WD 2007/ 008553 PCT/ US2006/ 026279 METHOD AND APPARATUS PROVI DI NG CAPACI TOR
ON AN ELECTRODE OF AN | MAGER PHOTOSENSOR [ 0001] The invention rel ates
gener al [yt isonductor imagi ng devices and in party I mager
havi ng aer(lloazrg?z@ggo pi xel cells and circuitry for the cel’:clﬁléﬁs%m&co%ﬁlgncl udes a
capaci tor. BACKGROUND OF THE | NVENTI ON [ 0002] There is a current interest in
CMOS activ ' { r 5 Qe d ' ' FIG 1 shows
an i mager mp Wu e%%ggggcqg[ebpl xepxg‘ggggﬁg\gﬁa}q pi xel array
230 and a CO”trO'EPJE(?ﬁﬁIdﬁEtOFVMHﬂAGEmP‘HGP@SBNSUR signals to enable
the reading out of signals stored in the pixels in a manner commonly known
to those skilled in the art. Exenplary arrays have di nensions of Mx N

pi xel s, wi thj000%)siZie Bivehtien adlitey gedaltiepesediiogndiutter iddging devites and
application. The 1 mager pixels are readout a row at a tinme using a colum
par alih hrticekd dotnamapeér lving #n arfFigeofpinelraslls and gisauitrydbethescedls pdith cul ar row
of pixels in the array 230 by controlling the operation of row addressing

ci r cun¢lugdesa eapacitdv drivers 240. Charge signals stored in the selected row
of - pixels are provided on colum lines to a readout circuit 242. The pixel

signals read from pi | 0 pically a reset signal
Vrst and an inmage Ssi gﬁéé&%éiﬁDeég#ﬁ&W?féhen readout sequentially
using a colum addressing circuit 244 and supplied to a differential
anplifier 21 e | LGt o ctive/ D@ i ' t he
light seen i?nggli xTe , cﬁésig‘%l ta tez%%\@grbt% iaﬁhx¥?o- Bn%%%@ﬁf{?gfrség& and

pr oviIWQoEMﬁ@%Edeme@p IR shbbs ahGRAgEr FI0Gthat irsdtedes 2CMOSIaetivedpixélne pi xel

array 230 of FlI 1 ingreater detail. FIG 2 illustrates an exenplary four
t r ansensor(“ARS)) pidSirmy230 46l 2 nonthellqri2dd] thatprovided 3tningreadcMbegdi xel 10
general ly conprjses a photo-cgnversion device, 23 for generating, and

col | étamﬁdom\rﬂgéﬁa eut of signalhstoresdoindBa PiXsH infemannen corpmoglyy

L NSl Shom o BDSE AR s, BRSHEH dfgs BAY SELRId: Y e Ot e

the size of the array 230 depending on a particular application. The imager pixels are

readout a row at a time using a column parallel readout architecture. The controller 232
selects a particular row of pixels in the array 230 by controlling the operation of row
addressing circuit 234 and row drivers 240. Charge signals-stored in-the selected row of
pixels are provided on column lines to a readout circuit 242. The pixel signals read from
pixels in each of the columns, typically a reset signal Vst and an image signal Vsig for each
pixel, are then readout sequentially using a column addressing circuit 244 and supplied to a
differential amplifier 212 where the difference signal Vrst — Vsig, representing the light
seen by a pixel, is digital converted in A-to-D converter 214 and provided to image

processor 216.

[0003] FIG. 2 shows a portion of the pixel array 230 of FIG. 1 in greater
detail. FIG. 2 illustrates an exemplary four transistor (4T) CMOS pixel 10 in the pixel
array 230. The CMOS pixel 10 generally comprises a photo-conversion device 23 for
generating and collecting charge generated by light incident on the pixel 10, and a transfer
transistor 17 for transferring photoelectric charges from the photo-conversion device 23 to
a sensing node, typically a floating diffusion region 5. The floating diffusion region 5 is

electrically connected to the gate of an output source follower transistor 19. The pixel 10
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a sensing node, typically a floating diffusion region 5. The floating
diffusion region 5is electrically connected to the gate of an out put
source f Igmg ansistor 19. The pixel 10 1 WO 2007/ QR§aR3006/026279

PCT/ USZO‘gg/2 26 875t3§al so includes a reset transistor 16 ?gr resetting the
floating diffusion region 5 to a predeterm ned voltage (shown as the array
pi xehlse inphdes\andesetgeansistorpl 6for resetting thevilontingddiffusion megisndr tal8 f or
outputting a signal fromthe source faollower Iransistqr 19 to an out put

col upredetermined veltagsr(shown as thearmycpizel supplyvoltage Var.pisk anglaaoy sslectl 10, a
capaci taqr. 2Qi al so..i ncl ude One plate %lé) the capacitor 20 is coupled to
Van. enstiof {3.{froRiRinG & sEmRLEa™ e Spise (lat P aiadiot 19 ke aBoutpito Fhe

fl oat,j s | | . pPacid.Qr : .but does
(1ot flihd P dhoR il RgRaP I bR oxeReiF SRl DEAERSER) PV 00
the fisedhdlRdedi OhPIAL of ditkecdpacitelr Z00HidouplRd thiPaaC pRACII I theothé plgrnect ed
in series with a transistor switch to selectively control connection of the
capaof tior capacitdre2( isaaupled todht fleating diffiontreg{dd0d4 Thel @pa&tar20eneed not
cross-sectional view of a portign of the pixel 10 of FIG 2 show ng the
phot bePoesent Butbdoesdave shobenefit oficwhen usedniczeasingithe chargesteting £apasitst or  16.
The e ar ) .pi xel as, a.phot o- conver si on devi ce 23 t hat be

{ or ok b Gadng REBR DKl i cHead BHn e CEeIgE M oA e Rtk e 53
has 'P- ?~ Rk ' 1S : - I and an n-type
accurgru a |tg)r§%r egl 5%%‘%%6%?%&%9 %%%&e%?@gf?gﬁ%ﬁ?&@ ﬁé@/@fg 24 fornmed on
a p- BmRicAsdd st e 11. The photodi ode 23 is adjacent to and partially
underneath the transfer transistor 17. The reset transistor 16 is on a side
of the transfer transistor 17 opposite the photodi ode 23. As shown in FIG
3, the reset [0004hsiEGor3 it @ drosstsackisnahviewuofcep entinnnof thgipirel 2 0wifiFIGs. i2s

coupled to the supply voltage Vaa pix. The floating diffusion region 5 is
bet weleewingethe phatd-epnvasson eleice 23 afansiergransistor 17 gnd gepet grapsiger dpcal | y

coupked to the f. t ource follower transi r . 19(Fl 2) ;,and to one

o1 o d el SRRl BRY Rt donifSion S 24 Biss 288 B Tl 38 ary

CMOS ot phifodielk C i8R pHbt6USe photo-son'k§6h UWSe 23 has a p-n-p construction
comprising a p-type surface layer 22 and an n-type accumulation region 21 within a p-type

epitaxial active layer 24 formed on a p-type substrate 11. The photodiode 23 is adjacent to
and partially underneath the transfcr transistor 17. The reset transistor 16 is on a side of

the transfer transistor 17 opposite the photodiode 23. As shown in FIG. 3, the reset
transistor 16 includes a source/drain region 2 which is coupled to the supply voltage
Vaa_pix. The floating diffusion region 5 is between the transfer and reset transistors 17,

16 and is electrically coupled to the gate of the source follower transistor 19(FIG. 2) and

to one plate of the capacitor 20, if the latter is used.

