4T CMOS | MAGE SENSOR W TH FLOATI NG DI FFUSI ON GATE
CAPACI TOR FI ELD OF THE TNVENTHEON-[-0601] The present

i‘{;ég@t/ioon relates to a Imm } ' iyt of an i mage
Sen&Or'Hai ng an associ ﬂ”llmmm@m capaci t or .PCT/US2004/022564
BACKGROUND OF THE | NVENTI O, [ 0Q02] An i mage sensor

cirtcuit includes a focal plane array of pixel cells,
each one of the cells including either a photogate,

phot oconductor, or photodi ode overlying a charge

accunul ation region wwthin a substrate for

45 (MR BYIAGE SFNSOBWEITH RLOATING DIFFSION i ranal
four transistor CMOS|i er, the active elenents of a
pi xel cell perform ‘%ﬁ%&ﬁéﬁ&q to charge conversion;
(2) accumul ation of image charge; (3) transfer of

charge to a floati needisf bisTeR: APGFE ani ed by
charge anplification; (4) resetti nlﬁﬁﬁﬁz\ﬂ)l oati ng

difm |.Qn node to a known state before the transfer
of (gdlae t 0 TS Prespnt éusieton aelatwms toga pixaladirchii@lof R QM ;

and  {G)orbiut i.fication of a signal
representi ng i?g%ggoccﬁg%gs&)mlgﬁ QPP ee transi st or
pi xel cell the active elenents of a pixel cell

perform (1) BAGKGROUNDADEIERINYENPION( 2) |
accunul ati on of imge charge by the photoconversion

devigd,1(3) rgsetting the. photoconversion device to a
kno (ﬁﬁ)sz ate . b‘g‘? 8?@%3%5% é‘r“g\%’é E}‘Fﬁ’rd&f 2 &rral playe aredyecfipiooh

of a pillkedach ke of 8RARUS incRIEHL élhc?gﬁpﬁg{olg%{e}?‘ph?g?épnductor,

‘anplification of a signal represent
char g& pPemgigcfch@&éVipgmg:harchdcﬁﬁnuﬂﬁommti&_BMtﬂm a substrate
e R ennrlip ) Bovsl LRRRRH cisese” g popmvermianal hown
v S gt S0 el o2 B
Fl G RROIORR charge FORNSTSiQRs 1) adcgnubiop af SresgeacHarn s e
gat & BOhFlorLhARS(SL Wt PRRHAEH SE! LG 0D, 2995 J11260
amplification; (4) resetting the floating diffusion node to a known state
before the transfer of charge to it; (5) selection of a pixel for readout; and
(6) outrput and amplification of a signal representing pixel charge. In a
| three tr?msistor pixel cell the active elements of a pixel cell perform: (1)
-phpton to charge conversion; (2) accumulation of image chargc by the
photoconversion device; (3) resetting the photoconversion device to a
known state before charge accumulation; (4) selection of a pixel fér
readout; and (5) output and amplification of a signal representing the

pixel charge.

[0003] Referring to FIGS. 1A and 1B, a semiconductor wafer
fragment of a conventional CMOS image sensor four-transistor (47T) pixel
10 is shown. A view of a section of the conventional CMOS image sensor
taken along line 1B-1B of FIG. 1A is shown in FIG. 1B. The pixel 10

generally comprises a transfer gate 50 for transferring photoelectric
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charges generated in a pinned photodiode 21 to a
floating diffusion region 25 acting as a sensing

< floating diffusion region 25 is connected
B%ggmygggp transi stor having a gate 40 for re®eriUSIY4/022564
t he sensing node. A source follower transistor having
a gate 60 is connected. to a row select transistor
having a gate 80. Inpurity doped source/drain regions
22 are provided about gates 40, 60, 80. Spacers 92
may be fornmed along the sides of gates 40, 50, 60 and
80. [ ORASES S&ém%*%{;\ﬁ 3 Monsdpharpdiodh 8 adiadibeta diffssion region
i1l usbgatd I Laned phot odi ode j ust
eneath ThE S £2888 po8k TR RIS 4% Hon ook 35 insemnccted

phot ot adecXtartsispirdabing ase 40 PIGERSEH)SiH: Uil Rt
junction region conprising a p-tépe surface region 54
and. alP et HHEVEHBEBHR RS PER Bite GD sambind ao pry péect

subst frab&rdOnavid; iegokat.i egi,ons 28 are forned
in the substrat egeg% %gﬁi slg#)g?lg' {i?ﬁgdﬁf’%l: dipin ¥egiong 22 arc

pi xel PEAvidag abgut garstQE@NB0. SpadeEITSREY 39?031&%1%51% &‘xg
Iayersﬁo Orpar% b% fogrr%g ovg& the pixel 10. Contact’s 32
(FI G 4R ' %l 68> PBro2erd 80t he i nsul ating 1ayer 30 to
provi de an el ectrical connection to the source/drain

eolams22, homintn 4 My ORGSR 00 R R0 O I

W ring to connect gate TinésS an
the pPREfd paotodpalgsuyt bend@th phajmpfacd 35 af QbIwRLIGOME.

four ¢ ' . - CM i M sensor pi xel, which
opt | oé%ﬁ%b %5&%?18%9& %’Ic%itﬁs ég’ﬁoﬁﬁ%‘{cdrn(pdpm@qﬂ region
100. ®oprdig: 4 aywmbé@%m i y e .
surfage 1 _n?‘ E’sfubst rate 20 i n4 ﬁ%ﬁgﬁ%ﬁéﬂg’f&ﬁqﬁé‘t fegion
pi nn PowRe 2ibstrae @8t rloendhobalatiai fegichk @8 are formed

gener@t®dsy the. e rons. are .collected in n-

regi on tggs ok%ﬁgﬁeﬂgltonirs}eg{c %%8{" S%iv%‘g]é“ 3 PXEsaTing Bansiusent

t r anséretrangpdrentSisulstnplfér. 30 TRy Bd fRREd R g?’bﬁpﬁ)gl
chi1s a

is character,i by. a pi otential (V1),

hi ghe ?ma%ttfjékiz(gg(;v%‘ﬁ ﬁ’glép’%?‘)fﬁﬁé iBﬂPF—i(gSlpi)hmg)ldyﬂcB@. toOnce
t he tpratidteh j : ' e, turned )
"on" )EE. the p ﬁg:t@gﬁc?g%#gr% %t%cglgédet?ﬁgté@?% rédr%’grf c?‘l"ﬂ?/\;?% Jloatipg

f I oat #iffysien topien 35, anelgpther WiSink roROANECE Bite WRe2frd &LFF'V
be. Vi TEReR I B or 17 state. oo o

[0005]  FIG. 2 depicts a conventional four transistor (4T) CMOS

image sensor pixel, which optionally employs a polysﬂicon capacitor (G, )

