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regi on beneath a photogate. [0004] Exenplary CMOS
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the functions of various CMOS el enents of an imaging
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before accumulation 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
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bei ng i ncorporated herein by reference. [0005] CMOS
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storage capacitors are electrically connected to

help azraphﬁyuhe lsngghﬂt ofsenimdgey raasigdbginetssetthe salragd epacatscoff a
pi xel sor cel] of a i mager, to affect the
p OtQﬂfér(a‘thl&’Yl oFhBAPiEe 859 SSUACL®GCch various |ight
sensitive and/or electrical elenents, add charge
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one enbodi ment, the storage capaci t or i $ formed
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of .a pi xel nsor, cel] and %ﬁ an AC Cgr ound. The char,ge
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to various light sensitive and/or electrical elements of a pixel sensor cell of a CMOS
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 connected 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 parﬁaﬂy

over the active area. According to another embodiment, a charge storage capacitor is
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formed entirely overlying the field oxide region
isolating a pixel sensor cell, or entirely overlying

W b@4asoswve area of the imager, or partially OREr/US1983/037466
field oxide area and partially over the active area.
Accordi ng to anot her enbodi nent, a charge storage
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colocgielci tors of sel ected capacitance connected to

various light sensitive and/or electrical elenents of

a pixel sensor cell of a CMOS i mager. The size of

each capacitor is optim zed based on the color to be

det ected by the piSEMNMARNIQ@E THE ENVENETO.

[ 00010] Al'so provided are nmethods of form ng the

pipyehe7 of ' : b N . .

CS007] or S PR TERRE R0 PR RIS BR P L AR Roragp capacitors
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. .of a capacitor, and the size of any capacitor
pixel segsiop geldi of ¢ £MOS 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 (1078 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
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determ ned based on the color of the pixel to which
the capacitor is connected. Cenerally, the capacitors

w0 ado/osu9shi n t he range of 1-50 fentofarads (10PABUS2003/037466
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smal | est capacitors, about 0-20 fentofarads, green
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sensitivity of each pixel circuit is increased.
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preferred enbodi nents of the invention. BRI EF
embddaBeiRis BT itkNirPendéle DRAW NGS [ 00013] Figure 1 is a
schemati ¢ di agram of a pixel sensor cell in accordance
with a first enbodi mrent of the present invention.
[00014] Figure 2 is a schematic diagram of a pixe

sensor cell f i i d

enbodi ment of pﬁﬁﬁﬁﬁm@ﬁ?ﬁﬁﬁgﬁ%ﬁﬁﬁﬁﬁes

is a schematic diagram of a pixel sensor cel

f 400013t eBigire 1 asc shdamtie divgrdm afiatpixad semsoodelirinaccofdance with a

the present .invention. g00016] Figure 4 is a schematic
first gy bPT erent d38HPcel | fabricated in

accordance with a fourth enbodi mrent of the present :
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[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
wepdvaeasryent of the present invention. 4 WO 200B¢DE39880037466

PCT/ US2003/ 037466 [00019] Figure 7 is a schematic

di agram of a pixel sensor cell fabricated in

accordance with a seventh enbodi nent of the present

invention, [00020] Figure 8 is an illustratiop of . a .

prl808LR] nBisayet and sehiemaricsipgra@ ofi adairelsensaycell dahricategrin

h i ion. [00021] Fi 9.1
sccoforap PR BFBE. o et o) SerireBHF bR tnct i on

with a pixel sensor array of the present invention.
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following detailed description, reference is nade to
cells ofhe paeconpaeniing. dr awi ngs which forma part hereof,
and in which is shown by way of illustration specific

THOBEA TE nhfrara it ot dhstaue PF A Bavet AL s R pettn with a pixc
Sensa:r%rﬁgg?mef)f%%%ﬁiiﬁgéldstjo dinthe art to practice the

nventi on, 3 0 be understood that other
enbodi nrents may be utilized, and that structural,

| ogi cal DETATRHD DRESCRIRTION OF THEEIVYENTDON
departing fromthe spirit and scope of the present
invention. [00023] The terps "wafer" and "substrate”
arl80032 beln Hipelollowan deraibed dessripdomruretcgendsds erde to the

mat eri al, includin ilicon,,siljcon-on-insul ator (SO
accorparging BEAGR: VLR R S e erh SR ar Suk BopR Pl aa of
illust%ﬁﬁ@ﬁ%?gciﬁ@&‘n%%ﬂﬂﬁ&{t@ 1S whEdh th@thRIntlo@YREP bObrattibéE OThese

supported by a base sem conductor foundation, and
embaalimentsseatdewnithad iwsuffitienctemid so enkble thesershilled imhkaart to practice

reference is made to a "wafer" or "substrate" in the

the igvsprien 3yl itdeicbs padesproogdrthy oiber pbedunenss sy hegylized, and that

sl ST B o P B2, PS8 b o s and
Scopéyﬁqukgaxngﬁgmﬁgghponductor need not be

silicon-based, but could be based on

silicon-germani um germani um gallium arsenide or
ot[A802 3k nThonctucst ‘braferdt amdi ‘Glibstfae0 2] toTheeundarsnovdiag el

sernicro%fdg&%rfboasead relia(t:etrijai ﬁlc?tllcﬁnng 2 'C(l)'lr?,i shic%xell—cl)n—%?sma%(i)rnzg&)aor 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
WO kdouss198d i on, a representative pixel is illusPCHUSHO3/OB7466

the figures and description 5 WO 2004/ 051980

PCT/ US2003/ 037466 herein and, typically, fabrication

of all pixels in an imager w |l proceed sinultaneously

dn a simlar fashion, [00025] Methods of ) i
hereipgpds wpicaly iabritsiopiof ell Preplsia) ansisepase vl Brogeed sigiypancously in a
Simﬂig trelated U. S. Patent Application Serial No.

o? , 897, filed Novenber 26, 2002, in the nanmes of

Howard E. Rhodes and Jeff MKee, and entitled "CMOS

| VOGERS P! Mekho RSt dSufactughg rhepixel desed hERDP2R] taught in

Referring now to the draw ngs, where like elements are
relatedddiSgPatead Applicatien Sergd & dde 303n81731fidsd Nogember 26, 2002, in the

names 9 g Sakbpilein CPab e TAgBi s | PHQ FIAGER PIXEL

])Esﬁgygmqﬁﬁxﬁ%g&gﬂﬁwgapacitor 199 overlying a field oxide
regron, and electrically connected to a floating

di ffusion region 130 and to ground. As explained in
Mpoe02iE} aRtfehth®nowsbahadewiagacevlice 1ikO0lehwntoirorldsignated by like
that it does not block any light sensitive areas of .

