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CMOS | MAGER W TH | MPROVED COLOR RESPONSE FI ELD OF THE
| NVENTI ON [ 0001] The present invention relates to

i mproved sem conductor inmaging devices and, in
particular, to a CMOS i mager enploying a storage
capacitor for storing accunulated pixel signals.
BACKGROUND OF THE | NVENTI ON [ 0002] CMOS i magers have
been increasingly used as | ow cost imagi ng devices. A
fully conpatible CMOS sensor technol ogy enabling a

hi gher |evel of CMOSIMAGER WITH IMPBOYERray with
associ at ed processi ng Or.oR RESPONSRef i cial in many
digital imaging applications such as, for exanple,
caneras, scanners,prfah Q¥ THS INVENTION, vehicle
navi gati on systens, video tel ephones, conputer input

de"td‘dﬁ;C o H éﬁk&s&xﬁﬁ&&nﬁ%ﬁ&&ﬁs rPidiRovdda iicodat e imaging devices

sta anmong many others. [0003] In a

ana,an\pemcuma:b a(@VOSOMIBEger eraploying RIstorags ¢apacitor dogstednep
ixel cell erformthe necessary functions of (1)
acgy %ﬁdf’ﬁ Lﬁ%?@*e conversion; (2) accunul ation of
i mmge charge at a storage node; (3) transfer of charge

fromthe node BAGRGROPND OBTHBINVENTIOMani ed by
charge anplification; (4) resetting the st orage node

to a known state before accunul ati i ,MA c.har .
- and[@¥2dct tiM O rpes™s BrverResRincrsign )Pé‘? anlg&'gmgﬁ gh e E% devices.
l%%lg c&%ﬁ%ﬂ IsSHisBF tc'i‘,ﬁﬂol@éﬁéhalﬁﬁng'&%lic@ lévElasTsfitegration of an
rge~troma oto conversion el enent to the output

imb g@arsdystic assadmeqb pmcosmmmms bensfisial ingnagy dgity imaging
i mager jca I ei t her
<ppUEERC Ab A OB <o e S De i P i, vebicle
na(aﬁa sg?t%ﬂﬁ %He@tclnﬁﬁeﬁ&?é’éxﬁpuﬂ:@ﬁgéﬂ ddvieEphaeillatddstems, auto
ging circuits as wel [ as detail ed descriptions of
fotBeystémnatd sastrakemanengmaneRbanserent s of an i magi ng
circuit are described, for exanple, in U S. Patent

e o&@g&ﬂt g{l‘% c‘bﬁv%%%gagﬂgo‘i&og%ﬁg& M. acévéel&n&ﬁ;@ of ®pixel cell

at ent b, 326, 652
peRbaf eBe naddisaly fihaineot H QoL mac@axgcmmgoa, @ﬂ @ﬁcé\l@'éﬂaﬂc’n of

capaci tor connecte the_li sepsi t ode
imagpehavee €& qt@@geeaogq, &?)aré'@s{oﬁ 8? g\y: M node 8utput transistor

accompanied by charge amplification; (4) resetting the storage node to a known state

before accurnulation of image charge and selective output of reset and pixel image signals.
A transfer transistor may also be used to transfer charge from a photo conversion element
to the output transistor. The photosensitive element of a CMOS imager pixel is typically

either a depleted p-n junction photodiode or a field induced depletion region beneath a

photogate.

[0004] Exemplary CMOS imaging circuits as well as detailed descriptions of the
functions of various CMOS elements of an imaging circuit are described, for example, in
U.S. Patent No. 6,204,524 to Rhodes, U.S, Patent No. 6,310,366 to Rhodes et al., and
U.S. Patent No. 6,326,652 to Rhodes, which disclose a CMOS imager having a storage

capacitor connected to the light sensitive node to improve collected storage charge, a pixel



1 sensor cell formed in a retrograde well in a
sem conduct or substrate, and self-aligned contact,
respectively, the disclosures being incorporated
herein by reference. [0005] CMOS imagers typically
suffer from poor signal-to-noise ratios and poor
dynam c range as a result of the inability to fully
store and utilize the electric charge collected by
t he photosensitive area. Consequently, storage
sensup a€ll formed iRy eetb@idewelpinsedmidonductoe substrae) aed sdfodigned
with the |ight sensitive node of a .pi xel , sensor
Coeéacr,srcapsctm% Hhredisciospres being Wwﬁt\%@ &y refgrence.
exanple, U S. Patent No. 6,204,524 to Rhodes descri bes
in rdeesy | chod i?ﬁdg&ts t&ﬂ ﬂ!g siffé Tefm poer J1§t?a‘ﬂ-‘§$‘-n§is€i~ﬁﬁﬁ and poor
capaC|tors el ectri nected in parallel wt
dymhmid fagie assencsilt ofhe fumdditp to fullgmos: pnldrzetth@eths clcchChargc

Oﬁlooo‘ﬂg% e ca?l%c%tg‘ﬂéo %ﬁ%@t ggr Vi deﬁgsgrh%%%?cmpmposcd

fob 8Sh lcbi€ecBBH Math Bk Bight icadtiveh@IFESHaSCRIOS pielded®r cells to improve
sensor cell, such as transistor gates or floatin

colipqedShagee ?ter}sen For Fompli A BeenNoi 1264 S2e0 Rhodes describes in
dePitfth@ %’ r%‘an%:q /f r o &cncﬁtsl:o o ca %clilt% %ggmgatﬂg cl)h&!&cd in parallel
Sensrtive and) 8 8 Bt rreal % R

witlo tHeeliphe skrsieive ueHe vl CMOS bb;gmcnﬁﬁra;s]l.t i ve and/ or
electrical elenents of the pixel sensor cell help

e (000 Srae earosh may 45 PSSR B robls Pes Flrsely

coh Q¥ aPISEhEERMREARE GRRAGH dQdirical @Q&Zlm @f@ﬂ@{%&d%&sw €411, such as
storage capacitors are described in co-pend

tranaiston gatsp el flemingadiffi@een cegidxs, forl@,taﬁmk; 80 foecftuthc-s dperation and

Novenher 26, ,2002 Hovvard E. d Jeff Kee
b FRER of Riehant Qi dakt SRR S o e tiooh BepPas SURFaors
cofthectabhioCdich Fariis WgROsbigide e R elcbmcmaﬂaﬁ&&s Bf thExel sensor cell

storﬁﬁg capacitors are electrically connected to
helpamplify the signal ebarsimageetransistesy ingreasst the storagsl capacitaacegyf a
er, to affect the
Ph%gﬁh <h&§§§§§ cggbé%gg?ﬁgéhgf%¥¥‘such various |ight
sensitive and/or electrical elenents, add charge
st 0{@e0¥ }c aExbinpletof sach sthegp capatitare nneoicscrdjeﬂ in co-pending U.S.

peleit st sk oo B R0 807 Hedivorinn 26,2 by Rigwaga =

FREY enfifidd SEMGYBMATAC PHALL. DRSIGNSE the disclosure of

electrically connected to a floati ng diffusion” region
whi¢h ig insiogsirated hsrsin by rdferanet. tThestorag®: capacitids arElelectivallyyeonnected

to vgr%uas% he acpnsﬁ% 20d oryclc?:tncal elements of a pixel sensor cell of a CMOS
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imager, to affect the operation and characteristics of such various light sensitive and/or
electrical elements, add charge storage capability to the pixel sensor cell, independently set
charge amplification, and improve the lag and scalability of pixel cells. According to one
embodiment, the storage capacitor is formed electrically connecred to a floating diffusion
region of a pixel sensor cell and to an AC ground. The charge storage capacitor may be
formed entirely overlying the field oxide region isolating a pixel sensor cell, or entirely
overlying the active area of the imager, or partially over the field oxide area and parﬁially

over the active areca, According to another embodiment, a charge storage capacitor is
2



formed entirely overlying the field oxide region

isolating a pixel sensor cell, or entirely overlying

the active area of the imager, or partially over the

field oxide area and partially over the active area.