[0005] In the exemplary CMOS pixel 10 depicted in FIGs. 2 - 3, electrons
are generated by light incident on the photo-conversion device 23 and are stored in the n-
type photodiode region 21. These charges are transferred to the floating diffusion region 5
by the transfer transistor 17 when the transfer transistor 17 is activated. The source
follower transistor 19 produces an output signal based on the transferred charges. A
maximum output signal is proportional to the number of electrons extracted from the n-

type photodiode region 21,



are generated by light incident on the photo-conversion device 23 and are
stored in the n- type photodi ode region 21. These charges are transferred to

the fl oa‘;v' %07%0&{599 on region 5 by the transfer ”anSiP?:tlﬂszao%/o%ﬁé‘ t he

transfer transistor 17 is activated. The source foll ower ansi stor 19
produces an output signal based on the transferred charges. A maxi num

out put si gna[0066 pr Qutivehtionilly, a shilkowtreheli isofatiohd STTPrericix Briswasedctof r om t he
re- type photodi ode region 21. 2 WO 2007/ 008553 PCTI US2006/ 026279 [0006]
Conv isolatothe piyel 10 Soml other pixelsandidevices obihe(igmpy semsgrol’he SH egiosh 3 5 i sol at e

55 Bty Km0 oo S b o Syl e
78 SR B o Pl B MSTORLS R 1o
By BHEN SPBN SRR RO LereT O ShANIIG IROMP O RAIBAYREgr oo 1 fe

| eak 87® rcf:%ibn Bhedrnérs aredhiedd st adjatat e STI 068D 3| nd sedieetledkage for thecr ease
the fill tactor and charge storage capacity of an array 230 (FIG 1).

Howetransfer transistot i on of a capacitor 20, used to increase charge storage
capacity, requires space in the array 230. There is a tradeoff of space: the
sunmed, by capagitors in

he | il abl e f h
oot o- Conver Lo Hout Belesirable tadncscien the Al st Aick s ROREAPINE O r 2y 230
ff h ' f f th 230.  Th it .1 s desjrabl
e thaeenaaliFo T Ploeh 6 HehPlhrals rangutsyufied ittt chafdd © ' °
I gnd : -] £ ] 5 RY OF
T PRI B Pl OB e the P 236 Therc B8 (Ao ifece” BEFRED

exenppRe Yonsithed bjresjazite aiacint @fy the tespamilabledoi theplidtsdonbrsih &videdyi Ng
phot ogates as photosensors in a manner that does not significantly reduce
t he 281 |Asfsuchancloflingheapacitery in the drrays23(pefitats die fill Hapmoifitbe avpp230i ve for a
pi xel . is also part I t he photogate, while a second . .

herefore, it is desirable to include capacitors to increase charge storage capacity without

significantly effecting the fill factor of the array 230.
BRIEF SUMMARY OF THE INVENTION

[0008] In one aspect of the invention as depicted in an exemplary
embodiments capacitors are provided in a pixel array employing photogates as
photosensors in a manner that does not significantly reduce the fill factor of the array. A
first plate of a capacitor operative for a pixel is also part of the photogate, while a second

plate is coupled to a charge storage region.

[0009] In another aspect of the invention, the second capacitor plate coupled
to a charge storage region for a pixel in one row is also part of the of the photogate
electrode of a different pixel in a different row.

[0010] In another aspect of the invention, the second plate of the capacitor

may also be employed in a switched arrangement such that it is selectively connected to the

charge storage node.



plate is coupled to a charge storage region. [0009] In another aspect of the
i nvention, the second capacitor plate coupled to a charge storage region

for a pigel..l row is also part of the of the phot I ode of a
differen 8p2|0{>)<®09¥§ a different row. [0010] In another mo@fﬁﬁ%
i nvention, the second plate of the capacitor may also be enployed in a

sw t ched arrangenment BRYER DESCRIPTICNOFHEDRAWDNGSct ed to the charge
storage node. 3 WD 2007/008553 PCTI US2006/ 026279 BRI EF DESCRI PTI ON OF THE

DRAW NGS [ 0011] These and ot her features and advantages of the invention
will be norq00dddi | Yhesedadsithexfehtunes drideadvahtages ofjthtdnedritioh witkle i pti on of
the invention which is provided in connection wth the_ acconpanying

dr awi IgEs; repedilyandarstopdduan the llowing dataged drscaiptignnhtbe inveatipnaviithisal APS

system [00Q13] PIG, 2 i. schemati ¢ di agram af a .representative pixel which
oy bTOYEER 1 homiecting fetpmpapying digvigespparhish’| 0074 “F G 5 is a
cross-sectional view of a portion of the conventional pixel of FIG 2;
[0015] PIG I S I Cr.ei f i . .i magi ng devi ce
in accor daniglovi\nz h g*?@%&?@?@%%ga&g%gﬁ?hg@%ﬁd?ﬁ%ﬁ?%ﬁ; [0016] FIG 5
is a schematic diagramof a sanple and hold circuit; [0017] FIG 6 is a

timng diagr i ctiy Lal; L i hi GS. 4
and 5: [omsiﬁgigeq 7%%%%? schBfratie disdPt g’tf:ag%ﬁe%t?&teh@k SHhich Aoy te2 4;

[ 001Q)sedtlifa cBnveéntonal pixet &eftdfFI@. 1yi ew of a pixel in accordance with an
exenpl ary enbodi mrent of the invention; [0020] PIG 9 is a schematic diagram
of a pixel array of an imaging device in

[0014] FIG. 3 is a cross-sectional view of a portion of the conventional pixel

of FIG. 2;

[0015] FIG. 4 is a schematic diagram of a pixel array of an imaging device in

accordance with an exemplary embodiment of the invention;
[0016] FIG. 5 is a schematic diagram of a sample and hold circuit;

[0017] FIG. 6 is a timing diagram depicting the partial operation of the
circuit of FIGs. 4 and 5;

[0018] FIG. 7 is a plan view of the layout of the device of FIG. 4;

[0019] FIG. 8 is a cross-sectional view of a pixel in accordz;ncc with an

exemplary embodiment of the invention;

[0020] FIG. 9 is a schematic diagram of a pixel array of an imaging device in

accordance with an exemplary embodiment of the invention; and

[0021] FIG. 10 is a block diagram showing a processor system incorporating
at least one imaging device constructed in accordance with an embodiment of the

invention



accordance with an exenpl ary enbodi mrent of the invention; and [0021] PIG 10
Is a bl ock diagram showi ng a processor systemincorporating at |east one

I magi ng ' structed in accordance with an enbodinent.
inventio‘gs\ébﬁ@o%gw 008553 PCTI US2006/ 026279 DETAI LED' DES (IQ‘F%%??O: THE

I NVENTI ON [0022] In the follow ng detail ed description, reference is made to
the acconmpanyi NgDEBWIED DESCRIPTION OFPEHE NRVEXTIGKI i n which is shown
by way of illustration specific exenplary enbodi nents of the invention.
These enbodi ments are described in sufficient detail to enable those of
ordi nary ski[0022]] t in the followingldetailad descriptioa, réfenennt isanadetudithet is to be
understood that structural, |ogical or other changes may be nade to the
specadoompanyiag drawingsgwhishdosn apartbereofi apdrin whiclt isshownebisway of and scope

of t rresent.jnvention. [,00 BhFI? 4, shows ap,el ectfical schematic of

i magHgtradon SRecifisRremply & bOﬁfa ot she inyerten. wheshempe #epl urality

of pi 8 | r M P ' f L pvent,i on.

