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Ar WD 2005/ 04362 DUAL CAPACI TOR

STRUCTURE FOR | MAGE OF FORMATI ON FI ELD

CF THE | NVENTI ON [OW@WMWM ntion relates to
gam tor struct ure tate imagi ng devices,
A58t/ oMos and CCD i ng devi ces.  BAGKEAIR 084370

THE I NVENTI ON [ 0002] There are a nunber of different

types of sem conductor-based imgers, including

charge coupl ed devices (CCDs), photo diode arrays,

charge injection devices and hybrid focal plane

arrays. Ay, aAP ACIPOR STRUYEIREFORTIAGTIR/ AND | ON

for small size imaging applications. However, CCD

i magers suffer fromﬁﬁm‘@qf oY rORMAYRONROEs. For

exanpl e, they are susceptible to radiation damage,
they exhibit destrucg i,nq;é@f diye, they
require good I|ight shlﬂ%ig) ?%Egvm I|mage snear and
t hey have a hi gh power di SSI pation for |arge arrays.

[ 0003]00BEclause Bhe inventiarhestagastto lcapaicitert scmngLrésfoGOid state

poss ol Bnd 8, nndhe GUBITEN opiRaEn e

i magers have a nunber of advantages, including for

exanpl e | ow vol tage:mmoamnronrmﬂ DMVBBIIRON
consunpti on. i mgers are al so corrpatl ble with

i nt eg on-chj p el ectro |cs ont r ol

timi n@% %g"age pﬁl%@eggﬁ humasiPd e SRl 1 %Hﬁ?fﬁg‘%&ﬁscd
as A/'D jGRBYRTSER éﬁ'é/%b 08 Lsvi@k (OUDsA e &6aEsS
to the |rmge dathamm nd a‘lzvgEl %\(/%/er1 fsa%yl CSZ?l#lon costs e

as conpaheltamtcmwmécwnmwtmdaﬁocwm |arr63§ GeRngaofen
CMOS processi techm ues. .ca

conpat i BRI R e R S

| evel obe%ﬁgr@UDmnégfcrs@affcﬂ A9 @ ndltRY ofdlitddvantages. For
associ ated processing circuits would be beneficial to
many di gpcp@]plcaptm“ag@tqsmblclto radiation damage, they exhibit

destructive read out over time, they require good light shielding to avoid

image smear and they have a high power dissipation for large arrays.

[0003] Because of the inherent limitations in CCD technology, there
is an interest in CMOS imagers for possible use as low cost imaging
devices. CMOS imagers have a number of advantages, including for
example low voltage operation and low power consumption. CMOS
imagers are also compatible with 'mtcgrétcd on-chip electronics (control
logic and timing, image processing, and signal conditioning such as A/D
conversion); CMOS imagers allow random access to the image data, and
have lower fabrication costs as compared with the conventional CCD since
standard CMOS processing techniques can be used. A fully compatible
CMOS sensor technology enabling a higher level of integration of an
image array with associated processing circuits would be beneficial to

many digital applications.
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WO 2005/ 043625 PCT/ US2004/ 034370 [0004] A CMOS i mager
circuit includes a focal plane array of pixel cells,
each one of the cells including either a photo dlode

a photo ate or a photoconductor overlying a do
WR41%M*B?° a substrate for accunul ating PCT/ 52004/034370
phot o- generated charge in the underlying portion of
the substrate. [0005] In a conventional CMOS inager,
the active elenents of a pixel cell performthe
necessary functions of. (1) photon to charge
conver[8004] (2 CMOSnmbgdricheuioihcludesgefocd plage arrdy3 pf pixel
transfer of cBar ge.to a floating  diffusion node

acconparfidcasy onnaf g CS%PFIFMEF}%‘H Riwyo digdetanhesogse or a
floati n% g#ofcgﬁtﬁlrcgde} o?gﬁjﬁné 9 d%ﬁr}gggn%? le?os ?tf QSFacEHﬁmlaUHg

transfe Ion O

f or reaghoto-ganachtddodhampetip dic waddrigng poftionadf Itl&rbubﬁtrﬂtc
signal representing pixel charge. The charge at the

floati i ffusi on node, cally converted to )
ol 005k v otk aa o tiog Lot RgY HiARtE iR of a pivel
transi st perfoh@ RO 9&&%@&%&&% ek ?[rﬁmot&fl t@clﬁl\gésonvcmon

i mager plxel is typical'ly either a depleted p-
j unct i of2isetpdirerobimage thasga ( 3}1@@@@& of d@pgcetplacﬂfpatlﬂg

regi on hot 0 For d e

o ARERY od® ARDRIEHEA By chiFEe BASHESLEETRY rcldRAE ene
phot odi ddetingrdiffudi RS to a[l@ﬁQ@]stdt@ b&f6ie, th%féﬂw chhhRIo it;
types of i magers capacitors are enployed in

conj unct?bislegiemots pies! feresprdaatiapig hewrpyt Frnskamytifiegion of a
as o PesrhtRtehinf BRI TRt RIBERRL Ryl BlfiliSn node

fully cddypicdllyandvestedrte atpheel eltpat vdlage h‘jﬂﬁ gauraofolleeteedutput

by the hot osensi ti ve area, .conventiQn i magers
typi cal AFELHPF eTnh%‘ftﬂ&?Sﬁa%Pvcsﬁ GRAt © f&l\ﬁ@ﬁé@a%ﬂx&él

poor dy pa ¥Eﬁ(&9% depReidtd-RRRlcki¥n p ﬁ&e&ﬁmb@aﬁlﬂdlﬂag&rds
may al so sufter from poor operati on due to ot her

f act or s deplatiorceegiondfehexth acpénpmgatco rFole phcmquies froage lag can be
exanpl e, ,.as_P- hannel%%g ces in the hera ar. ea

have. di FEBfgid YeQ R Healciing theghorngiods TRgaradea

the active area of a pixel cell, an actlve area
capacifpoosiay reaDCDe GMOSfahé beitr typesphigiaces Qﬁpz(ciﬂj’rs are
exanpl e, a_ hi gher capacitance) than the capac nce of

a capaGFtPB?chéﬂ FRIJURSHOR pBthyheielfdicg FompeREnt ff e storage

technol ogyi2&l in QBQS? %?ﬁaﬁ ﬁrf)&ksﬁngt é?rcgftpVAg@rcsMPM@ LnaBifity of

opt imzed process formation of active
the capacitors to fully collect and store the electric charge collected by the

photosensitive area, conventional imagers typically suffer from poor signal
to noise ratios and poor dynamic range. Additionally, conventional
imagers may also suffer from poor operation due to other factors that can
affect capacitor function. For example, as P-channel devices ina the
peripheral area have different requirements from N-channel devices in the
active area of a pixel cell, an active area capacitor may require a different
capacitance (for example, a higher capacitance) than the capacitance of a
capacitdr formed on the peripheral area. Current technological processes

fail to provide, however, an optimized process for the formation of active

2



2 WD 2005/ 043625 PCT/ US2004/ 034370 and peri phera

area capacitors having different structura
characteristics, which in turn entail different

‘ﬁérfornance characteristics of the capacitors, &%OO?;
ReYPEPAY y, there are needed inproved i magefQ/EpP4034370
i magi ng devices, which provide for inproved in-pixe
capacitors and peripheral anal og capacitors.

Optim zed methods of fabricating a pixel array

exhi biting these inprovenments in capacitor function

are al soineRagipherasuRamRaciiors hppEg dfRERT) ONCroBlodRragisestics,

P Itl -eS S |n§( e Hl\éﬁ él'g Eugﬁ ngag;élaﬁ?ﬁ%t n?(gflfnglrggcdgbﬁ{ %c%cr ésglgsn?{tioic CaP(ACItOI' S.

used in perlpheral circuits have different

requi r OeAs fr dm:@ﬂalﬁglyn tereat ne¢ded tinpreveddmagért aidimaging
In one nbodl stack capacitors _conprjsin
two di el GoiED evrﬁgy%rpglﬁﬁr&y iggrovegd BypIRelraparitost #nd prgipheral

active pmga ?sncbgtnﬁz&ﬁﬁmﬁag £8HERirE0: L Pl

| ow | eakage an hi gh capaci tance n anot
enbodi meexhjbidngltheke ingireteechtsiic capagieni fuortiorayre iso needed.
provided in one of- the active or the periphera

" the other of e SHATMGEY OF TP IRV 0

yet another enbodiment, a single dielectric capaC|tor
i s propdod8d in Hdiciprtsbﬁ iaehtive peovitict heagiagidehie¢salomprising in-

areas, but th dielectric of he active area i s
di f f er erRX¢! ﬁB%PFWéth EPRIEIEGc T ?C%Pﬁ%‘t‘b‘é Pﬁﬁ{]@r%ﬂflphgﬁje%rcmts

The i nvengi %Héé&?c%ﬁ&&icﬂ@?roﬁ?&ﬁ%?u@ of PRI RUER. In one
capaci t or tructur 0009] Thes ot her %eatures

and advasmbertiment, dnhietaChmd;ltomncmesmg) everdickecappayeentay be

fromthe fol|l i detail ed. descri ption that s )
o1 ovi docProriied B Rdbithe Kkt Prelve R bR psriier Hrin shieve
and ill umrlam e @ﬁ@fﬁ%h@i citRa® ol RRhér dhbddifent, a dual

i nventi on. 200 625 PCT/ US2004/ 034370 BRI EF

DESCRI PTq!ichct@F L R Masopided o o gf the aptdveeprithp peripheral

view of ngst alg)cpg' sﬁgle AR cagﬁﬂg is bpct)\%ggda{ne&c other of the active
or peripheral areas. Inyet another embodiment, a single dielectric -
capacitor is provided in both the active and the peripheral areas, but tﬁc
dielectric of the active area is different from the dielectric of the peripheral
area. The invention also provides methods of forming such capacitor

structures.

[0009] These and other features and advantages of the invention will
be more apparent from the following detailed description that is provided
in connection with the accompanying drawings and illustrated exemplary

~embodiments of the invention.




circuit according to a first exenplary enbodi nent of
the invention. [0011] Fig. 2 is a schematic
cross-sectional view of the structure of Fig. 1 taken
along line A-A and at an initial stage of processjng.
"t’@é@g’}m‘?”ﬁ g. 3 is a schematic cross-secti orf4IT/4524/03#370
the structure of Fig. 1 at a stage of processing
subsequent to that shown in Fig. 2. [0013] Fig. 4 is

a schematic cross-sectional view of the structure of

Fig. 1 at a stage of processi ng subsequent to that
shown i n Fi BRIEF DESGBIN}IGN QF SHEDRASKINGS! | c
cross-sectional view of the structure of Fig. 1 at a
st age ocesg:i, Ny: Cﬁﬂ? ' i 0.

4. [0&?@f&Lig.'%%igngggﬁgﬁggkgh%F%gggsec Pona G5Pg§?mrd
of a CMdBcuitragerding totefysadxedpliy anbddimenafdhe gaveation.
second exenpl ary enbodi nent of the invention. [0016]
Fig. 7, sc i c cross-sectional view of the

ot uct PTGy * RS SRR S Rt S e cnure of
subsequeg, 1t ek npIHRUN Al At h infhial sthOdTrock@ing8 i S

a schematic cross-sectional view of the structure of
Fig. 6 at_a stgge of processing subsequent to that
shown [PRLE g. 7lg 3 Berehenmti crays-pestignal wicerrl the structure of

Cross-segdi (YA . e i O a
ctage of Ty o asabh SrbBhe il hbER LIS o g,

8. [0019] Fig. 10 a schematic cross-sectional view of
a CMOSOPhdger Figteignatiematic couss-teciond vivngf the seruttare of
exenpl ar nbodi nent of the .invention. W . _.