100. Photons 112 are absorbed just beneath the surface 15 of substrate
20 in the region of the pinned photodiode 21. Elccuoﬁ-holc pairs.arc
generated, and the clcctrons are collected in n- region 26 of the pinned
photodiode 21 as long as the transfer gate 50 is “off”. The pinned
photodiode 21 is characterized by a pin potential (V,;), which is a highest
applied voltage of the p-n-p photodiode. Once the transfer gate 50 is
activated (i.e., turned “on™), the photon-generated electrons can flow to
the floating diffusion region 25 from n- region 26. After a certain period
of time, the transfer gate 50 will be switched back to the “off” state.
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2 WD 2005/ 011260 PCT/ US2004/ 022564 [0006] FIG 3 is a
potential diagramof the conventional 4T CMOS sensor

pi xel durlng a light integration perlod The full well
c‘ﬁ%?%’é’ e¥bacity of the pixel is a maximm nu‘i"@@ﬁlsﬂfwozzsa
- el ectrons which can be generated and stored in th
phot odi ode 21. Photons 112 transmtted to the
phot odi ode 21 generate electrons in regions 21. The
charge capacity of the photodiode 21 to hold the
electraons is illustrated by shaded area 120. This

ar e008D is dGeBH NpsteARNHIRIAR .

potential  (VPIN) of p%ﬁot odi ode 2 g&/ VEHH%?‘E%%

capacieRspr pepbylurigge ghmtcgmndmepcrmfd JEReB &Rl charge

el ect rd he rraX| rrum charge capacity,

phot o%? &3% g%ﬁ@g& t Uraredty @EE‘GF%ODSt%hlﬁumnH&r

r espogeretaced ol stbiRe i gt H%'B@&%Hé 23190 ld)8 ﬁ&%ﬁaés;mggltg
[

char Suses a bl oom ng effect to neighbof
as t Hacake dervdr grocrss eectromsdnghgiond3l, r Theciflpd Bpcity

t he en,the electrons from
phot gg:tgggméf B'g)rdg z)ietJP glr? A} e Lo i ilustraged bygaded area

di ffuleZiOOrTmmieaZBOtisyddgﬁhﬁn&D PR}
to store el ectron?l S detgcefn}’ gbq%“Cdtff?ecnual

cap agl F”yy‘éff Phqtedicfe 21 japg theiphetediasie capatiry Zﬁpbé}n Wicaahe

of CaRAshd QF 420 de i cts an exenplary
char ge transfer %%érgfag?%%%sr%q F‘b’ﬁ%ﬂ Capexivy, the

t r angiboratiodes7) IS@hmtSdaﬁnﬁDis u;ija}gel toGBither MBRAG DG, Ul | -
wel | ca amfhﬁ clztalg hot odi ode 21 is lar ert an the
char ¢& g c"ﬂwxeﬂss £harge camses mglodnﬁﬁgmcemto
node néshbbABE PireR

phot od%gde 2§%ar?d afgh%a%?%gggﬂfgfumvgﬁ\{%%%h ’Zﬁ’mtﬁ 20tinke
case thaneahboring pirelnsWaren giat eleEBoghRSm PRGIodi Qe ire

"of f ot.ndi.od 1 wll retain signal charge
whi cﬁm?ln %gd\?\n&&h ‘g° og; Rie 2 Prgage 56 frumnine orexthe

f r anécamaiigi ﬂgscm&mauloag dERirmie B AL
float) ng. di ffusion node 35 limts %59 amq}lg;r-]ﬁ‘éﬂ(?ﬁ“ng

t he R RRsifatS fskihat efmpadtonl004T) pixel . [0008] As
pi xel s are scaled down in size a |ower floating

di fibogyon nogeg. gag?agtaﬂd&l‘& ?Chwaﬁgglcc@mszcurt her | owers

the dynam c range a pixe I operation in the
conventional four transistor (4T) CMOS sensor pixel cell. When the full-

well capacity of the photodiode 21 is larger than the charge holding

.capacity of the floating diffusion node 25, there is charge sharing between
the photodiode 21 and floating diffusion node 25. In this case, when the
transfer gate 50 goes back to the “off” state, photodiode 21 will retain

- signal charge which mixes with generated signal charge of the next frame
-causing image lag. This saturation of the ﬂoaﬁng diffusion node 25 limits

dynamic range of the conventional four transistor (4T) pixel.

[0008] As pixels are scaled down in size a lower floating diffusion node
capacity is seen which further lowers the dynamic range of a pixel. Itis
therefore dceirablc to improve the dynamic range to provide a good
output response for low light and also high light signal conditions even
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therefore desirable to inprove the dynam c range to
provi de a good output response for low light and al so
hi gh |ight signal conditions even 3 WO 2005/011260
F‘&glzﬁ'éﬂ 80 022564 when pixel s are scal ed down.pchashébsBazsce
end storage capacitors, e.g., capacitor 100, Fig. 2,
have been proposed for use with the floating

di ffusion node to increase charge storage capacity.

See, for exanple, U S Patents 6,429,470 and

6, 204whed pixels RRoRfied dSWHETS vh; apacitars while

i ncr easi n_g t he capaci Jtﬂgﬁrﬂ]ﬁ’g%o t%cear&ﬁ?% ¢ PRk on
node, “4RREEPrH08, Fige L ahave bkon prifosed for @sewich REYAGHE,

al vvay&-lﬂ'tulgloﬁi r%ui t.with the floating diffusion node.

Mor eover, caddit FONAT Y GRES ST Hg8s cpsitvarseey ogekareple} .S,
f or m Batefi® X010 SRURD f ing diffusion,
node.- s_uw%?e% OF THE |’N@\%5N2ri@é%qﬁlﬁghsg]aﬁﬁ‘r¥g‘6°&1% £&pagyrors
the i odnidcessipg Bvi dpacitande af thndlostiusy difdSidn nbBBIRo are
sensoL.pixel. «cells ving @& gate capacitor associ ated
with ‘trch“éﬂvéﬁ SHreble asgﬁ?yf *’rﬁg P&f?g/ﬁ BHEraRE v rflostng diffusion
sel ectdodee| MoeHoRE h@Brbdmil hrfcks - apacity
of the floati ng rgi ff usj og nodsgl.ﬁ"’esllE ee"é‘g{%(’%g%&%f 2 can
be = e@BRBH carPlyd tothedivadng difiskmnmodei me, and usi ng
the sane process steps, as other gates of transistors

of the pixel cell MEB@%Q ' tances it

may be desirabl eS?'Z) only beff 3}%‘%&}{@% rent

capacitg of the storage node, while in other :

ci rl@9R81 anceEmbodimynts betianieratoneprbide vt ORsiLRE (4T)
e

i nher. apacity of the storage node plus th
addi fll‘&%f%%crgg’b%%%lltcﬁﬁsmé&atﬁﬁapéﬁ“%d@@ammm the floating

capaddiffasion Ab& GBIcE c&APAS sel.ecti vel
oper at ed tlcla add capgci ta%(l:éecg{vglg;?) ﬁgggetdotro éﬁ(ércasﬁgb%“a‘éagc

needéaPHYREShe Beptnp gifisjonThede Findeant hpacif@abnbes and
advani-gges; Fnvention will —be nore apparent
fromt heg?%ﬁgp%éﬂyﬁéa A5 18 Tk AP Biir® Fhe s38e Arecess steps,
pr oviadedherigates ofi st oMHepikdl@eRC CONPanyi ng draw ngs
and illustrated exenplary enbodi nents of the

i nV[%B&bj)n In some circumstances it may be desirable to only rely on the
inherent capacity of the storage node, while in other circumstances it may
be desirable to rely on the inherent capacity of the storagc node plus the
additional capacity provided by an additional capacitor. The gate

capacitor can be selectively operated to add capacitance to the storage

node as needed or desired.