pi el EgriPed fh AGBRREFEEELHD a0 SAR S PlithanRPL| BRe & REbDVETHA"

Ot Nefnyehiish Sand'it iY@ BY fiderstbBd tRht'@tuckiral %gica%Q%thac&ﬂéﬁgés ﬂafbe 9 981,
transi stor 991, which may be operated to provide pixel 900d th a dual
conves &i@gecﬁﬁt embddiiEnaslisdosed iMitltbureleparting fedrrthgepinivdad soopesf the a
floating diffusion region 978, transfer transistor 961, reset transistor
684 PredCRtEAVONG| rcuitry which includes source follower transistor 986 and
row sel ect transistor 988. The el ectrode of the photogate 981 in a pixel

Gsed by b x1048ha G2 syoma i slertical b ot oty $ichdhot Be 1 99:
u g, - dj [ .20l : ' 1. In
|c(;i0x21fl ,ﬁﬂcg_i g"gy ggggwht‘%emg%{acg?tp gﬂ%@%&%&%@ {cg{%%ge %@B@ e%&?r[ 3 lgﬁe fl oate ?(r:\g

di f f esibedich&t &Tth@i&eaﬁohh@iﬁm&huibpooaa@ﬁmfbppixgﬁéna;{ POF¥indl capaci tor 990
a

havi ng one plate shared with the photogate o
representative of other pixels in the array. The pixel circuit 900d includes photogate 981,

transistor 991, which may be operated to provide pixel 900d with a dual conversion gain
(DCG) as described below, a storage node formed as a floating diffusion region 978,
transfer transistor 961, reset transistor 684 and readout circuitry which includes source
follower transistor 986 and row select transistor 988. The electrode of the photogate 981
in a pixel one row above, here pixel 900a, also serves as one plate of a capacitor 990 used
by pixel 900d. The other plate of capacitor 990 for pixel 900d is coupled to a floating
diffusion region 978 through transistor 991. In each pixel, e.g., 900d, the capacitor 990 is
switchably coupled to the floating diffusion region 978 of the pixel by transistor 991.

[0024] By capacitor 990 having one plate shared with the photogate of a
pixel, the capacitor 990 can be easily fabricated over a portion of the photogate 981.
Thereby conserving layout space in the pixel array of 1001. As such, the pixel array 1001
can take advantage of the benefits that accompany the inclusion of pixel capacitors into the

pixel array 1001 without significantly affecting the fill factor.

[0025] Transistor switch 991 may be turned on one or more times during a
charge transfer from photogate 981 through transfer transistor 901 to a respective floating

diffusion region 978. If transistor 991 is turned on to couple capacitor 990 to the floating
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pi xel , the capacitor 990 can be easily fabricated over a portion of the
phot ogate 981. Thereby conserving | ayout space in the pixel array of 1001.

As SUCh,“th% ' array 1001 can take advantage of t j ts_that
acconpany t gﬂ?dféi%susi on of pixel capacitors into the Ebf‘;ﬁﬁé}g{’%&?z?om

wi thout significantly affecting the fill factor. [0025] Tran5|stor swi tch
991 g r ' rd -

oot ClpISh R P78 MPBE £ ' Flpe TRl el fic PR ecktc A Ehinkl T

di ff hPetsiofPal BY Suchl dn hidn® lea@PpixtlSo t?ﬁﬁﬁtﬂrc@& s(i]gwwal BasedRaci t or 990
to the floating 5 WO 200 / 008553 PCTI US20067 026279 ffusion region 978
dur i nharges antiedlaatimggiliffusian ségion &78rfollowimgpi resétsoprpaticn endvan imagesigule

conversion gain. In such an arrangement each i xel outputs a reset signal
Vr st Vi basgdom cl@ngnsggghe ogtieg onriggions 978 afser chargeois tomsferrsd fiom ng a

i 11 56 BRORIFORE b HafoHEh FFtifi asior URn P ERe iy Gnd e éﬂsﬁrﬁ%&e@"‘é‘%h”g
oper SERPFREE A B RHEE it nsla 07 B'UEGutRE S AFTRARESE ORI P! 00 07,

of cldHQ pHote mw&@ﬂ@a 1difRsibh fedibR 978 dihkfddfte Prurhe@ bAfoPd 8 and

thereafter tur d on for a econd transtfer of charge fromthe photogate 981

to thecdddahnster afidhbrgi ibmnrthglpdmt@a%e 98Tho shofleataig diffusionviegion ¥ 8i xel with
a dual conversion gain (DCG. In this case eachﬁ@xel out puts a reset

si gnakhi S/OBGfaUQHPW‘QdCS arpigel withradual/sonyersiare gaindI¥AGon In this sassreaghy pashr ged
beforethe capacj t or.,990 scouledt the floati dlff on and a
secorfPHEgac tﬁ‘é‘ ViRt tirsg "a?lg%qi sf’%@;‘ﬁ’b@éﬁ"@tf?“ Fgc‘ggli‘ﬂﬁg ed to the
f I oat fys] i [ 0026]
el i MR AAHAN P
Ola W dcgRakedl GQMP!: cit6r 990 %%%ﬁ%&t!& té%éJHB SRR sTORMTE a)’P@ hO' d
cir cuSﬁ7 700c§( FICG E? %ﬁ I's part of the colum %ead outs Ci r%%nt ry. The
col urfollswed be seamhdmﬂadge trangfér.cuit of FIG 5 is arranged to receive the
three signals Vrst, Vsig, Vdcg fromeach pixel as part of a pixel readout
process when the DCG operation is _enployed. The three sjgnals are
[0026] Pixel circuits in a pixel column share a readout column line 701, e.g.

701a, 701b, and are coupled to a respective column shared sample and hold circuit 700

(FIG. 5) which is part of the column read out circuitry. The column sample and hold ..

circuit of FIG. 5 is arranged to receive the three signals Vrst, Vsig, Vdcg from each pixel as

part of a pixel readout process when the DCG operation is employed. The three signals are

respectively switched to capacitors 714, 716, and 718 as described below. In an exemplary

embodiment, signals are read from the pixel array 1001 (FIG. 4) pixel row by pixel row

starting with the top pixel row and proceeding incrementally to the bottom pixel row. For

example, pixels 900a, 900b, and 900c would be readout at substantially the same time.

~ Then pixels 900d, 900e, and 900f would be readout at substantially the same time. The
row by row readout of the pixel array continues until the last row of the array is read.

When only a single conversion gain is employed for each pixel, elements 710, 718 and 726

can be omitted from sample and hold circuit 700.

[0027] Ifthe dual conversion gain mode is used, transistor 991 is activated at
part of the charge transfer process for transferring charge from the photogate 981 to the
floating diffusion region 978. Charge transfer under control of the transfer transistor 961
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respectively switched to capacitors 714, 716, and 718 as described below. In
an exenplary enbodinent, signals are read fromthe pixel array 1001 (FI G

4) pi xel xel row starting with the top pixel eedi ng
i ncr ener}?g?w;;b%‘%sg? he bottom pi xel row.. For exanple, SF%SZ“%K"??&%%, and

900c woul d be readout at substantially the sanme tinme. Then pixels 900d,

900e, . and _900f woul [ u SUbst ' ' row by
r ow PERE fSt?R?Leg“sngg‘F a‘i@ﬁi@@%%‘%%g%;‘& }é %rffievﬁgé’?ﬂ?éévé o] tfr ég& array is
rea ?m@ ! OOl BIpakiRbrs P40 711§, BIEPY P8 Bl sdple aRA ol xe!

el edrfc\é‘rcllt1 7189&%%@%?5@2%1. can&{ etigm'stteél from sanpl e and hold circuit 700.