referanige numegds,. Fignl disireics v first emplary sprheidimeny othegnvention. A

. forned tl.ying .t f.i el d_oxide regio 15 entirel .
pixel iiiogell DY Eisahi it Baving e et rreron g gy d§ele oxde
: j.: , N hBor
eofl S0 SR olRURIR A QR 3806 S0LdB ki
explamiedyin padrici deltdiybelw et stobepefdaphddtonXiofds &srasedasadchpaittdoeb hyt block
over the active area, as desired. [00027] It _shoul d
any light seasisiye rrees of dha Weaggh {maddifeanitPEgewppacites 199 is formed

descyri below .l a Ly.in copnection.w f.h Mse. in.a . .
overtiR it PERPEIEIei T PRt SRR R 2 Ay Yision region
130. FAlrndavely, Wowe¥ e hd &Br%e pAta&r a0 dleAlhy bk Yol Pentirely over

three-transistor '(3T) cell as well as other
the acdefpiglneda, onsnlyTietidly wel ks ficlfifoxide freoand pertidlly oeéd the active

in the omssion of a charge transfer transistor, as
area, gedesiRBed further bel ow. [00028] Referring to Figure
1, the storage capacitor 199 electrically connected

gﬁﬁ)m fit%ﬁ%{lf&pbéjhége%igcb&; 6@&2‘5&%} Blié@lgva{]cﬂ)rg%ﬁggg g_fs\%ﬂéﬁd below

native capaci ¢ connecte
largelEF:}]lQ @?hﬁ&t@nfﬁlﬁﬁ eI £8@ArahdtANd T prell tADFhEBUE Eepicted in Fig. 1,
e 1our
the invention also has applicability to a three-transistor (37T) 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 electrically 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
wa2®4/0508€t transistor gate 132, source fol | owB€T/US2003/037466

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 phot o

di ode 125. 6 WD 2004/ 051980 PCT/ US2003/ Q37466 Oogg

THhB0Q?Sk ‘The sizp ok sforasssapadion: f@g\s dstegmingd hased opgaegolor to be

cerf) BESHEY A 9oRos I EREELp A oot G ERfivention,
the piBR fBint Pat cf%rﬂr&%ﬁ{% ﬁ?aﬁhsé%ﬁ'aﬁ%d@iﬁ@yreaﬁgﬁ% BlieAddlor space.
add| tive red-green-blue’color space. Alternatively,

Altermdtively, odharrcoburraanggemats coold be belizdd, sideds a sudiactse ayan-yellow-
subtractlve cyan-yel l ow magenta col or space. [00030]

magepty ¢leptpacguch as Bayer filter 900 shown in Fig. 9, is
arranged over the pixels. The Bayer filter pattern

al ‘e r il-ter i
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pixelsa'EhéIBayed Tidde® @aﬁttﬂnrblﬁéﬁﬁdtéﬁﬁl Fowaf gfhleﬁglndg’é& dilterd with @r®w of blue
904 are designated with |eft diagonal hatchi Qﬂ%éll and
i

and gintamefiltdrs.t &n §10 06 red éltde ﬁoénaac ddsigmvitedh whidr yere tching, green
chin Thefllt ol ore

filtersfUs pre é@&?ﬁ'ﬁr@ﬂ? r OVI 319 8§ /0 rhhﬂ%ﬁltterﬁ I%)leaagg designated
with HESI AL }?a%ﬁlﬁgt a gﬁ%ﬁ@?ﬁ:&i&rﬁol@&a PYS U84, [%E(%IE e@ccording to the

st orage capac aving a sma Sl ze |

prescfigitgent@bn, giiadld d&l%ﬁtédétﬁ @ét&ft&@a light ¥&J srosigietigriei edtdrage capacitor
detect green |light have a mediumsize in the range of
199 falmga analbsw@m dfcannges of Hhows| G20 deshepfanads PtXQISMJg@atcd to detect

s W S S0 52015 1S HOEHE AP0, e
to defel bl thha@e ??ﬁg@ d.empad ﬂﬁg ?I{bélﬁes -POFSBR farads.

I nventi s 1 trated w erence to Figure 2
It should be understood that simlar reference
n{io®e3 k] cohe espanct dftn pixa deﬁrz(lﬂ effvestcond snyboelimontsbfythe present

descri bed with reference to gure 1. The structure
mVCH@PHF“i Blusgatedarih efercnecoin Fllgérea%o%sf%% PE agerstood that similar

refer 6618?] ng{g%ﬁ %(#{9 ?88811% ﬁ ?18’8.[36 gFCH]L aCS”D:f ViQ a%dtcacr q%a%%l r &cr ence to

Figurk oathdgr@ichfist DBufceD Bferd 86m @ arbavé {assdpibed iettsodiment in that
enbodi ment. Processing of the second enbodinent is

storagd eriphaitort 209 hdopneat assimgctugield thicplprtodiccle IXieapt poti with the
enbodi nent, _exce that .a metal contact is forned
floatipg é%fg@m@g@l &%(5) s d thopevisus epbasineal e Peagrstipg of the second

embodinehis Yimilar to the processing used to produce the previous embodiment, except
that a metal contact is formed that connects an electrode 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
wabovesescri bed enbodi nent. Again, the storagkeCT/US2003/037466

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

t&ﬁﬂﬁéfﬁl sensor, cell. If the storage capacitor 299 is

f nftce pgRiBy e GRRRCLE IS sigpdin pgrdmcs yEth gheecolor of the
. ' - . cito I OPr.QVes

pinc AORAR) gL DR IECSH RO RRERCHLD]. 28R, BRERISEI00, o

pixeld @&bitsiab@ t\@etstized Qﬂ‘ght s ARAHASERSh tthe Bardle@3F.0-Z0 Wntofarads. In