Accordi ng to anot her enbodi nent, a charge storage

capacitor is 2 fornmed electrically connected to and in

parallel with a gate of a CMOS i mager transistor, for

exanpl e a charge transfer transistor, to tailor the

fornletlatretrimallisemniected e ahd ansdralle] githa gandof 4 GM @S ansger transistor,

transfer characteristi¢cs of the transistor. In yet

FOfi FORRBIE oA TragRes Eransiseor, & F‘H?f s DRjees £ fisctrangfes gate and
r . ; [ : .

O P el Y Nl B et BB b RUHE ity

ofsosgt capacivors eteformed aver alfielibortide regidnhisolatimegy® pixelsonsor cell, and

exanpl e, one storage,capacitor nmy. he connected.to a

A Eoris-iiie JEPON JEBG PORCR O SRORFO ISP 00 ke imdger. For
cFRRAE, R stdF ik daBacdP BRY bR ¢ohfecledCloa! MatiaR!difeidr R gion and another
regi on. O her enbodi nents groyl de a capacitor at one

storagasepacisoimey bocometieditoh onkectibn gegipix.e Othesrepahyodiments
cel), which can be forned entirel over a.fiel oxi d .
pitide's Sy A bR IRk SRhfbmloGHBhs 864 bifelaeRi S8, which

cfdibid fobrfed Entielyl Rt fa AUHARIMR 86, aiiteRbvAEid XRive i@l area, or over a
area. [0008] Wiile the use of storage capacitors at

porsionsd ¢ feldamidosrsa and #n artiae pixgldrea.i nproves pi xel
operation, those capacitors have the sanme capacitance

val ygob8] eRGhile Ple<Gk ofG&%,[cSc?g%it?ﬁ%t Qﬁo&%&aﬁbﬁ?ﬁ% la pixel

t he photon to charge conv aracteristics
inezroves pixel operptions [thosS\dhvpakRYrsGavd tHE shuNv/EhficiEde 38100 JforTdach pixel

resent invention, proyides CMOS i magers havi,ng stor.ag
cqlogand e pat oplmized Boriehe PROIoH P Ch#EE COBYRRIRH ERARCHSHCS of each
uﬂggﬁ@gs light sensitive and/or electrical elenents of

a 'pixel sensor cell of a CMOS imager. The size of

each capacitor is optim zed based on the <color to be

detected by the pixel to which it is connected.

[ 00010] Al so provi cEdMMARRE QI TEE INVENTEGN he
pi xel s of CMOS i magers containing charge storage
capdenog) s Thr prescnbimsend®i pariies CMOS $mages Baagricaiage capacitors
it ach of the pixel caolors. [00011] The presence
ofrlegted Sppacitanse compretachie vapgws light sensitvs gads euslectrical clements of a
pitdIRLVSEELIl 63 CMOS imager. The size of each capacitor is optimized based on the

color to be detected by the pixel to which it is connected.

[00010] Also provided are methods of forming the pixels of CMOS imagers
containing charge storage capacitors in which capacitance values are associated with each of

the pixel colors.

[00011] The presence of a capacitor, and the size of any capacitor employed, is
determined based on the color of the pixel to which the capacitor is connected. Generally,
the capacitors fall within the range of 1-50 femtofarads (10° farads). In an RGB color
pixel arrangement, for example, most preferably, red pixels will utilize the smallest
capacitors, about 0-20 femtofarads, green pixels will utilize a middle range, about 2-20

3



determ ned based on the color of the pixel to which

the capacitor is connected. Cenerally, the capacitors

fall within the range of 1-50 fentofarads (10"15

farads). In an RGB col or pixel arrangenment, for

exanpl e, nost preferably, red pixels will utilize the

smal | est capacitors, about 0-20 fentofarads, green

pixels will utilize a mddle range, about 2-20 3

fent of arads, and blue pixels will utilize the |argest
femagfads,and bhﬁ&;ﬁmﬁls BilDtilize ahoolh Ayestctapacitoss, abapdc2@ fnstofarads, The

are sized i tion to the el egtron oducti on of
CARICGIQISAE SiF n tethe oé cgtﬂ:ecoﬁ%g pixel. Red pixels
proliG&ihe %ﬂ%{l&&&h@kﬁ-{%@mﬁﬂ'g ﬁaJc'Eﬁ StREhdsE Bk no?Ea B&ror. Blue pixels

capaci t or produce the nost el ettfons,
praduketthe tafso tlecthrms paridithetefisrg duate tha pargest capaciBre dbremi pghls produce

IR SN '”qcﬂ DndPRuNtc bet peen g AndBhY i electron
‘-'B&%ﬁtdﬂeﬁ’s ngt & Bf cdef rcﬁﬁ?a'lf & & ufiBed. By employing

capacitor to |ze By enpl oying capacitors
capaciters sizediie Ireimmntot the teleetron pradugtion pHergh cplon pixtel, dacyensitivity of
olor |xel t he ensitivity of each pixel circuit is
cafh, PRELAUCHIT 19 196%535F Addi ti onal advant ages and feat ur es
of the present invention wll be apparent fromthe
f ol l[oed1R] deldiibedadRsegtpinddbatand of Havpregat mvmim will be

illustrate preferred _enbodi nents of theivgq &Iﬁ
aPBHCEF&gEs@RMHW grtaifededespyprion@ad dsemn CE ystrgte; preferred
A §ﬁg of a pixel sensor ceII in
“raccorda nce Wq?ﬁéi{d%ﬁ‘ rst enbodi ment of the present
i nvention. [00014] Figure 2 is a schematic di agram of
a pi xel sensor cell fabricated in accordance vvith a

Figire 3" koMl eSclEF N SRR BB

fabricated in accordance with a third enmbodi nent of _
t he [9@@1&% ntFiguredris a echenfado dibgianFpfuipigclscnsor selsiprsperdanrce with a

di a i xel sensor. cell fabricated in
ﬁrs(,cng Og{ﬁrgf? %tgﬁpﬁfs‘?rﬁd’ﬁcﬂng’l‘rbodi nment of the present
i nvention. [00017] Figure 5 is a schematic diagram of
a pi[aedliderBgire Qdb h sdhrbravic diagehoi of a piveloenkancel fabtitatal in

fifth enbodi nent of the present invention.
accordance with a second embodiment of the present invention.