[0011] These and other features and advantages of the invention will
be more apparent from the following detailed description that is provided

- in connection with the accompanying drawings and illustrated exemplary

‘embodiments of the invention.



4 WD 2005/ 011260 PCT/ 1JS2004/ 022564 BRI EF DESCRI PTI ON
OF THE DRAW NGS [ 0012] The foregoi ng and ot her

advant ages and features of the. invention will becone
NP 30GaIpEfent from the detailed description ofperusaooanzeses
exenpl ary enbodi nents provided below with reference to
the acconpanying drawings. [0013] FIG 1A is a top

pl an view of a conventional four transistor (4T) CMOS
i mage sensor pixel fragnent. [0014] FIG 1B is a side
sectional view of the FIG 1A imge sensor pixel
fragment takRIEFINESECREETIRNIQF THIP THAWDSGS? depi ct's
a conventional 4T CMOS i mage sensor. [0016] FIG 3 is
a gobepti al : ventional 4T.CMOS sensor
duf[i ng }a | i gﬁ? @ig{]rt@%%r tm? %ﬁag°éra5%a&?ag{°ﬁafid7f¢aﬁré ofghg s g
di agravendepill begnenmo peapphicnf (o SRAG88 HRRSHERL I

a conventional 4T CMOS sensor. [0018] FIG 5 1S a top
vi ew BFRATSmbAshmeRs Proadedchatew istelefarence ac clor dance

Wi t h aefn gim of the invention. [0019] FIG 6-is
a cross-sectional v?ew of the pixel illustrated in

FI? 5  taken along line A-A" of FIG 5. [0020] FIG 7
i 11189t3lat es BlGilfplse top@lapyvibaiofla domgneond Gsud sisror
oper ali t.he pixel constructed in accordance wth
one Ztﬁggg}%gtmg eosct”ﬁ%”?‘ﬁ} Gt [0021] FIG 8
illustrates a timng diagram of the operation of a

pi {8P14]const FIEIRlisianidGecistal gew ek B 1 |@or B
WO 2005/ 011260 PCTI US2004/ 022564 [ 0022] ARG Bhsor

|11 ustFAraEmEHRERCImBERaHEIB.a CVOS | mager
- [0015] FIG. 2 depicts a conventional 4T CMOS Image sensor.
[0016] FIG. 3 is a potential diagram of a conventional 4T CMOS

sensor during a light integration period.

[0017] FIG. 4 is a diagram dcpicu'ng an operation of charge transfer in
a conventional 4T CMOS sensor. '

[0018] FIG. 5 is a top view of an example of 2 4T CMOS pixel in

accordance with one embodiment of the invention. '

[0019] FIG. 6.is a cross-sectional view of the pixel illustrated in FIG, §
taken along line A-A’ of FIG. 5.

[0020] FIG. 7 illustrates a simple energy band diagram for the

operation of the pixel constructed in accordance with one embodiment of

‘the inventon.

[0021] FIG. 8 illustrates a timing diagram of the operation of a pixel

constructed in accordance with the invention.



integrated circuit having a pixel array according to
an exenplary enbodi nent of the invention. [0023] FIG
10 illustrates a diagram of an image processor system
uMol 2095041264 he CMOS inmager illustrated in FIG ?C
[0024] FIG 11 illustrates a sinplified circuitC PHi20022564
CCD i mager according to an exenplary enbodi nent of
the invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON
[0025] In the follow ng detail ed description, ,
reference is nmade to various specific enbodinents in
whi £8022e i nvRt PdHustrgesizeblprh diageesl of 2 TMOS imager
enbodiigtttggrta%dacrir% q scribed with sufficient detail to
enabl e t AOSE ski I TEFEAPEF &Y Acqogdige 40 e cxcmplery

i nvententbodiradid dftthé Bvkidie under stood that ot her
enbodi nents may be enpl oyed, and that structural and

lo%@@3 cha:}gg may be nmade without departing from
thel@ it o dfallvrapgsa dipgramesfiani imagn pravsssof §0R6]
The t §f{XBino$HD 0 "wafer be used

i nter changgabl W%gﬁwggé}gﬁs‘%t%%m@% ption, and may
include any sem conductor structure in or at a

sur {2l of * wileh 1diillewiatasy stmplifiel cifcatteda CHIS imager
structure.can include an%nof silicon, silicon-on

i nsul 4F SFANE RS cxemplaprbedimess Af ths insmspn. doped and

undoped sem conductors, epitaxial |ayers of silicon

supported MYETADBEP BESTRIPTHTONOOFE R dRE ToRNd
ot her semni conductor structures. The sem conductor need
not be silicon-based. The sem conductor coul d be
si | [6023] ger MERitHEFoll BASBALIIEY dQLigald i arseni de.
Wien reference is mde %rg.the subgg‘?gé’éemcﬁc? frdnade to
f ol | oWRmYs Gpesefd qrabedimeptsdw ivhich thedmension neySod Fcray e
been i.lized. form, |l avers,.regi.ons or junctions in
or ov (;I:rﬁ E%chégg%ogdé%gmgérrﬁ %%ﬁ%tﬁféf ?ﬂi‘ E%F‘Gﬂ‘h Bhenapleyhose
2005/ 8illdECGhPEH/ (P24 822864 dr0 9T It i {beb{ fifdBrstood that
pi xel" refers to a picture elenent unit ce

. other embodiments may be employed, and that structural and logical

changes may be made without departing from the spirit or scope of the

present invention.