20047 051980 PCT/ US2003/ 037466 [ 00032] Once again, the
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g - e
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to detect green light, capacitor 299 has a nedi um si ze

i 100083} afigeros ilhabatds y2t 2tbthentabadiattt df Rh® prebist invention
designated to detect blue |ight, capacitor 299 has a
accorflinggie whichawprditferent satpgeshp&ings tsmoohestad $o tjvosbhBaEnt clements

of pins i il FOEECRAIErRNG 1 Omieh cFP TR e ke diga, which is
conn@ctt&! ?&El&ﬁlﬂ?t%ﬁfo‘?l'ésiz%r g_n& Qﬂﬁlg?e][ &%8%19)1}%9?[)9 IVJH}&{ Egtonnected to the

el ements ~ of pixel sénsor c exanp

floatifg diffisich ejuircl 30.s Botlagerapuapidieirs 3994,398bi eipikd sensor cell 300

., conpected to the photodjode 125, and stqragf capacitor

(Figungn g hmayhedprmed tesatheevelying therfield prislstregigndi 5, wgthsrat reducing
reaion. 130. Both storage capacitors 399a of .

the pEFSiE 20l e T 24P AL bl pviyane Je b region 115.

Storaf@t&akito@V3IohYy Bogh bhgixtl &hshr el o A4 LiFormik Fk?c‘dﬂ i
%edﬁting thgyphotosg%sitive area of tﬁ%yping 6% , y overlying

- the plootosersitiveaurtd af thy piwed celt,he drlepattially deerrthgiaotiveldioa.

St orage capacitors 399a, 399b of pixel sensor cell 300

a e forned totally overlyin the . )
J pL@&b@% sgle%gaé?’éQC Gﬁpxﬁlérﬁ%b %888@6 grechip gecordance with the
. ' - L. . 034] Once. agai .
color A B UE Tl AELNE 305 HROOR AL NS $32021 Py, pacios
399a,t39b foolpdielsadesichardd toedetédt rtBgHBMASE 2 985 E kizERBnARAMLin the
with reference to Fig. 1. Thus, capacitors 399a, 399b
rangefa§i0-30 serheofarads. ghupiadls dosigrited tto detbck gofen, lighayepacitor 399a, 399b
smal,l size.conbined i.n the _range of 0-20 fentofarads,
have 3 pégugg e 4 dhcy1966 0f £o ot B0LC B RaRdS] JhpIxeladratimetsd to detect
. y . e Tt i
blue ].%%ggca]pgg%} 39 999? ;}ﬁg(% %g%rgé é\ge Mqthct}g‘aéf[agggéﬁ fgﬁ‘ﬁgf’larads.

ent of arads: esrgnate

[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 pitride /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
wo e0040598¢ or mat i on of the storage capacitors 3BOHUSBOYIBT466
of pixel sensor cell 300 of Figure 3 are simlar to
the processing steps for the enbodi nent described
above, except that two capacitors (and not one

capacitor) are fornmed over the field oxi region. In i
areas sl 8F £rded ausiie dewm Yacholes urthe SPniaH %ﬁggtwl’ﬂ?m the conductive

Fi.gure 3 npect. . each of the | ower el ectrodes of
1nmréﬂé9§#%F%%%ﬁ§a 88??83§ﬁ§§55, 399b to the doped

transfer region 126 and to the floating diffusion

r 90056 1L 3R1th6@SP By 8liNustRE&f HIRBLY stor iy @phsitddB99a, 399D, it

347 are formed of "a conductive material, such as doped
must fpeluysletstooh tha thaprestat ingegtonas not litdedurerthisteanbediment.
nj.tride/tungsten. Photolithographic techni ques_.ar
Accorgegly BedBTaRen e anRr D00 TR PO B ReA0S] Dl paserees
reas, t ) e . I r L : :
capaff{inte 25 ThERT ARy Do RS AL i rogion, and which
are fuRHRS REHEN Y téleRRsIslighd séliRiveiand /bP BR3GIcal bt e ghof the pixel
Figure 3 illustrates only two storage capacitors 399a,
sensoB@élb, The camisined eapasitences of dhe staragelvepaiteseistselected based on the
| n\égnciﬁi on E ot limt d.t(f thi s enbodi nent .
color gg by “ﬁﬁ?@,y APAGRSE IR cont enpl at es the formation
: of a plurality of such storage capacitors which are
f 266697 F nfigﬁ%qsyél—grﬂl&[ﬂla < PaifibAl e EfehRefithe pdesext Bfention,
reglion,” an ic are further connected to various
accortdirghio whithiatstoagabaieitoelsevhntaad net esre gioumt sduree, as in the

pixel sensor cell. The conbi ned capacitances of the
previetsorrahedisgmas ibus rathrstose Batetaf @ns 25 dle frrttransistesp of the T cell.

e P P il L o 0 B o e
field bRAYE Q%igg 115266 LGN td L B hNhE pﬁb%cﬁ&?% %29 AQH 4B th gate stack

conne nof to a ground source, as in previ ous
127 stteodfereninsistopdR 8t dnheiotha cxegplaey ofnbodemedt, Figire Sudepicts storage
transi stors of the 4T cell.  For_exanple, Figure 4

capaditior 399 farmaed evesrthg dickhpuds remonddSrar ke mncrisdyrodoth the

.parti.ally over e .field oxide regi 11 L
floas B et BT b0 o b S e 123 Ry a2

F&jﬁ% hRJaSh SR QktokLsd capRciBRO8IEbS Figure 6 is
ACCOexe %?géiﬁgﬁ%%g%ﬁgﬁﬁﬁygigure 5 depicts Etorage &
formedpedithe fiekP&xiflo region d\ Srantihefuritelr dooréaled t@bbdnthEiffoating

___and also_connected to both the floafing diffusion

diffusieryregion 360 and to @ gake Ofaset BAMBKOrIDIO.of "t r ansf er

transi stor 128.