[00015] Figure 3 is a schematic diagram of a pixel sensor cell fabricated in

accordance with a third embodiment of the present invention.

[00016] Figure 4 is a schematic diagram of a pixel sensor cell fabricated in

accordance with a fourth embodiment of the present invention.

[00017] Figure 5 is a schematic diagram of a pixel sensor cell fabricated in

accordance with a fifth embodiment of the present invention.

[00018] Figure 6 is a schematic diagram of a pixel sensor cell fabricated in

accordance with a sixth embodiment of the present invention.



[00018] Figure 6 is a schematic diagram of a pixe
sensor cell fabricated in accordance with a sixth
enbodi ment of the present invention. 4 [00019] Figure
7 is a schematic diagram of a pixel sensor cel
fabricated in accordance with a seventh enbodi nent of
the present invention. [00020] Figure 8 is an
illustration of a processing systemutilizing the
pi xel sensor cells of the present invention. [00021]
Fi 9y0e0] Figikei7 i U SéHcataio Aid@tand B picel dehidreell Bibeidattdin
conjunction with a pixel sensor array of the present
acg iwith 2 BETath b @iscR FFThORreSMUPREDERKENT] ON
[00022] In the follow ng detail ed description,

ref i : . ki ' | 1

o NGO, gl e b kAR GO/PANNER PR RRRRR M pbce scnsor
celli bfnhi padsextningggonf i ¢ enbodi nents in which the

i nvention may be practiced. These enbodinents are

- ERROEES o o i At B e R B e il
seHH Aha} 8Pfhe PhdknOinb&itiodbodi nents may be utilized, and

that 'structural, l|ogical and electrical changes may
be made w t hout departing fromthe spirit_and_ _scope
of the prcDERATISRESGRIPEENOFHE DNVENTION, -
and "substrate" are to be understood as a
Sem6eGEIC A th D ASRW KB UEL1A desipidd] RerShdelif Blde to th
siIJcon- n}?nsupg?br SA) or silicbn-on-cga ph?ﬁ% ©
actSaE)nyirgodmwingy whididoed agnad henadpand! isevhidois dﬁwm by way of
..epi taxial .layers, of silico supported by a bas
B ARSI G SHGRt i e s BEREIoAY bo Rergheegy These
codbddiBbhts 8% desériiddnB sHMBERnt INRANd &faBleAR6R skileARt theldPt @ practice
"wafer" or "substrate" in the follow ng description,

thp invendor, apd dcie s¢ be understoad thatwnshdysarbodimnernts guy tbe wilired, and that

regigns or, junctions ;in the base ,sem conductor .-
selFhes e ARt e i BERAAS RLELAH kRl from the spivic and
scOEI RO gresétinvedeidnnot  be silicon-based, but coul d be

based on silicon-germanium gernmanium gallium

arsenide . ot other sem,conductor paterial. 00024] The

ter ‘_)@?_r%ge&hcrtéi‘f’ésr S A AR AR A L
sefrPdhBhdbBasd material including silicon, silicon-on-insulator (SOI) or silicon-on-
sapphire (SOS) technology, doped and undoped semiconductors, epitaxial layers of silicon

supported by a base semiconductor foundation, and other semiconductor structures.
Furthermore, when reference is made to a “wafer” or “substrate” in the following
description, previous process steps may have been utilized to form regions or junctions in
the base semiconductor structure or foundation. In addition, the semiconductor need not
be silicon-based, but could be based on silicon-germanium, germanium, gallium arsenide

or other semiconductor material,

[00024] The term “pixel” refers to a picture element unit cell containing a
photosensor and transistors for converting light radiation to an electrical signal. For

purposes of illustration, a representative pixel is illustrated in the figures and description



phot osensor and transistors for converting |ight
radi ation to an electrical signal. For purposes of
illustration, a representative pixel is illustrated in
the figures and description 5 herein and, typically,
fabrication of all pixels in an imger wll proceed
simultaneously in a simlar fashion. [00025] Methods
of manufacturing the pixels disclosed herein are
taught in related U S. Patent Application Serial No.
hetéin 303, HPicallyl; EbeidatdovefiuiqixeBGn 2R @dageriwill phareceddinmidtandously in a
owar d. E. Rhodes and Jeff MKee, and entitled "CMOS
M- XEL DESIGNS," referred to above. [00026]
Referring now to the drawi ngs, where |like elenents are

desirgpedsd M¥étHods 8f m&ﬁﬁﬁ&ﬁﬂﬁg &g%ﬂ%ﬁoﬂ Gierein are taught in

illTustrates a first exenplar odi mrent of the )
relarpdeldtS. Batenp\Applicedibn Senvd dvo. d8)/B03,887 filed Noyembert 46 2002, in the

oAb ELowH e Bt 157 MsRroabd gaeed oy fiyd i Phaer
DHEEIGNS "aBfereit®8bde0 and to ground. As explained in
nore detail below, storage capacitor 199 is forned so

that it does not block  any |ight sensitjve areas of i
t he [PRERf  Referringdrom withe diagiiagre vhsisal elsmentiprs gesignated by like
] | 0
rele RO R, B, 1ttt iy SRR LAcLRAL yBndfon. A
piddl sarsoatdVEIOyis ilhsweed havitg e sstrapeagpacitap 229 tearlyi@oa fitld oxide

may be, fornmeq entirely over  t active pi.xel area, or
re ¥lym1§'a?1fqtaﬁ%y cpRRctadfo affft@rlas SirenrEeh 44 pdet By As
exPMfledifl SnRE HME befdfE ro cgﬁa%itbﬁﬂ% [sG0R%:d so'b%latsih @Yésthot block

e noted that, although the invention wll ]
antdight sesitivo adeasof thairgagey. Imadsdiviony stdrage aapaditon 389 jisfogmed

fqur-trapsi,sto 4T Lxel. cell.whigch s depicted . in . .
ovefigha 1 Bl 2 ston 5 sy 3t ek HRRUSAHEE gifion region
13001 Qerh4tRRE, BbWEvet,3he s cAfacitE? 19P8sPindg be formed entirely over

configurations. The 3T cells differs fromthe 4T cell

the activie@ixshrce; enrondy partisliyovge thefickd pxiele anep and partially oves the active
ardescréﬂk%e further below. [00028] Referring to Figure
?ﬁ’aﬁﬁe St'orage capacitor 199 electrically connected
between floating diffusion region 130 and ground.
Al t §00087]v dt should peabtedrthat) Atlemghhbe inyemimrwitlcbddesoribed below

g LB LSO LS 9RR AR BN el L 2P5ARRY SSpicied o i 1,
the invention. also has applicability to a three-transistor (3T) cell as well as other
configurations. The 3T cells differs from the 4T cell in the omission of a charge transfer

transistor, as described further below.

[00028] Referring to Figure 1, the storage capacitor 199 clectrically connected
between floating diffusion region 130 and ground. Alternatively, capacitor 199 can be
connected between floating diffusion region 130 and a voltage source. The four
transistors illustrated in Figure 1 can be identified by their gates, as follows: transfer
transistor gate 128, reset transistor gate 132, source follower transistor gate 136 and row
select transistor gate 138. In the arrangement shown in Fig. 1, storage capacitor 199
amplifies signals collected by a photo diode 125.

