METHOD AND APPARATUSPROVI DI NG CAPACI TORON AN ELECTRODE

OF AN | MAGERPHOTOSENSOR [ 0001] The invention rel ates
wgenroagisy t o sem conductor i magi ng devi ces an#CTMS2006/026279

particular to an i mager having an array of pixel cells

and circuitry for the cells which includes a
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the size of the array 230 depending on a particul ar
application. The inmager pixels are readout a row at a

time using alATKERQENDIQF TH2BIOMENIEON ecture. The

controller 232 selects a particular row of pixels in
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portion of the pixel array 230 of FIG 1 in greater.
sclects g gpetiqularEpe, of pixdly stheariay 23 taxeamstalling thsueperation of row

addresst%l.gr)]%{fl Q%yscit%? %% %ga )f‘ig@ﬁ%ir%ﬁ- yégﬁgg rs%%xglg%g&(rgld i thé Xelgcstgd row of
pixels REBESIFLIYL EShuDh B4 0% R3S circuit 242. The pixel signals read from
pixels in each of the columns, typically a reset signal Vrst 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 diffision region 5 is

electrically connected to the gate of an output source follower transistor 19. The pixel 10
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generating and coll ecting charge generated by I|ight

i nci dent on the pixel 10, and a transfer transistor 17
wo evo7osERsf erri ng phot oel ectric charges from t PET/US2006/026279

phot o- conversi on device 23 to a sensing node,
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[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.



to one plate of the capacitor 20, if the latter is
used. [0005] In the exenplary CMOS pi xel 10 depicted

WO 00F0@Ss3 2 - 3 el ectrons are generated by | i ghtT/US2006/026279
i ncident on the photo-conversion device 23 and are
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230 (FIG.1). However, the inclusion of a capacitor
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space |n the array 230. There is a't .
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signific b é,@§§nﬁﬁ§@%gcﬁocﬁ%th%g%§£??g?s in the array 230

effects the fill factor of the array 230. Therefore,

it is desir3REFIUMMARIEOFIPHE INVENTIONCT ease
charge storage capacity w thout significantly
effecting the fill factor of the array 230. BRI EF
SUNIORAS | OFlrere pepeE 1Ok ifromasn asriepiveedhispat exapfplatye

dnvention as depicted.in an . exenpl ary .enbpdi nents
emboditg B P TLOIS A IPGHCCaR Sl S BmPAIYSg POAESYS g
photosdh8OHs 39 21EsniRS 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] Inanother 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.



phot osensors in a manner that does not significantly
reduce the fill factor of the array. A first plate of

W@ 2@apessss or operative for a pixel is al so parpCDiUS100€026279
phot ogate, while a second plate is coupled to a charge
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charge storage region for a pixel in one rowis also
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b LT & TiRtes A oPORAORRS B R L SR e e BVCHEDRRp be
more rédiflyl dh‘d%[‘h‘td)@ frohheSBIORTh Pl cthife dOdest HiSti 62 BAH ﬁﬁeﬂmih which is
al sO be enployed in a switched arrangenent such that

providéd in @mettad iwthl the eocorapigihg draptiegss hawhechst or age
node. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0011] These
and_ot her features and advantages of the invention

wi | [0882 ho G ddsipibjodkrdiagrempelcr semyisniapalialy siskam

detail ed description of the i nvention which is

POTAER ' FBh 2T Rt Lt BT BPRGLIRRGs PRAIVER may be
usedmcaoea&?v@hheﬁﬁ o 23y SF BIG, 10013] FI G 2 is a schemtic
di agr am of f represent ative pixel which may be used in

a conventional pixel array of FIG 1; [0014] FIG 3 is
a c[@8k4FedliihBalk aviesrsofticnapoictvi affa plfrtlbhe)f the conventional pixel
conventional pixel of FIG 2; [0015] FIG 4 is a
of FIGs2nhenat i ¢ di agram of a pixel array of an inaging
devi ce in accordance W|th an exen‘pl ary enbodl rrent of

t he [.001 i S che am of
SEOBYET K3 4183 SPhertnel ipgig B EPRET B o R device in
accord&iic@%ﬁ!'h&%ﬁé %1%@&&19%1&?&& 'o@'th@&%&ﬁér?n of the circuit
of FIGs. 4 71s a plan view of the
| ayout of the devi ce of FIG 4, [0019] FIG 8 is a
cr op@Ok@Lt iKifhl5 iv hevhafatix qtihgtefn ofa samaple dad deldvciréuign
[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 accordance 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



exenpl ary enbodi nent of the invention; [0020] FIG 9

is a schematic diagramof a pixel array of an inmaging
wa@lenwroasss accordance with an exenpl ary enbodi PENUSTING/026279

the invention; and [0021] FIG 10 is a block diagram
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pirit an cope of the prese ention. [ 0023]
present4n®heioa. an el ectrical schematic of inmging device
1000, having a pixel array 1001 which includes a

plurality of pixels in accordance with an exenpla }S .
end923dnt FB6. £isBovner sleciiral mgmatie of ermgmgcdewwé 00, having

a il G510ty GhIEE inutifta gyl Shal s fBRCRNG B B remplary
embodif¥hk ld)‘?%ﬁ'e pRheLesat ?u@?ércuﬁ{ GO3d R Et ggﬂu&ew&i‘f h 018 YanliGs

operated to provide pixel 90(d onverS| on

represe@ative 6D6Rer pixclidaahé hedy. b@he\ppcdicstmt aged hudiedds phoeozate 981,
as a floating dlfru5|on region 978, transfer
transister Yk vehigh ngmbe pragatieditp uayide prxeb800d mth e sonversion gain