[00038] Thus, 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

w@xood®519egi on 115 and is further connected to POL/OS1008037466
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 |ight, each

ve a smal |l e in the range _of 0-20 femtofar In
799 g%@eqngdlalé% Fign it i TeBes @breat PBdmIdlaRes. Lapie Adppignated to

st i 95, AP TN TR SR, S 2R foRbacs
detect blue light, capacitors 499, 599 and 699 have a
| 006461 Z&n Eitht berhe @AgR dheRrs2Apicest Bf Bigass.4-b0H23Rbcessing steps

Thus, capacitor 799 for pixels deS|gnated to detect
for theefabhcgmn offthe starageredacitais #9% A9 hand aPYercfimilap® the processing

f d d det
steps|pgh 0 %{aglﬁfﬁsmlsrtﬁéé%sfa% SE9B0CTSR] s JomiBeT Fitstrode of cach
gys
of thg gl%rgé géﬂﬁﬂ n i‘)j(% s&lgleésél‘%ﬁ act% gct@cﬁ_ g?&e% ﬁ%% dpotennal as in

the firdt@ibodiRRAL ibu@ rratﬁ@ﬁtdl&iotﬁeﬂ dE@lenﬁbﬂﬁlel oMbs nﬁ@g’@?fdifexample a
3-20 fentofarads. [00040] In each of the enbodi nents

gate gepieokdhcifaurirgnsigorsaofghe phel pnseredl, aydescapsd abeve.t he
fabrication of the storage capacitors 499, 599, and

r0PAE HBer S R B e P bodiEN: SRR e Ppa: ivendon,

accoﬂdﬁ?f @h{%ﬁtars‘?gﬁégfcaﬁﬁ%r 796 i§ ﬁ@nﬁﬁ%@ﬂﬁlé’@é}é%&r&gon 115 as

599, and 699 is connected not to a ground
part ¢t ehmed-adansisgtor (31) tdilearfd meta fontpachnsisnir, (4B tcell &tsfpeevmmsly
for exanp

ther el f th
descrggfgewglg SREDEE L@ B g rrf‘éﬁ@gg?t ofFlae anls’tdc\@“crﬁp%ébetween the

d bed, ab 00411 Fi
struc&ﬁ? Fr%lt%ée IS7 a§1e Sthategf Ellg}uece%gs ?/rre ne{ S% tl%A]ﬁe fl &g il e contams an

ano

additl FME RS @D eranG 60 kHAdY tﬁaﬁsf%trﬁﬁhw%oﬁl% ag®us %@@ﬁg& Qapa%%r 799 of
is formed over the field oxide region 115 as

Figura % map betatsarfeimtd En‘(lﬁﬂ-}) ocehlly pamhﬂny@iveatlfmﬁﬁleltomimegiowlw and
(4T) cell previ o descrjibed with reference to )

connegeedh te the PWP i ffmw iffasion fegion d e qw@cessmg

steps %{)lr LA & g{pn'@f{%ﬂg ?to% % 5&1{% 7@‘9 a'ie g%nfarzto %our ts%lng steps

ructure ure alns an I ona

requitdBRSingh@factilrO e dbthek EABSHRAeth ABKIiBHEALDSVS -exdéptthat the storage
storage capacitor 799 of Figure 7 nay be al so forned

capacitot i7P8liy faymedrityyitssifravienthe/fidd exidelregiong huld owt sienulegiously with
115 and gonnectgﬂ to the photodi ode 125 and the
the trapyer g3 of g Grander WU 130. 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 exemplary 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
worenwaosiosur e t he ot her enbodi ments descri bed abOWES2003/037466
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
WHIOOR43 h ¢ A RISSCHOTHISS 1T, it a% & ARBPUIEY SYHieiR, fey xample ggnerally
of pixels having the.c 1on described above as
comgiostin Pttt at Wi R L BEL B cXGRPleT e iy thar
comBlinRaRY MY} Rdré irﬁiu‘.:t,abufp‘urt W@? dWRESTE P a bus 652. The
include a CMOS i mage ‘sensor. thout being i mting,
CMQ@Siahage systetd2 alsd domnobnideecawithhetystem syst bug 65AnEha computer
machi ne vi si on,_vehicl e navi gation,

syste%y‘g‘té@ﬁ%w&es%m%m%%& gegyary dRAMY688 s sl dn Sixeaserpf a

ker . . 0L det [ L .
comB{eEE{BE R ear BhttRire Gvice S Bl B, and 2
compic AisHeOD) ROM driot BB6UrAMasR InherRbryVhik @ B5 7@l bish icdRimunicate

t he present invention. 10 WD 2004/ 051980
with RIPTJ 692068¢ 6874&665D0048y Aspbodesisable ByBiregmtestheprasessor 654,

conputer syste for exanple generally conprises a
CMGS fipat SC&F%@%@%WQW@@@H sanglelly cRipanpl e, a
m croprocessor, that conmunicates with one or nore

%bléﬁ];t Pittle 4ddvgd§g<%}ﬂtfi)%san§i4cﬁ'a% 51?% gﬂf\% t?)ﬁr?et %ogﬂﬁiered illustrative

ge sensor al so comu

of exsiyplagyredbedinieifs,6bRich hblgiceoOtieUt liresSinsll RRMBRABeAbShe invention.
i ncl udes random access nmenory (RAM 648, and, in the

Modifigg@om and subssitpiiemsy tosspseiberpnesgss engididienspard gshtades can be made
sien R R Pl o e B R eRony i vencion i
ot G35 OBl RERTMILE8) S Wt ol ROy DYEld BV, b

only fimixeddyahe 6&she ofGhE@ppermiye dansor 642 and menory 648
on a single I1C chip. [00044] The above description and

drawi ngs are onlxﬁto be consjdered illustrative of _
ex@RpERL y Teshpdd ermosed agaie shatetihansh the inventipndaasdiggn described
- vant s of t iovention. .Mydification and :
with SRR PR tol GRS LS BroubidBv g b b P e g a oaring
diffusiél HGlist 8B GRARNEBNHRS Brodtel AOMIcaBRRRAAd Ry AR B any CMOS
spirit and scope of the invention. ‘Accordingly, the
imaging\apptiaous. | Also yadthdughbeemphsy dgretdoasrineirgg Haverbeadddyribed and
) t he, f oregoi ng description and draw ngs, but is.
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 d\escribed 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

WO pwensiosn has been described wth specific redBUS008037466
to CMOS imaging circuits having a photogate and a
floating diffusion region, the invention has broader
applicability and may be used in any CMOS i maging
apparatus. Al so, although &ﬁ ary capacitor
structures have been descrt d illustrated, many
variations in capacitor structures could be nade.