[0026] The terms “substrate” and “wafer” can be uscd
interchangeably in the following description; and may include any
semiconductor structure in or at a surface of which circuitry can be
formed. The structure can include any of silicon, silicon-on insulator
(SOI), silicon-on-sapphire (SOS), doped and undoped semiconductors,
epitaxial layers of silicon supported by a base semiconductor foundation,
and other semiconductor structures. The semiconductor need not bé
silicon-based. The semiconductor could be silicon-germanium,
g;rmaniqm,—or gallium arsenide. When reference is made to the substrate
in the following description, previous process steps may have been
utilized to form layers, regions or junctions in or over the base
semiconductor or foundation. |

6



cont ai ni ng a photosensor and devi ces, such as
transistors for converting electronmagnetic radiation
to an el ectrical signal. For purposes of

iVP AU H 0N, a representative pixel is ill ustrcai@shoisirzses
the figures and description herein, and typically
fabrication of all pixels in an imger will proceed
simultaneously in a simlar fashion. Like-nunbered

el ements described above fefer to the sane el enents
depi in . 5z8. ,,[0028] It should be understood
thgtO%%ﬁg i nvghl??%rﬁl i%x%{pkﬁ TedB 2Pty rasicaentamit aslli n any
ar r angam@ihg apHoRSstRBE Ald ORAEQT s B?%q%-' with other
conponent s ofﬁg sem conduct or yilet o8 Wt B el copy o
may CPCHeRREhstic fadistionieo phoeogatlesgnah hBorOREpEHEHOT S,

or ot, l.mage _to charge. converting devices, in lieu
of  pHFEaERC-b it ol SlBE AT Cin e fgnres nd

phot ategaipeivatiRekis At dPpicdl) 82H cafsn bE e | 1, i the.
description of the i%@%nt?pn, The "n’ gﬁgﬁ%iglunﬁxr“ﬂl
desi gHagsed ssnultancpysly in-asympidar fashdort. pLiky previnbepddecitfi@dts i N

the ¢ ng o.desi gnat e _donor. and accept or
type #%r%ﬁtagggc %ﬁclr t(t:% e e réﬂ?%‘iﬁgé‘h 81EDI1%81 ype

carriers respectively as the majority carriers. The

" +'[0698bol , Eheruisieduairaosd thivthMdvbn@sh i BRRIEEIY o
type shq?ul be interpreted to nmean that the doping
conceWT §3154R 2BY 2FIEFEICRHING pricqation oy ntepratibmwithheher
dopi NGnReesi | ' he |lwtt.er identifyin he
i rrpu?ig)t y t)@/gﬂ;%&\ﬁ_@? %’ﬁfﬁﬁ’gﬂdg&{‘i%%m |cx'.gw651ﬁ’9§?°§f Wog?lh'e
"-" dpeibdd phathenes, phetcasdictont bi dthek thgao CRBEEL I tY
type shoul.d be .interpret eg t hat . the doping
concEREVARPBACEEFes: v hpartadiodss, for initial raceumailatidreof

dopi nhorsgekdrade@dnapbt h just the letter identifying
the inmpurity type ?/r\/lg%hout the "-" suffix. [0030] Figs

5 j&%y)\s a top plan view of a first enbodi nent of a

pi 29k onst Asdsebhsreindr e desaription ofthe hevennoenhé 687 and
Fi g S5gepiichSidsf w i sistor pixel 210 .which

i ncl udes t a%lsc?lgt%ﬁﬁggt@;(ﬁndr e%@%ct’raéﬁg?c \Mlgheg%ﬂ“émon
40, goumce 6 dbdignaer ddraRad st@pr@ayse Hebds WRREYbmore

t ransi st or te . 80. A 7 .WD 20051011260
PCT/ &S50/ S Isdytype carriers respectively as the majority carriers. The

“+” symbol, when used as a suffix with an impurity type should be
interpreted to mean that the doping concentration of that impurity.is |
“heavier than the doping associated with just the letter identifying the
impurity type without the “+” suffix. Conversely, the -? symbol, when
used as a suffix with an impurity type should be interpreted that the
doping concentration of that impurity is lighter than the doping associated

with just the letter identfying the impurity type without the “-” suffix.

[0030] Figs 5 shows a top plan view of a first embodiment of a pixel
constructed in accordance with the invention. Fig 5 depicts a four
transistor pixel 210 which includes transistor gate 50, reset transistor gate

40, source follower transistor gate 60 and readout transistor gate 80. A
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phot odi ode 21 and floating diffusion node 25 are al so
depicted. Tile transistors, associated gates 50, 40,
60 and 80, photodiode 21 and floatng diffusion node
25 have the same function as |ike nunbered structures
in Fig 1A in addition, the pixel depleted in 1-1g 5
e a floating di ffu3| on capacitor 82, which has
WO ijmﬁzgaer capacitor plate electrically cou%"%’éls%"?j"“"““
the. floating diffusion node 2 S and an upper
capacitor plate connected to a contact 83. The
St LHGloH R AN hn@RRSadh b AEFakiohidk@: Mshenrd aebfr@%ntﬁn»as
descri bed and set forth above in relation to
LA raffisromnasseiiated garcappl 0 60 Lapiiémsphmcesabﬁndzl G 5.
[0Q31 hown i.n EIGS 5_@nd6 t.he fl.oatin
'%\%ﬁgﬁ‘m BRECtsF 5T SUESHBT BPESR AR P fFver
a Reith, 64 &h«{ he Lh pakiing: , ¢hf biusi @bidede 25,5 adphs -
| ocat ed between the transfer gate 50 and réset gate
40.ficphes G@wpt@maﬁgr E&y BrYCaRRs Anci loweneapaciodr piive
pIX? 21 V\,hl d lﬁj ot g:floatlng di f.f usi on node
%ﬁ%‘ﬁp?o?o CARCSEHBYIOR IPSF 48 A B M R05har ed
- t 0 @pld@dRpla! Qnrdake 167 coRaR\ RNt TN uRhXeihd PRéiton of
capacitor 82 needs only a_source termnal as no drain
t er Wicrnimbgch clemsnrray dsicaeesd 496l SoIRTED eh@stin oderiaf o
cap s.the floatin usionghade 25. Metal
i nggéQt gﬁ“gé r1a§‘°é1 io” %gn%%-%‘tt Vil toﬁu::e Snt'act 83
which is electrlcally coupl ed to an upper el ectrode :
off 0ezIfaciak eowhdn FEGS5S and 8 thofleheipg diffasian sapacioe 82 is coupled to and
foll ower gate 60 and row sel ect gate 80 (descri bed
alremeed\Wvéha goafdares e dlobingfdiffusich)nodd Z8) 3] is Tdeeted bgravednt the transfer
82 can be forned in a manner simlar to the
P QapeH0lah € BRetGale@n. THe capitbrisansvess avaetiof aréa e tigl xR0 which includes
including transfer gate 50, and at the sane tine as
t NBe PEAIEL BiSTuSibR PSde2S EThet capdcaomB2ichreomtipyes lagmt &rsa afmpatede
pi xel cell transistors. For exanple, an insulating
| &y @trafigiytori@teldh artkspientibral pied. Theenpating 83 wbslsoaly@ sawrce tegninal as
gate oxide layer, then a polysiiicon blanket |ave is
f ofodin tedinae dedeysasy sircartcddwdr elerraide oficaphcimn 82 is the floating
insulation layer. The |avers are then
pharedisroldde ba guiagininesdah pe frbtitaedie donneg Withraontag 83 adiighos
82 and the other transistor gates. Thus, masking and
et gécusdabpsoupfedito frouppengdectrnde fatmcicaBachilfod alg@depicts a source
transfer gate 50, source follower gale 8 WO
2 0%6\0&%36@0 Red’ l‘ol\i%&@ﬂga&MHMcnbed above with reference to FIG. 1).