ci r,cui i.ncl ude urce. fohlo Nsi st.or
(DCG) Gaeie WE b Pl 1 e Pt EGa IR AP Bbp 078,
umsfert%sﬁ&ﬁtmatré‘s& &hndiftod 694&5& r@itﬁ)dtQWc@R{%rV@hch eh@uilsBlirce
900a, al so 'serves as one plate of a capacitor 990 used
followebyrapslstet 980 @dd roheselichanngitat 888f Thepdaittosie Fdbe photogate 981

pi xel 90CQd is, coupled to fl oating d|ffu3|onre|o
in a pixghanq TOMbRRAT S hﬁ%@ﬁ 900ggalso sevess [pogiblase of @ C@ow@@ %80 used

by plxef S0 £ 2PRE Ll p?atg of Rapacitor 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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swi tchably coupled to the floating diffusion region
978 of the pixel by transistor 991. [0024] By
waeapaonsses 990 having one plate shared with t hBCT/US2006/026279
phot ogate of a pixel, the capacitor 990 can be easily
fabricated over a portion of the photogate 981. ) )
diffusiohhregieny? tfodengy a sipgleashange Tpader ¢vant the piksleppermteayithm single

1001., As such, the pixel array #001 can take a \@nt €4
conversign gg- Beseeh as afrﬁagen_a%%%ﬁéw RETRYET GSFbieRY ik Brised on
charse SRR 1R PSP LBER AT R A3t bb by apd n e i
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the phdtbgau I8 1t themsdletrasfansasisoor 26 On therosbpelzanidveach pixel may also
floating difrusion region 978. |If transisfor 99% IS
be operatachiack wanner whersithe &@pusior §91dveffidyringe first transter of charge

RTE R
second HHAN¥fe} BF Qﬂarg@ Iom ik Mg@ﬂ% G 1 @GR TRAknG Aefu b %gri]%n 978.

outputs a reset sign st, based on charges at t )
This ofdraédr p@vitles ysid wittegiaal @n8ersivinl gain (PCA). ethis case each pixel

operation and an_ image signal Vsig baseg on ch?rg%s in
outputs ecset sandlngsuarfirsisimnge stggiab ¥ sig ke based eRaFastered charged

et L VS 0 A AT e
signal %&?go uéﬁtaﬁgr . _ﬁgﬁ@fw oo ebEndR&d tJ BRIcutiaE d@ilsidi® region 978

ring a first transfer of charge froma photo
followcgbbesc?8id ichafgeeardnsfeat i ng di ffusi on regi on 978 and
thereafter turned on for a second transfer of charge
fromthe photogate 981 to the floating diffusion .
[ egLOR26T 5 Powlitrcuiseinea PRl SHBTRABAICR fAdeNt GalERndine 701, c.g.

I . ! 0 . oo

7o1e, B P8 HEF S8 87 RO o M B g PR s 700

(FIG. 5%&1&11[@?5‘1@ oPehd ESNRTELE Sut bredad. MBfedidtuhigample and hold -
capacitor 990 is coupled to the floating diffusion

circuit EFIGNS angtrangedaondcdivende thigragnaldgt, gV ddg fspmt dah pixel as
capacitor 990 is connected to the floati i f.fusion .

part of pepjreeamit ispecsneiren yhe D PPertiagds Eingored, hegstsy signals are
RPixel .ciirguits |n ' t

rspec B HRGE gl AU HE DT S LSRRI, oo cxempiary

cmbod(hgl%%é% YR 280}tddATrSiahe PixeRaRhe1 9o (Fik.ot )giikel wbiv biOSixel row

which is part of the colum read out
starting withuthiertgp phteé rewlandprecseding imackniaitally to the bottom pixel row.. For
example, pixels 9002, 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] If the 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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circuit of FIG 5 is arranged to receive the three
signals Vrst, Vsig, Vdcg fromeach pixel as part of a
w@Roogloogsendout process when the DCG operati on PGT/US2006/026279
enpl oyed. The three signals are respectively sw tched
to capacitors 714, 716, and 718 as described below In
occurs inmwexsespplaanptehdmbilvehree sSgmls VastaVeigr aaldVéeg e teadout from

pi xel array 1001 (FIG 4) pixel row by pixel row
each pm@% ad mgewvteky store R appSitrs ¢ dths %11%( agadf b ssgnple and hold

circuit 78 NG gteg loi’/ @%%Béehchxg g%@%naﬁsﬂ}e Blgnﬁlg ;§§%}ﬁf xiggi and SDCG1
which rc%ﬁ@&l\ég 6}3%5\96 3§&ht%h§537@6 t70®and PEN PbxX§h le%%ﬁers%g%n

be readdut at substantla e sa

operationi ¢rdy cdfeitbey? by ad Rl 6 agdeauploytd hhdelpt@spéctﬁé kcaytrol of signals
contlnues until the last row of the array is read.
SHRI1 apgl SA1%hto staresthegVest arhVeigspinel Q@pwtsi s enpl oyed for

each pixel, elenments 710, 718 and 726 can be omtted

ARPRTE! AR 510§l PSR iyl o4 e and

hold cu@\ﬁ{ 75?&1’? Gedrd B twit ?.[ﬁ g%crtﬁﬁlgf)gﬁgui&lﬁérﬁ S § Qfx ﬁu&?.r Although |

transterring charge togate

only ond bamaplengddiold uBtwin 700 @ @epi&éd, sablpie ged hb&h&f@ﬁt TO®Rr

control of the transfer transistor 96loccurs in two
represengdt@gsofzpssample and hold ¢iecuithf (e fariegelacelunmar of pixelstirguits ih the pixel
Vdcg, are readout from each pixel and respectively
stored on capacitors 714, 715, and 718 in sanple and
hold circuit 700 under control of respective sanple
an SiRing & gggg@
regggg?$v2$§9§%§f%te Egi a§%6 0 e%@gﬁ?%ghe elmr%’