Sim | ~ [ . I
ooy a1y SRR SRR R defld B AR e the

i nvention. For exanple, although the invention has
been.dese irhigitg ey eomptiklingef erence to the formation
of planar capacitors, the invention al so has
application to other capacitor structures, such as

a phqtpamser (oasaavesng Phose casegiprte. clsaed shasgesor di ngl y,
t he above description and acconpanyi ng draw ngs are

i N f ] i .nat n
an oY wahdioet® Ko Bl SRR Sk RRIRILT siil el
sensdr V@ Betrichl signalQindi Nt ended that the invention be

l[imted to the enbodi nents shown and described in

detail herein. The invention is |limted only by the

a capgdspdonstoting saidail¢asviial gharigas, veherdin tosize ©f 508 k9g@itor is associated
.leCTQESZOOB/037466 CLALNBf.m%gt is claimed as new and

with ES PRGOS PRBCEESEE 9isad 1naghe PRl ng pi xel

conprising: a photosensor for converting photo energy

into electrical charges; an output transistor for

coner tAmgngdieg pivet & incdhdmgbSwindreiubedolyt sfahd phot o

sensor into an electrical signal; and a capacitor for

storing said electrical charges, wherein the size of
photesgpsprds prb iand the stosageowpagirdd! the crpacker isdhrasieer apoitise

ar eristics,of said imaging pixel. 2. An inmaging
()mugg%%ﬁ%%gél O%?%Fn1l, wherein the color of the
phot osensor is red, and the storage capacity of the

capaci 1A inh£xiRe bIREHS AR 1 Gviddteinale Wbl Qf the

f ent of ar ads.

photosensor is green, 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 color of the

photosensor is blue, 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.

6. An imaging pixel as in claim 5, wherein said storage

capacitor is a flat plate capacitor including a first electrode, a second electrode

and a dielectric layer between said first and second electrodes.
12



3. An imaging pixel as in claim1l, wherein the color
of the photosensor is green, and the storage capacity
w@bootls198@paci tor i s between about 2 and abouPCR0S2003/037466

femofarads. 4. An imaging pixel as in claiml,

wherein the col or of the photosensor is blue, and the

storage capacity of the capacitor is between about 3

and about 20 fentofarads. 5. An inmmging pixel as in

cl ai7m An iwhagieg pixshadinsiamagdurtbgpeenpusings a f1 at

pl ate capacitor. 6. An imaging pixel as in claimb§5,

wherein said storage capacitor,is a flat plate
wransSiag et HapeRingUdiry RerErL i PBeRGae: Adiouiniy
transtggctrode and a dielectric layer between said first

and second el ectrodes. 12 WD 2004/ 051980

PCT/ US2003/ 037466 7. An imaging pixel as in claimb®,

furth8r Aenprighigpixel dsriankimtogwieosintsaidrst@id i ng

charge between said photosensor and out put transistor.

8.. An imaging pixel as in claijm®6, wherejn said second
clectigdg of ﬁ%&éég%ﬁg% SIRACKPIIS SGBIGAFAES f GALS %fr Sa-lsﬂ%@ff‘éd to a

te of said transfer transistor. 9. An inaging pixe

trans%@’rin claim1l1l, wherein said storage capacitor is

connected to said charge collection region by a netal

contgactAn RagiAR pix¥B@Eih dhiixel , widrpin Sid@orage

phot osensor %orned in a substrate; a charge collection

region formed in said substrate for collecting charge
capaditiog i eraingcisoposisndvrge eolleption ecgion Pigeneaberitedy

el ectrically connected to said charge collector

region,, a. st orage,capaci.ty of the capacitor being
bagé)d é%{l{rﬂaegeéé)%ﬁl co nflﬁé' phot osensor .

a photosensor formed in a substrate;

a charge collection region formed in said substrate for collecting

charge from said photosensor;

a charge storage capacitor electrically connected to said charge -
collector region, a storage capacity of the capacitor being based on the color

of the photosensor.

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

12. An imager pixel according to claim 10, wherein said charge
storage capacitor is formed fully over said active area.

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

storage capacitor is formed partially over said field oxide region.

13



11. An inmager pixel according to claim10, wherein
said charge storage capacitor is formed fully over
W@ 200d/051960 d oxi de region. 12. An inmager pixel BCTUSMWOIET466

to claim 10, wherein said charge storage capacitor is

formed fully over said active area. 13. An inmager

pi xel according to claim 10, wherein said charge

stoyage,capacitqr is fornmed partially over said field

oxi e reBiBRsCr P herodmere1dam HETvisomonihdmse 14.

An i mager pixel according to claim210, wherein said

. Q?gﬁ' ' partially over

“Omgg?éggg??§§5§?§%? .ykﬁéﬁﬁgﬁégﬁgﬁgﬁr according to

clai m 10, wherein said storage capacitor is a flat

pl al® cApashgarpikdlateotting @ dldins10 ebeatnodR] stdrapecond

el ectrode and a insulating |ayer between said first

and .second el ectrodes. 16. An inmager pixel according
capaqigprds aiflyt plate pariErindafipera fiss elestirade, errarerd elegirede i s

1d fi. I d I I cal
< EBRPEEDE b P bRl el LERT RG0S i ai m 16,

wherein said second electrode is further connected to
a ded.e A irfaddrpied QEcdrdmBSod 8 15.8vhAbinl ROer pi xel
according to claim 10, further conprising a source
foll ower transistor for outputting charge accunul at ed
transfosiredzdhdrge regingt ie copueat¢rhrgsid Sgit ckecwhoie hyhasldeecnl
transferred to said transferred charge region,
contiffrerein the gate of said source fol l ower transistor is
formed adjacent said transferred charge region. 19.
Cocna L BT PR QR bR Hrc TR o
said source follower transistor. 20. An inmger pixe
clectmcle os flirtlgr tconnta@edred 6 gawshefraeirmséaitchnpidairosensor i s
used in a CMOS i mager. 21. A photosensor for use in an

i I ng, devi ce, . sai d phot osensor
nal% An imager plxe?acco?dmg to claim 10, further comprising a

source follower transistor for outputting charge accumulated in said
transferred charge region which has been transferred to said transferred
charge region, wherein the gate of said source follower transistor is formed

adjacent said transferred charge region.
19.  An imager pixel according to claim 18, wherein said second
electrode is further connected to a gate of said source follower transistor.
20. An imager pixel according to claim 10, wherein said
photosensor is used in a CMOS imager.