[ 002ctcultf700hendbtalonedh o€ Fespedtive damplenael hald sipedls SHRA$SHIS; al®®SDIGGRct i vat ed
at part of the charge transfer process for transferring charge fromthe
photwhighaecpedtively operatef switdhiend06; 708 and Al0 e Foosinglscommersiagegiinansf er under
control of the transfer_transistor 96 WO 20071008553 P US2Q06/ 026279
0cCURRSIREOR QBlY <apgitoss 7 Ko68q T1hce ﬁ@piqwgmea F@ch,tl‘&?rcé’ﬁl,tm%k ggaqaﬁ Vdcg, are
rea fr h pi xel r ectively stored on capacitors 714, 715, and
718%@&%‘?@1@?330ﬁ&rﬁ%%wsg&@%%%wﬁﬁg%qmg htrol of respective sanple and
hold signals SIM SHS1, and SDCGL which respectively operate switches 706,
708 and 710. R1SI F I -Frérafﬂ ' 14 and
716 are enpl[g?(ezglun_gglrn%#e\tg?eigf?\}gag%@(ﬁ&g Sl g%gehéﬁﬁi ang F%f—i%&&tp store
t he héldcirenid 799ii8 _aua¢@tahm@z:u\tvﬁtlcﬂtaﬁ-ex[nﬁéxgl?&;l1 ebotihét offth@inventiona AleHeright i C

di agram of a portion of a sanple an old circuit 700 in accordance with an
ex enpilpone saophti anenltoldfcirchit 700vie depioted, fdnoplo agt haddh kircwin@08aspl e and hol d
circuit 700 .is depicted, sanple and hold circuit 700,is  representatjve of a
sanpfeBreseRiativs of ¢ 5areplr rnddwld sircain /A0 dor urpn b Pixel ciggitsdnithe piel pi xel
array., y{0029] PIG 6 is a timng diagramdepicting operation of the pixel
arra%'a 1001 of FIG 4 using sanple and hold circuit (PIG 5) using dual
conversion gain circuit in accordance with an exenplary enbodi nent of the

invention, glg0a9q9hreEhe s Y 8%Ang Hiagram depicting operation of the pixel array

1001 of FIG. 4 using sample and hold circuit (FIG. 5) using dual conversion gain circuit in

accordance with an exemplary embodiment of the invention, although other ways of
operating the pixel array are possible. For simplicity, the readout of a pixel in a row is
discussed and is representational of the other pixels in the array. Readout from the piJEcl
array 1001 is performed in a manner similar to the conventional readout from an imager
having 4T pixels. In the timing diagram of FIG. 5, the signals are active “high,” i.e., high

~ logic state. A “Row” is a row of pixels, e.g., 900a, 900b, 900c. (FIG. 4). The first row of
pixels is Row 0, e.g., 9002, 900b, 900c. (FIG. 4); the second row of pixels is Row 1, e.g.,
900d, 900e, 900f. (FIG. 4).

[0030] In FIG. 6, Addr is the row address of the row being readout. ROW
0 is representational of the row select gate signal for row 0. TXQ is representational of the
transfer gate signal for row 0. Reset0 is representational of the reset gate signal for row 0.
DCGO is representational of the DCG gate control signal for row 0. SHR1, SHS1, and
DCGI are the signals that enable the switches to couple capacitors 714, 716, and 718,
respectively, (FIG. 5) to the column line 701a.



operating the pixel array are possible. For sinplicity, the readout of a
pixel inarowis discussed and is representational of the other pixels in

the arr fromthe pixel array 1001 is perfo i ner
simlar a\?g zmﬂg%hvent i onal readout from an inmager ha\ryﬁglsﬁqb@?@s. In the
timng diagramof FIG 5, the signals are active "high," i.e., high logic
state. A "RoyfoB3]2 HPRIQ] 6 Rimeberiod t§ indi®EPthe AR sHP timd fdrfed 4) - The
first row of %8?’% S 1S (I%o‘\s/\’/g%r?eg E“.’, 9(%a, 9005, 900?:. ?%ImGEM; t he second
row Quripigehish ithe RoWwaddress 6f the piKldcelBRObe rdildut i§ gigﬁde@. In[ B3 Xhmple FI G 6,

Addr is the row address of the row being readout. O is representational
of t lderingveOs et Acldr g80004$ pravidedowhichwotrespodsite the firstsewt(aci, ooml0)of t he

f i f . i i opal
Si anBiagily (e enAmplSssr et FessoNt A0 ABF PO » Pl YUl Gh Moo gnal
f 0, SHRL S e the signal§ that enable the switches t
oo e BERREE 5 AR L Bl B e 1
|inet-§gggsis%oxﬁg&m;ﬂ?§gﬁg§§ PCT[ US2006/ 026279 [0031] In FIG 6, tinme period
a

tOindicates the init setup time period during which the row address of
the pixels cells to be readout is provided. In this exanple during tQ an

Addr of 000 i[e0B29Vvi Degingttired petod ek qixel sirtait O00a iy fesét andwhé ireset chargev O) .
Al t hough the exanpl e describes the readout fromone pixel, e.g., pixel 900a
( FI Gis stpred 4si follows.afjoingrol signels Resety Rowdh DCGH, and SBR pareenabled (se.;, ow bei ng

et SSRGS el STl 2
R A e R IR R S R T
coup 8%&?%0@%}6& ar\;chB'G@@ Slghglﬁ%gsg}QW{tﬁ{ 691 2)1? élm lc%ﬁf@ﬁ}%etﬁi nal. doses

SWtc and aa_plx t e pi xel 900 si gnal
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capaci tor 990 of a pixel 900x (where pixel 900x, not shown, is

the pixel one row above pixel 900a). The SHRI signal closes a switch and couples

capacitor 714 to pixel 900a through column line 701a. Thus at the end of time period t1,

pixel 9004, including capacitor 990, is reset and the reset voltage Vrst of the pixel 900a is

stored in a sample and hold circuit (FIG. 5). Control signals Reset0, DCGO0, and SHRI .
are disabled (i.e., driven low) by the end of time t1.