1001 ofSHIGY eustiom vl and davild ciopdt GFIGIS )aning d@zﬂ&@hﬁﬁ&&n-g% circuit in
and 716 are enployed under respective control of

accordangegiigh 4n SERMPlany e@ﬂqgﬁlmmtsqfdhe mwgnvnsﬂﬂmmmr PRysedf

uts 002 oted, .Fl che
operating; BB PERH a0 S pdS TR oforsBafkie i aﬁaﬁmoga R Pl in oy i
discussell AnBGERY 9@@ﬁauwnaﬁome @ayuﬁmoﬁf geuf h6m the pixel
i nventi Al t hough onI y one sanple an hoI circult
array 1000Gs p&:fcutamcbﬁedmaﬂaaqﬂlmﬂamd) thel dbneentdond redddut ﬁom an imager

presentative of a sanple and hold circuit 700 for
having ‘Qgemg émmpgﬁéagremrctﬁﬁ%ﬁ 60¢ $i8nys jes ackive kngh, ie., high

logic sta(%(?. %QJROE?!/’ B 0 ré)r 7 g@pltxlelrsr,] ”g @bﬁgr%ﬂbd% gt I(ﬁ?GOE)er'fltle st row of

he pi xel
pixels is Row 0, e.g., 900a, 900b, 900c. (FIG. 4); the second row of pixels is Row 1, e.g.,

900d, 900e, 900f. (FIG. 4).

array.

[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. TXO0 is representational of the
transfer gate signal for row 0. Reset0 is representational of the reset gate signal for row 0.
DCGQO is representational of the DCG gate control signal for row 0. SHR1, SHS1, and
DCG] are the signals that enable the switches to couple capacitors 714, 716, and 718,
respectively, (FIG. 5) to the column line 701a.



1001 of FIG 4 using sanple and hold circuit (FIG 5)

usi ng dual conversion gain circuit in accordance with
wanoognessps ary enbodi mnent of the invention, altpPongk2006/026279

ot her ways of operati ng the pixel array are possible.

i <EO0EEY dncic o s iielorihe e weip preaesod
during S Py s a%ﬁ%? PR Gl B FFsoR Bttt iR s example

during t@ 24P AHdE HPODE R pmea WAV B&rr anum ghe fidt Mwﬁ (itd. JBoRO0).

di agram of FI G the signals are active
Althouph ehe exdingpie Idagarrbestla& feadéut froml' onespiael; @M. ,qflxﬂl90®h$FIG 4), this
e.g., 900a, 900b, 900c. (FIG 41) The first row of
examplgiiscepseseataionlmt 4l of pixapime raypbpinggeadout @ ebstaptially fee same
second ixels is Row 1, e.g., 90Qd, 900Ce, 90O.
time as1f:f%1ve£1 Onflg'olé)ﬁ Tn FIG 6, Addr is the row address of
the row bei ng readout ROWNVO is representational of

ther Gmfelﬁ&ﬁn rﬂﬂaﬂ EB&I E@éﬁpoOJﬁ?rés%t ?nd the  reset charge

representati ona he trahsfer gate signal for ro

is store@.as leiiﬁ;tz@ (Dsmfrekmg@&m{addt@ rabwof DGO rﬁ%ieSHBata@e Sma@ﬂéd (ie.,
for row 0. DCGAO is representational of the gat e

asserted bigh) GFIGi ghal’he Bowlbsigmal cRiems swisHEPS8 and cmtzhes alfxel Mk to a

AR VI 9 i
the pix8QDOIIFIGD8).” ¥he DR ighdl fdsG svitchl ITE les the ﬂoa

tOndlcatesthelnltlaI setup tine perio ur|n

diffusidnhe gfon®Z81cy @ sspaeftot 80 I@If)aginsel ©80k Sﬁwher&{ﬁxdﬂmyhoﬂ éhown is
provided. In this exanmple during tO an Addr of 000 is

the pixgleig igatabgvedrized §0Pak paﬁxfsSHBJtsn@ai pl.og@s a svitqhi anel couplaw

capac1t8%7 ltg“ té( E&épg()gap ‘shr @ﬁﬁ%{‘:?@a 4 rme @d gg%%lncg{tgne period tl,

pixel 960G 'h?ﬁ@ ?tchg&ii’ﬂor @boals re& aRWHRE §esh@v<ﬂta"§‘3v‘(71§@6f‘@m pixel 900a is
readout a bstantially the same tine

stored monsaemle and hioyd kinauin(FID B3 2]Cdntrdlrsigrialsikesped, OGO, and SHR1

: . pixel circuit 900a is reset. and the reset charge is

are msai»@qq«@a AHIVEBILPWISY tepprd of iglegdal s Reset O, RowO, DOGO

and SHR are enabled (i.e., asserted high) (FIG 6)

000 0TS L, s ERRRRARNR, il bR ERHBL B B g ignal) of

the pix€ll @&8f F¥atacBuBBht@Nst BOANRSs MaAoRt ¥nd Sored as follows. Control
signals Tx0 and SHSI are enabled (i.e., driven high) while the row select signal Row) is
still enabled and transistor 991 is oft. 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 ©2 (FIG. 6).



the pixel 900a (FIG 6). The DCGO signal closes switch

991 and couples the floating diffusion region 978 to a
waeapaonsses 990 of a pixel 900k (where pixel 9O0BRT/URZING/026279

shown, is the pixel one row above pixel 900a). The

SHR signal closes a swi tch and coupl es capacitor 714

t o [9034] obvuinghtima gisried (tdnmsacppd charps. trapstes ogeurs pefollows.