[0032] The capacitor §2 can- bs formed in a manner simitar to the
polysilicon gates of the ransistors of the pixel, incimding transfer gars 50,
and at the sams tims as the process sweps used to form the otner gares of
the pixe] cell rransistors. For sxamnpie, ar insulatng layvsr mav be bianker
formed over the substrare as the gare oxide layer, then a poivsiiicon
bianiet layer is formed, foliowed by a bianikst foranior of an insutanon
layer. The layers are then photolithographically patterned, to form
capacitor §2 and the other wansistor gates. Thus, masking and erch steps
for forming the gare capacitor 82, transfer gars 50, sourcs followsr gate

g -



60, row select gate 80 and reset gate 40, and ot her
transistor gate structures on a chip containing a
%ké_(zel Array can all be perfornmed at the sane tine.

aPHé% or 82 is formed in an area where i PCUWSM04/022564
not block the photosensitive area, e.g., photodiode
21, of the imager. [0033] FIG 6 depicts a
cross-sectional view of the pixel depicted in FIG 5
along line AAA of FIG 5. As shown in FIG 6,
capacéqt or Sé over|ies at |least a portion of trench
i sol at T SAV PEgTEIOR) apbiesraate 49, st ouha transistongetest ood

that dhensanafi .formed over any. ot her
portion OL? subéé%l‘rﬁ tcgggg Lé?ﬁb"fc?ﬁéa@%ﬁéﬁbf:@ﬁ Quned yihe
to formetimansTier capatieor 805 forfedtin @RhRa PherS R YoEEnot biock
foll oner gate 60, row sel ect gate 80 and ot her

transi §P88t°@%ﬁsg“’§tafﬁc?'ﬁp§ oﬁﬂgﬁ%ﬂ)pf donitwEgni.ng a

pi xel array. There may optionally be a cap |ayer of

TEQBOGB et r acEh@l 6 AepidRS drb . coatin .
conpgyl g,f or med oveflg1 t he rgsg?gcg%ong{)%{lf gg%s‘f%% d&ﬂ‘g?ﬁdd’él
vaport & @pdang nsnA(ASwDFIGf br Aschophén FIG. énabh@ror 82
deposiyk.i [ 034] .As shown in FIG 6,

opt i S f“tdlg%gglpg’g%%%lég%”é]z" ‘Sﬁﬁiaé“%%%ﬂn 285 PAwEVea iblpuld

bot h tsiwelersedod thangieatpgitor 830N BARALLIQY, | ke-
nunber ed el ({gl%nts descri bed above al so refcgranféﬂ%tke

same RATBOR At BOSERISIZ0 wsing the Mg pRcesteps hafornomiratt gil

| S sIBpMestOF. 0 t rface of capacitor
82. Treénch E’:{s{% qui ﬁccr%g?%%pﬁ%g%ﬁwﬁg c?t(ﬁaﬁ"eggl?&d Qther
STl praems gaw sbucaires@d aletip @On@fniry 4 piseriak OFHS),
procesgi, %{ ot her suitg%lpe &rocess.giOQBS] 5‘A © may
t r anSIPTOBHY 572 eapdAp F dFOS tewreal ayghpsilieste)(oratther
showtp RPN ¥ d BEe,f the el.enments of
the pi ;léﬂf%fc%u%} | ayers mgrﬁgglﬁgs&? eedrruasfné'crhacfnéc";gapor
Si Cp,deppsiion Béacxm;, BREGheodepdsiton @ibhiqwd,

whi ch coul d be planarized as appropriate. Conventi onal

pr doessl ng RS i ed o to farm for
exgrrpl e], confmggts (Hgtﬁy%%\ﬁ%?glfl% Sl%fﬁéﬂ f%ﬂf%&i%m%@er
to prioynealengboti udds o onsert §200150 ond e4paEiesH A MNic.
regigns., floati n)? dj ffl[I)Si onh region_ 25, and ot her

Wi T ndm%o ed Gletnets describgd abov_c so refer to the same elements

depicted in FIG. 6. Optional contact 83 is shown formed over the upper

surface of capacitor 82. Trench isolation regions 28 may be formed by an

STI process, a Local Oxida_tion of Silicon (LOCOS) process, or other

suitable process.

[0035] A translucent or transparent insulating layer (not shown) may
optionally be formed over the elements of the pixel. Such layers might
include materials as SiO,, BPSU, PSG, BSG, SOB, BPSG, or TEOS, any
of which could be planarized as appropriate. Conventional processing
methods may be carried out to form, for example, contacts ( notl shc;wn) in
the insulating layer to provide electrical connection to source /drain

regions, floating diffusion region 25, and other wiring to connect gate

9



WO 2005/ 011260 PCT/ US2004/ 022564 1ines and ot her
connections in the pixel 210. The contact holes are
then netallized to provide electrical contact to the
pHBEYGALI% reset gate, transfer gate, and di focyRisodS 022564
[0036] In general, process steps may be varied as is
requi red or convenient for a particular process flow
The above description of fabrication nethods is only
illustrative. The techni ques descri bed above may be
i mpl egﬁgted with a wide variety of fabrication
t echndiP6y s Other gomrctgRsip the peck2e The bkt Hold are then
gate GRQAaEiLLPF ' dwth floating diffusion
node 25 can se éév?d}:ﬁ?%&%%&oerﬁ%% to e RRIPage isepsaetet y
of t heanffepgiicngnddiffisishon node 25. I n sone
ci rcunst ances, for- exanple under |ow |ight
condiphhons, it ma e desirable to only rely on the
i nhgro g?ﬁf capgf[é igF'é/l”%f PIOGESS FYBafay Pedintiedigs io requirdé o2 5.
Under caHedhidrioVibs 4 ﬁﬁcul&:oﬁl:@i:éé's Bw~ e,regpaci tor 82
remains in the "off" or i nact i(ﬁve's %taeb;ovgﬁﬁ%?lm?‘h%f
capaciftisicagon metheds inouly ihtsedtian dlieoRthighes3@ sélRaLEove
~or is graunded. 1n_ ,other circunstances, including
condi t10ns WX A grE%F'érlhal‘T"éﬁt“’f‘?Wé’ﬁgblﬂyéﬂqthChmyogies.
desie[ra.bzlj]e to rely on both the inherent capacity of the
f1odOP3g di f Wish mfcrandao F8GaNG-8, BercadfididoP 83 associated wi
capaciﬂt ‘8’% vided by capacitor 8 %S Unger Osucﬁss'q’ﬁ?tﬁﬁ‘mh
i ght "2 8, 096 125k spleeivelydnercasa phe stooige 82bat ity of
sel ectthé/ﬁJ)éﬁr%cajgu' abtedofy2ppl | i.on. of a valtage to
contact 83to provide oadd?t?%%égﬁé ChaP Y&t foffgample under
capacile lighhtandiugrecirinvay bgatdsibghlofo 6419 rafBAGHE Hherci?
provi d:(iasac gd%ti ohal. c%g&f%j tance for_storing charge
t r ansF &GOt B g ognRqstsAbo dVader saeh IgwoRER] An
exenpleandgitons thé tpaciedr SNemBingh 1l Oyl o fihe i nvention
is now descri bed?)\r/d\/i th reference to ﬁ(%.tmﬁmé’ﬁ&mg’ thus,
Wien {ecapagirsi&2ois ngpaqtivated andmotoict B3 kit @, is tRnded. In
fl oat ing-dj | capacit ance. cones, fromthe o
f1oating fgﬁ%g{%{]&h@ SS’% CERANOPY WP B FRteight intensitiit
capacintayrbe8Rsirablt to sy or Both Gikatieredchs é&ﬁ?%‘é' of
t he c%cjtor d82’>'j S ar%ded to that of t%e 0 kﬁcaffb‘iﬁng
sion node 25 and the additional capacity provided by capacitor 82.
Under such "high light" conditions, for example, gate capacitor 82 is
selectively activated by apph'catiqn of a voltage to contact 83to provide
additional charge storage capacity. This selective gating of the capacitor

82 provides additonal capacitance for storing charge transferred to node
25 from photodiodc 21.