[0033] During time period t2, the integration charge (i.e., photo signal) of
the pixel circuit 9002 accumulated at that time is readout and stored as follows. Control
signals Tx0 and SHS1 are enabled (i.e., driven high) while the row select signal Row) is
still enabled and transistor 991 is off. ‘The Tx0 signal closes switch 961 and couples photo-
conversion device 981 to the floating diffusion region 978. The SHS1 signal closes switch
in the sample hold circuit and couples capacitor 716 (FIG. 5) to pixel 900a through
column line 701a. The charge stored on floating diffusion region 978 is read out as image
signal Vsig and stored on the capacitor 716. Thus at the end of t2, the signal voltage Vsig
of the pixel 900a is stored in the sample and hold circuit. Control signals Tx0 and SHS1
are disabled (i.e., driven low) by the end of time period t2 (FIG. 6).
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( tran)sfer of charge from photogate 981 to the floating diffusion region 978 providing only a

single conversion gain for a pixel

© [0036] "FIG. 7 shiows a top down layout view of one pixcl of the pixel érray
1001 of FIG. 4. As depicted in the pixel 900a which is representational of the remaining
pixels of the array, a capacitor 990 is disposed over and one plate thereof is formed by a
part of the electrode of photogate 981. The pixel 900a also includes transfer transistor 961
having a transistor gate 961a, a reset transistor 984 having a reset gate 984a, a dual
conversion gain (DCG) transistor 991 having a gate 991a, and readout circuitry, i.e.,
source follower transistor 986 having a gate 986a, row select transistor 988 having a gate
988a, and floating diffusion region 978. Each capacitor 990 has the lower plate 990a as -
part of the electrode of photogate 981 and an upper plate 990b coupled to DCG transistor
991 which selectively connects the upper plate to the floating diffusion region 978 of a
pixel 900d in the row below the pixel 900a.

[0037] FIG. 8 is a cross-sectional view of a portion of FIG. 7 pixel 900a
along the lines 8-8. The pixel 900a includes a capacitor 990 having a lower plate 990a



[ 0035] There exist various ways to operate and use the DCG gate 991 and
capacitor 990. One way, as described above with reference to FIG 6, sanples
and hol conversion gain signal. In another appiRasfeoid® DCG gate
991 is o ogﬁogﬂﬁ%ls.a single transfer of charge from photogate 981 to the
floating diffusion region 978 providing only a single conversion gain for a

pi Xeforhf¥ddy] a pirPof theElevBodé 6PplistoRaleDBIV Thel tpped plaed990b ¥E Lapkito9IPi xel
arrayor 1001 ao FIG 4. Asodepilc):t ed ir? t he pi xl?Ip 980a whi ch iaslﬁ

r epr isssedtritallyreahnedted ibe arpixal 900ddgn aplifferest miw threughteansistor@9lanfigival 990 i s

di sposed over and one plate thereof is forped by a, part .of the el ectrode of

phot 368td. JethouphellSss | anglod shew the rapariterc?d0 pyeranly apostien sf the 961  havi ng
a trapsjstor te 961 a reset transjstor 984 havi.ng,a .jeset, gate 984a, a
dual PRatsEs FERT y BT tooheimize abPETLIO 98dronomieraion L chEBRAtoRANG I cadout
circ r s LG : i V, , row
sel ecg:tB i’t%ﬁasr?gl egltm rleég_ ﬁg\l}lg’%kg%%%%E gggég%}p%xﬁ%f)g%t#lggngf‘?%gPgﬁﬁ?egi on
978. phodgato®RLi tor 990 has the |ower plate 990a as part of the electrode
of pﬁot ogate 981 and an upper plate 990b coupled to DCG transistor 991

whi ch sel ectively connects the upper plate to the floating diffusion region
978 of a pi K¥03®DOdsi showmeinrFigs. Fedmali8 1 pizel 00l intldlas thaflBath-donGersidni s a
cross-sectjional view of g portion of FIG 7 pixel 900a along the |ines 8-8.
The gevies phoogateRy h@etsan,sfqratmnstqs&édgen@mehgaaswt@méMpﬂ%heepi@%a 9 WO

e I e A oo
500( oy oAy P s el PRk i Rl SO ORISR R 2 0,  Pon”

of t Baypehaive ERElaPd4l 574 ﬁroﬂid@ﬁ!o&@am%éﬁstﬁb@lglﬂl AsYeiCdee R th PIRVET Si 0N
by the phot ogate 81, in sone inplenentations, the capacitor 990 nmay extend
over thdphetotiawenicaadoficet 921 ispdjtcogatocar@Bpartipiip8sderasathithesgateroffthgs. 7 and

8, pixel_ 900d_includes the photo-conversion | .
transfer transistor 961. The reset transistor 684 is on a side of the transfer transistor 961

opposite the photo-conversion device 991. As shown in FIG. 7, the reset transistor 684

" includes a source /drain region 1502 which is connected to a pixel supply voltage Vaa_pix.
The floating diffusion region 978 is between the _tralisfer and reset transistors 961, 684 and
is contained with a p-well. The floating diffusion region 978 is coupled to the gate of
source follower transistor 986 and the output of the source follower transistor 986 is gated

by row select transistor 988.

[0039] FIG. 9 shows an electrical schematic of imaging device 1400, having
a pixe] array 1401 which includes a plurality of pixels in accordance with an exemplary
embodiment of the invention. Pixel circuit 1300d is part of pixel array 1401 and is
representative of other pixels in the array. The pixel circuit 1300d includes photogate
1381, transistor 1391, which may be operated to provide pixel 1300d with a dual
conversion gain (DCG), a storage node formed as a floating diffusion region 1378, transfer
transistor 1361, reset transistor 1384 and readout circuitry which includes source follower
transistor 1386 and row select transistor 1388. The electrode of the photogate 1381 also
serves as one plate of a capacitor 1390. The other plate of capacitor 1390 is coupled to a

floating diffusion region 1378 through transistor 1391. Pixel array 1401 differs from pixel
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devi ce photogate 981, a transfer transistor 961, and reset transistor 684.
The photo- conversion device 981 may be fornmed as a photogate having a p-n-p
constructy ising a p-type surface layer 1522 and an n-type
accunulab*@ng@ggg% 1521 within a p-type active BPI Ia?@?ﬂﬁywﬂ%§ﬁ6Vided
over a p-type substrate 1511. As best seen in FIG 7 the photo-conversion

device 991 is adjacent  to and_parti.al Ly underneath the gate of transfer
t r ansAERY Y003 i, that,cher pixels, Q-g-aﬂtgpg%’gro pixel %’f*’(}l:h@]s‘inof‘écb@% 34 iggp‘&r

7 1 R calator 13D Pk oRiRls i QR LB AR Festog 1o 308 el <

conn el supply voltage Vaa pix. The floating diffusion region
978 ﬁ?géﬁmsg%ﬁlﬁie(' transfer and reset transistors 961, 684 and is contained

with a p-well. The floating diffusion region 978 is coupled to the gate of
source follo angiythedcitdBad 390tha Stiét plate shhredhitls ehi pRotoghteyar

transi stor 986 ié?]gatgd piby row selzi(i:}lfg trargsistor 988. [0 39@%6 9 shows
an el pirely theadapadtorniddlccanf be emily fupridated oved 4 portidaof tg photpgate1381ray 1401
whi ch _includes a plurality of pixels in accordance with an exenpl ari
enbodlhesaby eonserang layont srase itheopixel; areayiaf 148dod\s sichathe pirel grsagl48ir ay 1401

and is representativ f other pixels in,the array.. Th ixel circyit 1300d
el uaakhadanteg of the benhes HatactomBanythe el BHORE ppt ihar Sowdntocti: ovi de
i xel, .. i : . er Sj .gal a storage node forned as a
PI oatql%e;l%dgywt%??o‘ﬁmg@%sé%rﬁﬁg%lé}ﬁdt@ans gﬂ:él?ﬁg%losrfstor 13%1, reset transistor

1384 and readout circuitry which includes source follower transistor 1386

and row sel eqiQUIANSEIGOL0 3B8Rs a BRScBRdtasel 10, WiScIPhRlRake iddihgal SO

serves as one plate of a capacitor 1390.° The other plate of capacitor 1390
i s codigviced 000 whichliogid sagnedisl davidedr0Or @I G011 ) ba¥ 8mipheys ugbixélraamgicohtinid@ol.