Controfgenat Tx JBeREy B RO cppleayie vt RRpf o 15 s signal
closes s 05R DAL AR ARBRYS L S SHL gkl o resin
978. Tht IFCGOMgne Blok@ik% do1eaRNEbles dapcitdr- 990038k photo-

During tinme period t2, the integration charge (i.e.,
conversighodeyicsi Yhlahnd dic fionting difflision regivn 9960 allac G hsigualadoses

switch it Sanelcahal shishicand conalsr saaciton” 1SAFIGon) i gl 9002

. : . R - S d

vougl{ UL 15, 7011 L5k 3SR e b £RAR 078 e o

and stoRQloraflt GPHALSS7 IVOTREPMMBE ThbIES VileRidRl vbiRade\edcg of the
floating diffusion region 978. The SHSI™ si gnal™ cl oses

pixel 908aiis stlorédint the ssvapd anchbold dicnituiGoretnel signapl Bd), DCGO, and
capagitor 716 (FIG, 5) to pixel 900a through_col um
SDCG], ?rﬁéﬁ@?%%; (1gn efﬁa#@@ by sheend af ipsareriog @i s Pon

region 978 is read out as inmage signal Vsig and stored

on apagi.Lor. . . D@gg

Si g[gal @ol ag;ee %S}é' g%?ﬁ%%’%bx&éf% ?gg%gdﬁ%e gl%eor e igﬁtet%gel and
capaciti@YY. € Gitdwhplaf debdribetilabol®HithHefcéfitabFITK @, 3ndplebidhd holds a

are disabled (i.e., driven low) by the end of tine

dual copenrsion gairpsigirl GIn@nofleo 3gpradah, thg DCeggre OPdds 08 dusing a single

second char t ransf occurs as follows. Control .
traﬂsferﬁgﬁaﬁgg Photessic 9id camperioatiae @%}%reg}@eé] 8 giqviding only a
. Lok jgnal closes switch 961 and coupl es
single ng Qlon%\ﬁ/ae@fg Opﬁ#ccg

oto-C rsi evice 981 to the floating diffusion
region 978. The DCGO signal closes switch 991 and )
Co@I03% JcapaGi ¥ 8ho®9R ut)lf@ dbhe IpRaltatanvebat 9Bceﬂ§flﬂD1é8ixel array
981 and the floating diffusion region 978. The S
1001 osFKpat- 45 dspisteshiinttbh pixed 90fa whéchsia mppresdnsitipreil o€ thetremaining

LR O —

. ; ; i G .
s o AT 53005 90 R A YR b
having & tighigiétoy ghtealiyl aYd ¢gsedtrahidiGor 984 having a reset gate 984a, a dual

conversion gain (DCG) transistor 991 having a gate 991a, and readout circuitry, i.c.,
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



pi xel 900a is stored in the sanple and hold circuit.
Control signals TxO, DCGO, and SDCA are disabl ed

W@ 2002/008583 i ven | ow) by the end of tinme period pAI/(F066/026279
6). [0035] There exist various ways to operate and use

formed I 2LPHTh 88 o PEToRa OF BIKIBBUASB1: d DenEpecpaLaf e ef eapacitor 990
s clecol B Sofefl 5 RKE1 00887 PALENRly B GFpr 991 of i
900(d)! Madugh TUGsCrands mmpgaﬁwsgﬁév&%fﬂdrg pbhfsH bfGhe

di ffusiion region 978 providing only a sin
photogaterflfdr of opixghtionmiximize photin toGI&Giontdavekicthbyvshapidbgate
down | a)fout vi.ew of one pixel of the pixel array 1001

981, in gpme|implomentatigayithe exparitor R0 prayextonbeveniihe pnfits arca of the
sentational of the remaining pixels of the array,
PhOtog%t%c%Sgacitor 990 is disposed over and one plate thereof

is formed by a part "of the el ectrode of photogate 981.
Thg o3yl AQ0Rowh IR FACT UL thalohel ihiads! Bk ?J'(i)]ro?%%ﬁnversion

having a transistor gate 961d, a reset transis

device plmtbgaje #8lesetangfet eralfdar 961 fuinl rs@naisttON6YAI Thé PEGo-
transistor 991 having a gate 991a, and readout
conversiqry deyiger Y81 mag be forned as & phpngate having a ptop @B6trhetiomg

. te 986a,. rqw sel.egt tyransistor 988.havi ng. a te ...
comprishye 4 P iR sy Caeeraned Dt o gHEopepon £52  within o
. £ : pa e
prope SFEEILSTEANaROUNI QU pRIRL ISR YOO it i 7
the photoypirensibn dodice 99aris adjteunt 99 hndipiactinliyaleieticaeh Yhe gate of the

connects the upper plate to the floating diffusion
transfer tgagsigtpr 6 - oFhergseiiarnsingexio$istarea sidw of showandfer tinsistor 961

. . 03 G (8.i - ' [ f .
AT N R e A
" includedd ¥®irc@Aain REIHIESOR WhARES 'cBHﬁ%c%g@ It(p Q}SH&Q S\ﬁ)éfl}pv&rtage Vaa_pix.

pl ate 990afornmed by a part of the el ectrode

The flogsing difasiongsgion TS ishoevednl thiearB8AH andl rerpaanditors3 684 and

is contaer b PVl e JGROE FUBSSeR EiTnY B eunid Botedate of
o ROV SEosd S Y R GOS0 75 o

by row sebeck fiansisfeR@B8N to el ectron conversion by the
phot ogate 981, in sone inplenentations, the capacitor

990 may extend over the entire area of the
[0039] FIG. 9 shows an electrical schematic of imaging device 1400, having

a pixel 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 circnit 1300d inchudes 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

