbodi nent of the invention. The processor system 308
may be part of a digital canmera or other inmaging system The imger 300 may
receive control or other data fromsystem 308. System 308 includes a
processor 302 having a central processing unit (CPU for inmge processing,
or other inmage handling operations. The processor 302 communicates with
various devices over a bus 304. Some of the devices connected to the bus
304 provide conmuni cation into and out of the system 308; an i nput/output
(I1/O device 306 and an inmagi ng device, i.e., imger 300, are such

comuni cati on devices. Qther devices connected to the bus 304 provide
menory, for
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i nstance, a random access nenory (RAM 310 or a renovable nenory 315. [0033]
The processes and devices described above illustrate preferred nethods and
typi cal devices of many that could be used and produced. The above
description and drawi ngs illustrate enbodi nents, which achi eve the objects,
features, and advantages of the present invention. However, it is not
i ntended that the present invention be strictly limted to the
above-descri bed and illustrated enbodi nents. For exanple, although the
invention is discussed only with reference to pixel arrays having a 2-pi xel
sharing of conponent parts 9 WO 2006/ 124384 PCTI US2006/ 017811 between
col um adj acent pixels, other nulti-Eier sharing arrays are al so intended
to be wthin the scope of the invenki M8&nd the split trunk design may be
i npl emented with any pixel cell array. Additionally, any nodifications,
t hough presemLAﬁiﬁﬂ@@f@§ﬁQﬂﬂﬁﬁ$;Of the present invention that cone within
the spirit and scope of the followi ng clainms should be considered part of
the present d fiiephodfsentOr DrAtdMerating @lﬁbﬂg@ﬁﬁefes?@ﬂ@é kslipht; a first
phot osensor for generating charges in response to light; a first active
regi on conprd figh@ctive ségidareehpRghgiEstdsh@l rdgeans andat 1dadnshs trahsisgat e
i nterconnecting said first doped regions; a second active region conprising
second gh@ﬂdef@gir@@ﬁnglgdicaﬁrdtel@?&gdqegiontsr ansi stor gate interconnecting said
second doped regions, said first doped regions being different than said
second dopedh seeghdnstive rfe%iroﬁﬂlcdmpﬂsi\hgrset@ladlSliopédrregmﬁsmdaattleaﬂ’tﬁr\er gate
that is operable to transfer the generated charges fromthe photosensor to
a st or agendistde gatdhiatércannéeingsdid satchd dbpedgegiondesaliedifirgt gapdd rdgioad d i rst
active region;

being different than said second doped regions;

a first transfer transistor having a transfer gate that is operable to transfer the
generated charges from the photosensor to a storage node, the transfer gate and
storage node being part of said first active region;

at least one transistor having a gate for receiving charges from said storage node
and providing an output signal, said at least one transistor being part of said second
active region which is separated from said first active region;

a reset transistor for resetting said storage node; and

a row select transistor for gating said output signal,

wherein only one of said reset transistor and said row select transistor is located
at said second active region, and

wherein said gate also comprises a plate for a capacitive element.

2. The imager of claim 1, wherein the at least one transistor comprises a source
follower transistor.

3. The imager of claim 1, wherein the gate receives said charges by one of either

a buried interconnect or a metallization wiring layer.
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at | east one transistor having a gate for receiving charges fromsaid
storage node and providing an output signal, said at |east one transistor
bei ng part of said second active region which is separated fromsaid first
active region; a reset transistor for resetting said storage node; and a
row select transistor for gating said output signal, wherein only one of
said reset transistor and said row select transistor is |located at said
second active region, and wherein said gate also conprises a plate for a
capacitive elenent. 2. The imger of claiml, wherein the at |east one
transi stor conprises a source follower transistor. 3. The imager of claim
1, wherein the gate receives said charges by one of either a buried