21. A photosensor for use in an imaging device, said photosensor

comprising:

a field oxide region formed in a substrate;

14



conprising: a field oxide region forned in a

substrate; 14 WO 2004/ 051980 PCT/ US2003/ 037466 a doped
WO 2001051980 a first conductivity type formed in BEi/tisS2003/037466

substrate and adjacent said field oxide region; a

charge collection region fornmed in said doped | ayer; a

first doped region of a second conductivity type

fornmed,in said. doped |ayer adjacent said charge

o APBEt B Pt heS S o oBRGT i SR Sp REina
adjacdn? 5B YicRY GhidS ¥ Hogubstrat e adj acent said first doped

regi on and conrécted to said first doped region to

store charge <collected in said charge collection

r eghage coliddiont regmgefocapddn taid dopediipyegr ned at | east
partially over at |east one of said field oxide region
aggfan active area of said photosensor; a trapsferred
c

Gelopedremon 6f 2 perasd Sanglus HERGEPE Agmehingsathar ge
| l.ectian region. . second . rage capacitor
dopec Broralisany SR e Mot S T egron. &
storage capacity of the capacitors being sel ected

baged sesragd@paditar fortd oher pibsdsaataddjaceat sald €irst
(Ehotosensor according to claim 21, wherein said second
dopedstegicayand eqraictesk toj ssidk Brshrddperd rageersto gara ¢hargy over at
east one of id field o e region and,sai d. acti,ve

I Xi [
collectgf i saghargreclfstion reitn Sl Sphe smsTor o mesprined
. . ! . . q
oleaGEELD 8L ILE B PP i RREPOME MR LRA 38kl d e
of saipphbé@seansey according to claim?2l, wherein said first
and second capacitors are fornmed entirely over said
active area. 25. The photosensor according to claim
23 trappfeired gharge regips for receiving charge from said charge

collection region; and
a second storage capacitor connected to said transferred charge
region, a storage capacity of the capacitors being selected based on the color

of the photosensor.

22. The photosensor according to claim 21, wherein said second
storage capacitor is formed at least partially over at least one of

said field oxide region and said active area.

23. The photosensor according to claim 21, wherein said first and
second capacitors are formed entirely over said field oxide

region.

24. The photosensor according to claim 21, wherein said first and

second capacitors are formed entirely over said active area.

25. The photosensor according to claim 21, wherein the first
conductivity type is p-type, and the second conductivity type is

n-type.
15



conductivity type is p-type, and the second

conductivity type is n-type. 15 WO 2004/ 051980
WEDANSRB03/ 037466 26. The phot osensor accor di Pgr/U82003/037466

claim 21, further conprising a source follower

transi stor for outputting charge accunulated in said

transferred charge regi on which has been transferred

of 260 A BT re PSR 20 PR S0 Mol ent
Sa' d t{aned RILGRr ‘ﬁ%ﬁ&gt%l f&e&k ttm?g7 ch %ﬁga&ﬁﬁ{@%ﬂ%’r

according to claim?21, V\herel said t osensor
used i m@t@:ﬁ&reaﬁabﬂge r@fon AvHId sl hmge:rarsffsteelnno

conprising: (i)._a processor;_ and i magi ng
devi cesad ersm_fan% chipa 1%31@%@%@@ éﬁ&. ghe P%@? ng

Conduc oM eypior & ERE st Bl SrbHld chaipacen

a fielg de regi on; a charge coIIectlon reglon
formed in said doped layer; a first doped region of a
second conductivity type fornmed in said doped |ayer
adRAc ethe phbtbscirar gecardirigeimt dlam 2bgibereinasaéd a char ge
st orage, capacitor forned rely over said field

oxi de P@@i&ﬁ“or§‘§Fg ﬁﬁhéx ¥r&Fof the capacitor
bei ng sel ected based on t he color of the photosensor.

2928Thﬁé1¥ﬁ§§ﬁh ggglﬂ .m 28, further

conprising a reglon of a second
conductivity forned in sald doped | ayer adjacent a
p@) hipetcesforsaidl charge col | ection region and opposite
sald first doped region.

(ii) a CMOS imaging device coupled to said processor, said CMOS

imaging device comprising:

a doped layer of a first conductivity type formed in a substrate and

adjacent a field oxide region;
a charge collection region formed in said doped layer;

a first doped region of a second conductivity type formed in said
doped layer adjacent said charge collection region; and

a charge storage capacitor formed entirely over said field oxide region,
a storage capacity of the capacitor being selected based on the color of the

photosensor.

29. The system according to claim 28, further comprising a
second doped region of a second conductivity formed in said
doped layer adjacent a portion of said charge collection region

and opposite said first doped region.

16



16 WO 2004/ 051980 PCT/ US2003/ 037466 30. The system
according to claim?29, further conprising a transfer

wo e@asswsor for transferring charge accunul at ePCT/DS®Ma3/aB7466
second doped region to a third doped region of said
second conductivity type formed in said doped | ayer
of said first conductivity type, wherein the gate of

sald transfer transistor .i.s 0 d adj acent said
seégnd&gﬁﬁ%em@ﬁf%ﬁi.m%ﬁo. dﬁdﬂbzéyé‘lrn&?f SECEFERG to claim
30, fij MLl S B r yst or
for out&%}lu{}f&ftr%%?:gggﬁ gjér%glggfﬁnul a?gaég% %&dgg?‘%&m?ﬁ??%kidoped
r egi onsesdhéhidpad rbgien tbnahitieioped regionaifdaitihieeshd doped
region, wherein the gate of said source follower

t r ansi semdudtivity sypecformes ie said doprd layrr phsdbpEd regi on.
32. A nethod. of form,ng.a i r__havi ng i.nproved
char geCOMGTGE HmHELs ngs PalC ST S0 MRt FOPPAICHG o
sem co Of 4; : ' ed | ayer of a
first ﬁ%%%%b%?%%??§£?§§£$a¥%&%?ﬁgggﬁfirst doped regi on

of a second conductivity type in said doped |ayer,
said. f Thetysapedcoedoro Heim §0 afljréee aomgprising] dscoxiae

region; formng a charge storage capacitaqr aquerlying
entireﬁ¥kUV§ﬁ“%¥BF€é§¥06%%nu%gg@%ﬁﬁa%WQWgaEﬁﬂaémﬁegion
and an_acti,ve reaof.id%§'ﬁﬁg : f ing a
contacpnﬁigﬁg% r%%ﬁ%“?@iézw opea}regﬁggtgﬁgdggﬁg

char ge 4ot PEa86n GARGSEIN! Dk cafe SftQlP@reaRAGWey of the
capaci tor being selected based on the color of the

phot os enasistor 8¥ormhkeé adptémudaschoddiapgdiregioinai m 32,
wherein said charge storage capacitor is forned
entirely over said fiel i.de region. 34. Th t hod
28t RS g @ (AEDS MBS e Ciaitteroved Page
capaci Et%?aéescgrﬁﬁlﬁ@ggﬂ{gétéﬁlyﬁ over said active area.