5008] 04588 BETRERICRIAF SIS HP TR0 BeEHoPR jnFig. 3.

schemati c cross-sectional view of the structure of

Fig. I00p4]) a StHEge ©h speARRis Sid3gscetbed qieands the striature of
shown in, Fig. 10. @&?OZl} th% 12(a) is a schematic

cr oss- s&6F LR ARagT /UPIFesipg S s et FRthat showy! imBigat: a
stage of processing subsequent to that shown in Fig.

11, [[002A] Fi FiglifsR)schednatic 2EAIEBREDRal GcRSSE £ EMOINAhger
view of the structure of Fig. 10 at a stage of

pr ocessiinfegraigd sagietrconding toz sestnshgremplan gmbedimgnt of the

[ 0023] Eh%nﬂ%§ is a schematic cross-sectional view of

t he structure of

[0016] Fig. 7 is a schematic cross-sectional view of the structure of

Fig. 6 at a stage of processing subsequent to that shown in Fig. 6.

[0017] Fig. 8 is a schematic cross-sectional view of the structure of

Fig. 6 at a stage of processing subsequent to that shown in Fig. 7.

[0018] Fig. 9 is a schematic cross-sectional view of the structure of

Fig. 6 at a stage of processing subsequent to that shown in Fig. 8.

{00191 - Fig. 10 a schematic cross-sectional view of a CMOS imager
integrated circuit according to a third exemplary embodiment of the

invention.



Fig. 10 at a stage of processing subsequent to that
shown in Fig. 12(b). [0024] Fig. 14 is a schematjc
cross-sectional view of the structure of Fig. 10 at a
sta%e of processing subsequent to that shown in Fi
W2005p6¥5] Fig. 15 illustrates a block di a A BI04434370
CMOS i mager device having a pixel array, wherein the
i mager device may be conbined with a processor in a
single integrated circuit fabricated according to the
present invention. [0026] Fig. 16 illustrates a
schemat@20di agr ding.dfl iga smmmume«rowsmsandws:fsﬁﬁnucturc of
mhlch lize an magi ng devi ce, r exanp

g L@ PR BT SR 52 6 SR e 10.
one enbodlnent of the invention. DETAILED DESCRI PTI ON
OF THE{GOWENT! Ollig 1903 W dehedi ot btibill vi8k 8F litdrructure of
description, reference is nmade to various specific
enbodi meFigs10 st aptdgstof phecessingonbscquentrty thee sipevans in Eigd 11.
These enbodlnents are described with sufficient detai
to ena hose
i nvent and ngs 'S tgg%ée&ﬁ%%grcg{;sts Sd&t ﬂhqgg%%ﬁtﬁch&mcmm of
enbodi neFlgsmmya segeaifptaysihg sabwdqiidnato diat sledbwi & Figndl2(a).
| ogi cal 5 WO 2005/ 043625 PCT/U82004/034370 changes '

e DR U R AP DS LEOT AE S L SOREr

"substr aEiF. 1k sagef&@roceam glREbegeGht td HLESISORRUSRR Y2(b).
in the follow ng description and may include any

senicquucior-based structure. The structure should be
under stV8d4 Fie ﬂ@dea @hrm@refncrosasmveeﬂ VisRv iof g siifugture of

(sa), u%'tfgfr)ﬂaos?aéé Fs% g%@qu g?cP t?t@gwh'ﬁ}g?i%te?s

sem con ersior con suppo
by a base sen1conductor foundatlon and ot her

seni co®9a61 or sFigudb ullhegatcs 'a'hle)c!séngltmmfudt?MOﬁ émezan device
n- based The nduct or

b |
o1 T bon 182 R R R e el pe Sambined with a

When refgbeRas in & smgﬁdﬁcgﬁtcﬁrtﬁ‘cﬁﬂﬁﬁhéa@écﬁactBrd.lﬁg to the present
foll owi ng description, previous process steps

invention.

[0026] Fig. 16 illustrates a schematic diagram of a computer processor
system which may utilize an imaging device, for example, a CMOS
imaging device constructed in accordance with one embodiment of the

invention.

DETAILED DESCRIPTION OF THE INVENTION

[0027] In the following detailed description, reference is made to
various specific embodiments in which the invention may be practiced.
These embodiments are described with sufficient detail to enable those
skilled in the art to practice the invention, and it is to be understood that

other embodiments may be employed, and that structural and logical



may have been utilized to formregions or junctions in
or over the base sem conductor or foundation. [0029]
The term "pixel" refers to a discrete picture el enent
unit cell containing a photoconductor and transistors
WQREBH6Erting el ectromagnetic radiation t PCAIS2004/034370
el ectrical signal. For purposes of illustration, a
representative pixel according to one enbodi nent of
the inventionis illustrated in the figures and
description herein. An array or conbination of pixels
t oget he¢hapgss mongsrmade vithoo tepotrguterothaspiay of swope bSehe
ina C ar . .imager device. Typically, fabrication
of all %ri &chénggg?ona phot oconductor array w |l proceed
simul taneously in a simlar fashion. [0030] Referring
now t p002B¢ dr alihe gemsWheis@ate?” Ked ©bgoenrths brhRed
designated by |i ke reference nunerals, Figs. 1-16

i |1 ust riateciBesdydn s followipe deicrptiemencheay inchedreaay of
capac ! Qhcdolu(d a3ttt TROLDE AN (RS CONANE S0

i n accordance wt nt's o € presen

i nvent i iorlndd$ikicdn; elidonsyminailatok {SOT) fsilicb@son-apphire (SOS),
represents ,a atial, separation between pixel array
regi on CWEP‘EBRE%%WEFO‘? ucks.spispdal faygrsrof siicgn epported

devi cespy dodshgeonesd RBEE BunlSg0Y; !
2005/ 043625 PCI/ US2004/ oéﬁ‘s%%dr[?(g)%g%hcgf%"%@%mr structures.

i | | ust rEtessemidondg¢toendsdaionbatiliah-tdsel. prhs edriconductor could
i nventi,on accordi.ng to which capacitors. 84, 93

(Figs. o PR E Rl HesFmange PUgt dibarseaidg. Jhsnmbrence is

area, reeRasithy albyiraeln S8 THIERALLELeipi Hrérd & o
Portions of ixeltgjré;gi on 58 and pserqi) phe?arll reggi%o%cs%sgteps

are formwdave beemg trcfioom regionssirjatceions imbr aves tnd base

of whi g;%%@ er.l.ntegrated circuit nmay be
fabri cgtprélg? eO%u?dﬁé??'cati on process begins with a
lightly-doped P-type or N-type silicon substrate, for

exandl0é29br | i Fht teymdippel? refoisttaxidicrets plchore rklediend unit cell

heavi ly doped supstrate. Pixel region 58 of substrate
70 | nc|°888§%?r5€?¥8ﬁ%dustr>f andyirasfstra for copvergingr y

Wi t hi N eRiatrBiagi¥etRfraddhcdl t8 an \MikctrRal sl:ét‘?lﬁl PR&Y rpBQE bf ON

59 includes representative conponents formed at the
illustration, a representative pixel according to one embodiment of the
invention is illustrated in the figures and description herein. An array or
combination of pixels together may comprise a photoconductor array for
use in a CMOS or CCD imager device. Typically, fabrication of all pixels

of a photoconductor array will proceed simultaneously in a similar fashion.

[0030] Referring now to the drawings, where like clcrﬁcnts are
designated by like reference numerals, Figs. 1-16 illustrate methods for
improving the performance of capacitors in CMOS and CCD imaging
devices conducted in accordance with embodiments of the present
invention. The break symbol (\\) in Figs. 2-14 represents a spatial
separation between pixel array region 58 with N-channel transistors and P-

channel devices in the peripheral region 59.



peri phery of the array, and enpl oyed for timng and
control or readout of signals from pixel cells.
Source/drain regions (not shown) may be inplanted

strate 70 using any suitabl e method, |nclud
W@%(BB%% antation, to formlightly doped or %m&gm

doped source/drain regions. [0032] Fig. 1 also

illustrates transistors 76, 94 and capacitors 84, 93

which are formed in the active pixel region 58 and in
heral region.  59. Transistors 76, 94 and

EQEaE.[ble?g 84, §’§Se]aél4hk§'i§?fﬁﬁlﬁ§°écal Pd%mt@fthqpfgqg:pmqvﬁgnon
et r | Qlachiaink e Whikhl G TBL B 34 (A, T2K) BE oh @ arca

convent Iaﬁd@l&rlpi&pﬂ&rda; mspcpﬁx&!;esﬁsmxccfrﬂnctoemtma& 70 Pomons
thermal oxjdation r chem cal vapor_deposition (
| nsul at iq% Ixeegionaa® g PRERNSERA refieR oA Al f9mF‘~’61rLﬁ’e9&ma\§m§“Ct°f

nitri de’suS’s’Eﬂag:e?' 0 50N subrRee! Feritintd EIR)S inDiPer integrated circuit may
(nitride-oxide), ONO (oxide-nitride-oxi"de), “or other

i nsul at |bngjahmtatedl dlhe C{MDOSS%]anéatg:zn g_roadssbeguislvush rdighdy-doped

phot osensor 90 regi on 58,

P e e Phe 8 Nt Bl R el S R g gt
gener at gic6d18h d@ehvily aepémmfdraxe NPixBIQESibRBS Sf Sﬁi%?_ratc 70
substrate, as depicted in %%s 1-9. hot osensor 90

may i ncliadiedes fompencatpfa, pieel pillstinsyismstithin an grray ofpixels, while

b Subs e R Sl RBRER SR IREL FI A e

ConventQﬁﬁﬁﬁaﬁeﬁﬂﬁMﬂuﬁ&ndhmpRhﬂﬂﬁﬁthﬁngﬂﬂﬁﬁﬁhﬁﬂdn&hﬁbutof

the i magers L vention nmay i nclude a p t ogat e,
photocoﬁ’@'&&lf&f’m GF eﬁOPWﬁgéﬂmﬂﬁgeﬁ% BSOS ARETEY 9

devi ce, 1ﬂ1glahﬂc9lint%fsugstﬁw@9§u%jﬁl saRatild Retfoldt i uding ion

accunul at phot o- gener ated c arge. Photosensor 90
may be fimpledtioattodernpbgiehtdopeter hegyiy depedfsagecegilrain
substrate .70, and may al so be constructed in any
arrangefEH?™ ori ent ati on, shape and geonetry, to be
integrated with other conponents of a sem conduct or

devi c40082)034] HRigt halsg lusedtesteqmisistoed7 § I94Ehg capaciprs@t, 93

(69100 SR SO oS, SANCL s chennel PSSR 1S eion
59. Transistors 76, 94 and capacitors 84, 93 cach comprise a layer of
insulating material 88. Insulating material 88 may be a Layer of tetracthyl
orthosilicate (TEOS) formed by conventional depositiora. processes, for
example thermal oxidation or chemical vapor deposition (CVD).
Insulating material 88 may be optionaﬂy formed as a nitride, oxide, ON
(oxide-nitride), NO (nitride-oxide), ONO (oxide-nitride-oxide), or other

insulating material.