6



transistors illustrated in Figure 1 can be identified

by their gates, as follows: transfer transistor gate

128, reset transistor gate 132, source foll ower

transi stor gate 136 and row select transistor gate

138. In the arrangenent shown in Fig. 1, storage

capacitor 199 anplifies signals collected by a photo

di ode 125. 6 [00029] The size of storage capacitor 199

is determ ned based on the color to be detected by

t he [p0629]. ArcsitediiR@rige cApaciuse P9 & dera g bied onthd dtor to be
present invention, the pixels formpart of an inmaging

desrcresd bibeis scchnAgsordinaite py sxqmaplar cehedinens of shopresgya dyention,
T HELKF i B9 ATBP RIS, £ el soc.

Alephatvelypather c¢loDiBhgemrchts lcbelkl, besutilinedisuBnyser subitdatéve cyan-yellow-
900 shown in Fig. 9, is arranged over the pixels. The
MY CHPY PR pat tern al ternates a row of green and red
filters with a row of blue and green filters. In Fig.
9, 166030) eiRerYARhAL Bafle FlONM® chot mg.rst lidAtanged over the
‘hatching,” green filters 904 are designa ed with |eft
pixtilsg aylenfilstr patrernealetrintasa oMl afgresncmgl rad Sltgws siithatasd of blue

s
fillePRVIOA 40 desighax&l withl 6t ingdRtihitohide! Seltblieflrdrs 906 aa designated

wégovtded wth a storage capacitor = 199 having a small
herizantal hatchingy elhshiligrqrevide golored ight 50 sard pixsly rcording to the

. o : . . .
pritEitt AN, bitell A ftare oGk kB UEPBYIEA W £4Bfage capacitor
199devimpgat seehll size inl diecrangddbinbolut Q120 famvefarads. aPigels desgnatradl to detect

t he, range of apout 3-20 fentofarads. 0031] The, .
Bregn, 5%@'- pedium sizq in the rangg of O“&Mgﬁt{"éﬁé’éd i’mshtdwsmtcd

_ : . Pt .

o Ly SuBUBRER: ALDNEGSA Rt g 35BS kb,

simlar reference nunbers correspond to siml ar

el elR0133 ] adhestvitwersefia piee cell BRI ofwr sdsond trabedisrent of the present

. Fi e 1. . The structure of.Ei gur differs,from ..
b0 5 e BRI O 3 ] PE BRSBTS simiar
refé@fcd SurhbémeErrtspofid bl dfilatéledicitd @s Pracibasly aelRribebwitideference to
.not_ wth the floatin usion region 130, as in the

di ff
Fy@}r@}', &'ﬁ sgﬁﬁ@aq, ﬁ%ﬁg{lﬂ:&- @é@@ @qapg %fabpﬁ@dg@gibﬁgcmbodimcnt in that
N T
floating diffirsibs régiomd80,tas i theqiredeissensfodihment. r Brieesingtdfahe second

t Qrage.c citor 299 to a
embodimént is sindar to the processing used to produce the previous embodiment, except

that a metal contact is formed that connects an clectrode of the storage capacitor 299 to a
doped transfer region of the photodiode, and not to the floating diffusion region 130, as in
the above-described embodiment. Again, the storage capacitor 299 may be formed entirely
or only partially over the field oxide region 115, as well as entirely or only partially over the
active area of the pixel sensor cell. If the storage capacitor 299 is formed entirely over the
field oxide region 115, the advantage is that the storage capacitor 299 improves the charge

storage capacity of the imager without reducing the size of the photosensitive area.




doped transfer region of the photodi ode, and not to

the floating diffusion region 130, as in the
above-descri bed enbodi nent. Again, the storage

capacitor 299 may be fornmed entirely or only

partially over the field oxide region 115, as well as
entirely or only partially over the active area of

the pi xel sensor cell. If the storage capacitor 299 is
fornmed entirely over the field oxide region 115, the
advd0063g} | Ontduphin Bt QbaiRg 299 asdkidlie accdbncePith\BE color of the

.the charge storage capacity of the_inmger w thout
P#fga%@%@% d&%ce_gccg!bq‘fﬁ ithssfeaenca £p Figsd - g, capacitor 299, for
a

pikd043igha 1G5 R ﬁ:d Hglf, 1&99?&%@'% rothe ir&lﬁ?(&%é Rmtofarads. In
accordance w th the ¢ol’or o e~ pil Xel I the nanner

pixkisdasignertdab aeectgickn liglite capacieort399Mieg a mdedivii B¢ in the range of

SRR B8 B il LS P e 0 e

siZeQA AhBdSf 320 fefiofebhds desi gnated to detect green
light, capacitor 299 has a nediumsize in the range of

about 2-20 fenmtofarads. In pixels designated to detect

bl ué0Pe3Rdt Figurp Adllusorates got anpshes embogimentiof ghd presdme invention

f ,3- f a farads. [00033] Fiqur .
acl 18 8 o Bl HEL R LBATE camARiR b ¢k ed o g lifferent elements
of ipivebsthi@rtell 3000 Pt Bfaniple, HigroB 3tdaiceh sdRgetipa&itct 98, which is
capacjtors are connected to two different el enents of

coppogked Wehiis photasioded @, apd ptorage sagacisor 393 mdich ig epanscted to the
-OF . L 3 i | S .
o A %500 1302850 G bl O0EHBA ok e 30

(Figorma)cmexibe fortried totallpatdriymgctht fislsli oxider regionr 153@ithB6t fducing

storage capacitqrs 399a, 399b of pixel sensor cell 300
the PRggrcsigy ﬁ%ogﬂ“‘f%ﬁ?ré » 08 CRIYI RATEATE 0V Hdcgregion 115.
, . . : . hh '
SeSECaghapeg o potet Rl 21 40 O BRI Srcrin

- the pladtdsensitiveance gf the pixebcell, St onlypartiailp asértthe actB@Aaca. 399b
of pixel sensor cell 300 also may be forned totally

ove ' t.osensitiv [ f the pixel cgell, .
Oy C1900525 _ db€ 1Pl B8 kbl 3088 SDoBlard sy 45sorfifaas wich the
colagaf the it ircehpasidriner desdABe abdVP Withiefefdne€tb Fig. 1. Thus, capacitors
cgér ggnce_ with the color of the pixel in the manner
39 G EPPiePEHs designated tosiersch Freldighs, v a small gigg sombined in the
L , X s i S [ f; t
SREDIIPtmepfRd, 1ipRps olig kol kIR B | Bo b §0s, 3990
ha@-2@cdiomt sicainabls range ofabait2-2@ fingohield. Topitel detiggitadto detect

| i,ght, capacitor 9a, 399b have a nediumsize in the
blje Jighe, capaciiap 395% 3395 B sk stfe oo Fie BPgLoks a0 drgoliads
to detect
[00035] The processing for the formation of the storage capacitors 399a, 399b of