i nt er connect4. crheimagexidfickaim dbrwhirdingt leagba pottion of thetransfge gatsfis docated 1,
wherein at |east a portion of the transfer gate is located at an angle with
r espectatiao ange withsresprott tosthadisst pBotoFemsarmager of claim 4, wherein only a
side edge of the transfer gate is |ocated at an angle with respect to the
first phot oSenBue imagerifeclaimgewhefeinlomlyra sided enlgEhefq thedmpndfer gefeds lasgtad
transistor located at said first active region for resetting said storage
node. wat afifenglermyty respect tai thedirst photosenssenpri sing a row sel ect transi stor
coupled to gate an output of a source follower transistor, said row sel ect
transi st or IfeiHoe pmagerdedlaia 1shirtheracomperisingiavesetdyansistod locted atsegdr of
claim1l1, further conprising: a second photosensor for generating charges in
r espondirst activegtegiorafd resatéingrmdid smagenode.ansi stor having a transfer gate
for transferring the generated charges fromthe second photosensor to the
st orage nodé. Theimager of claim 6, further comprising a row select transistor coupled to

gate an output of a source follower transistor, said row select transistor being provided
at said second active region.

8. The imager of claim 1, further comprising;:

a second photosensor for generating charges in response to light; and

a second transfer transistor having a transfer gate for transferring the generated
charges from the second photosensor to the storage node.

9. The imager of claim 8, wherein the first and second transfer transistor each
have a respective transfer gate.

10. The imager of claim 8, wherein the first active region is located in an area at
least partially between the first and second photosensor.

11. The imager of claim 10, wherein the second active region is located in an
area adjacent one of the first and the second photosensors.

12. A pixel array comprising:

first and second pixels, the first pixel comprising a first photosensor for
generating photocharges in response to light, the second pixel comprising a second

photosensor for generating photocharges in response to light;
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9. The inmager of claim8, wherein the first and second transfer transistor
each have a respective transfer gate. 10. The imager of claim8, wherein
the first active region is located in an area at |east partially between
the first and second photosensor. 11. The inmager of claim 10, wherein the
second active region is located in an area adjacent one of the first and

t he second photosensors. 12. A pixel array conprising: first and second

pi xels, the first pixel conprising a first photosensor for generating

phot ocharges in response to light, the second pixel conprising a second
phot osensor for generating photocharges in response to light; 12 a first
active region conprising a first and second transfer transistor structure

f or respect afbyadtiveneger comprismmgh birst-aribsegondftramsféhieansisisr semdtirecond
phot osensors to a comon storage region; a second active region, entirely
separ afeaurespedtivele tfansfarriagtthe photgrichargey frorhithe dirst aral sedond plegfosensons
electrically connected the first active region, the second active region
conpr i § agomrsonstwagekégiwor transi stor for reading out signals fromthe
common storage region; a reset transistor for resetting said conmon storage
regi on; anda sacorohaetiveragionantirshosephasated£romghe firat agtyeategiormbe adixedsai d
second active region conprises only one of said reset transistor and said
row selsedatian wgdor but eleghricallyeeasinectedgthedinst agtive rgion dhe spraswbactiveansi st or
forns one plate of a capacitor. 13. The pixel array of claim12, wherein
the fi regionsampising atsoamed fllawwersangigor fon reading est tgoalsfaem ther espect i ve
first and second transfer transistor gate. 14. The pixel array of claim 12,
wher ei GOMEROM PIOFAZAEAZIOR: r egi on further conprises

a reset transistor for resetting said common storage region; and

a row select transistor for gating said signals,

wherein said second active region comprises only one of said reset transistor
and said row select transistor, and

wherein a gate of the source follower transistor forms one plate of a capacitor.

13. The pixel array of claim 12, wherein the first and second transfer transistor
structures each have a respective first and second transfer transistor gate.

14. The pixel array of claim 12, wherein the first active region further comprises
a reset gate for resetting the common storage region.

15. The pixel array of claim 14, wherein the second active region further
comprises a row select transistor coupled to gate an output of a source follower
transistor.