[0033] Fig. 1 also illustrates a photosensor 90 in the pixel region 58.
Photosensor 90 may be formed as a photodiode for acctamulating photo-
generated charge in an underlying portion of the substrate, as depicted in
Figs 1-9. Photosensor 90 may include, for example, a photosensitive p-n-

p junction region formed at or beneath the upper surface of substrate 70

7



conpri se other P-channel devices (not shown). For
exanpl e, pixel region 58 may include N channe
transistors controlled by a transfer gate and reset
e_(not shown), each forned by depositing and !
‘g‘g%{{ogg’ﬁfﬁg a polysilicon stack. The polysi ITOP2AFAR
can be forned, for exanple, by depositing and
patterning a | ayer of gate oxide, a |ayer of doped
pol ysilicon, and a | ayer of oxide or nitride. [0035]

Reference is naw nmade to Fig., 2 ichillystrates a
Cross- gb&?PP‘éeﬁ’g‘Pfl{?[iat%%“Wescﬂgs%g\?%. éétgsﬁ&ﬁt F LIHAEGTS of
1, takenmrh@inR&gidn M8y iclfde ﬁ?ﬁot@éa{t@,rphbmct%ié&hggf,%g%gﬁér Hage -

but prior to formation of transistors 76,
capaci t 69 sh@ge cggeitingtdsuicpiinxkdu ofagihonodiéd g sl tierinittak

periphery region. 59. For e | ary purposes,.the

st r atee g0 s g e G Wk PRVGPSRRo QY be formed
i ncl ude adossbircabehoxpste shrtié€ bf subkret #d, el |hypalasbar t

of one substrate. However, as noted above, the

i nvent i GARYRSteddy ANy HFHBFRERT effntatigngthape and geometry, to be

sem congiyct ofqSHBSL hat poixgxgg’g} a Eci,trgcoiéi @#&Qicvi e..
illustrates trench isolat'ion regions 8 orme n
the substrate 70 by a conventional process. For

exanpll@034]he t raltedvshinodtenijtethinrEigi bpixel 2&iom§8 bwy comprise

f or med Tl process, according to i ch tr.enches
oeTr Bty Bhnn B REER BR800 0108 ot Sohet s BiohisBliRa o
70 via cemftijeathérdnahanticleiiog (R610E065). BHEEKadHle, pixel region

Reactive lon Etching (RIE), or with 8 WO 200 / 043625
PCT/ US208 ap2y3nckydr N-qhpeseb frantisters conirolled by i transfes Batsrand

used to ' S - .Gl

dopth, _Seraral iR i bR sl bfdghiche L MeRlh
are t hpolyfiliddneschclu llhe anlysilivonlsakk ngh eafoericd) for Egample, by
exanpl e,, sili conddi oxi de, lsi licon nit rilde, %

(oxi de- HFROPITRGRRA e i ks B4 §adtya leygs of doped

(oxi de- polsilicde; aka Bgdr.of bhifle bP i@, 1 Ng material s may

be fornmed by various chem cal vapor deposition (CVD)

t echni qu such as | ow pressyre chem cal vapor
deposk&?‘%ﬁ (LP rF“%ilbﬁo‘HéﬁgF t/Fig) atiuich pfysirates a cross-

deposi t {RondWied O A BREOS SiMabls8r FBEROH H0Ln along line A-A

depositing an insulating nmaterial wt h?n a trench:

Whi | e t el afreerimibiali poteading bur papron orbR8onmf thasitorm®y 94

by an S;rrlxd Parpg&teosrg 84, 93 in the pixel region 58 and in the periphery region
59. For exemplary purposes, the substrate 70 may be a silicon substrate
and may include a surface oxide layer, treated herein as part of one
substrate. However, as noted above, the invention has equal application

to other semiconductor substrates.

[0036] Fig. 2 also illustrates trench isolation regions 128 formed in
the substrate 70 by a conventional process. For example, the trench
isolation regions 128 may be formed by an STI process, according to
which trenches are first tched in the doped active layer or substrate 70 via
a directional etching process, such as Reactive Jon Etching (RIE), or with



it should be understood that the isolation regions 128

may i nstead be forned using a Local Oxidation of

Silicon (LOCOS) process. [0037] Also illustrated in
floating diffusion region 12 5 fornmed in

iq. i
‘thoogéﬁ’gfsr ate 70 and acting as a sensing node/52004/034370

transfer gate (not shown) transfers photoelectric

charges generated in photoserisor 90 to floating

di ffusion region 125. Trench isol ation regions 128 and
tons .125 may .al so he doped after various

di ffusi
f :abr :Jiia? E’B{F'g’i‘%%%mm%?wa t?Pé%R%SGQF% Rtch AP AR sibste 70 to a
[0038] Rehaesd @g@géae&aﬁrbeg&cg-ooa,A & aﬂfoeA.oafhgﬁ% er

8l is forned over . theé surface of substrate /0. A%C
first etheatfllodwithapansultiog metesiab Sequenpleysilidoarditait ©\ticon

gat e oxjde r 81 and. trench. i.sol ation regions 128.
El ectr oglgg?éay%ﬁ (%%C'W%eﬁgéflﬁ% “Ffdgngr g’g\&b Z‘B‘F‘@‘mmd""
el ect r odedeytFeiiMulatink RfakdiRlis RohyMetfodd by migﬁéjchtc&i_cal vapor

poly, poly/Wsi, poly/WNW and” poly/sil’icide.
El ect r o8&PosispR(CYPY tsehpiqupssueied [py pressyrk ahemiczlodpad t er

formati S ' | anar,iZi t echni que.
[0030)  Sberlish Ve ikt 30y RaARroPLdcERon, ok'Siy other
consec utitelle yndprdried depaysizing ah @ato6€ ndaeyRl w2l a tisch.

al so s i.n F%?g .2, Dielectric |ayers 214 and 218
each ma{ PHSHedromEh isglatiam regiqna d 28 sy e fosnaskby a1, process,
ni tridei siSbdBE undedRER tHQf (HBREIMBH SLdidhs Vs QS
nonconductor of direct electri caqlg !.él% %@%8%%%2 B
PCT/ USZooasdesiaroLoeliPxisation & $ilitondd©CA§Epro2R0 i s

then fornmed over dielectric |ayer-218. El ectrode

| ayerrpd3or may f any . syi t.abl.e. el ectr.od

et er | alg,e] i nc?&giﬂ%ﬂg%?%{%% ?fsmétae 91?“61&135%31?’} i%ﬁ

po: y; TifBirRed #nghyét?m/rit'c .7ﬂ,anﬁ@¢ll:tjﬂg\ﬂ§|x/5WS|ir@QLc)dcm transfer gate
pol y Si 2 .an 0 MoSi 2. El ectrode |ayers 210 an

220 ea Hohﬁ?“ﬁé%ﬁ% HreRhqtgelagiric charges genertsr ix Rlesgseryser 90
exanpl &o floh@ig &ERbn RGiAMGST ¥ :

Angst roor.rs.ol%g%ye_rs 21111(5)&%l 214, %%Chz;néﬁgb%&géggg%a?%e
deposi tdiffusinn weipns 125 miby else bethopeduéier vaniols ibrigation steps via

chem cqlmys@g@[ondlg%paglatﬁiogn (CVD) techniques such as | ow
pressure

[0038] Referring still to Fig. 2, a gate oxide layer 81 is formed over .
the surface of substrate 70. A first electrode layer 210 is subsequently
formed over gate oxide layer 81 and trench isolation regions 128.
Electrode layer 210 may be formed of any suitable electrode mate rial,
including but not limited to poly, poly/WSi, poly/WN/W, and
poly/silicide. Electrode layer 210 may optionally be planarized after

formation, using any suitable planarizing technique.

[0039] Dielectric layers 214 and 218 are then consecutively formed
over electrode layer 210, as also shown in Fig. 2. Dielectric layers 214 and
218 each may be formed of an oxide, metal oxide, HfO,, nitride, AL,O,,

12,0, or BST material, or any other nonconductor of direct electric

9




/s

chem cal vapor deposition (LPCVD) or high density
pl asma (HDP) deposition. Dielectrics used in the
i nvention may each be forned to any suitable

t hi ckness, for exanple fromabout' 10 Angstrons to

W86 Angstroms, and with any desired SEFE2YAG34370

geonetry. [0040] Fig. 3 illustrates a stage of
processi ng subsequent to that shown in Fig. 2 and, in
particular, the patterning of the el ectrode |ayer

220. Al though el ectrode |layer 220 is shown in Fig. 3
pat t er nedrrentt Elecgrede kgt 2205¢ than ddrined iodevditltariahove218.

| 0, 21 t i sol at | i 128,
ol wt 1 ot HafEAe 700 0 bR R Ho b s HRE YR
any ot heludal batloe lishaae ﬁa%u&%ﬁrmfmsi,%%m%br o

Referring now to Fi i nsul ating Tayer

. 4,
to covef’OlYMxéﬁ"ﬁ@@?}’ML pPoliéSodiz ndypoly@YibSias Electrode layers

di el ect pi 248. lnsul ating | aye 3, may .be a
| ayer .o? ig %Jtl c?%%% Fﬁ?}l‘ o tbﬁ'?érﬁwidctgggy f%&)ﬁf@ﬁﬁ% fopgrample
convent fromadbod PO AhkitAinoQBESSESO0 ASFst@XRMaferd PEOIRI4,
oxi datign or _chem cal vapor de%osi tion (CVD)

!

I nsul at #hy2ndh32} cxsh magypesispostad by prpwitable rephniqas, mcluding

nitri decndsi e T

(nitri gy %2390%%‘%%@3 )Lﬁegﬁ?éyso%ﬂ‘&%y’,w eSSt her
i nsul at ¢hregniced varar dkpositive([LRCVEY drayghy deBdity playnAFID M) e
f or med ,.any sired thjckness, and may

ith d be
opt | onaf TRPIEER A FFHG usFd ks thF GPRAHGIGRAY gh Ppformed to any
2005/ 04FAZ6ILRGTLAS ix ADHRHH b2 A BUAREGHAY. 500
(0]

the formation of the insulating |ayer 8 Fig. ,
pi xel tfBgEsTosIspRnd7Gith phykddsirechiiapt arst ge®metper i phery
transi stor 94, and periphery capacitor 93 are forned

by pa in q L0g ROLLI Qi n
2yl BBOTLGC) A D a0t RS Rling WA RO thag
The ordhewngh Hhé spdomgssticiapbe parerhing o itst adctantt layer

oo 2l SRR P 4B 5 SO Bl
exanpl egenehly gadighShBGH4Bs I0dYe Rfert 21 MRA4PET DL 1rOAch isolation
after, or in_between the stepS for formng the

capaci t 58®ns TR, desaiods lasen 20aparcontionsllyd paggrned with any
consi st | e t.ri 214, 218 shown in Fig. 5
b8, Sl ShEE s Beobdy

provi de

[0041] Referring now to Fig. 4, insulating layer 88 is formed to cover
patterned electrodes 220 as well as dielectric layer 218. Insulating layer
88 may be a layer of tetraethyl ofthosilicgtc (TEOS) formed by
conventional deposition processes, for example thermal oxidation or
chemical vapor deposition (CVD). Insulating layer 88 may optionally be
formed as a nitride, oxide, ON (oxide-nitride), NO (nitride-oxide), ONO
(oxide-nitride-oxide), or other insulating material. Insulating layer 88
may also be formed with any desired thickness, and may be optionally

planarized after formation.
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hi gh capacitance. [0043] An el evated-tenperature drive
step may al so be conducted, after which the N and