pixel sensor cell 300 of Figure 3 are similar to the processing steps for the embodiment
described above, except that two capacitors (and not one capacitor) are formed over the
field oxide region. In addition, contact 346 (Figure 3) and contact 347 (Figure 3) connect
each of the lower electrodes of the storage capacitors 399a, 399b to the doped transfer
region 126 and to the floating diffusion region 130, respectively, Preferably, contacts 346,
347 are formed of a conductive material, such as doped polysilicon, or a metal such as

titanium /titanium nitride /tungsten. Photolithographic techniques are used to define the
8



bl ue light, capacitor 399a, 399b have a large size in
the range of 3-20 fentofarads. [00035] The processing
for the formati on of the storage capacitors 399a, 399b
of pixel sensor cell 300 of Figure 3 are simlar to

t he processing steps for the enbodi nent described
above, except that two capacitors (and not one
capacitor) are forned over the field oxide region. In
addi tion, contact 346 (Figure 3) and contact 347

aréak i@ BE tcBld 68NREBImM tB@Bblefor thecdrdyey 349, 8aV rwiskedin @he conductive
the storage capacitors 399a, 399b to the doped

materldf mbsequeniipAcposisingthereig. t he f | oating di f f usi on
regi on 130, respectively. Preferably, contacts 346,

e Rk R

pol or -a such as “titaniu tani um
munst thie inthelétstongisthatrthe Prasem invdntign aguotdinicecknoi thisembodiment.
used to define ,the 8 areas to,be etched out. to.form
cha@’wwge OPHARQHPEBIS e fpmaton G LpBiay fsuch Sorage
ca?ﬁ%@%ﬁi)ﬂ? arcTBirfdd Altirkl§ of 'éﬁﬁfepﬂl’ﬁ'ﬂg lo¥ertBE G8ld! dxidk region, and which
herei n. [00036] Although Fi'gure illustrates only
ar¢ furthet competedap aetiowrlighs s9eiive amdy oriclectricgbelerpents of the pixel

understood that the present .invention is not Li
se$i9% e« IhrsBrReeap RRRRER of Lot phlit b sticEed Bibed on the
coftth BReRlcRcRY by tae Bﬁb&ﬂ_&ﬂ%ﬁkeﬁf a plurality of such
~ storage capacitors which are forned entirely or only
artially aover the field oxjde regjon, and ich are
P o (889370 Phrees & st SieAmab DG GHE of s REFpeR iveation,
accg%'%ngﬂog%écélgg %%@cﬁ?ﬁﬁ cBhnled RR18 A'or&Eld souffCas in the

DI"ne the storage capacitors | $
previbescdnsitbdimsmd, o rather tccogare of ondef the f@utteohsisyors ofthe 4T cell.

associated pixel. [00037] Figures 4-6 il]lustrate .
Foa&amlsngzsu&%ﬁ‘aﬂﬁm forgge fwgmfﬁ‘ésgérfgqlﬁl/‘é‘iﬂri‘ (I partially over the
fieRE6AAE kdp5od P19MAhG RoAn i AR BRASHIOdiolS 189 BAG €S 8t gate stack

not to ground source, as in the previous )
128 ndfacionfen transishort 128a tInsmother gxqgaplary embedimerit, Figarg d depicts storage

transj rs of the 4T cel.l,. _For anphe, Fiaure 4
capiqiE b7 e esr e Relf ins 5ERog S BRTAD conpftef e poth the
fldafhg d#tustonQ¥Eibn 180 anfite kit gt stk EXY éfMrabbfer tiafisistor 128.

connected to both the photodi ode 125 and to the gate

Acsopding tolyr apether exeampiary embadimansy starage capacigr GOt Figure 6 is

exepnpl ar odi ;ment. QUL €. ' .
iR e S8 SR on TP pF B TR B PSP IAHER the flguing
diffiioritegibrCIBNERE toch date bbieketith@sistbt ©36.i ng di f f usi on

region 130 and to the gate stack 127 of transfer

tr a%b(ﬁ S(?lr ’111:'171%, capacitors 499, 599, and 699 for pixels designated to detect red
light, each have a small size in the range of 0-20 femtofarads. In pixels designated to
detect green light, capacitors 499, 599 and 699 have a medium size in the range of about
2-20 femtofarads. In pixels designated to detect blue light,, capacitors 499, 599 and 699

have a large size in the range of 3-20 femtofarads.

[00039] Thus, capacitor 799 for pixels designated to detect red light, have a small
size in the range of 0-20 femtofarads. In pixels designated to detect green light, capacitor



According to yet another exenplary enbodi nent, storage
capacitor 699 of Figure 6 is fornmed over the field
oxi de region 115 and is further connected to both the
floating diffusion region 130 and to a gate of reset
transi stor 136. [00038] Thus, capacitors 499, 599, and
699 for pixels designated to detect red 1light, each
have a small .size in the range of 0-20 femofarads. In
pi xel s designated to detect green light, capacitors
799 Bas Hiediandsifdf thavanga ofieisbut2-30 fentofarddac In phgh defignated to
abo -20 fentofarads. In pixels designated to
deregtlpe CaPaGitor ,73831356 largs dzesigghe ragge 9 3-2@9@11 a
| arge size in the range of 3-20 fentofarads. [00039]
Thu S[I’ODO@@P Ciri Qkh 6Pthe RAbRAMEMS dEiSited 1R PRRlrds Q-G e 8§'occssing steps
red 1ight, have a small size in the range of 0-2
for ¢lpe fabreagion of e ss0ragt sapdcitdrg 439 HPS, and 692 ate simierto the processing

[ igh capacitor .9 9 has .a nediumsi,ze in the ra
st bt BRI g b etbopinci SREPe] UG shE it els e of cach
oftthit ediragl| ddpackto M99, 689 261d 699 if Sdhdeaeddok 86 § @réintEpdintial, as in

the range of 3-20 f ent of ar ads. [00040] In each of the

5B emhodinentebricather rnammtherralement of theeMPS irazgsr, fgr example, 2
' j fi Lhe r itors

s B Susyfthe IR cBREGRAE B0 p el L LD P UEERRTER, 2

used to manufacture the other enbodi nents, except that

t he [0pPel] Higarer7atlestoftesgatinothér dniwdimentasfahe prramittinvestion,

SO oy i 8 sRAPELRRACDT 200 B BTty EaAd Pich avsipp 118 s
pRDSt @kl BRRNr () ENPaddVESR ol IROG Ansist Gt (49 AP a8 Prc%iously

gate of one of the four transistors of thé pixe

deserihedrwithereferenps to Figirt Befor skavple. [Tbe only]differgueecherween the

L tes yet ., anot her enpodi t _of the present .
sehachif® bl S 78 PP R Fen AP SR i RrERF spospy an
addtidnal fsaethQi@kistofehhd i€ kdn g e kRN OB, Thas Asorap@édpadfor 799 of

a three-transistor (3T) cell and not a four-transistor

Figure)/ may be alga fosmed icgtigly or @éuslmmbléwwﬂw ficd eridasegien 115 and
' f . T s ,
coBp ISP 7 L RARIE 55 sl il 1536 S50 e i

stepks forcthe fabriofitidri gfithe stdra@rhpiciter 799 ardithildr@d dhe prodéssing steps
ransi stor 128. Thus,

transistor, that is transfer t
reQifidegemutRet e She 99T gp O‘EFQ"&FS@C?CQP&? abevea e¥e P Bt storage
. . e .
AL P TRy RO USSR oSl A iy v

th¢ tendfengptalof tho siansfer wapsdtor130. The processi ng

[00042] A typical processor system 600, which includes a CMOS image sensor 42
having an array of pixels having the construction described above as shown in Figure 8.
The processor system is exerplary of a system having digital circuits which could include a
CMOS image sensor. 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 data compression system for high-definition television, all of which

can utilize the present invention.