Pi xel array 1401 differs from pixel 10 WO 2007/008553 PCTI US2006/ 026279

ar r ayPixelpand a sample ansbheldiaitcyit constructed eodescribed aboveswithirefeyentaoa FlGs.each

ixel, g, 13 t i 1.97. 1390 is switchabl ed to th
Pl ot HFobieh 25 BIE: 2ihe S1htod TR0 REXGRBR Ot SFFefh b B sheuits

that could include image sensor devices. Without being limiting, such a system could

include a computer system, camera system, scanner, machine vision, vehicle navigation,
video phone, surveillance system, auto focus system, star tracker system, motion detection

system, image stabilization system, and other image acquisition and /or processing systems.

[0042] System 1100, for example a camera system, generally comprises a
central processing unit (CPU) 1110, such as a microprocessor, that communicates with an
input/output (1/0) device 1150 over a bus 1170. Imaging device 1000 also
communicates with the CPU 1110 over the bus 1170. The system 1100 also includes
random access memory (RAM) 1160, and can include removable memory 1130, such as
flash memory, which also communicate with the CPU 1110 over the bus 1170. The
imaging device 1000 may be combined with the CPU 1110 with or without memory
storage on a single integrated circuit or images device 1000 may be provided on a different

chip than the processor.

[0043] Itshould be appreciated that other embodiments of the invention

include a method of manufacturing the system 1100. For example, in one exemplary
embodiment, a method of manufacturing an CMOS circuit includes the steps of

11



[ 0040] By capacitor 1390 having one plate shared with the photogate of a

pi xel , the capacitor 1390 can be easily fabricated over a portion of the
phot ogat her eby conserving | ayout space in th of 1401.
As such, ﬁo@% xesl-g array 1401 can take advant age of tﬁ)éﬁl ene 6?({2@?, hat
acconpany the inclusion of pixel capacitors into the pixel array 1401

W t N@abiricatiap '6&&%?drﬁoﬁf6f%%b§lﬂaté kRerredpondimctdd singlROfddgrive@cird@icdtows a

processor system 100, which includes an i maging device 1000 which is the
sane lest d pixet arrdP@ithfdaacitoxs,lzach drpingyenesplatexfotmed by martivaiafitheg  pi xel s and
a sanple and haold circuit constructed as, descri bed above with reference to
FI Gs .clectrodss of) gw phaspgatesof @ pixchwhichynanba a pixel in theciony ahgredhe surgrt em

he e G o) SRR b St e R RS bR s 1
/! bRt 00REarBARENR o A pMEDE RLRRRKIAR LPOMOY HRANANAes the

surve nce S dCus system st er Sys

det eGldpRof fbRhang, 6@&%&&6&'0%%@6&&% éaﬁésgah oot H8pleiiARgearégqui sition
and/ or “processi ng syste stem 11 r exanple a canera system
genercakhiy, atdegst a pixel arrag mttrapa@tom,@sh hgvmg ione (pEite)forimddby s pohtiars oft

m cr opr ocessqr, that communi cates with an_ in ut/out put (I/O) devi ce 1150

over the slestrodeo qh#@émggaiea/@@bcm (BiGd) = boye jysiag kaewncpy 1110
over the bus 117 . The system 110 l.so | u ran access nory ( RAM
11608 ‘Effd’“@& iEOP SR r@‘#ﬁ? ‘!‘JYB@‘ é&@‘ﬂs uf ol TR SRS wini ch
al so & Rif dér Qﬁ ?Hﬁéﬁ% Bk Eeo(%% 1170. The I magi ng dev: ge
1000 n%?é@él, conbl ne F e 1(% Wi t hout nmenory storage on a

single integrated CIFCUIt or images deV|ce 1000 nay be provided on a

different clop4d)anwhie the a6RaEHOA hal BEBHestiibed and dleragRpwiek kefeRecd hat
ot her enbodi nents of the invention include a nethod of manufacturing the

syst emspédific exeamplereerbedimentsyitshembdrhé angerstotdodiatrarainy naodificdtohs ahd

manuf acturing an CMOS circuit jncludes the steps of 11 WD 2007/ 008553
PCT/ \Sabsitgtions carpbe made without departing from the spirit and scope of the invention.

-t

For cxample, although the invention is described with respect a capacitor disposed above
the photo-conversion region of one pixel and having one plate being coupled to the
floating diffusion region of a different pixel in a different row, the invention is not so .
hrmtcd and the one plate of this capacitor may be coupled to the same floating diffusion
region of the pixel or to the floating diffusion region of a pixel elsewhere in the pixel array.
Also, the transistor 991 may be omitted and the capacitor non-switchability connected at
the one plate to a floating diffusion region. Accordingly, the invention is not to be
considered as limited by the foregoing description but is only limited by the scope of the

claims.
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fabricating, over a portion of a substrate corresponding to a single
integrated circuit, at Ileast a pixel array with capacitors, each having one
plate forned by a portion of the electrodes of the photogates of a pixel
whi ch may be a pixel in the row above the current pixel (FIG 4) as

descri bed above using known sem conductor fabrication techniques. In

anot her exenpl ary enbodi nent, a nethod of manufacturing an CMOS circuit

i ncludes the steps of fabricating, over a portion of a substrate
corresponding to a single integrated circuit, at least a pixel array with
capacitors, each having one plate fornmed by a portion of the el ectrodes of
t he photogates of the pixel (FIG 9) as described above using known

sem conductor fabrication techniques. Additionally, the CMOS circuit could
have the capacitor formed over theCEMMSe el ectrode of the photogate.
[0044] While the invention has been described and illustrated wth reference
to spe¥haticclaimedisary enbodi ments, it should be understood that many

nodi fications and substitutions can be made w thout departing fromthe
spirit and scope of the invention. For exanple, although the invention is
descrilbed wAtgixdlefpgebmprisiapaci tor di sposed above the photo-conversion
regi on of one pixel and having one plate being coupled to the floating
diffusion region of a different pixel in a different row, the invention is
not so |imteddPESHhEVRE HPROGCAIVESHM qeNics capipyME firshelsctipde Kepneelling ¢ he
same floating di j r.eqi C ' .or to the floating diffusion
regi on of a pixgéggﬁgé (gfggfﬁ&?ﬁ%n%ﬁggﬁhéﬁégy_ Al so, the transistor 991
may be omtted and the capacitor non-switchability connected at the one
plate to a fl oaticagpctior fndsi on regi on. Accordingly, the invention is not to
be considered as |imted by the foregoing description but is only limted

ar ray. conpri oi APoRineiBuMBhade, yhaeiisiRaling vt Tal: ko ar e b

first el ectrodeof &id eatita@hidhthas another plate in common with said first electrode.

2. The pixel array of claim 1, wherein said floating diffusion node is within said pixel.

»

The pixel array of claim 1, also comprising a second pixel, wherein said second pixel

includes said floating diffusion node.

4. The pixel array of claim 3, wherein said pixel having a photo-conversion region and said

second pixel are in different rows.

5. The pixel array of claim 4, wherein said pixel having a photo-conversion region and said

second pixel are in the same column.

6. The pixel array of claim 4, wherein said pixel having a photo-conversion region and said

second pixel are in adjacent rows.
7. The pixel array of claim 1, wherein said photo-conversion device is a photogate.