P- channel devices shown in Fig. 5 are fully formed.
‘XA‘gditi onal ly, the structures shown in Fig. 5

b
verPdt*W th a nunber of translucent or tra%(gTZ'isrzgﬁfmm

i nsul ati ng and passivation |ayers (not shown) forned
over the imge device. Such insulating and passivation

| ayers may include Si QZ, TECS, BPSG nitride, PSG

BSG o whi ¢h, can be pl anarized. Conventi onal _
proc es@ogg ste pguhsﬁﬁlu%ﬂt &y ths dormatiop of the ipsulatingrleyie s 8raf Fig.
exanpl e,4 6oR! asdskedrVd, Biell A54eat 841 Yl [y |

el ectri cal? connecﬁri onBV\n'ctchﬁaiHrtr%It aﬁ?’gﬁ%?%%ﬁaé}g% aﬂﬁ

r egi ons penphoy kepacinpr I hage famed by pacdrniggtaad kicheg pordions of
ot her cqnnec, .0 inthe. pixel. OQher conventiona

pr ocessﬁﬁﬁ_rsglé)pgfﬁ'a‘{;l8@3”_@6‘%8@“85}3?’?2@’ 6-11{1‘0{”8 LESHEbIét Ehe
the for readéraif i prodéld btepsIDAtrazRIER ARE Bipacitdr F5 et R InGy be
filters and | enses. The order of the “process steps

may be VaR¢dkd inrequiseq egeanyedens foraaqrviémias ptocksrilos. For

parti cul r | ow. [,0044 igs. 6-9 illustrate

a seconﬁgerg](%lﬁbﬁ%g%%%es%gsﬁ ??{e%ct fgfrlé?c{:lf%%m’ ?ro%%ﬁrd?\%ﬁw cen the
i n- pi xelstepafradbinting tiddcapicitgrs. Dhe A0 sERK cihcikak 84, 93
capacitor 193 (fFI. . 9) in accordance with the present

i nvent i GRDSIYENG © élfgféff?%?é4>a?d8|5how'a§vﬁse5 afavide lpyijleakage and
pr ocessipi, caBuitaREd O to formation of transistors 176,
194 and capacitors 184, 193 in the pixel region 58 and
in the geri pher 11 WD 2005/ 043625 PCT/ US2004/ 034370
regi on088lof Fi éﬂ clpvarqheemperagere drige Ep Fiag als@ b sonducted,

simlar h0 pah ol ONLARD. Of c%%igpcggslé({v&%:}‘e&?%rgﬁlﬁ %%%cd.

bot h structures conprise e

210 and Addeidnally, dhedtastresthbay &f Big2d thay 22 8ovdrf®with a
structure]_‘_,gLTc %g. 6 differs, however, fromthe
st r uct uPBMBFr gf ganshiceny of frapsparephigs Wt and passpapion dgyers (not

(Fig.  Ghow:® baheBevd: thd ik 8fvideN8u&l 2655 RH v fon
(Fig. 2) .O [[§045] Therpholt ogcesivét ;Sgyeg&géo 'S d?%?%%d

over anéyen reyrinelede S, AT EQBBREG Ingcitle,i RS, BSEY, 02 BO Govhich
aIIowpattgrnin ctric. la

per i phet 4t o R§TE] %égfdgg%cq’:dg%”ggf?cﬁs’él& s¥%§ ﬂ%é Salslg %e,&}‘i?rzﬁd out

sel ect i y@fRinG fdr@ample, contacts in the insulating layers to provide electrical
connection with implanted source /drain regions and other wiring to
connect gate lines and other connections in the pixel. Other conventional
processing steps may also be carried out to complete the formation of
adciirional components, for example, filters and lenses. The order of the

process steps may be varied as is required or convenient for a particular

process flow.

[0044] Figs. 6-9 illustrate a second exemplary embodiment for the
formation of in-pixel capacitor- 184 (Fig. 9) and peripheral capacitor 193
(Fi'g."?) in accordance with the present invention. Fig. 6 depicts an IC
device after initial processing, but prior to formation of transistors 176,

194 and capacitors 184, 193 in the pixel region 58 and in the periphery
11



and renoval of the exposed portion of dielectric |ayer

218 in the periphery 59, and stripping of photorksist

| ayer 230, the resulting structure is shown in Fig.

7,.ln this manner, the pixel region 58 of Fi 7

‘88%%0?40%3&5 two dielectric layers 214, 218 M%Tégsgo%m;m

the single dielectric layer 214 renmains in the

periphery region 59. As in the previous enbodi nent,

el ectrode | ayer 210 may be fornmed of any suitable

el ectrode material, including but not limted to

poly, polegiondi® ofdis. . ipantrugtmes ofdig.yd isisimilar iepart to that of

Di el ectry;. ch may be f n

e T e BNAAIR- R0 e OB Bha e

BST mat e2i(adnd the radYicleatritdiye RN ORIB|chOstreturelof Bigt 6 diffexs,

el ectric current. %@yers 210, 214, 218 nzay . be .

deposi t PRy Cta fPmsilie sunFtare of Figh 24 ehatia phpiptssisglayer 230 (Fig.

chem cal g\ et ' ure

chem cal 6)\}252{?6%2‘5%%%%%%% {%\E}Byc{:%[?r &rl%iszgh density

pl asma ( HDP) degpsition. [ 0046] FH%. 8 illustrates a
Fra

st age [§04pt ocesdbnghetorssisylarant?3p ds ed owlrenhin genRicywith
7. Subsequen 0 ,the terning of the. . diglectri .
ayer o15t sl g 2Py Mol Gpng Eue o gtldiieois

and pat tie pesbHRYS e glbreb B,Gb Mustratt @)EFig 24 BAREr stlervRickding
region 58 and over dielectric |layer 214 in the, _

per i pherdpdgomoyed of hereppossd goitoudr ficks s lnysed 18 in the periphaery
enbodi i ' Qfe ié

o a8 ph e B el A
i mtedih@igdl yaichis camnpen dieyiddl Sigin POOHFIPS @omprises two

pol y/ W poly/ ol y/ CoSi nd pol y/ MoSi 2.

ayor s sheeciBs aYer 1k 8 sernapshe obadlbs Hirsays
PCT/ US2Q0Q04/, 03430 peHERAS tdoReh 4y AN BblbfedRlufembodiment,
techni que, including chemcal vapor deposition (CVD

t echni quisrtiade hyers2 lloneypbefosmedolangrshisaile glagsnde material,

deposi ti.on (LPCVD) .or. hj ah densi t I ﬂﬁmfl )
depositf%ﬂ?mé 88 P&Iénv%%ﬁépogéﬁ b(gﬁg gﬁ pa téfﬂ%d

Wi th gensipfslivids! Matledttic hiydedBd hisd 200veh InfydiesoRied aflad
218; however, electrode |ayer 220 may be p@&ferned

wi th anyoXsidarectal oide Q. 8itdge At dablepr §oT Masash or a0y

tFihgi 9 i dechStdrRb £RucRorrAGE Ue RGBT, NGaye 4RI 6 BIRND 18 Bray

be deposited by any suitable technique, including chemical vapor
deposition (CVD), low pressure chemical vapor deposition (LPCVD) or
high density plasma (HDP) deposition.

[0046] Fig. 8 illustrates a stage of processing subsequent to that
shown in Fig. 7. Subsequent to the patterning of the dielectric layér 218,
electrode layer 220 of Fig. 8 is deposited and patterned over dielectric
layer 218 in the pixel region 58 and over dielectric layer 214 in the
periphery 59. As in the previously-described embodiment, electrode layer
220 may be formed of any suitable electrode material, including but not
limited to polysilicon, poly,/TiSi,, poly/WSi,, poly/WN,/W, pbly/WNx,
poly/CoSi, and poly/MoSi,. Layers 210, 214, 218 and 220 may be
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shown in Fig. 8. Insulating |ayer 88, for exanple, a

| ayer of tetraethyl orthosilicate (TECS), is forned

to cover patterned el ectrodes 220 as well as

dielectric |layers 214, 218. After selective etchin
SOPBEEES ning of layers 210, 214, 218 and JGIPEHRET

| ayer 88, the resulting pixel transistor 176, pixe
capaci tor 184, periphery transistor 194, and periphery
capacitor 193 are fornmed, as shown in Fig. 9. The

peri phery capacitor 193 conprises a single dielectric
214, wherqpssited®yiafy Phitedle reeRagic] @EludBg cheaifplap@sddposition
dielectrics 214, 218. Alternatively, the periphery.

capaci t o CViRyteghniquns seeh as domp pressuprychemisabyapap eposition

di el ectri ' ci | Si

Singl o diGrSain) & SpbUBy RAREF P 4AREREA ERRe e layer 220
drive st apshomn gitetmcdevifiegdnerailp straiglatidewalishabove lbyives 24 and

and P-channel devices sho in Fig. 9 are fully
f or med. Hﬁehe‘fvfwseﬁ?ﬁcggggﬁgm%oﬁmmboj.Pagc'ﬁlﬁ viipagy gEber

cover ed @hﬁgﬂgﬁggggga Ometky @ansl ucent or transparent

i nsul ati ng and passivation’layers (not shown) forned
over the inmmge device. Such insulating and passivation

| ayers (#8471 i ncl bige 9 Hhopatey EeBse EpTosessng fibsrauepdg, that
BSG, or whi ch ga . planagd v | QR eraethvl
processi ?g;ﬁvsvflélbgl '%ngﬁ‘gagn éa@g%%,?@rﬁ:x%\ﬁ?@t %B%fror mm%cory
exanpl e, drehivisiticits (TROShEs forsed af dower pastysred cteotrpdas\a2deas well
el ectrical . connection w_ th inplanted squrce/drain .

regi ons andicicher ey 2Hy Zhé' AbGhisectvefiTung tighping of
ot her co 3 QN9 1k M EE dAhABlei V63 200R404388Rel transistor
PCTT Uss00 Bahg L o0t psting fager, O, SRy RS ra?_g yet a
third exdfsl, aiyl @pibodi d84tpeaphirh eansivantideand periphigey capacitor

constructjqn of in-pixel capacitor, 284. (Fig. 14

peri pher a?lg%caéf)gocff“tc& asfggw‘fﬁf & %‘4;1-“? Hcrfp%lecrygﬁagaécll&)rr gglgion

58 and i Qoh{beiscsWﬂ%J@&fckcéﬁ-ZIE! Wherddd chleipi sikd capcitdr 184
device after initial processin but prjor to, .

f or mat i orfosPrisesAS] delegiycs2ig, 2gfb4%%6“8’5‘@!91@1%%%*‘%&?Pacmr
293 of Fi e e [ [ b i kAl capacitor
nopart (8 haPrafd EpBbAtiE HiFotholt dhiects R MRl capac

st ruct ur esngeBgissngdle dslecekect r ode | ayer 210 and the
first dielectric |layer 214 formed over and in contact

with t h[%Ofduhi st elAenCc crv(a)gc(cal—tcmperaturc drive step may also be performed,
after which the N and P-channel devices shown in Fig. 9 are fully formed.