10



steps for the fabrication of the storage capacitor 799
are simlar to the processing steps required to

manuf acture the other enbodi nents descri bed above,
except that the storage capacitor 799 is forned by
itself over the field oxide region, and not
sinmultaneously with the transfer gate of the transfer
transi stor. [00042] A typical processor system 600,

whi ch includes a CMOS i mage sensor 42 having an array
of piooekS] hA\vridEssol SysepilShEhisd d @inplReCsybead f&b&mFmgencrauy
shown in Figure 8, The processor systemis exenplary
COMPHSCE § § REGFEHEPSAI (UL 644 don exampics B meigtpptocessor, that

| AslHde R .sensor.. Wit hau [ Lim.tin

aﬁsuc a r'é:ss em coul g [ r%%%éu?“%égﬁt&ecpggs% At a%gﬁg?% The

CMOS tmigeseisun a2 aivdcdimeuni¢atésovith theliiyaem ovevb@ad520The computer
surveillance syste aut o focus system

TR g?‘f) Q@%ﬂ@y&% mASEISHRCEONE 4 stnchin F%r}g&c ofa
AL el A, BYGLE T AR AR B 04, o
carhyacpdisks ¢GD) ROMnirivers5 616 aARDABIoky prd 65T swhiictssiss esmmunicate
wEB T 88 ok B bRn S b ARRRl et th proceser 654,
CRYOSRhSse senddr %@%@m&)ﬂgg\?}agé@% hpates with one

or nore input/output (I/ over a bus 652.

The = CMOS i mage sensor 642 al so conmunicates with the. )
systl8RP4tler Tha gbesxicsariptiopang drawingsars vaky 1908 cansidered illustrative

i c ry.RAM 64 and, i he .
e T N -
Mabeificattn sndbdubstitutiond ppycific poces cyrdifibds andiWinitures can be made

compact disk (CD) ROM drive 656 or a flash nenory card =
wigoil depiuhing fioi His FRiNitiaBd Eope ot (he \oPeRtins Asperdingls, the gnveation is

£33 be! .hey i i t . .

X8 be ConiBe s Rinip e b Mol ol S8 A Tonl I8 raipgs, bucis

omdylimited by tlee dcGpe bf the appaiédclaithe above descri ption and
drawi ngs are only to be considered illustrative of

exe e diyent s i ch,achieve ,t he .f eatures and .
v A0PGA “RROWEH ] e A Bl Pl R i s B doscrbed
wishifjsetifit éferefse oOCMBS inhdginPHAGRS BaviRd sl pho@gsreand a floating
.structures can be made W thout departing fromthe :
diffyion fegiang thedayration hap braderapplicabilicnaad miy thgluged inheny CMOS
' LS 0 nsi.dered as being,linted by
b A e S G S RSP e B Gebibed and
illustrated, many variations in capacitor structures could be made. Similarly, the processes

described above are only exemplary of many that could be used to produce the invention.
For example, although the invention has been described above with reference to the
formation of planar capacitors, the invention also has application to other capacitor

structures, such as trench capacitors, for example.

[00046] Accordingly, the above description and accompanying drawings are only
illustrative of exemplary embodiments that can achieve the features and advantages of the
present invention. It is not intended that the invention be limited to the embodiments
shown and dt\:scribcd in detail herein. The invention is limited only by the scope of the

following claims.
11



only limted by the scope of the appended cl ai ns.
[00045] It should be noted again that, although the
i nvention has been described wth specific reference
to CMOS imaging circuits having a photogate and a
floating diffusion region, the invention has broader
applicability and may be usef, in any CMOS imaging
apparatus. Al so, although exenplary capacitor
structures have been described and illustrated, many
cuﬂﬂ“gtions in capacitor structures could be made.
arly, the processes described above are only
exenpl ary of many that could be used to produce the

i nv r al t hough the invention has
bee%t@%’n%ggeggﬁgﬁﬂﬁgh reference to the fornation
of o mbsm%ﬁwmedmephdw enélgyintl slactriaal charges

apllcatlonto ot her ca% paci t or structures ﬂal
trerﬁwasagael eG10n region faneliacting saidelegtrioa! fgrgm said
pHof$sepagpe description and acconpanyi ng dravvl ngs are

only il'lustrative of exenplary enbodiments that can
achiaaveutpuidransistor bavieg a gate electripally connécted to egidraharge

ool B 58ty toh cblvitihe sBIeCH i il Bl R o Bl onoto

sefiebrinto hneemcmcaTbignanmﬂtl onis limted only by the
scope of the fol]ow nqg:acl ajms. 11 12 CLAIMS 1. An

i @ (;@a,g;t&%ﬂor Skring; ssi leCH'Cah@Jﬁiséﬁgb?lePf&Fab%qulqaaon
WIﬂhé’ttI@aﬁrtﬁ’fegb‘f daid Eh?b@éﬁédr%"i‘l'd Wbﬂﬁﬁg ISR glon wherein

| ection regi o or col ectlng sal electric
the, atzegé§aidr eanaciipuis gasociatashwith theacolonrgsponse aharasteasistics of

je electrically connected to said charge
satifidfd gie}

egion for converting said electrica
charges produced by said photo sensor into an

el ectr. cal and a ca ath r for storipg said
2.¢le 'M‘"%H&PS@%‘W aig) dcwherel) thephatesenser isresppasive to

re@ktoloPafl tRE StPhgs ébﬁadg?gaitf ﬂ%@é&cﬂ%ﬁ% [Fetiveefi ABOYEO and about

col l ection region,
20 femtofarads.

3. An imaging pixel as in claim 1, wherein the photosensor is responsive to
green color and the storage capacity of the capacitor is between about 2 and
about 20 femtofarads.

4, An imaging pixel as in claim 1, wherein the photosensor is responsive to
blue color and the storage capacity of the capacitor is between about 3 and about
20 femtofarads.

5. An imaging pixel as in claim 1, wherein said storage capacitor is a flat plate

capacitor.



the size of said capacitor is associated with the

col or response characteristics of said imging pixel.
2. An imaging pixel as in claim1l, wherein the

phot osensor is responsive to red color and the
storage capacity of the capacitor is between about O
and about 20 fentofarads. An imagi ng pixel as in
claim1, wherein the photosensor is responsive to
green color and the storage capacity of the capacitor

IS . . ab .
6.1 magihing PRl o€ rPORim 8 QHercs sfCicheg Topack 23 et plate
capacitersipolodingea first eleictrode,cd secantbeletieodd anchgalielegtnicilayer

f the capacitor is tween about 3 and about 20
b%ﬁ?'&?ﬁ@ﬁaﬁsﬁmaﬁéﬁ&ﬁ%&& xel as in claiml,

wherein said storage capacitor is a flat plate

capacitor. 13 6. An inagi ng pixel as in claimb5
7.wherA) iMaging pixehas ineclalm B further cemgrisinga trangistor for

e RRGfhG ShaldbietieR i pHcbpSIF ehSRid Endie Rillection region.
and second el ectrodes. 7. An imaging pixel as in claim
6, further. co Lsihng a transistor. for ransferring.