16. The pixel array of claim 12, wherein the capacitor plate is electrically
connected to the common storage region.

17. The pixel array of claim 12, wherein the first and second pixels are column

adjacent pixels.
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a reset gate for resetting the common storage region. 15. The pixel array of
claim 14, wherein the second active region further conprises a row sel ect
transi stor coupled to gate an output of a source follower transistor. 16.
The pixel array of claim 12, wherein the capacitor plate is electrically
connected to the common storage region. 17. The pixel array of claim 12,
wherein the first and second pixels are colum adjacent pixels. 13 18. The
pi xel array of claim 12, wherein the first and second pixels are row
adj acent pixels 19. A nethod of formng a pixel array, the nethod
conprising: formng a first active region conprising first doped regi ons and
at least one transistor gate interconnecting said first doped regions;
formi ng a sd8ordeguxeharraegf chimdPpwhsirein thedortanid gecpndepixetsargndwat | east
one transistor gate interconnecting said second doped regions, said first
doped mdificentpixels ng different than said second doped regions; formng a
phot osensor in a substrate; formng a transfer gate having at |east a
portion angll8d Avnethed op éerming a pixel ptrey odhermsethod ¢rmpriging:er gate bei ng
part of said first active region; formng a transistor gate as part of said
second acti Verming afirsttactive iregionycomeprising fiyepdeped tegiposantdatieassponact i ve
region by a fixed isolation region, said transistor gate being electrically
connect@msisgosgaty infareanngstingssaid firglopegh1eginsa capacitor such that a plate
of the capacitor is the transistor gate;, formng a reset transjstor for
resetting afemaingyesewgidactivetesiay %mgrlamgosﬁcgrég spedriggigrs asid aldeagat i ng
signals controlled by said transistor . o .

one transistor gate'interconnecting said second doped regions, said first doped regions

being different than said second doped regions;

forming a photosensor in a substrate;

forming a transfer gate having at least a portion angled with respect to the
photosensor, the transfer gate being part of said first active region;

forming a transistor gate as part of said second active region which is physically
separated from the first active region by a fixed isolation region, said transistor gate
being electrically connected to said first active region;

forming a capacitor such that a plate of the capacitor is the transistor gate;

forming a reset transistor for resetting a storage region; and

forming a row select transistor for gating signals controlled by said transistor
gate,

wherein only one of said reset transistor and said row select transistor is formed
as part of said second active region.

20. The method of claim 19, wherein the act of forming a photosensor comprises
forming a photodiode.

21. The method of claim 19, further comprising the act of forming an

interconnect
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gate, wherein only one of said reset transistor and said row sel ect
transistor is forned as part of said second active region. 20. The nethod
of claim 19, wherein the act of form ng a photosensor conprises formng a
phot odi ode. 21. The nethod of claim 19, further conprising the act of
formng an interconnect 14 by formng a buried interconnect near the
surface of the substrate to electrically connect said transistor gate to
said first active region. 22. The nethod of claim 19, further conprising the
act of formng an interconnect by formng a netallization |ayer above the
surface of the substrate to electrically connect said transistor gate to
said first active region. 23. The nmethod of claim19, wherein the first
active regi by fpeming aburied iateraenaect hieas thessutéacsfoftthe sphetratedasdectsiglly
wherein the second active region is formed adjacent a second side of the
phot os eprRECt s2igl transision gateto said dirpbadivsinegiorsel | array conprising a
plurality of pixels, the nethod conprising: formng first and second

phot osensor 22f §he geetbogtofidaiph P JLEer gemprising Spade! fopmingpaned | i ght ;
formng a first trunk including a_conmon {ransfer gate, the transfer gate
for tH¥REGOENErhY foranisigo meéﬂﬁzg@@n {aysmabarn the suracy of the subgtratationd

phot osensors to a comun storage region, wherein the comon transfer gate
i s | ocslestrically eoasechsaiditrmsistongatedosatyl firshiacHve s&g€Bt to each of the first
and the secgnd_phot osensors;. form pg a second trunk, split fromthe first
trunk and i A8l TOF Faethod) Qleddimy b, Wheraia il gFStﬁSFN? EaBIPRJS &ormed adigrent a

representing t oto-charges, transferred to the L .
PreS st side OP ﬁ‘teplghotosensor%nd wherein the second active region is formed adjacent a

second side of the photosensor.