The structures shown in Fig. 9 may also be covered with a number of
translucent or transparent insulating and passivation layers (not shown)
formed over the image device. Such 'Lﬁsulating and passivation layers may
include SiO,, TEOS, BPSG, nitride, PSG, BSG, or SOG which can be
planarized. Conventional processing steps may also be carried out to
form, for example, contacts in the insulating layers to provide electrical
connection with implanted source/drain regions and other wiring to

connect gate lines and other connections in the pixel.
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| ayer 210; the structure of Fig. 10 differs, however,
fromthe structure of Fig. 6 in that only one
dielectric layer is enployed in Fig. 10 and, thus,

otoresist layer 230 (Fig. 10) is formed dire
‘%@Z‘F’?ﬂgﬂﬁ in contact with, the first diel ecB(CrT(l&SZPOéW% 70
214. [0050] As in the previously descri bed
enbodi ments, trench isolation regions 128 and
floating diffusion region 125 are fornmed in the

bst .in Fig. 10,  Gat de | a
51 1 EBRThA ovbrest HETSih e s b it opgodipazof the
first eligfdnkied%or @x%ns&%@udxﬁoftlﬁtgﬂcef Qp e, 98’@(&% 48 and

oxide layer 81 and trench isolation regions
El ectr odErlphgtelrcagacriton&Q/S Geg. o imed podel a:gyonsﬁs& anglbh ¢he

electrode er X udln not. li.m.te

pol y, o0 s MR AR AC 1T i g roceSing, but

Di el ect r rE)r It@ﬁﬁmaaalélof@msmbssmen hivd EQh&RMEs DBERI3 of Fig.
el ectrode | ayer 210 bg{f H§£/933U| tabl e techni que,

i ncl udi A¢- AIB s gleplasintpagrio tmjtef Eig: i © the

| ayer 21,

HEOX. ni ?tl:‘c:ggglapﬁp%gf:u ggmﬂﬂsco%g_lﬁecc?ggé ﬁ&cr%ogargd Z%hc first

ot her ncidandubyar2 1effoxdmcrdaﬁ/t:r Aldaa tebh@ctouel &ﬁtﬁxstAlclcaydrr
ited for patterning

8; t ﬁgoiﬁ%’réf 21:‘{5)#% gﬁ(r)%f';;%ﬁtogf{% 95 ﬁi@rfeh%wcbﬁ%ﬂwrsgﬁﬁaf? of

59, as gisg 1%“:9%111}“0:% cﬂclc&ﬁc la t1§£m}f§lgif&iqh' 10%ﬁhﬂhﬂ9,
and renoval of the ‘exposed I on dielectric |ayer

214 in thephgerdsihleysy 259 (Flgth)nebgdntql Aigeasly overt, emdbinj eontact

shown in .Fi Iayer 230 has been

stri ppeav%ls%hcg&r%d%g % y%r #ai ni ng pl asma. 14 WO
2005/ 043625 PCT/ US2004/ 034370 [0051] As shown in Fig.
12( a) ,[0@5@JecondAsliredhe ptaviomslty dysefibétllémbdimeled,osdrick dsobion

bot h t he erl nd arr Diele ic.la 15
o 't or Fesiont AR ARG Hilon B e T2 drg poritedin sty Tice
Ta203, BYJas sHb@n in FY. 18NGarc: iR 1a dfc?%!l:"maﬁoﬁ'ﬁed J@r $he surface of

dielectric | ayer may be deposited by any suitable
t echni q@@b%@tmﬂhsmb\/ﬁlst tleowde layer 2HORs then famned duer gatd oxide

to t hes‘f § P gf?d Erc atltpo%%i%}on AﬂSecélc rodzc%alxycr %10 may be

dlfferen)m?ron1d|e
12(a) i Sorawaldfehy @thlmbwee@uaac naesial, 33Mhidty It r@@ﬂﬁlﬁtﬁd&i

| east cfaro]ey, gglr | %?rgoly/ﬁg%,%d [)ce)l?/l/ghmdc Dielectric layer 214 is
subsequently formed over electrode layer 210 by any suitable technique,
including CVD, LPCYD or HDP deposition. Dielectric layer 214 may be
formed of an oxide, metal oxide, HfO,, nitride, Al,O,, Ta,Oy, or BST
material, or any other nonconductor of direct electric current. A layer of
photoresist 230 is then deposited for patterning of the dielectric layer 214
in the peripheral region 59, as also shown in Fig. 10. After selective
etching and removal of the exposed portion of dielectric layer 214 in the
periphery 59, the resulting structure is shown in Fig. 11. The resist layer

230 has been stripped using an oxygen—containing plasma.
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[0052] Alternatively, the process steps may be

nodi fied such that a dielectric is first appliediin
the periphery 59, with appropriate masking steps,
foll owed by deposition of a different dielectric in

WP RUPO438YY on 58. [0053] Reference is now made/F2RH34370
- 12(b). In Fig. 12(b), the dielectric |layer 215 has
been renoved fromthe pixel region using a selective
etch which may be a wet or a dry etch. The dielectric

oot or SUPEH oy of Betimdn e 12{s5 eyt gl

sel ect | vgcgsﬁpd ob BSMeTpQ{é[ﬂﬁrysind BYH" o@ﬁsii&&iélay&ms%@ay be

usi ng an oxygen containing plasma. [0 Reference I's
now nade farmeliogan dSide Hliewle; mdal oxgeALIR0 [1,0);, BEHdQ,eor any

and patterned over dielectric |layer 214 in e pixel
Fegi on SEUERMBIEF- dPEEdTCr Gy 5 tlppiied RE oY iable
peri pher YecBSiquEk@atas e | layeVD2 30 sl bubot fligfitdB do eese
any suitable el ectrode material, including but not

limted deposisismymithpdsorDiclsetrig 216 &i differsnt fgrmgickectric 214. Also
pol y/ W\, / ol v/ .pol [ an 0 '
Do DB e PSR AR L o

| ayer 88ohé paiphsgapididoy rdgyred to cover patterned
el ectrodes 220 as well as dielectric |layers 214 and

215, as_jil].ustrated in Fig. 14. [0055] After,.sel ective
etchini?@%h pat t Fﬁ?ﬂﬁm%f§?5V§F§Sf?ﬁfhﬁfﬁF“ﬁwéﬁs ﬁﬁﬁ%?a
i nsul at i agid-awas (88applibg id @S Pekibitdy B9 Xfikth ifpadistiatd hsking
276, pixel capacitor 284, periphery transistor 294,
and peri pies; ﬁolgwédz'ytd@pom @fraegﬂensnwlzmgm%mmn 58.
PCT/ US2004/ 034370 formed, as shown in Fig. 14. The

peri ph apaci [ Mele) i tHLC
D15, " hodise e SRS S 1, 1B PR B85
singl e dictcestlajec 223 bas ydai cémowddirdnh greemixe! fagion uskig 2

dielectric 215, ernatiyvel t he peripher . . .
capaci t oféi%’é‘c RSy YERehy R %’Ft e O%chtchbf@cé%(%‘?cgéctzr]isc% the
and theppi RBRAGE bRtecRiby Y phrok@stRfkr GB0tand isGiot

nor e difFerxpg%tky dlgel ectrics. [}8%58] An g

el evat edremesdr difigr ehegelevivestedp theehospredstryen?d s rerpered
after which nnel, devices shown in Fig.

the N and P-¢
14 are fﬁf??mggﬁ%&gniﬁe' R0 ures shown in Fi g. 14

may al so be covered with a _
[0054] Reference is now made to Fig. 13. Electrode layer 220 is

deposited and patterned over dielectric layer 214 in the pixel region 58

and over dielectric layer 215 in the periphery 59. Electrode layer 220 may
be formed of any suitable electrode matérial, including but not limited to
polysilicon, poly/TiSi,, poly/WSi,, poly/WN,/W, poly/WN,, poly/CoSi,
and poly/MoSi,. As in the previously described embodiments, insulating
layer 88 is subsequently formed to cover patterned cléctrodcs 220 as well

as dielectric layers 214 and 215, as illustrated in Fig. 14.

[0055] After selective etching and patterning of layers 210, 214, 215
and of insulating layer 88, the resulting pixel transistor 276, pixel
capacitor 284, periphery transistor 294, and periphery capacitor 293 are
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nunber of translucent or transparent insulating and
passi vation | ayers (not shown) formed over the inmage
devi ce. Conventional processing steps nay also be
carried out to form for exanple, contacts in th

Wﬂ%?ﬂ%ﬁ@?g | ayers to provide electrical con%“eTé?§28?ﬁ"°3“37°
with inplanted source/drain regions and other wring
to connect gate lines and other connections in the

pi xel . [0057] Fig. 15 illustrates a bl ock diagramof a
CMCS i mager device 808 having a pixel array 800

cont ai ni d s ghewn tIyFlef 14i Ked perigheringeditom?9 3r awepriassa

col umms. .The xel ach row. in arra 0 are all.
turned ofi"8 rl%\fﬂo k s 1%@""?“"%5 %\/Pg‘a’lrc&wcgg%/ %@?C‘?r’f’?féscs Hiigle
the pi xedigletkic @a¢hwhich Waifat frre HRctidlvely 2 D3It RrnfWely,
respect ive colum select lines. The row |lines are

sel ect | v’é’lC)PCElBIFW gapasites293 maipedprmaskofgwo qr mare disksatiss and

to row Z‘ﬂ;{ RhG ;apgg 9%% Qe fy}l?c oqlt\”%r ?.rtffcl-cgggr%lcctncs

are sel C |vate by aco
response to colum address decoder 870. The pi xel
array [0056dper athecklbytedhempemiungdavedtaponiy ddo o pecfoirned,

R R T e R T
pi xel si gaakd.r a6 auicturtHghodinXBIFig thﬁﬁﬂ? asbqaa&bsemcr\mta h

typically include a pixel reset signa and a
pi xel i nigebesidsanslpazns pr tr@rﬁéarﬁ@aasugayma agémseaﬂ%laycrs (not

5e0. A o) KAtk Bt e CoQEALI pRECcBfteps may
by di f f eslenbd @krichqltithifexm, F62exbmple, @medrtsihxied ineditheadxty lagers

anplified and digitized by analog to digital converter
875 ( ADCP.ProHge 5‘ﬁerléﬁ %ﬂf&ﬂ@p path ll@ah-(}'@fitsgwcgﬁcgam regions and

suppl i es,d&beydindi L 'céﬁrq:ct %Qcygszaggwd%‘rl%g&cuons in the pixel.
PCT/ US2004/ 034370 pi xel Si gna s to an I nmage processor

880 which forms a digital image. .lnmage processor 880

may i nkd0sdé ci r &ig 11§ ﬁl'éﬁrtfa?rs gvick almsrarrf PLaEMIPS imapgr device
dd
addr essi gigg h&rﬁ%‘%x@r%&i%?b DN an e@gjét?%?gmeﬁ %%ogrfd in

correction, correction, rrect
[ 0058] | fovdesd rcehimrtsh &hie ipaglsof edbvrbwdn 808 YHsor nlben‘ncd on

above with respect . to Fi 15 may be co
pr ocessoft P fs?‘ﬁﬁl"&“ﬂ‘t"%@‘i“éi‘@& aerir%wgb E?agh ca‘emn are