8. charifbmistiog BiFeL a8 I el b BRBlsI Shig Srppt sfiiirghe’orsdio

sterageaRiphsifor’is gbARected to AYatd'BOEA1 tiRNKRr tradsistorc! ai m 6,
wherei n said second el ectrode of said storage

capacitor is connected to a gate of said transfer
1 anai _ . . . ol as . o
9ot 4 bR Bixef s ITBAITS, Rhifln 880 chefad syage ilficRoris
elecirical yt cashneotesldiodaichehharge colléationiregionegi on. 10. An
I mager pixel conprising: a photosensor; a charge
collection region for collecting charge from said
1photxs rpb@ldomprisingt ge st orage capaci tor
electrically connected to at | east one of said
a photosensor; :
a charge collection region for collecting charge from said photosensor; and
a charge storage capacitor electrically connected to at least one of said
charge collection region and said photosensor, a storage capacity of the capacitor
being based on the color response of the photosensor in correspondence with

photosensor electron production.

11.  Animager pixel according to claim 10, wherein said charge storage
capacitor is formed fully over a field oxide region.

12.  An imager pixel according to claim 10, wherein said charge storage

capacitor is formed fully over an active area.

13.  Animager pixel according to claim 10, wherein said charge storage
capacitor is formed partially over a field oxide region.



charge coll ection region and said photosensor, a
storage capacity of the capacitor being based on the
col or response of the photosensor in correspondence
wi th photosensor el ectron production. 11. An inmager
pi xel according to claim210, wherein said charge
storage capacitor is forne ully over a field oxide
region. 12. An inmager pixel according to claim 10,
wherein said charge storage capacitor is formed fully
ver [ : ; 0
14 ST A Ry i BBk it 1 iRerBln' Sl SRERIET ARG
capacitards farmeadchparfiathy everaarf activeé aseade region. 14 14. An
i mager pixel according to claim210, wherein said
charge storage <capacitor is forned partially over an
153Ct i MPinfdgRa-pixeh acobrdintpiaaiiaif X6l wivsrer sHid gtdrage tapagitor is a
10, wherein said storage capacitor is a

flat plate, ,
flag plsde caBACifon incheding adfire| gleetredes & sesand e’aecst.@gséda?ﬁ insulating
Iagé] Qgﬁgalgjnrgpaﬁd@ I(Sag%éoeééer bet ween said first

secon ectrodes. I mager pi xel according
to claim 15, wherein said second electrode is further

lecitrically.connected to, a e . .
165 ] R Rl Aoerti Bridng o yfbrph A §pesa electrode is
fuilhét sleefigally éshristtall TR bR cftertratsfer eansistor WhichAtransfers
i mager pixel according to claim 10, wherein said

C"\?Fﬂﬁ freensaid phetasensor t sajd Wi%@ﬂ? regign. A
phot osensor for use in an inmagi ng device, said
phot osensor conprising: a photodi ode; a charge
17c ol |1Ascimagermpixgl ancording te cdinr $@ whereinf said pbglosanseris used in

ferring charge fromsaid photodi ode to said
a@@%ﬁ@%ﬂ'ecti on region; and a storage capacitor

el ectrically connected to said charge collection

region, a storage capacjty _of the capacitor being .
1& el b PARLOBERSAY fehussiBl ALIMATING IpYReSaid photosensor comprising:

a photodiode;

a charge collection region; and

a charge transfer region for transferring charge from said photodiode to said
charge collection region; and

a storage capagcitor electrically connected to said charge collection region, a
storage capacity of the capacitor being selected based on the color response of
the photosensor in correspondence with photosensor electron production.

19.  The photosensor according to claim 18, wherein said storage capacitor is
formed at least partially over at least one of a field oxide region and an active area.

20. The photosensor according to claim 18, wherein said storage capacitor is
formed entirely over said field oxide region.



t he photosensor in correspondence with photosensor

el ectron production. 19. The photosensor according to

claim 18, wherein said storage capacitor is formed at

| east partially over at |east one of a field oxide

region and an active area. 20. The phot osensor

according to claim 18, wherejn said storage capacitor

is forned entirely over sait field oxide region. 15

21. The phot osensor according to claim 18, wherein

ai { i j . i . o

252 i) S5 P R B A L TE el S Pl Blpacior s
fofrfied Entiteheoveramadtiverayea. source fol l ower transistor

for outputting charge accunul ated in said charge

collection region which has been transferred to said
2Xhargf ﬁrﬂilt!lﬁéﬁéo? BeE&dirY to MART 8, Tufthér cahpising aSdufce

source follower transistor is electrically coupled to

follewer transigier for outmiting-ehargg iasaumatztedrinesaith shargerraliection
o5 b B dfhliod R4 in L LLAISERRA wibrein the

gate op saidi sogrceafollawenirandistorisoelectripatiyetcupleditthsaidebarge
co@i xel copprising: a photosensor for converting photo
REHAVEAHRNL el ectrical charges: a charge col | ection
region for collecting the electrical charges fromthe

£hot osensor; an output transistor having a gate .
2% eclhe phatpsensen aecerding to dlaim thwvhpreinceaigd phetogansor is used

. “E-;s onverting the electrical charges produced -
mt?s@t e Eﬁ%q%r'sensor into an electrical signal; and a

capacitor for storing the electrical charges in

electrjcal. comunication wth at Jeast one of the .
24 hotAs IRRGING SERSQMIFOMNISINGS ABATAY i IBRgINGRI¥RIS: 6\?&2} gaging
pixdl@onfrismef the capacitor is determned by the

respective col or being detected by the pixel in

cor reeplpdnsensss foi eanvernorhsie enemydoior eJacticalrharges .

a‘charge collection region for collecting the electrical charges from the
photosensor;

an output transistor having a gate electrically connected to the charge
collection region for converting the electrical charges produced by the photosensor
into an electrical signal; and

a capacitor for storing the electrical charges in electrical communication
with at least one of the photosensor and the charge collection region, wherein the
size of the capacitor is determined by the respective color being detected by the
pixel in correspondence with photosensor electron production.

25.  Animaging sensor as in claim 24, wherein the photosensor is responsive to
red color, and the storage capacity of the capacitor is between about 0 and about

20 femtofarads.