10



phot ogate 981. [0038] As shown in Figs. 7 and 8, pixel
90Qd includes the photo-conversion device photogate
w@8d;7/088553 ansfer transistor 961, and reset traPST/E8IN6/026279
684. The phot oconversion device 981 may be fornmed as a
phot ogate having a p-n-p construction conprising a
array 1001t 1aRBasHHd Ficels,| @y 6130022, afipixelnarreyt WM. imcmaohnpizad,icop , 13004,
region 1521 within a p-type active EPI |ayer, 152% .
the capguitoril360 ipswitchmbly coupled imtherfipasingiifusion regien 18¢8 pfithe pixel
FIG _7 the photo-conversion device 991 is adjacent to '
by transister baﬂ-i ally underneath the gate of the transfer
transi stor 961. The reset transistor 684 is on a side
of r ansf . Ptk [ a
ook R B9 bR 3R i S BREHhfect if he phorogate of
pixel, tt{eeéag}acﬁcslam@&ﬁf b&84ily RbriedRe cves apbetdlvhile plegogate 1381.
1502 which is connected to a pixel supply voltage
Therebyaangirding Hyeut spatiin ghapixelataynofrlddlonAosghi thepixchasiy 1401
the transfer and é‘gset transi stqr

can take SUARHEO AV POER1 CCTREaRY P RGTRR T PLR A BPBato the
. 978, j | ed 1t f I
pixel arpyf AT FRPBE b bt BB BB SRR E Our Co T ol 1 over

transi stor 986 is gated by row sel ect transistor 988.

[ 00R04 1] GFI&. 30aWewaA fbeidd yekemSLIG0TBLiich diclidemgnrigaging
devi ce 1400, having a pixel array 1401 which includes .
device H)n(%ﬂ g&ﬁdh sythotamt xetdevicen] G 8@ A durtwimopsn pixelgstayrgpntaining
) enbodi nrent of the invention. Pixel gcircuit 1300d.i s
piscls apra saprplprad holst sgriacmstrapigdias Jeassibsd ahos R tferénce to FIGs.
0 r ehS D . ' ' i NI
s oo oG R VBRSSOV p TR By S kA i
that coBREMBLRR ihRgPkAKbE dertese! WikBOEHbYInE Ninfitiddaduchanyeresi asuld
gain (DCG, "a storage node forned as a floating o
includet Edmpiitem syseing pand&ABystemaseaheer, mpaghisiestigen. wicle paggation,
) transi stor 1384 and readout circuitr i ch includes .
Video AR eRIT S ARG SIE M ALTLIEHS DSBSk Srish mOBGE detection
transi - 8 e ” f > b in :
s A T S SRR Bl Dbt Bk g s
ot her plate of capacitor 1390 is coupled to a floating
di f {oeiuon regicem 1105t kranpl d caansh sgsoem,1G9tkrallyicoglprises a
array 1401 differs from pixelarray 1001 in that the .
centralirnedssingawgt (CRE0AA10, suchfas ginisroprpeesjor ot commgRigates with an

mput/%iut):(pellt’(lf Ogj 'devég qqg() 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] It should be appreciated that other embodiments of the invention
include a method of manufacturing the system 1100. For example, in one exemplary

embodiment, 2 method of manufacturing an CMOS circuit includes the steps of

11



the capacitor 1390 is switchably coupled to the
floating diffusion region 1378 of the pixel by
wo ecan®essor 1391. [ 0040] By capacitor 1390 havP@myusmnee6/026279
pl ate shared with the photogate of a pixel, the
. Capacitor 1390 can be easily fabricated qQver a port.ion
fabricatiftg, oer pREFIYHOL2 THErategRarsponiBE 4@ APINEC iosd edgc;met, at

i. i.xel f . h h i xel
teast 2 e oy S kP P Mg e BARC Forkit R Bt Bty
electro@iégg)lf"tgm& ?Hé'tc%‘&té%fof@ pifdl viRER Y Ve é}iﬂél%ttﬁ@ @ ABbv@tHeBhrrent

hout™ significantly affecting the fill factor.
pixel (HIG04) s Begeribtd abbosssing pnowasemicondat mfibridtonediniques. In
i ncl udes an imagi ng devi ce 1000 which is the sanme as
anothegjexgmplarysmbadiment,)a pathoshefi regrufactpring aneMQS circuit includes the

steps of B Piriher BPL A Pordiclr it bR Sofiethr Pife Fon ol iseated

. . 1 . h i r .
e R e 51 7 P ani Rt Pt Gt doggon of
the eledtraaiye of einspliotdguies ©f the/PikElqQFIGL ) agddscribéd alovesusidy Bnown

. system.coul d include a conputer Stht em_canmera system
semico plefabriggtion rshiqiiesnAddisionells tha GM&XS @rﬁ,mt\nqmizi) have the

copace B0 5 AR BB OB Yot e, st
stabilization system and other image acquisition

andj qu44Pf ORRi N iRYSRIFBhasHiPH i%i}esc%b%ﬁ%ﬂh%@s@rat&?%th rlcference

exanpl e 'a canera system generally conprises a centra
to specific @xemplanrg enivbiodirh &) it $Hdld Rusideatoad dhamepiyonediieations and
t hat cormmuni cates with an input/output (1/0O device

substitutiosy cay de madsuwithogiodenantieg Agmudiei speritrodiscaps of the invention.
N R et M T
the ph%%%ﬁv&@ﬁ)n%gidvr\ﬂ?ﬂc o ikﬁ'mﬂq{%bﬁgr@{@ﬁﬁ(tew%g B4 88 the