1 us: r af&2riflly S6BIPhRIpREACEIThA SI&Y Bh&MRAoWNineSare
may utilize

selectively activated by a row driver 810 in response to row address
decoder 820. The column select lines are selectively activated by a column
selector 860 in response to column address decoder 870. The pixel array
is operated by the timing and control circuit 850, which controls address
decoders 820, 870 for selecting the appropriate row and column lines for
pixel signal readout. The pixel column signals, which typically include a
pixel reset signal (V,,;) and a pixel image signal (V,), are read by a sample
and hold circuit 881 associated with the column selector 860. A
differential signal (V,, — V) is produced by differential amplifier 862 for

each pixel which is amplified and digitized by analog to digital converter
875 (ADC). The analog to digital converter 875 supplies the digitized
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an i magi ng device, for exanple, a CMOS i nmager 808
i ncorporating an imaging device constructed in
accordance wi th enbodi ments of the invention

|IIustrated in Figs. 2-14. Any one of the electroni
WBAoRERtS  shown in Fig. 16, including CPU ?Sqﬂ%V“3m
be fabricated as an integrated circuit for use in

processing i mages formed in accordance with the imger
and nmet hods of the present invention. [0059] As
illustrated in Fig. 16, the processing system 900

i ncl udespixddBignals téTBI nagt PERESOr S8RHIcK Grplsadiigital Anage.
| ocal bus 904. A nmenory controller 902 and affrlnar
bus bri dfg%aggcwsocafser §§%6’a%61§bldéé}“fqﬁ'é proesfial gelificaen, row

The pr 00&@?&5@8 nSr)’”a&QQm YoliRbataee %lo&'cehgcdxgge affe

controllers iple primary bus
903. Theconrenusry, anddnfcctmohecncﬁﬂz and the primary bus
bri dge 903 may be integrated as a single device 906.

e or[obBEL ™ o AR L infiking u? s Ak (B ArSRe b pegpect

menory CoNpeNSingy Bg&mwﬁé&ﬁm Agkatd@onin d 8aH¢E inedpRated circuit.
menory devi ce 100. The nenpry conponents 908 may be a

nmemory cEigdl GRlusraresAsraremplan REocessimPER YO whigh mpy udlize
nodul es I e, ﬁ&g%

and dual dnqud P’%g C{Sclrvrg?fofgg/&rarlg g:l’ es 2 ?)F K/I\/é%%g %bg%c!r?gém o
conponenh&gﬁ@ﬁknmycmnahuﬂéulﬂmembmxanEmaUdmhmonafdm
devi ces 909.. Fq a MM or . DI t.he

aqd &1 orBTeTo eTene Mgt bE BT LT HeCBAtErEpgens
such as @odh LM\@lg Q@Qﬂ@lﬂl@ﬁ%&)ﬁ@-ﬂ) US04 ABAGEEY ass@lihBgrated

presence det ect t» menory. The’ menory control | er
902 may cnauséozb@ce@gmces@ng dmeges fermedrie pesoydagoswitlr e imager

cache Mennry. ggsg%émsmt“%cg{%ry cache nenory in the

proceSS|ng system ernative ot her devices, for
exanpl e, processors 901 may also i ncl ude cache
menor i ©959] whi cisithystrhiod in Bige bGtbe htospainghyswm 980 gbivigs

por | pher GRCTgPoR R BITCTd PR ar eopue e b PERgp

whi ch suRREflic IDEL5Id IBARAY baSBRSs d0AMN alsd b@lgr@me Yocal bus
904. The processing system 900 may include multiple memory
controllers 902 and/or multiple primary bus bridges 903. The memory
controller 902 and the primary bus bridge 903 may be integrated as a
single device 906.

[0060] The memory controller 902 is also coupled to one or more
memory buses 907. Each memory bus accepts memory components 908
which include at least one memory device 100, The memory corﬁponcnts
908 may be a memory card or a memory module. Examples of memory
modules include single inline memory modules (SIMMs) and dual inline
memory modules (DIMMs). The memory components 908 may include
one or more additional devices 909. For example, in a SIMM or DIMM,

the additional device 909 might be a configuration memory, such as a
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controller 902 may i nplenment a cache coherency

protocol. If the nmenory controller 902 is coupled to

a plurality of menory buses 907, each nenory bus 907
ngﬁ be oggrated in parallel, or different address
VahrYed*%ttay be napped to different menory buRdéUgHH034370
[0061] The primary bus bridge 903 is coupled to at

| east one peripheral bus 910. Various devices, such

as peripherals or additional bus bridges nay be
coupled to the peripheral bus 910. These devi ces nay

i ncl ude serizd prsage deent (SBD) exendk{., Tha nrnscetdmrodions02l hay
devi ce 914, ondar bus br(&?e 915, a multimedi a
process 3%“@5 BheA© 5’59‘0%% cthg ﬁ‘F’é‘f PSERErgA, may be
The pri AR ¥niPeschl ity 20de ch%h%‘%yﬁ@mc %n‘éhﬁgvélyp otiRpe
or nore speclial purpose high speed ports 922. In

per sonaldewmrvﬁ@utmmpltt @rogsssarstd, maMSledudataCbumpmsecs

port nl be the Acc r.at e a cs Por A

Poed 1o RbishIfe SRRt heah Bihsaendh g0 o Tkt

pr ocessiphgesiglseaA000 ih@@e2 berlfiR 3 & RAB BN WARK RS bus
911 coupl es one or nore storage devices 913, via a

St or age MHESSPE vhighosuphert ssestpRTRety agsss GAGA),rbe memory
exanpl etoﬁ@cﬁlébeﬁ A 1r?1 I‘nrcgé 4 Sacg%éhc'@é% g%é%gfcglthc memory

control I'er and” st or eV|ces i SCS.
The I/deﬁmﬂne9elkcmayk&eoapyuamybfménmgﬁmmahnwahmhFor
exanpl e, the L/O devi ce 914 na be an Ig@f E

net wor k MEFOEY Put 07 gt Re grerasd Etﬂ”é tor affegent prdress ranges

secondam& lBH?n Ekc@&?dlﬁ@?é‘ﬁt Remiseshstoodnt er f ace
addltlona devices via another ‘bus to the processing

system For exanple, the secondary bus bridge may be

an 18084312005/ Dz usarplys brigayoA)30s aamed i) 4 destaine
serial Bgript}lcgalfjggg 9 F@ ML s Gleviliedich Qs g?(gv[ﬂl ga&l')&%ﬁlﬁmonal bus

devi ces t he processing sy
mul t i mediidgqd rnmyelﬁsammPEélao deypedigheral lRe90. ek, desices Meo

capture, card, or an er type of di terfa

Shrch iR astarass ot 0% Bha e BrigO et o0 2
such as SBRAEERs QA@gc 91E0€ ol B@RES gfdéb§£§r91r§ ehd 3¢ 8230
is used to couple | egacy devi.ces, exanpl e, ol der

styl ed Kesitzoarcfcadd.nTheprimarybe bpdertssinagalsy b @wpled to
900. one or more special purpose high speed ports 922. Ina pcrsonal
computer, for example, the special purpose port might be the Accelerated
Graphics Port (AGP), used to couple a high performance video card to the

processing system 900.

[0062] The storage controller 911 coﬁplcs one or more storage
devices 913, via a storage bus 912, to the peripheral bus 910. For
example, the storage controller 911 may be a SCSI controller and storage
devices 913 may be SCSI discs. The 1/0 device 914 may be any sort of
peripheral. For example, the 1/O device 914 may be an local area
network interface, such as an Ethernet card. The secondary bus bridge
may be used to interface additional devices via another bus to the

processing system. For example, the secondary bus bridge may be an
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[0063] The processing system 900 illustrated in Fig.
16 is only an exenplary processing systemw th which
the invention may be used. Wile Fig. 16 illustrates

ssing architecture especially suitable for' a
ﬁ%ﬁ@?éﬁG’E)?lur pose conputer, such as a wor kst at}OnUSP¢H034370
shoul d be recognized that well known nodifications
can be nade to configure the processing system 900 to
become nore suitable for use in a variety of
applications. For exanple, many el ectronic devices
whi ch r egliveral grieloess{WEB maytrbier usetploswapleddSRidevings 817 via
sinpl er architecture whi relies,on CPU 90
coupl ed PohaEiRSTESHIBR ah0s Th BRI Er PrasraT devpidiss
100. Theggnd elACE 1Ak EHudeViaes: MYl GpedF mddislinREfce,
not limted to audi o/video processors and recorders,

and di giwkith ocapelsabe aouplat torancadditipsal deriecs sSGNOS spepkge?19.

D xel - pcEBes Ao s Sy e et Py

di gi tal Gampleasidangylvd ReBoarRs RLEHRO] D Al PrdcegididRtéam 900.
Modi fications may include, for exanple, elimnation

of unnecessary conponents, addition.of spegialized
devi ce[_é)OéPf cir EEFPé‘?CCﬁH’@/SWCW ﬁbégﬂ’é‘i’fi’tﬁa “b?‘ga_ié 18 c’_“lyan
plurality. gmﬁﬁyﬂo&%ﬁ?%Lﬁ&ﬁx%ithcﬁ ﬂu@ﬁwkﬁ&ﬁ&h@& hsd.

preferably directe met hods for formng inager
devi ces WhilhFigi $6 ilhstratpi xplocessipgeichiseasursespegiely pitebly for a

capacitors, and structures i corgorati.nﬁ .sych (fliéxel nized
capaci t cF8“@nki PR OBHEFY %’é‘g&sc?. 85k§r;an8 ot HOHIG BerEcop
the art whd el REREINBEIAENRs Eebd MY@IVol @RfiEAB tiREprds@sing
to formany type of inmager device for integration wth

one or sywr@ Pooodssimymosnpdaklafer Usaima waiehcfiapkgens.
devi ce. [For _exanpl e, : i i LS
descri bed® a%%xgglc many cl@t{oﬁ&;&%ﬁ&gﬁlx%gg}ﬂ%% g%kgmg may be

for ‘use
2005/ 04 36ifbeniaté dIS2OA 6 0P 1B U hitaeurs erhicht debesi amae@P U1

is not limted to such and ma e used in any .

sui t abl ecquﬁ‘&aéo SRERYY ,COIPB?mé‘ﬁ;y Iaél,ﬁ/ @bﬁcmg%cvéc&%% g These
[0065] Th&rlagtdebRES R homtad e fbr Biltel 18a6di5 LA

provi des sequential pixel signals as output S|dgnal S,

and usespracdsboatidcoidefsyaidotigitah ogrerasoy oe racerdesnelhe

transist 8&0? pn?agrére acevtlccg g{' the ippcsgntsuin;gnldgl[i, vbrl?crﬁnc%qlpfcg tb Q%ixel
processor, for example, may be implemented in digital cameras and video
processors and recorders. Modifications may include, for example,
elimination of unnecessary components, addition of specialized devices or

circuits, and /or integration of a plurality of devices.