24. A method of forming a pixel cell array comprising a plurality of pixels, the
method comprising:

forming first and second photosensors for generating photo-charges in response
to applied light;

forming a first trunk including a common transfer gate, the transfer gate for
transferring the photo-charges from each of the first and second photosensors to a
common storage region, wherein the common transfer gate is located at least partially
at an angle with respect to each of the first and the second photosensors;

forming a second trunk, split from the first trunk and including at least one
transistor for reading out a signal representing the photo-charges transferred to the
common storage region;

forming a reset transistor for resetting said commeon storage region; and

forming a row select transistor for generating said signal,

wherein respective gates of said at least one transistor, said reset transistor, and

said row select transistor are not linearly aligned.
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common storage region; formng a reset transistor for resetting said conmon
storage region; and formng a row select transistor for generating said
signal, wherein respective gates of said at |east one transistor, said reset
transistor, and said row select transistor are not linearly aligned. 15 25.
The nethod of claim 24, wherein the at | east one transistor conprises a
source follower transistor having a gate. 26. The nethod of claim 24,
further conprising the act of form ng a capacitive elenment on the second
trunk. 27. The nethod of claim 24, wherein the act of formng first and
second photosensors conprises form ng row adj acent photosensors. 28. The
met hod of claim 27, wherein the first trunk is formed in an area above and
at | east paRbi dheynbodeafclaine 2pheheosintloe st least oftheransistogdooiprideaiam 28,
wherein the second trunk is forned adjacent one of the first and second
phot osensmedoll@@er frapsistasisaviggsygsttem conpri sing: a processor; and an

i magi ng device electrically coupled to said processor, said inaging device
conpri si ng 26pThemethodyof daimi24rfuather copypirising the actgif farmlings capaqiixel s,
the first pixel conprising a first photosensor for generating photocharges
i n resplemsenttan thegierond fmardecond pi xel conprising a second photosensor for
generati ng photocharges in response to light; a first active region

conpri si ng a7cdhaorethodmffdainy24,evhetein theadfofforaing firat andragaenérring t he
phot o-charges fromthe first and second photosensors to a conmon storage

r egi onphotosensors comprises forming row adjacent photosensors.

28. The method of claim 27, wherein the first trunk is formed in an area above
and at least partially between the photosensors.

29. The method of claim 28, wherein the second trunk is formed adjacent one of
the first and second photosensors.

30. A processing system comprising;:

a processor; and

an imaging device electrically coupled to said processor, said imaging device
comprising a pixel array, said array comprising:

first and second pixels, the first pixel comprising a first photosensor for
generating photocharges in response to light, the second pixel comprising a second
photosensor for generating photocharges in response to light;

a first active region comprising a common transfer gate, the transfer gate for
transferring the photo-charges from the first and second photosensors to a common
storage region;

a second active region, split from the first active region, comprising at least one
transistor for reading out signals from the common storage region and further
comprising a capacitor;

a reset transistor for resetting said common storage region; and
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a second active region, split fromthe first active region, conprising at

| east one transistor for reading out signals fromthe conmon storage region
and further conprising a capacitor; a reset transistor for resetting said
common storage region; and 16 a row select transistor for gating said
signals, wherein respective gates of said at | east one transistor, said
reset transistor, and said row select transistor are not linearly aligned.
31. The processing systemof claim 30, wherein the imgi ng device conprises
a CMOS imaging device. 32. The processing systemof claim 30, wherein the
first and second pixel cells are row adjacent pixel cells. 33. An inmaging
device conprising an array of pixel cells, the array conprising: a first
pair of pix@reweelpetitsansiston for gajingisaidsigndel phot osensor for generati ng
phot o-charges; first and second transfer transistors for respectjvely

t r ansf er r i ngvhereirpraspectivegntge of saidratdeasd omertzansisiar, seihrrpepHONBISEHsE to a
storage node; a first active area |ocated at |east partially between the
first animeselgct sansisiosasenst lineardy glignedt i ve area, that is physically
separated frombut electrically connected to the first active area, wherein
the second &&t e Ripeessigpyste@sofLlaiapdei wherein the Haagimg devige gomprises
source follower transistor for reading out a signal indicating an anount of
said [SHYEE iemgiggslenfcesai d storage node; a reset transistor for resetting

said stora node; and _a row select transjstor for, gati sai.d si.gnal ,
95,19 e processing system of claim 3 , Wheéremn the first and Second plxelgceﬁs

are row adjacent pixel cells.