ash nenory, so communicate wth t U 1110
floatingpdiffusibheregion dfb7differbhe pixehin adifidearit cew] E0innaytidieis not so
cg&i ned with the CPU 1110 with or wthqut nenory. .
limited g3ng} Hhgeonsrplatespfiifiseapiteg meayder equpler to e semsdlagting diffusion

region ?ﬁt\é‘{ec ﬁ)éeglg)gg ?ﬁg ﬂgeettil?gr 81\ﬁtu%1%91 r%gio% (iji J f;i}ecéleerl]stew%gir i &% rf;)ixel 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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[0043] It should be appreciated that other enbodi nents

of the invention include a nethod of manufacturing the
wayewemssidi00. For exanple, in one exenplary enbOTURENG/()26279

a met hod of manufacturing an CMOS circuit includes the

steps offabricating, over_a portion of a substrate

corresponding to a singl Qli«ﬁﬁ\@r ated circuit, at |east

a pixel array with capacitors, each having one plate

oot b5 R R i AR WEPCBRORE R Dfigers Rt pf the

United®8ist he current pixel (FIG 4) as described above
usi ng known sem conductor fabrication techniques. In
anot her exenpl ary enbodi nent, a nethod of

mabuf Agtixeliangy acorfpddEng:i rcui t i ncl udes the steps of
fabricating, over a portion of a substrate

corre ' i ki . eI IT t | east
o bt P Rarhiing ot Bhftrkibh t0iBh RACAbRL s e e
tlecttede;by a portion of the el ectrodes of the

phot ogates of the pixel (FIG 9) as described above
usi ng known sem conductor fabrication techniques.

Addi t f 62RACItYL; allde CMOS circuit could have the
capacitor formed over the entire el ectrode of the
phot ogat e 0044] Ll e.the inventi,on .has. been.
desc:rlggg(g1 %%Vdn$ Flﬂlﬁ’\é\p‘P%t%é%"S\'ﬂI{ He eef“él}eéﬂsemtdo&%aﬁ‘é’@i fic
SHRRRINAIN1STLOEHIRR RS Dneiplats BO Wi _C%ACHBQ Shpdergd that
many nodi fications and substitutions can be nade
mdtheuplatteiparanmgnfwidisdid éirss plecitodand scope of the

i nvention. For exanple, although the invention is

described with respect _a capacitor disposed above the
ph toJIgSHVgh BHOF 5@%%:8?“”@1%3 Riel Bpdns awhege-one

pl at e j . ' L.ff usi-0on region
of a Wﬁ%ﬁ?&%&)ﬁ%&%ﬁ&%&éb&@%ﬁ?}oﬁ% e PHhvent i on
is nohoé@aﬂeitmgtsgﬁep@mi the one plate of this capacitor
may be coupled to the sanme floating diffusion region .
of the pixel or to the floating diffusion region of a
pi Rel Tkt pesghairey phclaine 1 pivheteimsaidpixephadng atphoto-
transi stor 991 may be omtted and the capacitor

non- sybrivelsadi kdgion 60MBAE (poetl Ahvih§a MAENEIE@sIb® 2
floating diffusion region. Accordingly, the invention

iS no 0_he;. [dered as limted by the foregoing
descr%’% ?%%%%?l%ﬁgsgésy limted by the scope of the

cl ai s, CLAI M5 i
4. 'The pixel array of claim 3, wherein said pixel having a photo-

conversion region and said pixel having a floating diffusion
node are in different rows.

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

node are in the same column.

13



What is clainmed as new and desired to be protected by
Letters Patent of the United States is: 1. A pixel
wa@eeappsssd®npri si ng: a pi xel having a phot o- CONRET/EEING/026279
region enploying a first electrode; a capacitor; and a
pi xel having a floating diffusion node, wherein said
f 1 0@t i The pisfel mshypof daide4 whewirptaidipivel bngndh phetef
sai d capacitor which has another plate in common with
said fj d : ' [ frclaiml,
mherei%ﬁégﬁg&gﬁ%gﬁgﬁ%%%ﬁ%ggébﬁgﬁgé%g%ggégggﬁﬁgﬁ?on and
said pixXel having a floating diffusion node are the
same phReR aredn agRECRH; ¥@¥S-array of claim 1, wherein
sai d pixel having a photoconversion region and said

pi x&l Thy phgl arrky ofdlhifg3 dwhérdii A phew-asifetbidd er ent
pi xel s. 4. The pixel array of claim3, wherein said

pi xel llggy(%rpg a%ﬂgﬂg%lﬁgonver sion region and said pixel

havi ng oat’l ng fusion node are in different
ro;g. EF The pixel array of claim4, wherein said

pi x&l HAginrelamsn of slainve fatly cosgirsingmevisei d pi xel
having a floating diffusion node are in the sane

col unmcduplihy@aipl fi@kingrdiffysiod nelatdnAd cuhriel.n sai d
pi xel having a photoconversion region and said pixe

12 nors bher B AL O DRGELS IS o
phot O_c%%ggr%iroshi gz{]m switch.,
10.  The pixel array of claim 8, wherein said capacitor is at least
partially disposed over said first electrode.
11. The pixel array of claim 8, wherein said capacitor is entirely
disposed over said first electrode.
12. A pixel array, comprising:
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,