[0064] While the invention is preferably directed to methods for
forming imager devices with distinct pixel capacitors and periphery
capacitors, and structures incorporating such pixel capacitors and
periphery capacitors, one skilled in the art will recognize that the invention
can be used to form any type of imager device for integration with one or
more processing components in a semiconductor device. For example,

although the invention is described above for use in a CMOS image
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way these elements are used in the pixel of a CMOS
i mager. Accordingly, the pixels formed using the,
capacitors of the present invention may be enployed
in _CCD i mage sensors as well as CMOS i mage sensors

i n ;
WRESPter devices of the present inventiorf TRy a1*@3#370

be fornmed as different size negapi xel imagers, for
exanpl e imagers having arrays in the range of about
0.1 megapi xel s to about 20 negapi xels. [0066] It

shoul d again be noted that although the invention has
been destsor e inmkittonspect frhiced wfsecleapbmay be peediimgny

devi ces conprising distinct . pj ? capaci tors and

per i pheﬁy“t@‘bg’&%g’f‘ Frsor, ?fecxﬁfﬁﬁlﬁn{zﬁ n"iH&s *Br83der
applicability and may be used in any inmaging

appar a[roggﬂ Si m TR¢ layt, (olifpRit) selp@ @E S $HSD Gasgy sehed padvidee

are but a few of many that may be used. Th _abgj\ﬁ%,
descri ptsc@rensialbixpt seRalrs qurpussispals.ang usssey faaging diffusion
enmbodi nent,s whi [ ' - f W SSind
advant agmé)é:l cbﬁoufcl(%‘le?oupor%%gg%%{&‘lt%p\?g%c?%%%%&n taﬁ%]g{ﬁ cer ?gior%h ©
advant ages thad cpirhsnretkea ibdaipehbfa GM@S beeger. Accordingly,

descri bed above, those skilled in e art will . -
recogni 2B¢ PHEP ?%‘H’th“WElchoﬁQ?C“O&‘bfit LF? BreSent dRyeRtion may be

modi ficyl &%d%@@)’(ﬂj iR QEns6RARGRE TBMDS i ensors. The
w t hout parting fromthe spirit or scope of the

i nvent i dmagdoteuicdi afghe/presenhmventicanmisonsq ke fosmed pygiffergne

by the foregoing description but. is onl L.t e

by t he U BPREE Esh Siraama e Dot Pt raes of
G ai ms: zbouf0Mahdpagix€t td Motk DY nieghPikds.i magi ng devi ce,
conprising the steps of : formng at | east one

phot osensor; and form ng in-pjxel and ripher.

capaci {9p8] f urt OEISr?ﬁi“Pgﬁer‘i’g‘j’t 2 "i@‘ﬁ%g&c lgf' %ﬂ“ﬁf’#@s feen

first el etiRAS INAYELAON R eRe $6R8ddiR Gevidds SorRpris@lg distinct

region and a periphery region; formng a first

di el ect rpigel kcapeeitorowrd periphdryfaapasitors| deetinvsadion fpebroader

formng a secqond djelectrig.layer qv L8,<f sl Silarly. th

di el ect rﬁpé’ﬁfag@& ?“da"ﬁ‘ay gc_Lbsc or fahé(ynléna " eaggﬁja&esl ectrode

| ayer ovighc&dsdesabansbat eleasit hiféy bhweny that may be used. The -
above description and drawings illustrate preferred embodiments which
achieve the objects, features and advantages of the present invention.
Although certain advantages and preferred embodiments have been
described above, those skilled in the art will recognize that substitutions,
additions, deletions, modifications and/or other changes may be made
without departing from the spirit or scope of the invention. Accordingly,
the invention is not limited by the foregoing description but is only

limited by the scope of the appended claims.
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2. The nmethod of claim1l1l, wherein said first el ectrode
layer is formed of a material selected fromthe group
consi sting of a poly, poly/Wsi, poly/ WI W

poly/silicide, poly/nmetal and netal. 15 3. The net hod

of claim1, wherein said fir dielectric |ayer ja

said second dielectric Iaye?tlare formed of a mat @SP&W'SE
én%&%@:endently selected fromthe group consisting of

lAMsxi de, nitride, Al208, Ta205, BST, netal oxide and

Hf OX. 20 4. The nethod of claim1, wherein said second

el ectyode | ayer js.forne a material sel ected

The. group A BT iy Tige aC@%@@mq%ﬂev'wcwr@n@the steps of:
po: y;fWﬁ‘uag at pab&dﬁé’ﬁﬁolib{sep?ryér\ﬂ\b( pol y/ CoSi 2

pol y/ Mo Si netal, and netal .. 5. The rr.e.thdof :

cl ai rﬁ°€["'“%}{b$é?'r?”ga‘?e&PB?{éStCSB%%t%srf“ﬁ%er&ﬁg‘pé'F'”g(?hez%*eps of.
phot odi odefprrmhgtadgs{tweombd@Iuybommnommbstrateﬁn algbes! rggidroand a
of cl ai ereln sai d photodiode is a p-n-p

phot o%ﬁ”g’hgry 4N An I magi ng device, conprising: 30 a

sem conducfbrmmg lakfss;trcﬂaleqtncalayémt smdﬁrthkebtnsmmwn and

an in-pix capaci t or er| her a I _
corpr 1 1 ngomi erot 8RB SR, BT SO bic tayer, ana
subst r at e formiag ai seebnd elgctostedaybr avepsaid pivony diedeptinlapér.
said i magi ng device; LLOYD WSE 22 a first dielectric

| ayer over said first electrode |layer; a second
di el ezt ri cTheapethodwéclapail dwhéreiptsadi ferbteaieatiode laygers; foamtti ofa

e i.d,.,S d
e A bR ciirh Yoo ol of 2 pHCRAPRFS b RN
@il Wsiticidel @olyAyetal ard Mmetahed of a materi al seI ected from
the group consisting of a poly, poly/Wsi, poly/ NNW
poly/silicide, poly/nmetal and netal. 9. The device of
cl ai 3.7, whes wiethodaf dlapmhdt wheramaid fysighielectfic layer and said

%:Q%&’me%ﬁlc la ma?é‘ﬂ)trrﬂg@toﬁa ﬂ{até?%@{p gé%gﬁﬁ Selecdtfd frgﬁ‘\%e group

vice of cla wher el n sai ectrlc layer
cansisting elsarpoxide, n|tr|de AlL,O,, Ta,0s, BST, metal oxide and HfO.

4, The method of claim 1, wherein said second electrode layer is formed of
a material selected from the group consisting of a polysilicon, poly/TiSi;, poly/\WSi,,
poly/WN,/W, poly/WN,, poly/CoSi,, poly/MoSi,, poly/metal and metal.

5. The method of claim 1, wherein said photosensor is one of a

photodiode, photogate or photoconductor.
6. The method of claim 5, wherein said photodiode is a p-n-p photodiode.

7. An imaging device, comprising:
a semiconductor substrate;
at least one photosensor; and
an in-pixel capacitor and a periphery capacitor comprising:
a first electrode layer over said substrate in a pixel region and a

periphery region of said imaging device;
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material selected fromthe group consisting of an

oxi de, nitride, A1203, Ta205, BST, netal oxide and

Hf OX. 15 11. The device of claim7, wherein said

second dielectric |layer conprises a material sel
fromthe group consisting of gn oxide, nitride, g@%@%%
Ta205, BST, netal oxide and OX. 20 12. The device

of claim 7é .\/\Sﬁgr Eﬁiﬁn' sai d second el ectrode |ayer is
formed of frshgieseinig AREINRT R FPbRIpeidedaaip

colns |/ \S;\;\IIX |/nga eéccfndmélyaﬁ& la?@r/rb(\:/oeg_egm/ﬁﬁt ?iefen(/:gﬁs&gyérm@’

pol y 0 : i 2, po bSi 2,

pol y/ net a%ﬁgﬁprﬁ@{%}%mdg%%qurﬁﬁﬁi ok Jietestric layer.
conprising: 25 a substrate; at |east one photosensor;

at |l east one in-pixel .capacitor formed in th i xel

arr ayg“r egi Erﬁe 8?""2%? Flampdwharain saddret eéetctqogggygbﬁéormed ofa
inate}dbb(&e:leotetpfmml i tthr]l: gmgmalrmgétm_g oalafdorﬁboI?Ngslt baglﬁvwgv,
irst.plurality o ectric layers and a secon
%?I)ggq'?@%lé’;oﬂ/é\rﬁa%éandafnetaiast one peripheral capacitor
formed in a peripheral region of said substrate, said
peri pheral -regi on hein dj.acent sai d, pi xel .arra .
regi ofi, sal& g‘?v"feeé)fsclla"gnz Mbeé?'f‘ﬁﬁ@r%'lmcggﬂﬁ?fi'? gre 8 a photodiode,
clartqydts bnghatedahdbictost el ectrode, a second plurality of
dielectric layers, and said second el ectrode. LLOYD
WSE 23 14. The device of claim 13, wherein the
capaciQ.anc&hefle\ded of ctdiml Basterein@aidrfirstpiieiedtric mpacidndrises a
' ifferent. fromithe capacitance of sajd a egst .o
et s o S biote $8R i 2ha oo ot e dhipe g 00 ST
mhtat exide ehetHE@paci t ance of said at |east one in 5

pi xel capacitor is greater than the capacitance of

said at | east one peripheral capacitor. 16. The

devi ctt.of ‘c'H\eadegni@SQf odier @l whetrdaie sgwrmcbmdadie@cmic |sy@ir dombrises a
iR QAieFh Al ly SBRISIL Y ah DEE RS, AN 1 s
metal gxideThed HEWi. ce of claim 13, wherein said first

el ectrode is forned of a

12. The device of claim 7, wherein said second electrode layer is formed of
a material selected from the group consisting of a polysilicon, poly/TiSi,, poly/WSi,,
poly/WN,/W, poly/WN,, poly/CoSi,, poly/MoSi,, poly/metal and metal.

- 13. An imaging device, comprising:

a substrate;

at least one photosensor;

at least one in-pixel capacitor formed in the pixel array region of said substrate,
said at least one in-pixel capacitor comprising a first electrode, a first plurality of
dielectric layers and a second electrode; and

at least one peripheral capacitor formed in a peripheral region of said substrate,
said peripheral region being adjacent said pixel array region, said at least one
peripheral capacitor comprising said first electrode, a second plurality of dielectric

layers, and said second electrode.
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material selected fromthe group consisting of a poly,
pol y/ W& , poly/ WWW poly/silicide, poly/netal and

metal . 15 18. The device of claim 13, wherein said

first plurality of dielectric layers and said secgefp yisg
plurality of dielectric |aye are formed of a

mat eri al |ndependently seleg?ed fromthe group
consistin oxide, nitride, Al 203, Taz205,

ot al oxi e deper eleh 38, WiETEi{aS GRACe 1ol Spit et one n-
piEE ESbatitocik difees Rdnethe ehparitandeyfasaid & |é4ut BBE pefiphefal capacitor
material selected fromthe group consisting of a

pol ysilicon, poly/TiSi2, poly/ Wsi2, poly/ Wx/W

pol y/18Nx, Tel deviceTif 2laih aBywhérSindhe papacitamdeadt sanicht least one in-

netal . 20.. The vice of claim13, wherei.n said .
PR e Sreatgiia fregpange Bsfs ChindaLE ST RoR Bpiphera}capacior
phot oconduct or. 21. The devi ce of cI aim 20 V\,her ein
sai d phot adi ode
of cl % Ol%\ qcljag(écreeqfﬁlagg a wll??rgpqg? ﬁ?paqcilt?nce qf sald zg(:f‘eas?one
pirieheat tdpacita@yieyeates thadlthdichpanitente dfrsai aaeaist see onrpixel

| ur.al |ty of dielectric |ayers. 23. The device of

PAF'H"13, wherein at | east one of said first plurality
of dielectric | ayers is different fromone of said

Seco o d:(nal 'eth fcpawﬁl ?g\}vﬁ%\%m s%}/aefrgf el%ﬁ@gg %’Yo%ﬁed %fa

24. TILE ™ erel
rphtenallseteptetdffrcnm tﬂeegroup corlsisfieg of a QOlysp(ﬂYﬂM&l pay/S\ N/,

| u I|t lectric layers. 25. The device
p@?y?sép%c?% g nc{mg aﬁe i magi ng device is a CMOS

i mger. 5 26. A OMOS i mager system conprising: (i)

2aipgo Ssesns (?‘eche ofﬁwrﬁggﬂ%’g eeﬁ @o‘i%}épéc(ﬁ% IE)Qers and

sHd secoadiptoaliyi ot dielestrib &tyeest ag fcsrtneld@éstmaia@al lndependently
B FEOR ?I? ?r%ﬂg ceﬁ‘sétrﬁ Ris )éﬁloxﬁ@prﬂﬁ?dteo,&lz@sn & 220 PRISTO RN oxide

capaC|tor r| sin
and HfO,.