25. An imaging sensor as in claim?24, wherein the

phot osensor is responsive to red color, and the

storage capacity of the capacitor is between about O

and about 20 fentofarads. 16 26. An inmaging sensor

as in claim24, wherein the photosensor is responsive

to green color, and the stq&gge capacity of the

capacitor is bet ween about and about 20

fentof arads. 27. An |nag|ng sensor as in claim?24,

er - [ : :

28] G e SO R Maiiniad. SHRAGR MHE phBlosthaty 8 fodionsive to
gradm colod amﬂthakstmagemp{aatgt olfthea:dpacm.ﬁ is batweengatyoyt i2xarid
as g@?in to clain11, wherei n said charge storage
a QHE i %S¢l ectrical |y connected to said

phot osensor. 29. A CMOS |nager systen1conpr|5|ng a

rocessor; and an arra | ITHgI ng gl xels in .
el e A iMaging seRsaAfiasdn .%\m& whergin ghe pbetasensordg epsponsive to

i gl t]
b'leﬁleaot bk 8 ot AP cpRaE, oo eRbASRE bt or bR s drtabout
20cfemtefaradm regi on for collecting the electrical

charges fromthe photosensor; an output transistor

having a gate electrically connected to the charge

28c ol lagrimayer hp@l abcdrlingaeeyam 1, ehdrBin €li@ehargeatorage capacitor
charges produced by the ?hotosensor into an

is éleé’ﬁ'tqaﬂlé&m%@@ﬂ@los%iﬁcph@%ﬁ@ftor for storing the
el ectrical charges in electrical comunication wth
at | east one of the photosensor and the charge

280l Me@M%imagémystMmmmish'ige size of the capacitor
i s det rm ned the respective color being detected
by tatﬁr 95851 ct}: correspondence w th photosensor

el e@hrarray%fqdiagtn%mxe@% efdetricaReomenuRicHtiOM with the prbeédsor,
ea%ﬁ |m\QG|%rgep|uQeltcgﬁlpn5|ntgosensor is responsive to

a photosensor for converting photo energy into electrical charges;

a charge collection region for coliecting the electrical charges from the
photosensor;

an output transistor having a gate electrically connected to the charge
collection region for converting the electrical charges produced by the photosensor
into an electrical signal; and

a capacitor for storing the electrical charges in electrical communication
with at least one of the photosensor and the charge collection region, wherein the
size of the capacitor is determined by the respective color being detected by the

pixel in correspondence with photosensor electron production.

30. Animaging system as in claim 29, wherein the photosensor is responsive to
red color, and the storage capacity of the capacitor is between about 0 and about
20 femtofarads.



red color, and the storage capacity of the capacitor

i s between about 0 and about 20 fentofarads. 17 31.

An i maging systemas in claim29, wherein the

phot osensor is responsive to green color, and the

storage capacity of the capacitor is between about 2

and about 20 fentofarads. An i magi ng systemas in

claim 29, wherein the photosensor is responsive to

bl ue color, and the storage capacity of the capacitor
31r'ret Eﬁ{(;d o?a ?@?%&%f%%mﬁﬂg‘g‘g?é'p‘i"xeﬁ arr j{/r%gomr Pg %nrgeéEJ %r(leswe o
greer poloof and therstorpgeatapheifys of thiercapagpitartis betwerrsabadi2 and

re Si to a different color of light; and formng
ab&“ﬁ?@?ﬁﬁ"ﬁ%fﬁs’ﬁ-charge storage capacitors, each with

different storage capacity respectively associ ated

W th one of said photosensors, a storage capacity of
3% ac A\ inaging syglensaningleim: gdaxhergin fb@rF?erh@ regponsive to

g iy ' .
biké EO13F, érﬁ:‘;lh%%t@'gpg c?éé%@c?ﬂhs%%bgat&ﬁ@BH@fe‘?\r‘about 3 and about

capabi’l i vel'y associ at

20femtofagador . 34. A nethod according to claim 33,
wherein a portion of said at |east three photosensors
is responsive to red color light, and said charge

33t ormgRticPariolin érﬁﬁlﬁ??‘éri' | ¥rrag Tofiprisiy thietdtemaeth forming
sai d phot osensor gf sai pg\r{)ﬁ on ?s fc??rre&g Wi th

atdeast dyeephplesanyors easdt ireRANEWR IR @ difeﬁﬁantmtofiisﬁt: and
o) RURDLof tiarde SR o P, Mach Mt Alffshtsorage
capacity syspestivaly assapiated withi arre of sgtid phalodessord, aistorgge capacity
of BaPh 3B LETRER sl g CBRRGI0E SPEPRROTAY by roolfeio 3 Velatve
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fent ofarads. 36. A nethod according to claim 33,

wherein a portion of said at |east three photosensors
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35. A method according to claim 33, wherein a portion of said at least three
photosensors is responsive to green color light, and said charge storage capacitor
respectively associated with each said photosensor of said portion is formed with a
storage capacity of between about 2 and about 20 femtofarads.

36. A method according to claim 33, wherein a portion of said at least three
photosensors is responsive to blue color light, and said charge storage capacitor
respectively associated with each said photosensor of said portion is formed with a
storage capacity of between about 3 and about 20 femtofarads.



18 37. A nethod according to claim 33, wherein each
said charge storage capacitor is forned as a flat
pl ate capacitor. 38. A nethod according to claim 33,
further conprising formng a plurality of transfer
transi stors each in electrical communication with a
respective one of said pl urf'glty of storage
capacitors. 39. A nethod according to claim 33,
wherein the step of formng said plurality of charge
tor I t
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41. A method of forming an imager pixel array comprising the steps of:
providing a plurality of photosensors comprising at ieast a first portion responsive
to a first color of light, a second portion responsive to a second color of light, and a
third portion responsive to a third color of light; and

forming a plurality of storage capacitors, each with different storage capacity in
electrical communication with a respective photosensor of said first, second, and
third portions of said plurality of photosensors, a storage capacity of each said
storage capacitor corresponding in proportion with a relative electron production
capability of each said respective photosensor.

42. A method as in claim 41, wherein the first color is red, a respective storage
capacitor in electrical communication with a photosensor of said first portion



having a storage capacity of between about 0 and about
20 fentofarads. 43. A nethod as in claim4l, wherein
the second color is green, and a respective storage
capacitor in electrical comunication with a

phot osensor of said second portion having a storage
capacity of between about 2 d about 20 fentofarads.
44. A nethod as in claim4l, “wherein said third col or
of light is blue and a storage capacitor in
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46. A method of forming an imager pixel array comprising the steps of:

forming at least three photosensors each responsive to a different color of
light; and

forming a plurality of charge storage capacitors, each with different storage
capacity respectively associated with one of said photosensors, a storage capacity
of each said charge storage capacitor corresponding in proportion to a relative
electron production capability of said respectively associated photosensor,
wherein a first portion of said at least three photosensors is responsive to red color
light, and said charge storage capacitor respectively associated with each said



phot osensor of said first portion is forned with a
storage capacity of between about 0 and about 20
fent of arads, a second portion of said at |east three
phot osensors is responsive to green color |ight, and
said charge storage capacitor respectively associ ated
Wi th each said photosensor oé sai d second portion is
formed with a storage capaciTy of between about 2 and
about 20 fentofarads, and a third portion of said at
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respectlvely associated with each said photosensor of said second portion is
formed with a storage capacity of between about 2 and about 20 femtofarads, and
a third portion of said at least three photosensors is responsive to blue color light,
and said charge storage capacitor respectively associated with each said
photosensor of said third portion is formed with a storage capacity of between
about 3 and about 20 femtofarads.