33. An imaging device comprising an array of pixel cells, the array comprising:
a first pair of pixels comprising;:

a first and second photosensor for generating photo-charges;

first and second transfer transistors for respectively transferring the photo-
charges from said first and second photosensors to a storage node;

a first active area located at least partially between the first and second
photosensors;

a second active area, that is physically separated from but electrically connected
to the first active area, wherein the second active area comprises a capacitor for the pair
of pixels;

a source follower transistor for reading out a signal indicating an amount of said
photo-charges at said storage node;

a reset transistor for resetting said storage node; and

a row select transistor for gating said signal,

wherein respective gates of said source follower transistor, said reset transistor,

and said row select transistor are not linearly aligned.
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wherein respective gates of said source follower transistor, said reset
transistor, and said row select transistor are not linearly aligned. 17 34.
The i magi ng device of claim 33, wherein the second active area is |ocated
between the first and a second pair of pixels in the array. 35. The inagi ng
device of claim33, wherein a plate for the capacitor conprises a gate of a
source follower transistor. 36. The inagi ng device of claim33, wherein the
first and second transfer transistors conprise respective first and second
transfer transistor gates, each of the first and second transfer gates
being located at |least partially at an angle with respect to the first and
second phot osensors. 37. The imager of claim1l, wherein the plate for the
capaci tive BdeThaimapingdeese of claimr3syeveapincthieyseodnd hetive araage lowates]  38.
The i mager of claim 37, wherein a gate electrode of the at |east one

t r ansi betoveenating firkbandpaeromd ppiratfepirelshin tomprriage t he sane conductive pl ate.
39. The pixel array of claim 12, wherein the capacitor plate increases a
storage capacThy imagitegededaroh ckimrdbyevherginomplate forTthe qaipreitomeamaprieds cl ai m
19, wherein the capacitor plate increases a storage capacity of the common
st or age gatygdlomsourte faleweettaodistdr. cl ai m 24, further conprising: fornming a
plate of a capacitor and a gate electrode of the at | east one transistor
fromthe sad®e Thadmegingdedyeof claimrds whereircthedist and peearel transfenses t he
storage capacity of the conmon storage region. 42. The processing system of
cl ai m Bensistnes epmprire reapedtiviedirst and segtind transter éxansister g@@ﬁnﬁ@ﬁh@gtlﬂ@n with
the common storage region via an underlying or overlying conductive |ayer,
such t fizst andesecand dransfer gedesbeiag lacated mitpast ppettilhyatoin angle with respect to

the first and second photosensors.

37. The imager of claim 1, wherein the plate for the capacitive element increases
a storage capacity of the storage node.

38. The imager of claim 37, wherein a gate electrode of the at least one transistor
and the capacitor plate each comprise the same conductive plate.

39. The pixel array of claim 12, wherein the capacitor plate increases a storage
capacity of the common storage region.

40. The pixel array of claim 19, wherein the capacitor plate increases a storage
capacity of the common storage region.

41. The method of claim 24, further comprising;:

forming a plate of a capacitor and a gate electrode of the at least one transistor
from the same conductive layer, wherein the capacitor plate increases the storage
capacity of the common storage region.

42. The processing system of claim 30, wherein the capacitor is in direct
electrical communication with the common storage region via an underlying or
overlying conductive layer, such that the capacitor increases a storage capacity of the

common storage region.
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common storage region. 18 43. The processing systemof claim42, wherein a
gate electrode of said at |east one transistor and a capacitor plate of the
capacitor overlap one another froma top- down view of said substrate. 44.
The i magi ng device of claim 33, wherein the second active area conprises at

| east one transistor having a gate stack, and said gate stack conprises a
capacitor plate for increasing a storage capacity of the storage node. 45.
An i mager conprising: a first photosensor for generating charges in response
to light; a first transfer transistor having a transfer gate for
transferring the generated charges fromthe photosensor to a floating
diffusion region; a first readout circuit trunk conprising first doped

regi ons and4at Thegsocessing syshersicf tobaingd, eviherear & gaheelectrgds af daifliatdeastoped
regions, said first readout circuit trunk conprising the storage node and a
reset btnamsinsistor drot adapacitar plate of thatdapgcithr dwsiamone agother from artepet