19. The device of claim 13, wherein said second electrode layer is formed of
a material selected from the group consisting of a polysilicon, poly/TiSi,, poly/WSiy,

poly/MWWN,/W, poly/WN,, poly/CoSi,, poly/MoSi,, poly/metal and metal.

20. The device of claim 13, wherein said photosensor is one of a

photodiode, photogate or photoconductor.
21. The device of claim 20, wherein said photodiode is a p-n-p photodiode.

22. The device of claim 13, wherein said first plurality of dielectric layers is

different from said second plurality of dielectric layers.

23. The device of claim 13, wherein at least one of said first plurality of

dielectric layers is different from one of said second plurality of dielectric layers.
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a first electrode | ayer over said substrate in a pixel
region 15 and a periphery region of said inmaging;
device; a first dielectric |ayer over said first

el ectrode layer; a second dielectric layer over sabdpywse
first dielectric |ayer; andzg second el ectrode | ayer
over said second dielectric O layer. 27. The CMOS

comprsas T ce I 8O R AR oAU o Fisfpctrc layers s

Senkiras shiaGecel ploraligdd trRssctritgayetbli t e bal ance, col or
correction, inmage correction, and defect correction.

25 28. A CCD i magi ng device, conprising: a

sem @M ducThe desidesdf rcidira ;13avhéremshe tmagind 0é\0sei8 F0CMOSrithager.
an in-pixel capacitor and a periphery capacitor
conprising: 30 a first electrode | ayer over said

subst2éat e A CMOPimadersggtie@ncanprising: peri phery regi on of
said i magi(r}g device; a first dielectric |ayer over

said firstel ect PEIESI% ; a second dielectric |ayer

over said (i) r sta GMORmtaging deweercoupled to aaid @canedsor, said CMOS
el ectrode | ayer over said second dielectric |ayer.

LLOYD W SEMBEGFGVICHERMBEY'Ee of claim 28, wherein

-sai d first el ecd sedieohdyotor substfade;red of a materi al

I df [, SEI. f ly,
ol yi v . pol yI T SRErGPRRPL A 15 U bt al and

metal . 5 30. Than iepikat eapdcitot andha P& jphehecaraniterdunher

first diel 6.+ ayer is formed of a materi al

sel ect ed ffogﬁrérlsﬁg' group consi sting of an oxide,

nitride, Al1208, Ta205firsBSEstrodedaydr oggi shid avlbtiafeOR.a digel region

Sy 11 0 2o gl £ b it o it
a first dielectric layer over said first electrode layer;
a second dielectric layer over said first dielectric layer,;
and .
a second electrode layer over said second dielectric

layer.

27. The CMOS imager system of claim 26, wherein said processor
comprises circuits for signal amplification, row addressing, column addressing, white

balance, color correction, image correction, and defect correction.

28. A CCD imaging device, comprising:
a semiconductor substrate;
at least one photosensor; and
an in-pixel capacitor and a periphery capacitor comprising:
a first electrode layer over said substrate in a pixel region and a
periphery region of said ihaging device,
a first dielectric layer over said first electrode layer;
a second dielectric layer over said first dielectric layer; and

a second electrode layer over said second dielectric layer.
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a material selected fromthe group consisting of an

oxide, nitride, A1203, Ta205, BST, netal oxide and

Hf Ox. 32. The device of claim 28, wherein said second

el ectrode layer is formed of 15 a materi al selecFedLoyDVWSE
fromthe group consisting of pol ysilicon,

pol y/ Ti Si 2, poly/ Wi 2, ponF%N,,/VV pol y/ VW\x,

pol y/ CoSi 2, poly/ MSi 2, poly/netal and nmetal. 33. A

CCD i mager system conprising: (i) a processor; and

20 (idg) a THelAdvivawf agirﬁiesiwﬁerémlsalda‘dsttewear@bd layer is formed of a

rocessor ai d. CCD i magi V|cec sin

BBl Sr A o3PS s TP BoMeiRing BER St TSt ReHA P, 4
ply/dilicida, yely/nestpleatidtrastannd a peri phery capacitor
further conprising: 25 a first el ectrode | ayer over

said substrate in a pixel region and a periphery
regi @o. of B dbvicew]iclagn d8winareinaafd firsttdieleettie yer is formed of a

tRET B FleoTapL eyl EaibdpEen BYEF nufif 250 Tp-0-o

raetalemddedared Iéiﬂxr ode | ayer over said second dielectric

| ayer, wherein at 30 |east one of said first

dielectric |ayer and second dielectric |ayer differs

bet weHn SEieddepicealf claggi28 nwiserdinsaiddsquend gletciricrlaysr dsformed of

4 Sl B4 Bl She S8 ph O ASDRLOPIBIY, oo
roétabdadenar8BHfGvher ei n sai d processor conpri ses
circuits for signal anplification, row addressing,

col unmm addressing, white bal ance, color correction,
i mage3Zor réet deyice dntﬁirdéﬁewmereharsraétseicgnd eleclede layer is formed of

éﬁg%'r|ggsquc\(éocﬁo?1‘iﬁgglroh§ celg&stmg er ﬁﬂ:@n p%!y/'i'lglasﬂolﬁmh

sensor paci'to
ral y\SAN,AVY e AN, pibrdy/ 0 8 ot/ Mo Bi, mmdrr@ta«\ apteetdli r st
type in-pixel capacitor is the sane as the first type
perlphery capacitor ; and

33. A CCD imager system, comprising:

0 a processor; and
(i) a CCD imaging device coupled to said processor, said CCD imaging
device comprising:

a semiconductor substrate;
at least one photosensor; and _
an in-pixel capacitor and a periphery capacitor further comprising:

a first electrode layer over said substrate in a pixel region and a
periphery region of said imaging device;

a first dielectric layer over said first electrode layer;

a second dielectric layer over said first dielectric layer; and

a second electrode layer over said second dielectric layer, wherein at
least one of said first dielectric layer and second dielectric layer differs between
said pixel region and said periphery region to form different in-pixel capacitors

and periphery capacitors.
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10 wherein the first type in-pixel capacitor and the
first type periphery capacitor conprises a first,

el ectrode, a first plurality of dielectric |ayer

a second el ectrode; and a second type in-pixel SLLBQS WISE
capacitor , wherein the secogg type in-pixel capacitor
conprises said first electro a second pl urality of

dlel tr| and said s ectrode.
i e D inag g PRl o S p R Pipcereck Gpmprises
meltqofbotugsawmc@oﬁj oSt addygssingNediunr ladargsiag { wiitestlarite,
oré/t er?é cagaédfot V\,hetrelnthe 20 first
‘t°ﬂ3§ frRe féi"xé’?ag&%’g& o8y 2P deREr QLGRS { he first type
per i phery capacitor , and wherein the first type

I n-pi capaci t or and the first type periphery
capac or @rg %ev'cg ??'P%rfs'réq ectrode, a first
pl ura suq.strafe dielectric layers and a second el ectrode;

and n i xel capacitor and a second type
perip ag?%ipé\%&%ern%opv\her ein the second type in-pixel

c apaca first typs irt-pirel capecitas ande fisst oprdperipberypeapapiter whergt the

f|r bgalxe'l c %ﬁx\fh?srtﬁg @8%?%3%%0 ﬁ@fjtghg Egrlé:%: glﬁﬁ#mtor and

€ secon

Mmmmtlw&rssapel inf-pixgltcaph@tor amﬂ&xe faststﬂmomhppbwrcwpaclgor@bmprlses
éjﬁrgl &‘ééthg%v!aﬁVs?'bﬁxr n%f&dd@@étﬁc g&%% {e%gbcgg%gﬁg?eé?g?
one rmmqosémsmrm pixef capcitery penerein mwcon@p/@eiim-ob(emaaitor

| [ C ' fi ;
c{ n%ﬂseé ¥298 flgsl? el:egngcgé/ taos?elegﬁd {JIEFeaht V@%fezéscﬁrtli%??risf%r{d%a;% %econd
epmtnqdhery capacitor , and LLOYD WSE 27 wherein the
first type in-pixel capacitor and the first type
peri phery capacitor conprises a first electrode, a
first36l urAn imaging delicsl, eempiising: ayers and a second
el ecty gdairafnd @ second type periphery capacitor,

mhereln the Second type periphery capacitor conprises
sai d 3tileast oae pBYPERNMSOa second plurality of dielectric

| ayer $4irstfyfe $Rpidel capa&ePBHd 8lfitst typedBeriphery capacitor, wherein the
first type in-pixel capacitor is the same as the first type periphery capacitor , and
wherein the first type in-pixel capacitor and the first type periphery capacitor comprises
a first electrode, a first plurality of dielectric layers and a second electrode; and

a second type in-pixel capacitor and a second type periphery capacitor,
wherein the second type in-pixel capacitor is the same as the second type periphery
capacitor , and wherein the second type in-pixel capacitor and the second type
periphery capacitor comprises said first electrode, a second plurality of dielectric layers,

and said second electrode

37. An imaging device, comprising:

a substrate;

at least one photosensor;

a first type in-pixel capacitor and a first type periphery capacitor, wherein the
first type in-pixel capacitor is the same as the first type periphery capacitor , and
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38. A CCD inmager system conprising: (i) a processor;

and (ii) a CCD inmaging device coupled to said

processor, said CCD imging 10 device conprising:LEQYDVWSE

sem conductor substrate; at |east one photosensor; a

first type in-pixel capacitor7and a first type

peri phery capacitor, wherei n4he first type in-pixe

apacitor js the sane as the first type periphery, .

QB TR Prst Vg 1R ES\RBRQ1oR apd inerTFstayPd bastphem) gpgbitor comprises

chpbsettaydena drst bRirdlty sStdidi¥y@ec ReelspMaraysezapd@eict®bde; and

conpri ses el ectrade,

first first plurality of
di o) 55509 Dgrertivhely Capegiobnaherpindhe sheendiier Berdhtesnd
dayppeitgpevmphisssysaidhifrdtelbctrode, Waecaidmpliirakty 9edierdtricy®ers, and said
capacitor conprises said first electrode, a

eri pher
%@8%&@eg%ﬁ#hlity of dielectric layers, and said
second el ectrode.

38. A CCD imager system, comprising:

(i a processor; and

(ii) a CCD imaging device coupled to said processor, said CCD imaging
device comprising:

a semiconductor substrate;

at least one photosensor,;

a first type in-pixel capacitor and a first type periphery capacitor, wherein the
first type in-pixel Capacitor is the same as the first type periphery capacitor , and
wherein the first type in-pixel capacitor and the first type periphery capacitor comprises
a first electrode, a first plurality of dielectric layers and a second electrode; and

a second type periphery capacitor , wherein the second type periphery
capacitor comprises said first electrode, a second plurality of dielectric layers, and said

second electrode.