[0038] An exemplary operation of the pixel 210 of the invention is
now described with reference to FIGS. 7 and 8. When the capacitor 82 is
n an “off” state, the floating diffusion capacitance comes from the
floating diffusion node 25 p+/n jimction only. If the capacitor 82 is in an

“on” state, the capacitance of the capacitor 82 is added to that of the

10



WD 2005/ 011260 PCTI US2004/ 022564 fl oating diffusion
node 25. As a result, the total capacitance of the
f\l}(g%&_p} 12gljiffusi on node 25 is increased. [0039] As

S > G 7a, the gate capacitor 82 and thg.
transfer gate 50 are in the "off" state. At thgllésr%%m/ozzsm
of the charge integration tine, the floating

di ffusi on node 25 previously reset by the reset

transi stor forned about reset gate 40 is ready to
recei fo%a&lle tyon ch%; es 120 from the photodi ode 21.
The capacl# IONNOAE 4P n Y 2 xepeleishe ovtal dapicithAG SFRRE

the t rfRAsACHIERLE e 285 ; in FIG 7b, once the
capaci t or %2 and thec trsa%E?égrrS]Cdgate 50 are turned

“on," géectron charges 120 are released to nove from

t he [BAgtlodi 0dés sovmintHE. Fhostd gge chphéiusisnaRqle 25,

. X ; st

Si nce gafehfy) 4048l capacitange of the floating di tst on
node th? i's now arge €n %g%t d&%%“c%%f‘ihhéh@ap'am:gmﬁorsamc,
t her e thesflomingetiffisii g del T 9@ vidh ot,odi ode 21.
There_.is no. charge shari_ngbc}]l\?:{/ithS Egscgﬁ%{igoﬁc?faé‘%m‘and
thus AYMCERbORT B Zate 49bis B¢ distostecaire diétfonGtharfes 136 ®om
next phxsHotOBBHADE O rises,.turning "off" "“the
transgﬁ(ﬁgat&g 50 ang: h;é Egegiggﬁﬁggt‘%‘?"%@ " drefaro mpinidpe“on”
char gébet ramét gaeei 50t AAstshewhlinatiangndpfdUgi on node 25,
The eLrgnsctron ch@g:%es 120 are in t he fcﬁgg?:l{bﬁa%regz and the
di f f usi on- ngte” 28R @ny caldcwen cloygsdR0aee: refaldomer

t r ans folv Froy e b HAESibdeS connected to node 25.
The source fol :bovver. tr%lggcl;s OTOEGR SO e A50 rSnce

char g&% P sapapitangt pfithevilatingelifif Hddd-We ; ference
to thg,ahoye descri g}itgn of FIGS. 7a-7c, StFlP&Bﬁ'é g¢ cnough
1

i | lustrates a Sampi T AR e regriamsathargeen did ghor6diode

r eset 2alherdGs ngdhBge SARAE Wit uftdn 204 4L st er, gate
50. As shown in FI & 8, after act |h\?g |8‘%°g£mgﬁ]é“5r%%@g

transT8%r 40, the capacitor 82 is turned "on" before
turning "on" the transfer gate 50 in order to

tr ajoien el edssBhwh RAEQE from the photodiode 21
to the floating dfvffusu%gzc’r]%’gé“f%?"“flc?é’&?}lowe;npgscs

i |1 ustFRipgs of” phowknst garedt aid the@pRitoFBY Gier complete
charge transfer into the floating diffusion node 25. The electron charges
120 are in the floating diffusion node 25 and are read out by source
follower transistor which has its gate connected to node 25, The source

follower transistor converts the stored charges into an output voletage

\

[0041] | With reference to the above description of FIGS. 7a-7c, FIG. 8

illustrates a sample timing diagram of operation of reset gate 40, gate

capacitor 82, and transfer gate 50. As shown in FIG, 8, aft

er activation of

the reset transistor 40, the capacitor 82 is turned “on” before turning

» ~ ]
“on” the transfer gate 50 in order to transfer electron charges 120 from

the photodiode 21 to the floating diffusion node 25.

- [0042] FIG. 9 illustrates 2 block diagram of 2 CMOS imager

integrated circuit (IC) 808 having a pixel array 800 cont

aining a plurality
11 '



integrated circuit (1C 808 having a pixel array 800
containing a plurality 11 WO 200,/0ii 260
R 004/ 022564 of pixels arranged in rows and
ﬁé‘ﬁn?éyg@he pi xel s of each row in array 800 parmeusahds/ 22564
turned on at the sane tine by a row select |ine, and
the pixels of each colum are selectively output by
respective colum select lines. [0043] The row |li nes

are selectively activated by a row driver 810 in
' respondcfe.t? row addr ess dgcoder 820. The col um sel ect
| i nes AFEC SEIBETT PPV 4B¢ iophmes- byhapisds oftach ebeh Qfray

860 i rBOESPANEEntL ok H s decoder 870. The
pi xel array 800 i soo.pewgéﬁg&?f% AW SHG ARG andHerpiels

ci r cuiaf c@gicolwhnare chntivay suapidrigsss#eGRA8) IS 20 10,
dines.

for selecting the appropriate row and colum [ ne

for mpp sig dout. . The timng and control
cirdti %g 50 E%I‘%‘g%ﬂ%se © PleqBYRYF aftated by agowidgivat 810 in

t 0 selresponseeioyroaneidadsedecodat 202 Pakc] &M%&c&g Egésgxg( The

pi xel colum signals, which typically inc el
reset SCSFRERIacivaeed by apelummpisslettor S6ijm 8ipgnsd to Mighhn

are re; d.hgld circuit 861 associated
Wi th tﬁg“g%?‘%ﬁﬁaﬂogc ocrp%%oi‘“%x G gpeater 1y the gnehg and