8. The pixel array of claim 7, further comprising a switch coupling said floating diffusion

node to said capacitor.

9. The pixel array of claim 8, wherein said switch is a dual conversion gain switch.
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an operation of said photo-conversion device; a capacitor; and a floating
di ffusi on node, wherein said floating diffusion node is coupled to one plate
of said capacitor which has another plate in conmon with said first
el ectrode. 2. The pixel array of claim1l1, wherein said floating diffusion
node is within said pixel. 3. The pixel array of claiml, also conprising a
second pi xel, wherein said second pixel includes said floating diffusion
node. 4. The pixel array of claim 3, wherein said pixel having a
phot o- conversi on region and said second pixel are in different rows. 5. The
pi xel array of claim4, wherein said pixel having a photo-conversion region
and said second pixel are in the sane colum. 6. The pixel array of claim
4, whellei n Jhe dixsl am'sty Halaim®, whedetn saidoapacitos isaih leassiagially disps sed dverssaidond
pi xel are gnt g%? g rows. 7. The pixel array of claiml, wherein said
phot o- conv PR 8&ice is a phot ogate. 8. The pixel array of claim?7,
further conprising a swtch coupling said floating diffusion node to said
capacitior. The phel @rayadf chiih®dy whtrelhl saidBaBacitoh Ble@tifelysdiksbssdvbiet Raid Sira dual
conver si on aln switch. 13 10. The pixel array of claim@8, wherein said
capaci t or i¢lecHpdg.east partially di sposed over said first electrode. 11. The
pi xel array of claim8, wherein said capacitor is entirely disposed over
sai d fjorst Apggg%hg o rﬁqg:pixel array, conprising: a first pixel
conpri si ng: transi st régi on; a photo-conversion region; said
phot o- conversion region having a first el ectrode;

a first pixel, comprising:

a transistor region;

a photo-conversion region;

said photo-conversion region having a first electrode;
a second pixel, comprising:

a charge storage node; and

a capacitor having one plate coupled to said storage node and a second plate
in common with said first electrode, said first and second pixels being in

different rows of the pixel array.

13. The pixel array of claim 12, wherein said first and said second pixel are in adjacent rows of

a pixel array.

14. The pixel array of claim 12, wherein said photo-conversion region of said first pixel is a
photogate.
15. The pixel array of claim 13, further comprising a switch coupling said storage node and

said capacitor.

16. The pixel array of claim 15, wherein said switch is a dual conversion gain switch.
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a second pixel, conprising: a charge storage node; and a capacitor having
one plate coupled to said storage node and a second plate in comon with
said first electrode, said first and second pixels being in different rows
of the pixel array. 13. The pixel array of claim 12, wherein said first and
sai d second pixel are in adjacent rows of a pixel array. 14. The pi xel
array of claim 12, wherein said photo-conversion region of said first pixel
is a photogate. 15. The pixel array of claim 13, further conprising a
switch coupling said storage node and said capacitor. 16. The pixel array
of claim 15, wherein said switch is a dual conversion gain switch. 14 17.
The pixel array of claim 12, wherein said capacitor is at |east partially

di sposkld ovdhe gixekarrgyj of slaim|12cWheseia saidgaparier isjaklepst paitially dispesediowsr said
wherein sa%gﬂ%ﬂga?3éor is entirely disposed over said first electrode. 19.
A net hod of operating a pixel array, conprising: integrating a charge in a
pi xel using a photogate photosensor; and storing said integrated charge in a
char gel8st or dhe pixebarcay, of shiird 121 whergia seidgapavitbaisientirely difposat oveapad fitsor pl at e
of a capac%ﬁor el ectively coupled thereto, a second capacitor plate of

sai d capaci‘ﬁFO%%ing in common with an el ectrode of said photogate. 20. The
nmet hod of operating a pixel array of claim 19, further conprising the step
of 1 s@l ect iAvRkiod bSespratRgta pigel 9ahg cbmpiising! at e of said storage region from
said storage region. 21. The nmethod of operating a pixel array of claim 20,

further conprising the steps of: . connecting said charge storage region to a
g g g g
pi xel vol t age; integrating a charge in a pixel using a photogate photosensor; and

storing said integrated charge in a charge storage region, said storage region having a
first capacitor plate of a capacitor selectively coupled thereto, a second capacitor

plate of said capacitor being in common with an electrode of said photogate.
20. The method of operating a pixel array of claim 19, further comprising the step of:

selectively disconnecting said first plate of said storage region from said storage

region.

21. The method of operating a pixel array of claim 20, further comprising the steps of:
connecting said charge storage region to a pixel voltage;
connecting said charge storage region to said one plate of said capacitor; and
storing a reset signal from said charge storage region.

22. The method of operating a pixel array of claim 21, further comprising the steps of:
disconnecting said charge storage region from said one plate of said capacitor; and
disconnecting said charge storage region from said pixel voltage.

23. The method of operating a pixel array of claim 22, wherein where said pixel having said

photogate photosensor also includes said capacitor.
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connecting said charge storage region to said one plate of said capacitor;
and storing a reset signal fromsaid charge storage region. 22. The nethod
of operating a pixel array of claim?2l, further conprising the steps of:

di sconnecting said charge storage region fromsaid one plate of said
capacitor; and disconnecting said charge storage region from said pixe

vol tage. 23. The nethod of operating a pixel array of claim 22, wherein
where said pi xel having said photogate photosensor al so includes said
capacitor. 15 24. The nethod of operating a pixel array of claim 22, wherein
said pixel array also conprises a second pixel, wherein said second pixe

i ncl udes said capacitor. 25. A nethod of fabrlcatlng a pi xel array,

conpr i ng: The methowfape;amarmel arfay pfwlagp a2, fwhesetm palst pixebareay absei cdmpribsst r at e
to include _a Se&)g e& %pr5|o$ Q | a% rsg el ectrode; formng a
second pi x&IP°BVEPEL W LUh &Y 5?08 ?BIXF et ute St ccﬁg Y& st or age region;
formng a capacitor having one plate shared with said first el ectrode; and
form . an @l method 6f fabiitutay apdwd hirfig cSapsig@paci tor to sai d charge storage
region. 26. The nethod of fabricating a pixel array of claim25, wherein
sai d photo-conversi.on region is a photogate. 27. The method of fabricating
a pi xel array<3°Qﬂ@8ﬁ§§§“mPurther conprising the step of: formng said
first pixel in a first pixel row of said pixel array and said second pi xel
in a second pixghindyiRk pial &e%eﬁ@kub’éﬁﬁt@)’o in€Rde IBﬁotﬁﬁbﬂ%ﬂmQﬁ egﬁ)lﬁrﬂagﬁk' ng a
pi xel array of claim 27, wherein said first pixel rowis adjac to said
second pi xel r owfirg@lecthde; net hod of fabricating a pixel array of claim 27,
wherein said first pixel and said second pixel are in a same colum of said

pi xel array. 30. fOI'mu[?g_lErlTEéC?)l?(g pl?(fFl (];V%P srallé: ﬁltblstrr]ége ﬁgge a ghargél sty ageC }e%iorrv 27,

further conprising

forming a capacitor having one plate shared with said first electrode; and
forming an electric pathway coupling said capacitor to said charge storage region.

26. The method of fabricating a pixel array of claim 25, wherein said photo-conversion region

is a photogate.
27. The method of fabricating a pixel array of claim 25, further comprising the step of:

forming said first pixel in a first pixel row of said pixel array and said second pixel in

a second pixel row of said pixel array.