vol tage; and a second readout circuit trunk conprising second doped regions
and at dpwasviewnef saidanbsigate gate i nt erconnecting sai d second doped regions,
sai d second readout circuit trunk conprising a source follower transistor
for out put t #hgThedingging davice of clagmaid, vehraseint thefsecorad getive areadcamyprises at
floating diffusion region, wherein said first doped regions are different
than sai d skashdnelbpasistadharisg a grde stpgls, andhoid gate éta@gmoma?nws@r ein the
second trunk further conprises a capacitor plate for increasing a storage
capaci?@Pﬁmkﬂmémfﬁgating diffusion region. 19 47. The imger of claim46

wherein the second readout circuit trunk further
increasing a storage capacity of the storage node.

45. An imager comprising:

a first photosensor for generating charges in response to light;

a first transfer transistor having a transfer gate for transferring the generated
charges from the photosensor to a floating diffusion region;

a first readout circuit trunk comprising first doped regions and at least one
transistor gate interconnecting said first doped regions, said first readout circuit trunk
comprising the storage node and a reset transistor for driving the floating diffusion
region to a reset voltage; and

a second readout circuit trunk comprising second doped regions and at least one
transistor gate interconnecting said second doped regions, said second readout circuit
trunk comprising a source follower transistor for outputting a signal indicating an
amount of charge stored by the floating diffusion region,

wherein said first doped regions are different than said second doped regions.

46. The imager of claim 45, wherein the second trunk further comprises a

capacitor plate for increasing a storage capacity of the floating diffusion region.
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conprises a row select transistor for gating the signal output by the source
follower transistor. 48. The imager of claim46, wherein the capacitor
plate and a gate region of the source follower transistor are overl apping.
49. The imager of claim46, wherein the capacitor plate and a gate el ectrode
of the source follower transistor are integrally formed of the sane
conductive layer. 50. The inmager of claim1l, wherein respective gates of
said at | east one transistor, reset transistor, and row sel ect transistor
are not linearly aligned. 51. The pixel array of claim 12, wherein
respective gates of said source follower transistor, said reset transistor,
and said row select transistor are not linearly ali gned 52. The net hod of
clai m 19, wh@r €haimager of daghdpowhgacie thadecauprradont cyauddronk fisdher r eset
transi stor and said row select transistor are not linearly aligned. 53. The
met hodcempeises mrow, sewad teinsidar thrgatimgdthesignal ionéputies tmsqumﬁgolé@wgral d
reset transistor and said row select transistor. 54. The processing system
of cl afman8Btormherei n sai d second active region conprises onl y one of said
reset transistor and said row select transistor. 55. The inmging device of
clai m 33, whA&r&ha imagpeet tlaimd wdheseinghp dapecitosplate andpigaderegiennstha or
said reset transistor, and said row select transistor are not linearly

al i gne8ouxs, follpwer tmgéxst@far@meﬁiappmgmerm n respective gates of said at
source follower transistor, said reset transistor, and said row sel ect
transi stor 47eTheimpggeaf q:l91ra|4|6gwé@rem2tbe capacitor plate and a gate electrode of

the source follower transistor are integrally formed of the same conductive layer.

50. The imager of claim 1, wherein respective gates of said at least one
transistor, reset transistor, and row select transistor are not linearly aligned.

51. The pixel array of claim 12, wherein respective gates of said source follower
transistor, said reset transistor, and said row select transistor are not linearly aligned.

52. The method of claim 19, wherein said transistor gate and respective gates of
said reset transistor and said row select transistor are not linearly aligned.

53. The method of claim 24, wherein said second trunk includes only one of said
reset transistor and said row select transistor.

54. The processing system of claim 30, wherein said second active region
comprises only one of said reset transistor and said row select transistor.

55. The imaging device of claim 33, wherein respective gates of said at source
follower transistor, said reset transistor, and said row select transistor are not linearly
aligned.

56. The imager of claim 45, wherein respective gates of said at source follower

transistor, said reset transistor, and said row select transistor are not linearly aligned.
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