providing a semiconductor substrate having a doped layer of a first

conductivity type;

forming a first doped region of a second conductivity type in said

doped layer, said first doped region being adjacent a field oxide region;

forming a charge storage capacitor overlying entirely over at least one
of said field oxide region and an active area of said CMOS imager; and

forming a contact between said first doped region and said charge
storage capacitor, a storage capacity of the capacitor being selected based on

the color of the photosensor.

33. The method according to claim 32, wherein said charge

storage capacitor is formed entirely over said field oxide region.

34. The method according to claim 32, wherein said charge

storage capacitor is formed entirely over said active area.

17



17 WO 2004/ 051980 PCT/ US2003/ 037466 35. The net hod
according to claim 32, wherein said charge storage

w@apaoser is formed by: forming a first condup€T/us2003/037466

| ayer over said substrate including said field oxide
region; formng a dielectric layer over said first
conductive layer; and form ng a second conductive

l ayer er said dielectricg.l r., 36. The et hod
acggr d&ﬁ‘ﬁ W?}geaé‘ﬁﬂfé%‘,g %Cg?‘né’la%f’s‘gbﬂeﬁ Sraécfdéqrg%t rode
is atj ] Liride a doped polysilicon | ayer
or a %gg?nigs?ﬁ;&g?él%gllgjg}lg%g{gt polysilicon layer. 37. The
nmet hod according to claim 35, wherein said second
efeatingddirsiscondpkatd layen ovet sdid balyserare mcludigg s2d fiekt al
~layer, a titaniumnitride |ayer or a doped

oxidegegipsi | i con | ayer. 38. The nethod according to claim

35, further conprising: formng a second doped regi on

of._sai d_seggond cqQn I vt ' . ed | ayer
s%’ég}%ﬁgf‘r S 1|cg&e ??%g%rls gp%ra{ ér/délg%dgﬁv% %?Flr’gﬁgf er charge
froma charge collection area; formng a third doped

I esthOfg Qfse & dc SRERM Roadsiet kMt tdielttiie ldyer.t he  doped
| ayer Spaced from said second doped regi on wherein

said third doped region effectuates the transfer of
chapgeThe ractheddecerdbig wudlaim anawvherein suf Brst sleetrpde

doped i.on. of id dycti vity t inth
oped FayRPREn S SR P Lt g e fon

wher ei He%ﬁ?ﬂcﬁ@ﬂrg?&lg@ggzsﬂé%h?&_i s a drain for a

reset tr I stor “for s mager. 39. The net hod
according to claim 38, wherein the first conductivity
t yp&. i $hpmsthed aanatdidyetosdaionds cwhelent sad secotgpe i s
n-type. 18

yP electrode is a platinum metal layer, a tungsten metal layer, a

titanium nitride layer or a doped polysilicon layer.
38. The method according to claim 35, further comprising;:

forming a second doped region of said second conductivity type in the
doped layer spaced from said first doped region to transfer charge from a

charge collection area;
{

forming a third doped region of said second conductivity type in the
doped layer spaced from said second doped region wherein said third doped

region effectuates the transfer of charge to a readout circuit; and

forming a fourth doped region of said second conductivity type in the
doped layer spaced from said third doped region wherein said fourth doped

region is a drain for a reset transistor for said CMOS imager.

39. The method according to claim 38, wherein the first
conductivity type is p-type, and the second conductivity type is

n-type.
18



WO 2004/ 051980 PCT/ US2003/ 037466 40. The net hod

according to claim38, further conprising formng a
wehbotosmse over said doped | ayer between sai d PCT/ES2003/037466

and second doped regions. 41. A nethod of formng a

CMOS i mager having i nproved charge storage conprising

the steps of: providing a sem conductor substrate

havj d d .0f fi ductivity t X
For il SRRt BB of ol e, AP AR B ot or
subst r gbfnidg0] phoDgdceldvestaid ﬂgg%&gdly&ebét@%@ﬁ sQUSrsSal d

field oxide region and said ate; formng an

i nsul atandget@ykdopaderegaisd first conductive | ayer;
form ng a second conductive |ayer over said insulating

| ayer; atterning said first conductive |ayer, said

i néﬁr ath ﬁfgfﬂil%é/ ef P%ﬁﬂn% A MEEigager badng tnprovedyrbargeo

forma i.f or. .and-an electrical elenent of
R R

said erei nsard storage capacitor is
fornmed entirely over and in contact wth said field

oxpideidieg h eemicdnsitoon gebstRBaBRANg @dobBe 1FRPBE L HRvt

bei ng sel ected based on the col or of the photosensor.
conductivityfgpeiet hod according to clai m 41, further

conprising: formng a first doped region of a second

cenductivity type in sai,d daped.l ayer and, adj acent
sgdlg]%n TPél fbﬁ %)?f%% rF%IQch,th&?ﬁi Sﬁﬂ“%f’%ﬁ‘&%&uaﬁfﬁ%; regi on
of said second conductivity type in said doped |ayer
s paesie g far et & dhchive BledRRE %hill $ PBvidE ‘P{gﬂ)ﬂ dndshifyi rd
doped regi on of said Second conductivity type in said

substidomed | ayer spaced from said second doped regi on and
adj acent said electrical elenent; and 19

forming an insulating layer over said first conductive layer;

forming a second conductive layer over said insulating layer;

patterning said first conductive layer, said insulating layer and said
second conductive layer to form a storage capacitor and an electrical element
of said CMOS imager, wherein said storage capacitor is formed entirely over
and in contact with said field oxide region, a storage capacity of the capacitor

being selected based on the color of the photosensor.
42. The method according to claim 41, further comprising:

forming a first doped region of a second conductivity type in said

doped layer and adjacent said field oxide region;

forming a second doped region of said second conductivity type in

said doped layer spaced from said first doped region;

forming a third doped region of said second conductivity type in said
doped layer spaced from said second doped region and adjacent said electrical

element; and
19



WD 2004/ 051980 PCT/ US2003/ 037466 formi ng a fourth
doped regi on of said second conductivity type in said
walopens19syer spaced fromsaid third doped regiPCT/UERN3/037466