28. The method of fabricating a pixel array of claim 27, wherein said first pixel row is adjacent

to said second pixel row.

29. The method of fabricating a pixel array of claim 27, wherein said first pixel and said

second pixel are in a same column of said pixel array.
30. The method of fabricating a pixel array of claim 27, further comprising the step of:
forming a switch for selectively coupling said capacitor to said charge storage region.

31. The method of fabricating a pixel array of claim 25, further comprising the step of:
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formng a swtch for selectively coupling said capacitor to said charge
storage region. 31. The nethod of fabricating a pixel array of claim 25,
further conprising the step of. 16 form ng said capacitor over at |east a
portion of said first electrode. 32. The nethod of fabricating a pixel array
of claim25, further conprising the step of: formng a capacitor over the
entire said first electrode. 33. An integrated circuit, conprising: a pixel
array, conprising: a pixel having a photo-conversion device enploying a
first electrode for <controlling an operation of said photo-conversion
device; and a capacitor over at |east a portion of said first el ectrode and
having a first plate in conmon with said first electrode and a second pl ate
whi ch can be elfeoting sad tapacicarplvercht leastaa mirtioragfesaiiditst el®4roddhe i nt egr at ed
circuit of claim 33, wherein said charge storage node is within said pixel
35. Thg integrat rcuit.of c m 33 n_said pi.xe ray al s

compr 1 Les = 106 Bisipd e Fbch i . el PEc BB b R s P PR BBSRBYES Char ge

st orage node. 36. The integrated circuit of claim 35, wherein said pixel

havi ng a phot o- Q‘aﬁu@gsb cit@@vemnthaestire sail dirg @lzofmedepi xel are in different
rows. 37. The integrated circuit of claim35, wherein said pixel having a
phot o- conversi.on regi on and said second pixel are in the sanme columm. 38.
The |r13tegratAé‘dm€g'fa iATCHit, COMBFINGS, wherei n said pixel having a

phot o- conversion region and said second pixel are in adjacent rows. 39. The
i nt egrat ed C|rcg+ﬁm95n%}@b§%§§n wherein said photo-conversion device is a
phot ogat e. he intégrated circuit of claim33, further conprising a
switch coupling said floating diffusion node to said capacitor. 17 41. The
integrated circuit of péiehhawinga phatecenversian deviegiemploying & igelecteodatasr si on

gain swtch. controlling an operation of said photo-conversion device; and

a capacitor over at least a portion of said first electrode and having a first
plate in common with said first electrode and a second plate which can be

electrically coupled to a storage node.
34. The integrated circuit of claim 33, wherein said charge storage node is within said pixel.

35. The integrated circuit of claim 33, wherein said pixel array also comprises a second pixel,

wherein said second pixel includes said charge storage node.

36. The integrated circuit of claim 35, wherein said pixel having a photo-conversion region and

said second pixel are in different rows.

37. The integrated circuit of claim 35, wherein said pixel having a photo-conversion region and

said second pixel are in the same column.

38. The integrated circuit of claim 36, wherein said pixel having a photo-conversion region and

said second pixel are in adjacent rows.
39. The integrated circuit of claim 33, wherein said photo-conversion device is a photogate.

40. The integrated circuit of claim 33, further comprising a switch coupling said floating
diffusion node to said capacitor.
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42. The integrated circuit of claim 33, wherein said capacitor is disposed
over the entirety of said first electrode. 43. A processor system
conprising: a processor; and an inager coupled to said processor, said

i mager conprising: a pixel array, conprising: a pixel having a

phot o- conversi on device enploying a first electrode for controlling an
operation of said photo-conversion device; a capacitor over at |east a
portion of said first electrode and having a first plate in comobn with
said first electrode and a second plate which can be electrically coupled
to a storage node; and a floating diffusion node, wherein said floating

di ffusion node is coupled to one plate of said capacitor which has anot her
pl at e 4ln coikhointegrated eieduét of claing #0shlarein gaid switdh isprmabeasy ersvogaigysaiitehn of
claim43, said floating diffusion node is within said pixel. 45. The
processor SYgE feolieelitllot A8 Gl dleifi Bhifl BiatRl RUIBYseRo3e: ROTRELSBF 2
second pi xel, ereln said second pi xel 1ncludes sa I"oat1 ng drf £usi on
node. 46. Thie fipstekessdy. system of claim 45, wherein said pixel having a
phot o- conversi on region and said second pixel are in different rows. 47.
The prqcessqr system of claim46, wherein said pixel having a

phot 0*convefdir %5?%§Y%ﬂndﬁﬁ“”§§gd second pixel are in the sane colum. 18
48. The processor system of claim 46, wherein said pixel having a

phot o- conver si 0 pfR@isBA afldd sai d second pixel are in adjacent rows. 49. The
processor system of claim43, wherein said photo-conversion device is a
photogate. 50. The processor system of claim49, further conprising a

swi t ch coupl i ngas dnager t@wladiig said ipfdcesspo said dreger gompisingsapaci t or .

a pixel array, comprising:

a pixel having a photo-conversion device employing a first electrode

for controlling an operation of said photo-conversion device;

a capacitor over at least a portion of said first electrode and having a
first plate in common with said first electrode and a second plate
which can be electrically coupled to a storage node; and a floating
diffusion node, wherein said floating diffusion node is coupled to one
plate of said capacitor which has another plate in common with said

first electrode.
44, The processor system of claim 43, said floating diffusion node is_within said pixel.

45. The processor system of claim 43, wherein said pixel array also comprises a second pixel,

wherein said second pixel includes said floating diffusion node.

46. The processor system of claim 45, wherein said pixel having a photo-conversion region and

said second pixel are in different rows.

47. The processor system of claim 46, wherein said pixel having a photo-conversion region and

said second pixel are in the same column.
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51. The processor system of claim49, wherein said switch is a dual
conversion gain switch. 52. The processor system of claim50, wherein said
capacitor is at least partially disposed over said first electrode. 53. The
processor system of claimb50, wherein said capacitor is entirely disposed
over said first electrode. 54. A pixel array, conprising: a first pixel in
a first row having a first photosensor; a second pixel in a second row
havi ng a second photosensor; and a floating diffusion provided in one of
said first and second pixels for selectively receiving charges from one of
said first and second phot osensor, wherein during a first time said pixel
Is configured to receive charges fromsaid first photosensor and during a
secondt8. t i ndhe aragegsoxsyistemso fodaimi 4puwbereinaidguzdl haviop aphets-donwersismregicneadnd

h nsor_...1 . 0 adi
phot osensorg, . sgcond pixel are in adjacent rows.

49. The processor system of claim 43, wherein said photo-conversion device is a photogate.

50. The processor system of claim 49, further comprising a switch coupling said floating

diffusion node to said capacitor.
51. The processor system of claim 49, wherein said switch is a dual conversion gain switch.

52. The processor system of claim 50, wherein said capacitor is at least partially disposed over

said first electrode.

53. The processor system of claim 50, wherein said capacitor is entirely disposed over said first
electrode.
54. A pixel array, comprising:

a first pixel in a first row having a first photosensor;
a second pixel in a second row having a second photosensor; and

a floating diffusion provided in one of said first and second pixels for selectively
receiving charges from one of said first and second photosensor, wherein during a first time
said pixel is configured to receive charges from said first photosensor and during a second

time said pixel is configured to receive charges from said second photosensor.
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