(Ve coump)cifenitBS0duniet coyudid iR LAl b B, 862
for eaclpﬁt%l&x | which is anplified and 8| gitize %ry
anal od<td-t G ABPTOBBHG &PV e BIBunAD@ys fof hixel signal readout,
anal oOPHeQirfingiahal v, I S lies the digitized
pi xel si ginal g a%lg Cgﬁ‘g&i %&g gpbﬁgxg% §§§m’§ga BRHTEF: @mmg signals
§

per f ortens¢lpanyelymposess garg cipudidor b, si gnal s read out
fromblue pixels are treated as | evels of blue |ight

intepgiiy, Si I read out from green pixels are
tr ezt e%‘{%s I eg‘[el?g&glfco e e hfvmcgtt@ﬁ%aiut’}qdm pixel reset
si gnalsgnhlr(6) raed apietirsagaistridl €9t €drds.b 8V 8ls,9f .
light i nt.egﬁjté/, for . xanpi?gz. WT’F‘?Z r esaJIIt ?l%é%?%lﬁ,mg%om
gr een “HhY" BPLBSPTXER Wi e s oo bdequemiald el diffeperttah@pnal
conmpoent syt pisGeddied 89 R Q4 RUL. ;! .. [ 0045] o
Turning to E{)lé% 10, a typi c:(g\{ztﬁlprlgg1 ggg%’%-%bfg'[s%ﬁhﬂ’éﬁl Stich is
880 i gmplifistmichdigitesd bpehaldpng-dipidl agRtergYE ¢ADBYS Th,
with pixel C%ﬂi l.s, confi Ué;?ed as .
g-to-digital converter 875 supplies the digitized pixel signals to an
image processor 880 which can perform image processing in which signals
read out from blue pixels are treated as levels of blue light intensity, signals
read out from green pixels are treated as levels of green light intensity, and

signals from red pixels are treated as levels of red light intensity, for

cxample. The resulting red, green and blue pixel values can be provided

to other components to define an RGB output image.

[0045] Turning to FIG. 10, a typical processor-based system 880 is
described as including an imager device 808 with pixel cells configured as
described above in FIGS. 5-8. Processor-based system 880 is exemplary

of a system having digital circuits that could include CMOS imager

devices,

12



descri bed above in FIGS. 5-8. Processor-based system

880 is exenplary of a systemhaving digital circuits
that coul d include CMOS i mager devices. 12 WO
2083°%P0112960 PCTI US2004/ 022564 [ 0046] Pr oces amazemeshasc
system 880 contains a central processing unit (CPU)

1286, such as a m croprocessor, that communicates with
an input/output (1/0O device 1282 over a bus 1289.

| mager 808, which produces an inmage output froma

pi xeﬂi %ray, fi" so comuni cates wth the CPU 1286 over
bus [1O8).  ThelBresershised patssn 880 souming 3G catralproaeding g sir

randonTRouye986 ®eRLY (]Rﬁlgﬂ 83, .and may i.nclude
per | pherglg devices. ~such lggcgsam%’l Py HRRCaes Yith apg5

and aeowpREPG(IE0)(detke REME GhirebushdRd, 1l-Ehad Shich
corrmrjrgloc e wi.th CPU 1286 over the bus 1289. ?msige
808 may D& cOrBIRE U RUCAOR B PEekarsys alse gonmmmicatceRith the

di gi t @PU 32898Ver 938850 L&eropracessor, W th or
wi t hout nenory Stor age oghg%%%séf ggslc SEEFR A8 dsoriagindes

or onr&damtacessemenudry (RANENL 268 apd BRESSMide pRRALL devices,

Wi | - ib nbodi t f the i t
ol at &0 BRErY HERFEvEOAT FaY GoRIF ot (R KROMditan

gat e t2pBevHict alsd CorhiutltareGARREIPL A n.be
control | ed bg ssel ective activati onf%%? 6 LQ%BHSCHQ%

under "OREF BP My heciombingrbwith afppocessoa guch abl BP0 gt
i ghtg; bt d : .alternatively by maintaining an
i naciEed gk‘%:dé%ggi"trg‘ﬁlc%tpﬁ?cﬁésé’m&ﬁ? %f HHBeR: memary stghge on a

condi $ihgin syregmeedsddclit o ohR dilfgeay dhiW ni ze that
the broad scope of the invent icon i%%&%gg\gaff%ﬁs

ot h pes qf, pixel cells and imager devices

sep roéltt7 ly or ?éﬁr"ﬁf’@ﬁdﬁphccb%b rseoffthe iressdidig
CONPOReitE & pileldeBEBrYIRHICE A58 188 o8] £CL 1 ve ,
activation of the capacitor %t?l%tdﬁﬁezuslmrﬁ/%ﬁfici‘ﬂ‘?c’é%ﬁ% which
an i n@gegeys €8, befcantuoliadby esledrive aadvage of theltafititor under

dynam g, [-ang i ut put si gnal ,. hi gh .
si gnal Fo- noi%glesgrng fgo,r cg?faplc Friigh dehhegnsitiansopmge

capacilteynagivele by amaindaindey &f "inhaie " cgudid, asmwel |
as high conversi.on gain wthout ch rge&]s ar F%gog‘r)“éldcr
lag o ?Vpliﬁ?lt §PYH4Pas, one skilled in the art will recognize that the broad

scope of the invention includes various other types of pixel cells and
imager devices separately or int_cgratéd with one or more processing
components in a semiconductor device. Selective activation of the
capacitor of the invention enables an image device, for example, to achieve
a high dynamic range, high output signal, high signal-to-noise ratio, and
optimized charge storage capacity under any type of light conditions, as

well as high conversion gain without cha.rgc sharing or a lag output signal.

[0048] Although the invention is described above for use in a four
transistor pixel cell fo; a CMOS image sensor, the broad scope of the
inventon is not limited to such and may be applicable to three transistor
pixel cells as well as pixel cells having more than four transistors. The gate
capacitor may also be used with any suitable Image sensor,

13
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[0048] Although the invention is described above for

use in a four transistor pixel cell for a CMOS i mage
SO e broad scope of the invention is not
Iim?‘{/e(ydn% such and may be applicabl e to threRCT/US2004/022564
transi stor pixel cells as well as pixel cells having
nore than four transistors. The gate capacitor nay

al so be used with any suitable i mage sensor, and nay

be 13 WD 2005/011260 PCT/ US2004/ 022564 used for
exanphedw i rther, although one
gat e ca&%%%@??ﬁlﬁ F‘Fﬁgﬁﬁé egcn§n§' &ﬂ%f’ﬁi‘ho Li}ﬂnc gate
1 ef er eapeeitards BivGBarcB aBd dedcribbo witth refeendd 46 PRGOS [ RS ould
nor e Bgan one g_a%e cagz&ltor may al so be coupled to a _
f1 oat PR HTPRGY; A HEtHD2T BBA 1 cprACitor man elas ba coupled to a
si mpl fbdteG GFuGHhhodd0 for an exenplary CCD imager
having a gate-capacitor 482. Gate capacitor 482 is

el e (iﬂr%?ﬁal ly _connected to a floating diffusion node

425 vol t agé-slduthews wemplified cirouit 406 fort mgaemblagy CED

i mage; : i.des _sequ [ i xel, signals as

out pui B ey Rk 98638 BB, Bref et A o
sour ceorfreticdwera fidarap sliffisoh KRii4g g@t@é?@somdvﬁﬁs 6
gate 440 in a sim/|ar manner to the way These '