The nmet hod according to claim42, wherein the first
conductivity type is p-type, and the second
conductivity type is n-type. 44. The nethod accordi ng
to clai m.43 erein.said first dope regqi . Sal
Bebue tgvath At SirE Elphid b 3Bar b siPe i o
f 1 regi at a dopant

(kgmdgg ééﬁ%&%@?@ﬁ8%%#9?F§%§§538$6Tk1015 ions/cn?2 to about
1x1016 ions/cnR. 45. The nethod according to claim44,
whe3 ei Ths aiadhed ectordinglto cilimmEhtwhegeia the ongsf er gat e.
46. The nethod according to c|laim45, further .
conpr | SATHHICUTIEY AIPSES B- Y% @fdithe seqoed KongHETASHRE L
foll ower_ transistor. 47. An inmagi ng sensor conpri sing:

an arr%ﬁygﬁ i magi ng pixels; and a nulti-color filter
di sposed over the array, whereby each pixel is

deyg! opRE t@hE&heehdidgasl im 4davieirtinaahfint deped

i ncludes a photosensor connected to a capacitor, a

si ze ofegitig seidpacirtdbdopdseiogiprd etidrthird stppe regien and
respecti, col Qr being detected b he i xel. 48. An
i magi n&%gﬁé@* 8986 LN ,eg\i%ﬁéf{éﬁpﬁnﬁ ﬁ@cﬁﬂﬁ“?g’%ol or
filter ~psS. @ isl; (o ' 416 r-as in
c|ain1ﬂgﬁgﬁh§§§¥ﬁ&%§xé§§L§Fé%8€@§PEgggb ?gﬁggﬁgbt red

and each red pixel has a capacitor sized between
abggt Thamskthba utcorfinfgemtddiar 44lswherein said electrical

element is a transfer gate.

46. The method according to claim 45, further comprising

forming a reset transistor and a source follower transistor.

47. An imaging sensor comprising:
an array of imaging pixels; and
a multi-color filter disposed over the array, whereby each pixel
is developed to detect a color, wherein each pixel includes a
photosensor connected to a capacitor, a size of the capacitor
being determined by the respective color being detected by the

pixel.

48. An imaging sensor as in claim 47, wherein the multi-color filter

is a Bayer filter.

49. An imaging sensor as in claim 47, wherein pixels are developed
to detect red, and each red pixel has a capacitor sized between

about 0 and about 20 femtofarads.

20



20 WO 2004/ 051980 PCT/ US2003/ 037466 50. An inmagi ng
sensor as in claim47, wherein pixels are devel oped

W 00des®8d green, and each green pixel has a CBEEUS1003/037466
sized between about 2 and about 20 fentofarads. 51.
An i magi ng sensor as in claim47, wherein pixels are
devel oped to detect blue, and each bl ue pixel has a
caé)@ci or._bet ween aboutls 3 d_about 20 feértdof ragﬁs.
5250 A\ IBBPE SSRILGP Theaih %1 BPMAT PR F e R 4P s
are deye t - nd
mgent & AEE T Bre Gl 3 R RO K R e
conpr i sétagen abowvl dhdgbaut 20 femytoffradsragi ng pi xel s; and
di sposing a nmulti-color filter over the array, whereby

each pixel is developed to det zgt .a ,coLsor, wh reic{w
eazh phARdmaging|sgaws agin plabe d<eHE6rciR BREB A HCYS0RE

capaci t or, ize 'of t capagi;t or 8 i ned

by the'G cé%tg%clﬁpgeangoqagﬁ %E)uecl IE%(&J% é‘cctag%%s btg E‘&ggd;i xel .
54. A meidod, of ;R PoN@naBikdBoi Ng sensor as in claim
53, wherein the nulti-color filter is a Bayer filter.
55. A nmethod of form ng an imagi ng sensor as in claim
5352. wherimiagingi sxedces aaie clden dl7opddrain pikstseee deedopethd |
each red pixel has a capacitor sized between about 0O
and abBud<og o PR SV, 8BS TRETBEod of formi ng an

i mgi ng sensor as in claimb53, wherein pixels are
Cote| RSt SRR S gD o e °
f ent of grAdling an array of imaging pixels; and

disposing a multi-color filter over the array, whereby each pixel

is developed to detect a color, wherein each pixel includes a

photosensor connected to a capacitor, a size of the capacitor

being determined by the respective color being detected by the

pixel.

54. A method of forming an imaging sensor as in claim 53,

wherein the multi-color filter is a Bayer filter.

55. A method of forming an imaging sensor as in claim 53,
wherein pixels are developed to detect red, and each red pixel
has a capacitor sized between about 0 and about 20

femtofarads.

56. A method of forming an imaging sensor as in claim 53,
wherein pixels are developed to detect green, and each green
pixel has a capacitor sized between about 2 and about 20

femtofarads.
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21 WD 2004/ 051980 PCT/ US2003/ 037466 57. A nmethod of

formng an imaging sensor as in claim53, wherein
w@erooels198r e devel oped to detect blue, and eachP®i/ug2003/037466

pi xel has a capacitor between about 3 and about 20

fentofarads. 58. A nethod of formng an inmagi ng sensor

as in claimb53, wherein pixels are developed to

d eé,?ct A%‘&h?)& 0%¥grrr]1’1in§%lnl i?nvggmagns%ns&aa%qﬁ LRim%3 R
wherein pixels are developed to detect blue, and each blue
pixel has a capacitor between about 3 and about 20

femtofarads.

58. A method of forming an imaging sensor as in claim 53,
wherein pixels are developed to detect one of cyan, yellow, and

magenta.
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