14



region is a photogate. 8. The pixel array of claim7,
further conprising a swtch coupling said floating
waldo7msssen node to said capacitor. 9. The pi XePCBUSE6/026279

of claim7, wherein said swtch is a dual conversion

gain switch. 10. The pixel array of claim8, wherein

sai d edpdeittadd secomtt pixeladeingantdifitdent chvepobd pivetr

said first electrode. 11. The pixel array of claimS8,

wher eafagai d capacitor is entirely di sposed over said
first electrode. 12. A pixel array, conprising: a

fLpst pi xel ., conprising, a,transi.st.or region; a

o6t 0B st afigh of siD 12 Shptsinid R anicrel $rordgi on
having a first electrode; a second pixel, conprising:
a chapiel stednadipcemtdowsanid pixal aprayi t or havi ng one

pl ate coupled to said storage node and a second pl ate

| N4COMMRPbiM bitad BF Hlafch 19! whkRES 544 ghé%-goﬁ\i'é'rﬁbn and
second pi'xels being in different rows of the pixel

array. 13. ghed I xel, rraél]lof claim12, wherein said
first "SGR QPP SELHNF B ABIOQERS n adj acent rows of a
pi xel array. 14. The pixel array of claim 12, wherein
sabd ghetpixed errap of cloim dégfurthepfcospiring  switghi xel is a
phot ogate. 15. The pixel array of claim 13, further

CONPr (&hlthgBsaflbtofdpe node and said capacitor.

16. The pixel array of claim 15, wherein said switch is a dual
conversion gain switch.

17.  The pixel array of claim 12, wherein said capacitor is at least
partially disposed over said first electrode.

18. The pixel array of claim’ 12, wherein said capacitor is entirely
disposed over said first electrode.

19. A method of operating a pixel array, comprising:
integrating a charge in a pixel using a photogate photosensor;

and

storing said integrated charge in a charge storage region of a
pixel, 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

15



coupling said storage node and said capacitor. 16. The
pi xel array of claim 15, wherein said swwtch is a dua
W@ eNssEo®N gain switch. 17. The pixel array oPCT/IUS2006/026279
12, wherein said capacitor is at least partially
di sposed over said first electrode. 18. The pixe
ar r ay selectiviel disconneqiing aich fissh plate apsaid storagesregian r el y
gkégosad over said first electrode. 19. A nethod of
S AP A8 DI ™ ar ray, conprising: integrating a
charge in a pixel using a photogate photosensor; and
Shar i haGh | ﬁ&ﬁ%, | : age
rggfoﬁgg?ﬂg%gpggﬁ%ksal’ Q?%?gggW?gSF%ﬁ%ﬁggPﬁggg first
capacitor pJate of a capacitor selectively coupled
therefegqﬁg fdtPapPAhci tor plate of said capacitor
being in common with an el ectrode of said photogate.
20. Thennetingdanl clapgyr stbragg regipitela pixal apltage;cl ai m 19,
further conprising the step of :selectively
di sconnecting sajd first plate of said stqrage region
from §amaf=f§%rsalgfec $Rrags regIpn 40 sudiue Lﬁ?tecﬂféalét i ng
[ array of claim 20, further conprising the
gﬂgggsgfggiconnecting said charge storage region to a
pi xel voltage; connecting said charge storage region
to saisgbriipen Rhséd il fival shid apage bragaRgdict.oring a
reset signal fromsaid charge storage region. 22. The

nmet hod of operating a pixel array of claim2l, further
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 is the same
pixel as the pixel having said capacitor.

24. The method of operating a pixel array of claim 22, wherein
where said pixel having said photogate photosensor is a
different pixel as the pixel having said capacitor.

25. A method of fabricating a pixel array, comprising:

forming a substrate;
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conprising the steps of : disconnecting said charge
storage region fromsaid one plate of said capacitor;
wan@7ddgssdnnect i ng sai d charge storage regi on PCDUSEA6/026279
pi xel voltage. 23. The nethod of operating a pixe
array of claim22, wherein where said pixel having
sai d foroingatfasypizel ovenssist substmigetosinghudgia@hiotas t he
pixel.having ighd C acutor. 24. The net hod of
EPRYERTIOR GeHOP DRBAS A HSEFISTQAeR m 22, wherei n where
sai d pi xel having said photogate photosensor is a
diffe - pi ; ' j ' i.LOr .
25. | ARHRBY “ErorfEpouRl Kl AP I RALBREOL:
foragen@egidnsubstrate; formng a first pixel over said
substrate to include a photoconversion region having a
first electrode; form ng a second pixel over said
subst femeng @ dapadited davingiemedats sbatggavitlegid firstf or ni ng
g*cagaqitor havi ng one plate shared with said first
eEPASMY and forning an el ectric pathway coupling
sai d capacitor to said charge storage region. 26. The
met ho ; Fe . | [ : ' :
wher of Aaap Aol R PANGaPLIGI LY ROt .
2Hargdheorag@d fegibrof fabricating a pixel array of claim
25, further conprising the step of :

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 pixei 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 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.
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formng said first pixel in a first pixel row of said
pi xel array and said second pixel in a second pixel

w0 ow7mb85sai d pi xel array. 28. The nethod of fabeT/w8L006/026279
a pixel array of claim27, wherein said first pixel
row i s adjacent to said second pixel row. 29. The
mghod'Hefmé okl SFRBriGtiAg Ripiall adhy af claim Q5 RiRdEef,
wherein said first pixel and said pixel are in a sane

colum of said, pixel array. 30. The method of
f abr i SS{I%Pﬁla"’&tBE%P Qaf?r ay of claim27, further

conprising the step of: formng a switch for
$ednaingisvid| cppadigplavagatslaist 2 papden vbsaid Hrs alattrokdar ge
storage region.31. The nethod of fabricating a pixe

array,.of clai ., turther .. conpri.sjn he step of:
f $Pni eﬁ?@og]éﬁ%‘?ff%mw&ﬂ%ﬁ”gg&&faﬁg &gp Bargheror sai d
first electrode. 32. The method of fabricating a pixel

ar r ay compeisimignth2 stepfafr t her conpri sing the step of:
formng a capacitor over the entire said first

2 ABpackibr A8 HIY &A1ELEM seldiilodecoPr i sing: 2

pi xel “array, conprising: a pixel having a

phot o- conversi on region enploying a first el ectrode;
and. a Aopmpacgrhted cixeeit, admpissg: a portion of said first
el ectrode and having a first plate in conmon with said

first ;elaqt[9 ecc@]ﬂg_.- econd pl ate which can be
electﬁﬁ%gﬁly gbup e§£#% a storage node of a pixel.
a pixel having a photo-conversion region employing a

first electrode; and

a capacitor over at Jeast 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 of a
pixel.
34. The integrated circuit of claim 33, wherein said pixel having

the photo-conversion region and the pixel having the charge

storage region are the same pixel.