el emeRtBULFREHEY GGP iRwEcSEREr PoPvidesGMDB il el signals as
Sour cgurpliPli r Ler t red, charges ipto a
vol tag%man&bﬁil@’cagglﬁgg%@% @%&9%5%9%0% ?%Hg‘? ger
havi ngasster i8ing it k@, mdChisE shte Bl in als8fils reinneAQGhe
oper at es .f or iH—f%Ht and autgg‘{/ of phot o- gener at ed

char g% FEBOFFRE Foigein B picd of g MO iaw gatb Soereray
be fofoiedeAlodichirir®Rioredi ih@Qr 1Pl ey .as i mgers
havi ng arfays of about ri.%% %%@xae%aggm%ﬁ&ﬁfm%m%em

megapio¥eteicct Pansister havihegab a8 - dbsike e OShRgERG,Ser
of th ' [ iLncl ude ixels with shal |l ow
bur | e%Séphlg%g%lg lgcgﬂégp U 0”5?‘6%% @86$§°Wat€ﬁéh4fﬁ¢fent i on

i ncl udes other types of photosensitive elenents in

ot hE}O50dnf i guiFlat ingasr d§v0@Sddschibed ahorn endasioihtd SR Ent
drawi ngs il lustrate .enbodinents which achi eve the

obj ectS ofr FRE BT e ¥MASTH I&RE arays Af ehettgh3 eragapikals to
about 4 megapixels. Further, the above-described embodiments of the

wmvention include CMOS pixels with shallow buried photodiodes. The
broad scope of the invention includes other types of photosensitive

elements in other configurations.

[0051] The above _dcscription and drawings illustrate embodiments
which achieve the objects of the present 'mvéntior_x. Although certain
advantages and embodiments have been described above, those skilled in
the art will recognize that substitutions, additions, deletions, modifications
and/or other changes may be made without departing from the spirit or
scope of the invention. Accordingly, the invention is not limited by the

foregoing description but is only limited by the scope of the appended

clatms.
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advant ages and enbodi ments have been descri bed above,
those skilled in the art will recognize that
substitutions, additions, deletions, nodifications
and/ or ot her changes may be nmade w t hout departing
fromthe spirit or scope of the invention. CLLOYD WiSE
Accordingly, the invention is not limted by the
foregoi ng description but i<loxiMS|Iimted by the scope
of the appended clains. 14 LLOYD WSE CLAIMS 1. A
met hod of formng a pixel, conprising: formng a
phot osgnsorp tﬁocﬁ%hﬁfh&% pi?é‘li goﬂg&tig%ﬁensor det ecti ng
and storing photon energy; formng a Transfer
t r ansi ®twmghaphogsensgabe 0 Bulsstiatt, suidsphoadsensod etecting and storing
ﬁﬂk@cent sai d photosensor; formng a reset transistor
Iy Gat e on said substrate and on a side of said -
t r ansf Rmincad shBdfer i RorORPARE bSa8abA sQilapsgxg € @hd adjacent said
forming a floating diffusion region on said substrate
tosens@een said transfer and reset transistor gates;

and fogm a te capacitor over said substrate, the, .

gat e c%’g]g{:}’l%tao?e% TG (%)rgtéatvglg a ﬁg{ev%]e??“% ﬁﬁlﬁlf%ta ATk gt a side of said

atrethsfep @RS SOAPERE SpEIsitg dhidphandedogct ri cal Iy connect ed

to the flpating  diffusion region. 2. The nethod of

¢l ai m formigges Epatingndifiysion regioacan wid pubstratenand kevepemsaid transfer
t] : - kng di ffusion region and an active

ggggbgfngg?%Hgﬁﬁégggée_ 3. The nmet hod of claim 1,

wher ei formaiges gafe cxpacitoreset saidandisgitef thet g shicitor being located

transisto ang gat.e cagathor are fornmed at a sane )

p‘?e&éf%%ﬁaﬁf{;tfgl%s g ang resph, rapsitan gatey and eleqimqally,gospested torfke floating

oditfesieAR@géd. or is formed over a portion of an

isolating region. 5. A pixel of an imager, said pixe

conprising: a photosensing region which receives

I nel deﬁ‘.t l_l 'gget rr?e%jodggp %[a%%eﬁ Rfﬁgrte%e{h%céartle %apacitor is formed over a

portion of the floating diffusion region and an active area of said substrate.

3. The method of claim 1, wherein gates of said reset transistor, transfer

transistor and gate capacitor are formed at a same processing step.

4. The method of claim 1, wherein the gate capacitor is formed over a

portion of an isolating region.

5. A pixel of an imager, said pixel comprising:

a photosensing region which receives incident light and generates photoelectric
charges;

a transfer transistor having a gate on said substrate and adjacent said
photosensor;

a reset transistor having a gate on said substrate and on a side of said transfer

transistor gate opposite said photosensor;



charges; a transfer transistor having a gate on said
substrate and adjacent said photosensor; a reset
transi stor having a gate on said substrate and on a
side of said transfer transistor gate opposite said
phot osensor; 15 LLOYD ANI SE a diffusion region for
recei ving phot ogenerated charges fromsaid

phot oseaiFfulidnlegioR Tor frbWird f)fﬁd@%éﬁ@rd’t&gék%‘géé%ﬁg said photosensing
between said transfer and reset transistor gates; and
aeglonasid diffusioapegipe beinghetweraiseid tpnsfeahéraset transistagetes; and
capaci ta sald. diffusion region,, said capacit.or .
havi n gétaﬁégt glfl? X ?%%é‘& 9 bsé{l{v@%ﬁlys &y a@? alfsflisFeasn fapadianee of said
t didflasios tregiogasatd cafacitédr GO MAGRE 160ASIdEBRIwWeeHTRAid Standfer and reset
a processor; and a CCD i mager coupled to said

PrYEEE $ASsai d CCD i mager conprising: a register for

i nputting and outputting photo-generated charge; a

storage node, connected to receive the photo-generated

char ge6.f r onA @D dmeggyisystem, camgrisihg:! east one gate

capaci tor connecéed to the storage node, each gate

capaci $ BP°BEPh@™Sel ectivel y operable to increase a

char gea 6T Rgkef 8RS BNGR fbcesbdte sl €AY GndiRH Comprising:

The systemof claim®6, further conprising timng and

control cirerdgister fof mpuimgandtoutmytizng photorgensirgnd charge;

igl ectivel Ya %Po?zrig%t r?o&er,] ecorafrtleclteeda B r2BR e %8s %h%?ogge%léa%d charge from
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said register; and
at least one gate capacitor connected to the storage node, each gate
capacitor being selectively operable to increase a charge storage capacitance of

the storage node.

7. The system of claim 6, further comprising timing and control circuitry

for generating a timing signal to selectively operate the at least one gate capacitor.
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