35. The integrated circuit of claim 33, wherein said pixel having
the photo-conversion region and the pixel having the charge

storage region are different pixels.
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34. The integrated circuit of claim 33, wherein said

pi xel having the photo-conversion region and the pixel
whanogssshe charge storage region are the saneP@i/xg8t006/026279

35. The integrated circuit of claim33, wherein said

pi xel having the photo-conversion regi on and the pixel

hagi nFht heteghisedyeiratioofdenr 3%, whersinssait] pixel lmaving a

pi xel s. 36. The integrated circuit of claim 35, wherein

said g hét%'—cé}ﬁr‘éf Ft?})gcfgliﬁr% EJePh% le'ogﬂngnd sai d

pi xel “having a |on node are |
different rows, 37, |nte rated circuit of claim

35, V\H’éﬁléioﬁ%%éecf’fﬁink HARYSa phot o- conver si on
regi on and said pixel having a floating difrusion node

aB®. i Mhe eregavied cieduinof cldth 3T hehemiregidapixd] leavimgiat of
cl aim 36, wherein said pixel having a photo-conversion

e (2 %dacen B Bro g R B ARHAPE (ORI T or

claim wher ei n sald phot ogonversion region is a
phot o siongepderays i f‘eij‘n“&’{ U8 cuit of claim 33,
further conprising a switch coupling said floating

dB8r uThernintegeheed ciradt df claipndé ) wheretlsaid pixel Inivégy at ed
circuit of claim40, wherein said switch is a dual

c1 i npAaeRiRi gt eioh adéseid piel PR XRRARE U0 ' (P

entirety of said fi, rst el ectrode 43. A processor
syst eRiTusirods g in Jd3FBHENE - and

39. The integrated circuit of claim 35, wherein said photo-
conversion region is a photogate.

40. The integrated circuit of claim 33, further comprising a switch
coupling said floating diffusion node to said capacitor.

41. The integrated circuit of claim 40, wherein said switch is a dual
conversion gain switch.

42. The integrated circuit of claim 33, wherein said capacitor is
disposed over the entirety of said first electrode.

43. A processor system, comprising:

a processor; and
an imager coupled to said processor, said imager comprising:

a pixel array, comprising:
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ah i mager coupled to said processor, said imger

conprising: a pixel array, conprising:a pixel having a
W@ b@voessenver sion regi on enpl oying a first el eB¢T/O88D6/626279

capacitor over at least a portion of said first

el ectrode and having a first plate in common with said

first el eci pp@bhaity a phetwoonyersioe region bmployihe a

el ectrically coupled to a storage node of a pixel. a
firsx electradé;ng a phot o- conversi on regi on enpl oying a
first electrode; a capacitor; and a pixel having a

floating diffusjon node, wherein said.float|
di ffusi on MERRACIEr LY FE L68St HPG “p‘i?fla%{%‘ﬁgglﬁ? de

-1 Or ' ' y di sai d
FAPRHLR. B e SoRIG T BA A ot QeI T 43,
vdrenhdiplats aftictpiatebe HamiriaglyacqipddddDtocostoeigsi moterafgi on
and said pixel having a floating diffusion node are
phel.sane pixel. 45. The processor system of claim 43,

wherei n said pixel having a photo-conversion region

d i d pixel hayi flaoati di ffusi.
di 11 of @A, DRV 3 PRS- coREerPR celeB e iR dFtc) ai m

48 yhigrei n said pixel having a photo-conversion
region and said pixel having a floating diffusion node
are in different rows. 47. The processor system of

cl ai ma4fipacberaidn sai d pi xel having a phot o-conversion
regi on and said pixel having a floating

a pixel having 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, wherein said pixel having a
photo-conversion region-and said pixel having a floating

diffusion node are the same pixel.

45. The processor system of claim 43, wherein said pixel having a
photo-conversion region and said pixel having a floating
diffusion node are different pixels.

46. The processor system of claim 45, wherein said pixel having a
photo-conversion region and said pixel having a floating
diffusion node are in different rows.

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

diffusion node are in the same column.
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di ffusion node are in the sanme colum. 48. The
processor system of claim46, wherein said pixel
Wb ani7 008583 phot o- conver si on regi on and sai d pi XBCT/D82006/026279
a floating diffusion node are in adjacent rows. 49.
The processor system of claim45, wherein said

pERt OTBOpRICREsOR sysegh @f claimak6y ndteogasaid ritkl hihiag a
processor system of claim49, further conprising a

switc upl ing. sai.d- ' ' ' to said
cap ac&%&f%eg@?eg}%{c@%@ 8_\%{ lfé#hﬂo%) g tf:l IBal 49,
wherein said switch is a dual conversion gain swtch.
52. THifupipaqesiese ¥y adiasansfro¥sai m 50, wherein said
capacitor is at |least partially disposed over said

f49 StTRE PESdeodR syseém oFlekipr4l; edwecinsyisiigratof cl ai m 50,
wherein said capacitor is entirely di sposed over said

First Shesids? geegiOn 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..
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